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Abstract:  Nanocavity Zeolite Y Encapsulated M(II) (M= Co, Ni, Cu & Zn) ternary complexes of L-

Tyrosine and L-Histidine in situ in Na-Y Zeolites were synthesized using the ion exchange and flexible 

ligand methods. Initially, the metal ions were introduced into the zeolite framework through ion exchange 

with Na⁺ ions, followed by diffusion of the amino acid ligands tyrosine and histidine into the super cages 

of the zeolite, where coordination with the metal centers occurred to form encapsulated ternary complexes 

by the reaction of ion exchanged process and flexible ligand method. The geometry and binding modes 

were explained by using various characterization techniques such as TGA, XRD, ESR, SEM, EDX, UV 

and IR spectroscopy.  
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1. Introduction 

The zeolites have a crystalline structure made up of connected tetrahedra and they have open voids that 

look like channels and cages. Water molecules and various cations that can be exchanged commonly fill 

them. This definition has undergone significant modifications over time [1], resulting in the following 

observations: (a) the tetrahedral (T) position in the framework may be occupied by cations other than Si 

and Al, such as Be, P, Zn, or others; (b) even anhydrous and/or non-exchanging minerals can be classified 

as zeolites; and (c) a continuous tetrahedral framework allows for certain interruptions. Considering all of 

this, zeolites are well-known for their well-organized matrices, which have nanopores and nanochannels 

that can hold different things. Zeolites can lose water and then take it back in without breaking or changing 

the size of the structure [2-4]. The three-dimensional catenation of several basic tetrahedral units makes up 

the crystalline structure. Each unit has an oxygen atom, while the center has an aluminium or silicon atom. 

Through the amine and carboxylate moieties, the amino acids create stable five-membered chelates with 

different metal ions (N, O-chelation). Several amino acids have an additional metal binding site in the side 

chain and thus form metal complexes with a variety of structures. Important metal binding sites in proteins 

include the thiol group of cysteine (Cys), the imidazole ring of histidine (His), the phenol ring of tyrosine 

(Tyr) [19].  

The amino acid derivative has been used as a catalyst for the hydrolysis of esters because it can form 

complexes with transition metals. After complexation, the metal complexes made from amino acids prevent 

the growth of bacterial and fungal strains and form stable complexes with transition metals [20]. 

Additionally, the preparation of functional metal nanoparticles that were used in various scientific 

applications was revealed by some of the studies. Tin homometallic complexes were synthesized, and their 

antimicrobial properties were examined and documented, yielding better results for metal complexes with 

ligands [21]. Additionally, the synthesis of metal complexes containing Co, Ni, Cu and Zn was suggested, 

along with their structural clarification and anticorrosion application. In continuation of zeolite 

encapsulated [Tyr-M(II)-His] ternary complexes. Later on, to study the catalysis of these encapsulated 
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complexes in various reactions like decomposition of H2O2, oxidation of phenol etc. Further, the properties 

of the prepared metal complexes of amino acids with zeolite Y nano materials were investigated using 

various kinds of analytical technique such as UV, IR, XRD, ESR, SEM, EDX and TGA.  

 

2. Experimental 

2.1 Materials 

M(II) nitrates (M=Co, Ni, Cu & Zn), tetrahydrofuran and DMF are obtained from Merck (GR grade). Na-

Y Zeolite with Si:Al ratio of 5:1 are purchased from Aldrich, while ethanol, methanol, N, N-Dimethyl 

formamide, Tyrosine and Histidine are purchased from Sigma-Aldrich. All these commercially available 

reagents obtained were used without any further purification. 

