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Abstract 

In this project, in the first part, the Schiff base ligand (3-nitrobenzaldehyde + 2-aminothiophenol = H2L) was prepared. 

Then a nano-complex with the formula [Zn(HL)2Cl2] was synthesized using sonochemical method. Zn-nano-complex was 

identified by FT-IR, UV-Vis, 1H-NMR and Emission Scanning Electron Microscope (SEM). The spectroscopic results 

showed that the H2L ligand was coordinated to the metal through the N atom. The FT-IR spectrum of Zn-nano-complex 

showed the vibrational banb of the immunity group (C = N) at 1680-1600 cm-1. The studies obtained from the UV-Vis 

spectrum confirm n → π* and π→π* intra-ligand transitions. FS-DNA (salmon sperm DNA) and Zn-nano-complex were 

examined using UV-Vis spectroscopy, fluorescence spectroscopy, and gel electrophoresis. The Stern–Volmer equation was 

used to calculate the binding constant (Kb) and apparent bimolecular quenching constant (kq) for FS-DNA. Van der Waals 

forces and hydrogen bonds are important in the interaction between the DNA and the Zn (II) complex, according to an 

analysis of thermodynamic parameters (∆H°, ΔS° and ΔG°). The interaction mechanism was determined to be the groove-

binding mode. These results highlight the complex's complicated effects on DNA structure and the need to use a variety of 

analytical techniques in order to fully investigate metal-DNA interactions. 
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1. INTRODUCTION 
Certain aldehydes or ketones directly condense 

with the main amines to form Schiff base ligands 

with an azomethine group [1-2]. In several areas of 

chemistry, schiff base ligands and their metal 

complexes are unquestionably important. These 

compounds frequently function as ligands in 

coordination chemistry [3-4]. Schiff base ligands 

containing nitrogen and other donor atoms can 

bind to metal ions and form stable metal complexes 

[5-7]. Schiff base ligands play a significant role in 

various biological activities [8-9]. The biological 

activity of metal ions is also of importance, in 

addition to the biological impacts of the Schiff base 

ligand [10]. Complex formation with transition 

metal ions including copper, nickel, and zinc 

frequently increases the biological activity of 

Schiff base ligands [11]. The biological activity of 

complexes comprising oxygen and nitrogen donor 

Schiff base ligands generated from 2-hydroxy-1-

naphthaldehyde was successfully investigated [12-

13]. Because of their potential uses in bioinorganic 

chemistry, transition metal complexes binding to 

DNA has been thoroughly investigated [14-16]. 

Metal complexes can harm DNA in cancer cells, 

halt cell division, and ultimately cause cell death. 

Since the efficiency of anticancer factors depends 

on the binding mechanism, DNA-binding studies 

are essential for discovering these factors [17]. 

DNA interacts via a variety of locations with metal 

complexes and anticancer medications. It is easy to 

examine changes in DNA structure using a variety 

of experimental techniques. The three non-

covalent forms of binding that small molecules and 

metal complexes usually use to bind to DNA are 

(i) intercalative binding, (ii) groove binding, and 

(iii) electrostatic binding [18-19]. 

DNA is a macromolecule that contains the genetic 

instructions used in the development and function 

of all known living organisms and encodes many 

viruses. This molecule not only controls the 

construction of other molecules (proteins), but also 

plays a role in their own formation and repair. If a 

small change occurs in its structure, it can have 

serious consequences for the health and survival of 

the organism. And if it is damaged beyond repair, 

the diseased cell will die. Metal complexes can 

damage DNA, prevent cancer cells from 

proliferating, and eventually result in cell death. 

The binding mechanism identified by DNA-

binding research is crucial for the development of 
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more potent anticancer agents. In this work, we 

used sonochemical method to prepare 

[Zn(HL)2Cl2] (a). The investigation also looked at 

Zn-nano-complex's interactions with FS- DNA. 

The characteristics of DNA binding were 

investigated using gel electronphoresis, UV-Vis, 

and fluorescence methods. The groove binding 

mode was indicated by the viscosity and CD data. 

