


UV and IR Studies of Nano and bulk Schiff base compounds of Cobalt and Nickel transition metals


Abstract
[bookmark: _Hlk161585525]Physical techniques are used in addition to chemical analysis to characterize both pure and mixed compounds. In practically all market sectors and workplaces, optical spectroscopy in the ultraviolet and visible light range (UV/VIS) is widely used for research, production, and quality control for the classification and study of substances, among other techniques that include the determination of melting point, refractive index, and density. Light absorption by a sample serves as the foundation for UV/VIS spectroscopy. Important details, such the sample's purity, can be discovered based on the quantity and wavelength of light that the sample absorbs. Furthermore, optical spectroscopy allows for quantitative analysis since the amount of absorbed light and the amount of material are connected [Cole et.al. 2020].
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Introduction
The relationship between light and matter is the foundation of optical spectroscopy. The action of light beaming on an item is depicted in the following figure. The visible or white light that illuminates both things is symbolised as a rainbow, with the various colours signifying the various elements that make up visible light. An item may absorb light when it is exposed to it; in particular, it may selectively absorb one or more of the light's constituent colours.
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Green light
White light
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Figure 1 : The light which is not absorbed by the object is reflected and can be seen by the eye
The colours that the items do not absorb are reflected. In our example, the red tomato shell reflects red light, while the green surface of the courgette in Fig. 1 reflects green light. The two items absorb all other colours. When the eyes detect the reflected light, they see the tomato as red and the courgette as green.
Physically speaking, light is a type of energy that travels over space incredibly quickly. More precisely, light is defined as radiant energy—that is, an electromagnetic wave moving across space. As a function of time, light energy regularly oscillates like a wave between a minimum and a maximum. The wavelength, expressed in nanometers (nm), is the separation between two 

[image: ]electromagnetic wave peaks or minima, respectively.
Figure 2: The energy of an electromagnetic wave increases with decreasing wavelength – and vice versa
Red light has a wavelength of 660 nm, whereas green light has a wavelength of 520 nm. Each colour has a distinct wavelength. As a result, each wavelength of light is unique to its constituent parts. A spectrum is the total of all elements, or all wavelengths. A spectrum, in more precise terms, is a dispersion of radiant radiation. For example, visible light's electromagnetic spectrum spans from around 390 nm to roughly 780 nm.
[image: ]
Figure 3: The visible spectrum (390 – 780 nm) represents only a small portion of the whole electromagnetic spectrum
Note that the energy of electromagnetic waves is related to their wavelengths; the shorter the wavelength, the higher the energy. For instance, violet light has a shorter wavelength than red light and therefore, a higher energy level, whereas infrared light has less energy than visible light due to its longer wavelength.
[bookmark: _TOC_250029]	UV/VIS Spectroscopy
In analytical chemistry, light absorption may be utilized to characterize and quantify substances. The UV/VIS spectroscopy approach depends on an unknown material or sample absorbing light. Here, the sample is illuminated by electromagnetic radiation from the visible (VIS, or the various colors) and adjacent ranges, including the ultraviolet (UV) and a section of the lower infrared region (near IR). Light is absorbed differently by different substances. The UV/VIS spectrum of the sample is obtained by recording the transmitted light, or residual light, as a function of wavelength using a suitable detector. Because each substance absorbs light differently, there is a clear and unique connection between a substance and its UV/VIS spectrum. The spectrum can then be used to identify or quantify a chemical. 
UV/VIS spectroscopy is often used to examine organic molecules, inorganic ions, or complexes in liquids, while it may also be used to examine solid materials like glass or films. The acquired UV/VIS spectra are highly helpful for measuring a particular substance quantitatively. In actuality, the absorbance at a certain wavelength may be used to calculate the concentration of an analyte in solution. One can determine the sample's concentration by calculating its absorbance value. 
[bookmark: _TOC_250028]UV/VIS spectroscopy is a measuring method in which a spectrophotometer—an instrument that measures a sample's spectrum in the UV/VIS range—is used to record the absorption spectra of various samples using ultraviolet (UV) and visible (VIS) light [Vitha, 2018; Edwards et.al., 2017].
	Measurement principle
With a cuvette containing a sample solution, a UV/VIS spectrophotometer detects the light's intensity and compares it to the light's intensity prior to the sample's passage through the cuvette. A UV/VIS spectrophotometer's primary parts are a light source, a sample container, a dispersive device (such a monochromator) to separate the light's various wavelengths, and an appropriate detector.Detection system
Recorder

Light source                      Cuvette with sample solution
Figure 4: Measurement principle in UV/VIS spectroscopy
The following procedures are part of a spectrophotometer's operating principle: 
Measurement Blank 
1. Fill a cuvette—a appropriate, transparent, non-absorbing container—with the solvent (such as water or alcohol). 
2. The solvent-containing cuvette is exposed to a light beam from the light source. 
3. After the cuvette, the detector collects the data by measuring the intensity of the light that is transmitted at various wavelengths. 
The blank, which is necessary for further sample measurements, is established during this procedure.