2.2 Synthetic methods: 

2.2.1 Synthesis of the encapsulated complex was carried out by employing two steps 

Step 1: Preparation of metal exchanged Na-Y Zeolite: M(II)-Y 

The ion exchange process was utilised to swap metal ions with Na ions in zeolite Y. In 100 cm3 of deionised 

water, 2 g of Na-Y zeolite is added. Then, MNO3 (0.025M) (M=Co, Ni, Cu & Zn) was added to this and 

the mixture is gently stirred at 90 °C for 24 hours. The precipitate is filtered and washed with sufficiently 

hot deionised water until the filtrate is free from Na ions. Then, the precipitate is dried in a hot-air oven at 

100 oC for 10 hours. 

Step 2: Synthesis of [Tyr-M(II)-His]-Y Encapsulated Ternary Complexes 

For the production of Zeolite Y encapsulated ternary complexes utilised flexible ligand synthesis. Add 

0.775 g of L-Histidine (dissolved in 100cm3 of methanol) to a stirred solution of methanol and M(II) Zeolite 

Y. After 8 hours of refluxing, the solid complex was filtered, washed with ethanol and dried in a hot air 

oven at 80 oC for 14 hours. Then add 2g of this binary complex in 100 cm3 of methanol with 0.905 g of L-

Tyrosine and refluxed for 24 hours. The precipitate is filtered and then extracted with DMF and ethanol in 

a soxhlet for around 3 to 4 hours to remove the additional compounds that are adsorbed on the zeolite. 

After soxhlet extraction, the final product is dried in a hot air oven at 90 °C for 12 hours [16]. 

 

 

      Scheme 1. Synthesis of encapsulated ternary metal complexes [Tyr-M(II)-His]-Y 

[M(II) = Co, Ni, Cu & Zn] 

 

2.2.3. Characterization  

          The Zeolite encapsulated [Tyr-M(II)-His] ternary complexes are characterized using UV-Vis 

spectrophotometer Shimadzu UV-1900i/1280 to study the concentration and assess purity of synthesized 

ternary metal complexes. The FT-IR spectra of the complexes was done using the KBr disc method on an 

FT-IR DIGILAB Biorad spectrometer. The powder X-ray diffraction (XRD) of the complexes was 

recorded using Ni filtered CuKα radiation (λ=1.5406 Ao) in the scan range of 10-80o on a Rigiku Miniflex 

(Rigaku Corporation, Japan) X-ray diffractometer. The FE-SEM images and EDX analysis of zeolite 

encapsulated [Tyr-M(II)-His] ternary complexes were captured using a JEOL FE-SEM-7610F microscope. 

In addition, the TGA analysis was carried out by using NETZSCH TG 309 Libra. The ESR analyzer Ali 

Fax Roller 20 LC was used to find the co-ordination geometry of [Tyr-M(II)-His] ternary complexes. 

 

3 Results and discussion 

3.1 Characterization techniques 

The optical properties of the synthesized Zeolite encapsulated [Tyr-M(II)-His] ternary complexes were 

studied by UV–Vis DRS absorption. An absorption peak could be found at 200 – 400 nm in the UV-Vis 

Diffuse reflectance Spectroscopy (UV-Vis DRS) for all [Tyr-M(II)-His]-Y (Tyrosine-Metal (II)-Histidine-

Y) complexes., which primarily indicates the presence of transitions in the aromatic side chains of amino 

acids and typically indicate the presence of aromatic amino acid residues of Histidine and tyrosine and their 
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interaction with the metal ion. Ligand-induced transitions were predominantly observed in the ultraviolet 

(UV) region, while d−d transitions were noted in the visible region. In the case of [Tyr-M(II)-His]-Y 

(M=Co, Ni, Cu and Zn) metal complexes clear absorption bands showed at 214 and 271 nm, these 

corresponding to π – π* transition. The UV-vis spectrum also showed another low-intensity peak between 

347 and 442 nm. This peak could be linked to the n → π* (4A2F → 4T1F) and n → π* (4A2F → 4T1P). The 

bands 500-600 nm region indicates the d-d transition states, which suggests that the cobalt (II) ion has a 

square planar geometry structure. The magnetic moment of the Co (II) complex was computed to be 4.48 