 

2. EXPERIMENTAL  

2.1. Materials and methods  

All of the chemicals purchased for the experiment 

were of the reagent grade and didn't require any 

additional purification. Zinc (II) chloride, 2-

aminothiophenol, and 3-nitrobenzaldehyde were 

purchased from Sigma Aldrich, whereas solvents 

were purchased from Merck. Sigma Chemical Co. 

provided the DNA from salmon fish sperm. The 

material was human lung epithelial carcinoma. 

KBr discs containing produced compounds were 

utilized to perform FT-IR spectrum (4000-400 cm-

1) using a Perkin-Elmer FT-IR spectrophotometer, 

model spectrum two. At room temperature (298 

K), the Optizen-view 2120 UV plus spectrometer 

scanned absorption spectra (UV-Vis) utilizing 

quartz cells with a 1 cm path length in the 200–800 

nm range. We used an Ubbelohde viscometer to 

measure the viscosity. With a wavelength range of 

210-380 nm, a JASCO-J815 spectrometer was 

used to obtain the CD measurements at room 

temperature. An LS-45 spectrophotometer made 

by PerkinElmer was used to measure the 

fluorescence spectra. 

 

1.2 Synthesis of Schiff base ligand (H2L)  

For synthesize of the Schiff base ligand a solution 

of 3-nitrobenzaldehyde (0.075 g, 0.500 mmol) in 

10 mL of ethanol was added to a solution of 2-

aminothiophenol (0.053 mL, 0.500 mmol) in 

ethanol solution. Resulting mixture was refluxed 

for about 6 h. Aftar five days to generate yellow 

crystals of H2L. 

 

1.3 Synthesis of complex [Zn(HL)2Cl2]NPs  

Zinc (II) chloride (ZnCl2) (0.020 g, 0.150 mmol) in 

10 mL of methanol was run for 10 minutes in a 

high-density ultrasonic probe set to 100 W of 

power. 10 ml of a methanolic Schiff base ligand 

[H2L] solution (0.077 g, 0.3 mmol) was added 

dropwise to this irradiation solution. The resulting 

solution was exposed to radiation at a strength of 

100 W for 60 minutes at 60 °C. After filtering, the 

precipitate was allowed to air dry. A variety of 

analytical methods were used to fully describe the 

resulting complex (a) (Fig. 1).   

Fig.1. Structure of complex Zn-nano-complex. 

 

2. DNA binding experiments 

A new stock solution of DNA was made for each 

experiment, including 2 mg/ml of the material in 

double-distilled water with a pH adjustment to 7.2. 

Likewise, a stock solution containing 3 × 10–3 M 

of Zn-nano-complex was made using water as the 

solvent. An electronic absorption titration test was 

used to study the Zn-nano-complex and FS-DNA 

in order to look into DNA binding. DNA 

concentrations ranging from 10-130 µM was 

titrated with a fixed concentration of the produced 

metal compound (3.5 × 10-5 M) during the test. The 

DNA- Zn-nano-complex, solution was then 

allowed to equilibrate for five minutes in an 

incubator. After adding the DNA solution to the 

produced chemical, absorption spectra were 

recorded in the UV-Vis region and compared to the 

blank DNA solution. The FS-DNA solution was 

present or absent while measuring the fluorescence 

spectra. In this study, FS-DNA concentration and 

quantity were changed from 0-55 µM, while the 

concentration of the Zn-nano-complex was kept 

constant at 2.3 × 10-7 M. Between 330 and 410 nm, 

the Zn-nano-complex was released after being 

stimulated at 290 nm. Three distinct temperatures 

were used for the experiments: 303 K, 298 K, and 

293 K. In order to conduct gel electrophoresis, 

several samples with a fixed DNA concentration of 

1.4 × 10-4 M were incubated in a Tris-buffer 

solution for one hour with different complex 

concentrations ranging from 0 to 2.1 × 10-5 M. 

After adding loading buffer, DNA, and methylene 

blue to the samples, they were shaken. The 

resultant solution was put onto an agarose gel, and 

electrophoresis was run for 25 minutes at 100 V. 

The peaks were recorded using the UV irradiation. 