Sample Identification 
1. Fill the cuvette with the solvent after dissolving the sample in it. 
2. The cuvette holding the sample solution is exposed to a light beam from the light source. 
3. The sample molecules in the solution absorb some of the light as it travels through the cuvette. 
4. After the light leaves the cuvette, it is measured by the detector. 
5. Divide the transmitted intensity of the sample solution by the equivalent values from the blank to get the change in light intensity at various wavelengths. 
A recorder then stores this ratio.
Transmittance and absorbance
A UV/VIS spectrophotometer's detector gauges light intensity after it has passed through the sample solution. The transmitted intensity, or I, is the percentage of light that the detector has detected. The sample solution, for example, absorbs light at certain wavelengths, reducing the intensity of the light that is transmitted. As a result, its value near the light source is less than the initial intensity I0.
[image: ]
Figure 5: Light attenuation by absorption of sample molecules in solution
The ratio between the two intensities I / I0 is defined as Transmittance T, and its unit is %.
[image: ]
Although it is not the only value found by UV/VIS spectroscopy, the transmittance is the primary one. In actuality, the absorbance A is a further outcome that is frequently utilised while logging UV/VIS spectra. It has a significant benefit and is defined as the transmittance's negative logarithm.
A = −log(T)
There is no unit of measurement for absorbance A. Put otherwise, it is a value without dimensions. However, the letter "A" or the abbreviation "AU" for absorbance units are frequently used to denote it. This graphic displays the outcome of a measurement made using a UV/VIS instrument.
[bookmark: _TOC_250025]Applications of UV/VIS spectra
UV/VIS spectra should be measured for the following main reasons: 
1 Component Identification: A sample solution's components can be identified using UV/VIS spectra. Certain chemicals, like organic molecules or solvent purity, can be identified by the location and profile of the absorption peaks.
2 Quantification: The sample can be measured using absorption peaks. For example, the absorbance value of the peak can be used to determine the sample concentration. 
3 Quantitative Analysis: Based on the correlation between absorbance and sample concentration, UV/VIS spectroscopy is employed as a quantitative analytical method in a number of market sectors, such as water testing, food and beverage, pharmaceuticals, chemicals, and the biotech sector.
4 Molecular Structure Information: The sample's molecular structure can be inferred from the spectrum's peak positions. Certain functional groups absorb at particular wavelengths, such as carbon-oxygen (C=O) or carbon-carbon double bonds (C=C). 
5 Physical Properties: Certain physical characteristics of the sample molecules can be revealed by the spectrum. The UV/VIS spectrum, for instance, can be used to: 
· Determine the sample's extinction coefficient. 
· Measure the UV/VIS spectra at various temperatures to ascertain the melting point of proteins and nucleic acids. 
· By tracking the absorption spectra over time, or kinetic measurements, one can ascertain the rate of a reaction.
 IR Spectroscopy
The study of how electromagnetic waves (EM) interact with matter is known as spectroscopy. The energy levels of the rainbow's colours are matched to the colour wavelengths. Herschel discovered that the temperature rose from the blue to the red region of the visible spectrum by gradually shifting the thermometer from the blue to the red colour and recording the temperatures along the spectrum. Herschel next chose to take a temperature reading right below the red section, figuring that the rise in temperature would end outside of the visible spectrum. To his astonishment, however, he discovered that the temperature had increased even more. The rays below the red rays were referred to by him as "non colorific rays," or invisible rays. Later on, they were dubbed "infrared rays," or IR light. 
The human eye is unable to see this light. The wavelength range that a human eye can detect and respond to is 390 to 750 nm. At 0.75 nm, the infrared spectrum begins. 10^9 m is one nanometer (nm). The terms Near Infrared (NIRS), Mid Infrared (MIRS), and Far Infrared (FIRS) refer to the three divisions of the infrared spectrum.
Overtones, harmonic, and combination vibrations can be studied in the first near-infrared spectrum area (14000–4000 cm–1). While the FIRS (400–10 cm–1) zone studies low heavy atom vibrations (metal–ligand or lattice vibrations), the MIRS (4000–400 cm–1) region studies fundamental vibrations and the rotation–vibration structure of tiny molecules. Electromagnetic radiation having a wavelength of ≤0.7µm, longer than visible light, is known as infrared (IR) light. 10-6 metres is one micrometre (µm).
[image: ]
	Theory
Interaction of light waves with molecules
The foundation of infrared spectroscopy is the interaction between light and molecules. This section provides a brief overview of electromagnetic radiation, molecular energy levels, and the interactions between electromagnetic radiation and molecules and their structures [Sharaha et.al., 2019; Krishnan, 2021].
Electromagnetic radiation
Electromagnetic radiation (EM) is created when the electric field (EF) and magnetic field (MF) oscillate at the same frequency but perpendicular to the electrical field (see Fig.6). The wavelength is represented by λ, where wavelength is the distance between two locations in the same phase and frequency is the number of oscillations/unit time of the electromagnetic wave per second. The wavenumber is the quantity of waves per unit length. It is clear [3] that c is given by equation 1. 
𝑐 = λߥ (1)
where c is the light wave velocity, or EM wave velocity, which is a constant for the medium in which the waves are moving, c=3x 108m/s. 
[image: ]
Fig. 6. An Illustration of Electromagnetic Radiation can be imagined as a self-propagating transverse oscillating wave of electric and magnetic fields.
A plane linearly polarized wave traveling from left to right is seen in this diagram. The magnetic field is red in a horizontal plane (M) and the electric field is blue in a vertical plane (E). 
The frequency, or 1/v, is inversely proportional to the wavelength (λ). Planck's equation provides the energy in quantum terms [8]: 
Ε = ℎ̥ (2)
where h is Max Planck's constant, h=6.62606896x 10-34 Js or h=4.13566733x 10-15 ev, and E is the energy of the photon of frequency ν. This was also inferred later by Einstein. The equation links wave number and frequency. 
ν = cνⷈ (3)
As we've seen, the electromagnetic spectrum can be separated into multiple sections with varying wavelengths or frequencies. The connection between wavelength (λ), frequency (ν), and speed of light (c) is given below:
[image: ]
The frequency in wavenumbers is given by the equation:
[image: ]
Where, k=bond spring constant, µ= reduced mass, c=velocity of light (cm/sec),
µ is the reduced mass of the AB bond system of masses and m= mass of the atoms, mA=mass of A and mB= mass of B. 
 The techniques of IR spectroscopy
Our IR spectrophotometers come in two varieties: The Fourier transform and the classical Utilising the interferometer, transform spectrophotometers Four components make up the primary components of the typical IR classical instrumentation. 
1. An illumination source of light 
2. 	A prism, diffraction grating, or dispersion element 
3. 	An detector 
4. 	Mirror system made of optics 
A two-beam absorption spectrometer's schematic is displayed in. Figure 7.
The reference monochromator, the sample, and the infrared radiation from the source are all passed through after reflecting off of a flat mirror. To get the spectrum, the sample and reference beams are alternately sent to the dispersing element and, ultimately, to the detector via a revolving mirror that reflects the beams. The mirror slowly spins while the beams alternate, allowing various infrared radiation frequencies to get through to the detector.