μB, which corresponds to the anticipated square planar geometry [19]. The d−d transition does not occur 

in the Zn [Tyr-Zn (II)-His-Y] complex, due to the absence of unpaired electrons (d10 configuration) 

 

 
 

Figure 1: UV-Vis spectra of (A) [Tyr-Co (II)-His]-Y, (B) [Tyr-Ni (II)-His]-Y,  

(C) [Tyr-Cu (II)-His]-Y, (D) [Tyr-Zn (II)-His]-Y 

 

FT-IR was utilized to find the functional groups in the synthesised zeolite encapsulated [Tyr-M(II)-His] 

ternary complexes. The results are shown in Figure.2. The less strong IR peaks show that the complexes 

are trapped in the zeolite matrix. The FTIR spectra of both parent zeolite and metal-exchanged zeolite 

exhibit pronounced bands within the range of 450-1200 cm⁻¹. There is a strong and wide band around 1020 

cm-1 that shows asymmetric stretching vibrations of (Si/Al)O4 units of zeolite. There are some wide bands 

close to 3420 cm-1 that are likely caused by lattice water molecules [18].  

The IR spectra of encapsulated complexes (Table 1) indicate no shift in the zeolite lattice bands (1020 cm-

1). This means that the zeolite framework has not changed after it was encapsulated. The bands between 

1200 and 1600 cm-1 show that there is coordination in the pores, where zeolite does not have any bands. 

But these bands aren't as strong because the encapsulated complexes aren't as concentrated in the lattice. 

The shift in the distinctive bands of carboxylic acids after coordination is also looked at. Amino acids in 

their free state exist as zwitterions, having two vibrations, one for vsCOO- and one for vasCOO-, that are 

about 1412 and 1606 cm-1 and NH3
+ shows vibrations at 3094 cm-1. 

           The Vs and Vas of COO- (Fig 2) in the encapsulated complexes do not show any shifts in the 

stretching frequency confirming that -COO- is not involved in metal coordination (M=Co, Ni, Cu and Zn). 

The Phenolic -OH peak present in the free tyrosine does not appear in the metal complexes indicating that 

metal ion is binds to the phenolic -OH group of tyrosine. 

 The νNH3
 + in an amino acid usually shows up between 3094 and 3078 cm-1 for tyrosine and histidine 

respectively. The bands of νNH2
 at 3128, 3147, 3128, and 3126 cm-1 confirmed the bonding with Co, Ni, 

Cu and Zn (II) metal ions, respectively. The free histidine contains imidazole peak at 1579 cm-1, which is 

shifted to higher frequency (1589-1591 cm-1) indicating that imidazole nitrogen binds to the metal ion. 

The IR data clearly indicates that the coordination number is four around the metal ion in the synthesized 

ternary complexes. Which indicating that the synthesized amino acid metal complexes exhibited square 

planer complexes. 
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Figure 2: FTIR spectra of (A) [Tyr-Co (II)-His]-Y, (B) [Tyr-Ni (II)-His]-Y,  

(C) [Tyr-Cu (II)-His]-Y, (D) [Tyr-Zn (II)-His]-Y 
 

Table 1. F T - I R  Vibrational spectra of L-tyrosine (Tyr), L-Histidine and of the [Tyr-M-His]-Y 

(M=Co, Ni, Cu and Zn) complexes 

 
The X-ray diffraction technique was employed to learn about the structure of the synthesized encapsulated 

ternary complexes. The results are shown in Figure 3. At 2θ = 10.3°, 15.9°, 18.6°, 23.9°, 27.4°, and 31.6°, 

all of the materials exhibited distinct peaks in their XRD patterns. The (2 2 0), (3 3 1), (4 4 0), (5 5 3), (6 4 