 

2.1. Circular dichroism (CD) measurements  

At a concentration of 1.4 × 10−4 mol/L DNA in a 5 

mM Tris-HCl solution, CD measurements were 

obtained. The Zn-nano-complex concentration 

ratio to DNA was adjusted to (a) 0.00 and (b) 1.5 × 

10−5 M. The results were collected between 210 

and 380 nm in wavelength range at room 

temperature. 
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2.2 Viscosity measurements 

The viscosity was measured with and without 

the Zn-nano-complex using an Anubbelohde 

viscometer. The average flow durations were 

compared and assessed to calculate viscosity. All 

punctuation, grammatical, and spelling mistakes 

have been fixed. The data were expressed as 

(ƞ/η0)1/3 vs. r, where r represents the concentration 

ratio of Zn-nano-complex to DNA. Here, ƞ 

represents the viscosity of DNA with Zn-nano-

complex and η0 is the viscosity of FS-DNA alone 

[20]. 

 

3. RESULTS AND DISCUSSION 

3.1. Characterizations of Zn-nano-complex  

F-IR spectrum of Zn-nano-complex show in Fig. 

2. The (C=N) stretching of the ligand is observed 

in the 1598 cm-1 and the C=C stretching 

absorption of the aromatic ring of this ligand are 

observed in a doublet at 1598 cm-1. A strong 

absorption peak at 740 cm-1 is related to the 

stretching vibration of the C-S bond. The 

absorption at 618 cm-1 also indicates that the 

Zn─ N [21-22]. 

 
Fig. 2. FT-IR spectrum of Zn-nano-complex. 

 

3.2 Electronic absorption spectra of Zn-nano-

complex  

In the electronic spectrum of (H2L) and Zn-nano-

complex show in Fig. 3. Intraligand transitions 

(n→π*) and (π→π*) are seen in the range of 290 

nm to 230 nm in both compounds [23]. 

 

 
Fig. 3. Electronic absorption spectra of (H2L) and Zn-

nano-complex. 

3.3.1H-NMR spectrum of Zn-nano-complex  

NMR spectroscopy reveals that the structure of Zn-

nano-complex, are held in DMSO- d6 solution at 

25°C (Fig. 4). The hydrogen atoms of the aromatic 

rings were seen at approximately 6–9ppm. The 

hydrogen atoms on the S-H and azomethine groups 

show two single patterns at 3.3 ppm and 2.6 ppm, 

respectively. 

 

 
Fig. 4. 1H- NMR spectrum of Zn-nano-complex in 

DMSO- d6. 

 

3.4 Microscopy 

The SEM image of the Zn-nano-complex was 

shown in Fig. 5. As can be seen in the figure, the 

prepared sample is in the form of nanoparticles 

with almost uniform morphology and is porous. 

 

 
Fig. 5. SEM image of nanocrystal of Zn-nano-complex. 

 

3.5. DNA interaction studies 

3.5.1. Electronic absorption spectroscopy 

Utilizing electronic absorption spectroscopy, the 

manner and degree of binding to DNA were 

determined. The synthesized Zn-nano-complex 

was titrated at 298 K with a constant concentration 

of 3.5 × 10-5 M in this test. The maximum 

absorption of the metal compound reduced when 

DNA was added to the produced complex solution 

(Fig. 6.), suggesting that the metal compound and 

FS-DNA interacted [24]. The binding mechanism 

between the Zn-nano-complex and FS-DNA is 

most likely groove binding, based on the observed 

drop in absorption intensity, or hypochromism, 

with minimal change in the peak locations [25]. 

https://doi.org/10.30473/ijac.2024.72409.1309
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Fig. 6. UV-Vis spectra of complex (a) in the absence 

(line 1) and presence of diverse concentration of DNA 

(line 2-14) [Complex] = 3.5 × 10-5 M, [DNA] = (10-130 

μM). 

 

The binding constant (Kb) for the interaction 

between the synthesized Zn(II) complex and the 

DNA molecule was determined using Equation (1) 

[27]. This equation facilitates the calculation of the 

binding constant, offering insights into the affinity 

and strength of the interaction between the 

complex and DNA. The method outlined by Pyle 

and colleagues provides a robust framework for 

understanding the molecular interactions at play, 

essential for further biochemical and biophysical 

analyses of the Zn-nano-complex -DNA complex. 

The obtained Kb value is a critical parameter, 

elucidating the binding efficiency and the potential 

biological implications of the complex in DNA-

related processes. 

[DNA] / (εa–εf) = [DNA] / (εb–εf) +1 / Kb (εb–εf) (1) 

The extinction coefficient in each increment of FS-

DNA solution and the Zn (II) compound (obtained 

from A(obs) /[Zn(II)]) is denoted by εa in this 

equation. Additionally, the extinction coefficient 

for the Zn-nano-complex in its completely bound 

form is denoted by εb, while the extinction 

coefficient for the free Zn-nano-complex is 

denoted by εf. The FS-DNA binding strength of the 

Zn-nano-complex was quantitatively 

characterized, and Kb was computed by graphing 

[DNA] / (εa-εf) vs [DNA] and calculating the ratio 

of the slope to the intercept of this plot (Fig. 7.). 

Zn-nano-complex has a numerical Kb value of (5.0 

× 104 ± 0.03 M-1), which indicates the interaction 

between the Zn-nano-complex and DNA molecule. 

This value is less than the value of ethidium 

bromide (a traditional intercalator) that has been 

published (1.4 × 106 M-1). These findings suggest 

that the Zn complex binding mechanism to FS-

DNA differs from that of ethidium bromide (EB), 

as intercalation binding to DNA molecules often 

causes bathochromism and hypochromism of 

absorption. However, we only detected 

hypochromism in the instance of the studied Zn 

compound, which is consistent with the molecular 

structure shown in Fig. 1 and suggests a non-

interactive form of binding. 

 

 
Fig. 7. Plot of [DNA] / (εa–εf) vs [DNA] in the 

interaction of the Zn-nano-complex with DNA molecule 

by electronic absorption data. 

 

3.5.2. Fluorescence investigations 

The interaction between the DNA molecule and 

the Zn complex was investigated further using the 

fluorescence technique. Investigations using 

electronic absorption revealed that Zn-nano-

complex interactions are non-intercalative. 

Moreover, the Zn compound is unable to create an 

electrostatic connection since it is chargeless. Van 

der Waals forces are the sole feasible contact since 

the surrounding ligands of the Zn (II) ion 

physically prevent intercalation. Fig.8. displays the 

Zn-nano-complex emission spectra with and 

without different concentrations of the DNA 

molecule. Fig. 8. displays the metal complex 

emission spectra with and without different 

concentrations of the DNA molecule. DNA 

quenches the Zn-nano-complex's fluorescence 

suggesting contact. 

 

 
Fig 8. The emission spectra of synthesized metal 

complex (2.3×10-7 M) with different amounts of DNA, 

at 298 K. a) the concentration of FS-DNA grows from 

zero (line 1) to 55 µM (line 12). 
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The method of contact was evaluated from the 

information that was obtained through the 

fluorescent light. There are basically two types of 

quenching mechanisms: static and dynamic. The 

excited fluorophore incidentally gets close to 

quenching chemicals during dynamic quenching. 

Both the viscosity and temperature of the solution 

have effects on the rate of quenching. With the 

adequate concentration of the quencher, the 

fluorophore and the quencher will most probably 

be in contact during the lifespan of the excited 

species. Static quenching refers to the quenching 

between the quencher and the fluorophore (in the 

ground state) to form a stable molecule. It can be 

differentiated between the types of quenching by 

their dependencies on temperature. The dynamic 

quenching is connected to temperature-dependent 

diffusion coefficients. For the verification of the 

quenching process, the equation of the Stern-

Volmer equation was used in the analysis of the 

fluorescence quenching data (Equation 2). 