2), and (7 5 1) planes were found to reflect Na-Y zeolite [20]. There were no other peaks in the XRD 

patterns that were associated to metal ions. This means that the [Tyr-M(II)-His]-Y ternary complexes that 

are inside the zeolite are well spread out in the zeolite cavities. So, the conditions around the zeolite host 

do not affect its crystallinity. 
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Figure 3: XRD Pattern of (A) [Tyr-Co (II)-His]-Y, (B) [Tyr-Ni (II)-His]-Y,  

(C) [Tyr-Cu (II)-His]-Y, (D) [Tyr-Zn (II)-His]-Y 
 

The X band ESR spectra of encapsulated Co (II) and Cu (II) Complexes were documented at ambient 

temperature and is displayed in Fig.4. The ESR spectrum shows that copper and cobalt complexes are 

encapsulated. The spectra showed clear hyperfine structure of the zeolite-encapsulated species, which is 

typical of isolated monomeric Cu (II) and Co (II) complexes. The encapsulated metal complex is isolated 

in the diamagnetic zeolite matrix, where intermolecular interactions are avoided, allowing for the 

observation of resolved hyperfine structures. “The ESR spectrum pattern of the solid copper (II) complex 

exhibits an axial type symmetry (Table 2), where g// > g⊥>2.0023, indicates that the structure of the 

complex is square planar and the unpaired electron is in d(x2-y2) orbital. In square planar complexes with 

an electron in d(x2-y2) orbital gives 2B1g as the ground state [21]. The high covalence property of the 

complex with distorted symmetry is suggested by the calculated = (g// + 2g⊥)/3 = 2.17 value [22]. The g-

values are related by G= (g//−2.003)/(g⊥−2.003) = 4.0 in an axial symmetry and if G>4 there is a negligible 

exchange interaction between Cu (II) centres in the solid state and vice-versa. The G value of the copper 

complex is found to be 11.54, ruling out the exchange interactions [19], supporting the encapsulation and 

presence of isolated monomeric Cu (II) and Co (II) complexes in zeolite cavities. The stereochemistry of 

Cu (II) complexes can be evidenced from the (g///A//) values. The range 105 -135 cm-1 and >135-250 cm-

1 are reported for square planar and tetragonal distorted complexes respectively. The copper complex has 

(g///A// = 108 cm−1), which lies in the range reported for square planar Cu (II) complexes [23]. The cobalt 

complex has an isotropic g = 4.20, which suggests the distorted octahedral structure. These results agree 

with magnetic moment values, Cu complex with 1.75 BM (S=1/2) and Co complex with 3.80 BM (S=3/2). 

     
                          (A)                                                                               (B) 

Figure 4: ESR spectra of (A) [Tyr-Co (II)-His]-Y, (B) [Tyr-Cu (II)-His]-Y 
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Table 2: ESR data of zeolite-Y encapsulated Cu (ΙΙ) and Co (ΙΙ) ternary complexes 

 

Complex g// g┴ gav Al (x10 cm) A┴ (x10 cm) gl/At(cm
-1

) 

Tyr-Cu-His-Y 2.39 2.05 2.27 227 27 110 

Tyr-Co-His-Y 4.19 2.04 2.74 212 23 203 

The ternary complexes, all of which were encased in Zeolite and examined using FE-SEM micrographs 

and EDX analyses, exhibited a faujasite (FAU) framework structure characterised by a cubic crystal system 

and it can be found in Figures 5 and 6. According to the EDX tests, sodium ions are the main components 

of the NaY zeolite. They are located in the zeolite framework and on the surface to keep the negative 

charges from the aluminium stable. Silicon and aluminium, which are also parts, have tetrahedral 

interactions with oxygen. The formation of [Tyr-M(II)-His]-Y ternary complexes altered the NaY zeolite. 