F0/F = 1 + Ksv [Q] = 1 + kq τ0 [Q]  (2) 

When quencher species (DNA) are absent, the 

compound's fluorescence intensity is indicated by 

the symbol F0. The symbol F stands for the 

compound's fluorescence intensity at different 

quencher concentrations. The fluorophore lifetime 

(τ0 = 10^-8 s) is represented by kq, the Stern-Volmer 

quenching constant by Ksv, and the quencher 

concentration by [Q] [28]. 

Plotting F0/F versus [DNA] allowed for the 

determination of the Stern-Volmer quenching 

constant (Ksv) (Fig. 9). Using Ksv/τ0, the value of 

kq was calculated at three distinct temperatures: 

293 K, 298 K, and 303 K. As the temperature rises, 

both kq and Ksv drop, as shown by the data in 

Table 1. Notably, the static quenching process is 

indicated by the value of kq above 2.0 × 1010 M-

1s-1 [29]. 

 

The fluorescence test can be used to calculate the 

titration information, which can then be used to 

obtain binding constant (Kb) values and binding 

sites (n) using Equation 3 [30].  

log((F0 - F)/F) = log Kb + n log[Q]  (3) 

Where the definitions of F0, F, and [Q] are identical 

to those found in Equation (2). Equation (3) (Fig. 

10) was utilized to determine the parameters n and 

Kb, respectively, by calculating the intercept and 

slope of log((F0 - F)/F) against log([DNA]/μM). 

The reduction in Kb with increasing temperature 

[31] suggests that the interaction between DNA 

and the chemical (a) is probably exothermic, 

according to the findings shown in Table 1. 

Consequently, the Zn (II) complex has a single 

distinct set of binding sites on DNA [32]. There are 

nearly as many binding sites (n) as there are. The 

results of these research demonstrate that the value 

of Kb ascertained by UV-Vis and fluorescence 

studies is same. 

 

 
Fig. 9. The a) synthesized metal complex Stern-Volmer 

graphs at three different temperatures (303, 298 and 293 

K). 

 

 
Fig. 10. log ((F0 – F)/F) versus. log ([DNA]/μM) for the 

fluorescence titration of the synthesized metal complex 

with DNA at diverse temperatures (303, 298 and 293 K) 

 

 

Table 1. The values of Ksv, kq, n and thermodynamic factors for the interaction of a) the Zn-nano-complex with DNA 

calculated from the fluorescence studies at different temperatures of (303, 298 and 293 K). 

ΔS˚ 

(J/mol.K) 

ΔH˚ 

(kJ/mol) 

∆G˚ 

(kJ/mol) 

Kb × 104(M-1) n  kq × 1013 

(M-1s-1) 

KSV × 105 

(M-1) 

T 

(K) 

Complex 

Zn-

nano-

complex 

UV-Vis Fluorescence 

0.013 -6.6 -40.84± 

0.02 

5.0± 0.03 1.6 ± 0.02 0.99 3.89± 

0.01 

3.89± 

0.01 

303  

0.016              -

2.3 

-38.94± 

0.04 

4.0± 0.03 1.9 ± 0.01 1.01 4.17± 

0.01 

4.17± 

0.01 

298  

0.013 -7.3 -39.02± 

0.01 

5.0± 0.03 2.2 ± 0.04 1.01 4.52± 

0.02 

4.52± 

0.02 

293  

https://doi.org/10.30473/ijac.2024.72409.1309
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3.5.3. Data on fluorescence and thermodynamic 

parameter computation 

The thermodynamics of the reaction between the 

aforementioned substances and FS-DNA must be 

understood in order to distinguish between 

standard entropy (ΔSº), enthalpy (ΔHº), and Gibbs 

free energy (ΔGº) changes. Thermodynamic 

factors may be used to predict the binding 

interactions (hydrophobic, hydrogen bonding, van 

der Waals, and electrostatic) that take place 

between FS-DNA and small molecules. Using the 

given Kb values at various temperatures and the 

van't Hoff equation (4), we were able to determine 

both ΔSº and ΔHº [33].   

ln Kb = -ΔHº/RT + ΔSº/R (4) 

The values of ΔSº and ΔHº were obtained by 

plotting ln Kb vs 1/T (Fig. 11.). The slope (-ΔHº/R) 

represents ΔHº and the intercept (ΔSº/R) represents 

ΔSº. Table 1. shows the ΔGº values calculated 

using equation (5) for the interaction between the 

Zn (II) compound and DNA. 

ΔGº = ΔHº - TΔSº = -RT lnKb (5) 

Electrostatic interactions have small or no enthalpy 

change and positive entropy change. Hydrogen 

bonding and van der Waals interactions have 

negative values of ΔSº and ΔHº, while hydrophobic 

interactions have positive values of ΔSº and ΔHº. 

Table 1. shows negative ΔHº and ΔSº, indicating 

Zn (II) complex binds DNA grooves via H-

bonding and van der Waals forces. Negative values 

of ΔGº indicate that the reactions occur 

spontaneously. Upon increasing temperature, the 

Kb values decrease, which is consistent with the 

exothermic interaction of Zn-nano-complex with 

DNA as indicated by the negative values of ΔHº 

[34]. (Table 1). 

 
Fig. 11. The van’t Hoff plot in the interaction of Zn-

nano-complex with FS-DNA at diverse temperatures 

(303, 298 and 293 K). 

 

3.5.4. Viscosity measurement 

In the absence of crystallographic data, 

viscometric testing provides a practical method for 

detecting changes in DNA shape. For intercalative 

binding, the target ligand increases the length and 

viscosity of the DNA by separating FS-DNA base 

pairs [35, 36]. Electrostatic or groove binding are 

examples of non-intercalative binding that have no 

effect on DNA viscosity. FS-DNA's viscosity was 

assessed both with and without the generated 

complex. With t representing the time of the 

sample solution and t0 representing the time of the 

blank solution, the formula that was used was η = 

(t – t0)/t0. Fig. 12 shows that the relative viscosity 

of FS-DNA remained constant while the quantity 

of complex increased when Zn complex coexisted 

in the FS-DNA solution. These results demonstrate 

that there is no intercalation in the binding process. 

 

 
Fig. 12. The results of increasing amounts of Zn-nano-

complex on the relative viscosity of FS-DNA at 298 K. 

The concentration of FS-DNA was 1.4 × 10 −4 mol L −1. 

 

3.5.5. CD analysis 

DNA and other optically active substances are 

commonly analyzed for structure using the circular 

dichroism (CD) spectral method. This spectrum is 

a powerful tool for examining a compound's chiral 

characteristics. It also detects changes in the 

secondary structure of proteins and DNA as they 

interact with complexes and medications, 

providing important information about how they 

bind. It has been demonstrated that CD 

spectroscopy may successfully identify minute 

conformational changes in DNA structure that 

occur during binding. The mechanism of 

interaction between complexes and DNA affects 

the sensitivity of CD signals. Because DNA is 

right-handed helical, FS-DNA solutions show a 

negative band at 230 nm and a positive band at 275 

nm because to base stacking. The sensitivity of 

these bands is strongly affected by the mechanism 

of interaction with chemicals. Modifications in 

DNA structure may be indicated by changes in CD 

signals. In the right-handed B conformation of FS-

DNA, intercalation processes strengthen base 

stacking interactions, stabilizing DNA 

conformations and raising the intensities of both 

bands. On the other hand, base stacking and 

helicity bands are only slightly disturbed by tiny 

molecules that attach non-intercalatively, such as 

via groove and electrostatic binding. Fig. 13 

displays the circular dichroism spectrum of DNA 

with and without Zn-nano-complex. The findings 
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demonstrate that base stacking is decreased and 

structural changes in DNA are induced by 

contacting the target complex. Our theory of a 

groove binding mode is supported by these CD 

spectrum alterations, which point to a non-

intercalative manner of binding. 

 

 
Fig. 13. The circular dichroism spectrum of DNA in the 

absence and presence of complex (a). The concentration 

of DNA was 1.4 × 10 −4 mol L −1. The concentration ratio 

of Zn compound to [DNA] was (a) 0.00, (b) 1.5 × 10 −5 

mol L −1. 

 

3.5.6. Gel retardation experiment 

The technique of gel electrophoresis test is 

employed to investigate DNA movement through 

a gel matrix in the presence of an electric field [37]. 