When organic molecules bind with different metal complexes, the carbon content of the complexes went 

from 44.1% to 7.84%. Table 2 shows the EDX elemental composition of ternary metal complexes of [Tyr-

M(II)-His]-Y in detail. It includes the Si/Al ratio and the Na (wt %) content. For the most part, the Si/Al 

ratios of [Tyr-M(II)-His]-Y ternary complexes are similar those of the original NaY zeolite. The results 

show that the surface deposits have been eliminated, and the scanning electron microscopy images taken 

after soxhlet extraction show the zeolite surface boundaries clearly. This clearly shows that complexes have 

been trapped [24]. 

 

Table 2. EDX elemental percentages of [Tyr-M(II)-His]]-Y ternary metal complexes  

 

Element Zeolite 
[Tyr-Co-His]-

Y 

[Tyr-Ni-His]-

Y 

[Tyr-Cu-His]-

Y 

[Tyr-Zn-His]-

Y 

C 44.1 28.26 15.56 7.84 24.40 

N - 30.26 4.20 2.47 7.24 

O 37.62 25.91 42.52 48.27 38.55 

Na 3.21 1.84 2.89 4.81 2.84 

Al 3.33 2.73 7.54 8.68 6.20 

Si 9.97 9.41 22.39 24.12 19.12 

Si/Al 3.21 3.23 2.79 2.89 3.14 

Metal - 2.17 5.69 3.74 3.81 
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Figure 5: FE-SEM Images of (A)[Tyr-Co (II)-His]-Y BS (B)[Tyr-Co (II)-His]-Y AS 

           (C) [Tyr-Ni (II)-His]-Y BS (D) [Tyr-Ni (II)-His]-Y AS (E) [Tyr-Cu (II)-His]-Y BS 

           (F) [Tyr-Cu (II)-His]-Y AS (G) [Tyr-Zn (II)-His]-Y BS (H) [Tyr-Zn (II)-His]-Y AS 
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Figure.6. EDX elemental analysis of (A) [Tyr-Co (II)-His]-Y (B) [Tyr-Ni (II) His]-Y 

 (C) [Tyr-Cu (II)-His]-Y (D) [Tyr-Zn (II)-His]-Y 

 

Fig. 7 shows the results of thermogravimetric analysis (TGA) and DTA, which were conducted from room 

temperature to 1000 °C. [Tyr-M(II)-His]-Y ternary complexes' TGA profile. The first weight loss below 

210 °C is mainly caused by the evaporation of moisture and highly volatile compounds. The breakdown of 

Tyr and His anions and co-intercalated nitrate, as well as the dihydroxylation of the brucite-like layers, 

cause the second one (250–400 oC), which involves a progressive loss of weight. The third one, where the 

combustion of the carbonaceous residue causes a corresponding exothermic reaction and a sharp weight 

loss in the 400–800 oC temperature range [25]. 

Fig. 7 showed the [Tyr-M(II)-His]-Y ternary complexes DTA curves and TGA curves. Four steps make up 

the thermal breakdown of [Tyr-M(II)-His]-Y: the first occurs between 20 and 150 oC and is caused by the 

removal of surface and interlayer water; the second occurs between 150 and 250 oC and is related to the 

dihydroxylation of the host layers with a weak endothermic reaction. Tyr and His ions breakdown are 

responsible for the third weight loss step (260–400 oC), while the carbonaceous residue burning is 

responsible for the final one (400–800 oC) [26]. 

 
Figure 5: TG-DTA of (A) [Tyr-Co (II)-His]-Y, (B) [Tyr-Ni (II)-His]-Y,  

(C) [Tyr-Cu (II)-His]-Y, (D) [Tyr-Zn (II)-His]-Y 
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4 Conclusion 

The Nanocavity Zeolite Y Encapsulated M(II) (M= Co, Ni, Cu, Zn) ternary complexes of Tyrosine and 

Histidine in situ in Na-Y-Zeolites were successfully synthesized using the ion exchange and flexible ligand 

method. Different types of spectroscopy studies clearly indicate that the ternary complexes of amino acids 

are encapsulated in zeolite-Y.  
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