We used this experiment to demonstrate 

compound-DNA interaction by observing 

variations in DNA electrophoretic migration in the 

presence of varying amounts of produced Zn-nano-

complex. (Figure 14). The weight, size, and shape 

of DNA sites are increased when Zn-nano-

complex binds to them, which slows 

electrophoretic mobility. The electropherogram 

demonstrates interactions by demonstrating that 

Zn (II) in DNA samples (lanes 2–8) prevents DNA 

movement. Findings from the complex and DNA 

were consistent. 

 

 
Fig. 14. Gel electrophoresis of FS-DNA in the absence 

and presence of different amounts of Zn (II) complex at 

25 °C. Lane 1: DNA control; Lane 2–8: DNA + Zn (II) 

complex (0.3, 0.6, 0.9, 1.2, 1.5, 1.8, 2.1 ×10-5 M, 

respectively). 

 

4. CONCLUSIONS 

In this study a nano-complex with the formula 

[Zn(HL)2Cl2] was synthesized using sonochemical 

method. Zn-nano-complex was identified by FT-

IR, UV-Vis, 1H-NMR and Emission Scanning 

Electron Microscope (SEM). Structural studies 

showed the Schiff base ligand coordinating to the 

metal ion in a 1:2 molar ratio through nitrogen 

atoms. The geometry of Zn-nano-complex is 

tetrahedral. UV-Vis analysis showed that Zn 

complex binds to DNA with a favorable binding 

constant. The fluorescence investigation data 

showed that a DNA molecule quenched the Zn-

nano-complex. The quenching occurred through a 

static mechanism, and the Kb values decreased as 

the temperature increased, indicating an 

exothermic interaction. Fluorescence data yielded 

thermodynamic parameters showing the metal 

complex is held in DNA grooves by van der Waals 

forces and hydrogen bonding. 
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 چکیده 

نانو کمپلکس با فرمول  کیسپس  شد. هیته L)2aminothiophenol = H-nitrobenzaldehyde + 2-(3 فیش هیپا گاندیپروژه در قسمت اول ل نیدر ا
] (a)2Cl2[Zn(HL) سنتز شد.  ییایمیبا استفاده از روش سونوش] (a)2Cl2[Zn(HL)  توسطIR-FT ،Vis-UV، NMR-H1 یروبش یالکترون کروسکوپیو م 

(SEMشناسا )گاندینشان داد که ل یسنجفیط جینتا شد. یی L2H اتم  قیاز طرN فیشده است. ط کوردینهفلز  هب IR-FT بیترک (a) یمنیگروه ا یارتعاش دبان 

(C = N)  1را در-cm 1680 -1600 سنجی فینشان داد. مطالعات به دست آمده از ط  Vis-UV گاندیدرون ل تانتقالا *n → π  و*π → π کند. یم دییرا تا 

FS-DNA (DNA قزل آلا( و کمپلکس ) یاسپرم ماهaبا استفاده از ط )یسنجفی UV-Visقرار گرفتند.  یفلورسانس و الکتروفورز ژل مورد بررس یسنجفی، ط
 لیو تحل هیاستفاده شد. بر اساس تجز DNA-FS ی( براgk) یظاهر ی( و ثابت خاموش شدن دو مولکولbKمحاسبه ثابت اتصال ) یولمر برا-از معادله استرن

 سمیمهم هستند. مکان (II) یو کمپلکس رو DNA نیدر برهمکنش ب یدروژنیه یوندهایواندروالس و پ یروهانی (ΔG° و H°∆ ،°ΔS) یکینامیترمود یپارامترها
به منظور  یلیتحل یها کیانواع تکن ازبه استفاده  ازیو ن DNAمجموعه را بر ساختار  نیا دهیچیپ راتیتأث جینتا نیشد. ا نییتع یاریشاتصال به حالت  برهمکش

 کند. یرا برجسته م DNA-فلز یکامل برهمکنش ها یبررس
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 .ژل الکتروفورز واندروالس؛ برهمکنش ماهی؛ اسپرم DNA باز؛ شیف