[image: ]
Fig. 7: A schematic diagram of the classical dispersive IR spectrophotometer.
	Fourier Transform IR spectrometers
Modern spectrometers were introduced with the development of high performance Fourier Transform Infrared Spectroscopy (FT-IR) and the usage of a Michelson Interferometer [Griffiths and Hasseth, 2007; Campos et.al., 2018]. The data provided by classical and contemporary infrared spectrometers is identical. The primary distinction is the use of a Michelson interferometer, which enables simultaneous detection of all frequencies rather than just one at a time (FT-IR). The following are the components of a spectrometer: 
1. A source of light 
2. Beam splitter (mirror with half silvering) 
3. Mirror translation 
4. Indicator 
5. Fixed Mirror Optical System
Significant apparatus and electrical breakthroughs were made in infrared spectroscopy after World War II. Thanks to innovative sample handling techniques, the attenuated total reflection method (ATR), and of course the interferometer, these advancements put the approach at the forefront of chemical research and, subsequently in the 1980s, the biosciences in general. the Fourier data transformation. As a regular procedure and a dependable tool for quality control, molecular structure identification, and kinetics [Tsagkaris et.al., 2023; Baker et.al., 2014] in the biosciences, IR spectrophotometry is now widely employed in both research and industry (see Fig. 8). Here, the spectrum of an extremely complicated material—like an atheromatic plaque—is provided and explained.
[image: ]
Fig. 8: Schematic illustration of a modern FTIR Spectrophotometer.
	Results and Discussion
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Figure 9: The maximum absorption graph for the different metals

    FTIR Spectra
The FTIR spectra for all the five metal complexes are shown below
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Figure 10: FTIR graph for Ligand
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Figure 11: FTIR graphs for bulk synthesized metal complexes
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Figure 12: FTIR graphs for Nano synthesized metal complexes
The FTIR spectra of the ligands (figure 10) and all the complexes (figure 11 ) show that the ligands are coordinated to the metal ions through the nitrogen atom: υ(NC(Me)) at 2998 cm−1, υ(NC(Ar)) at 2120 cm−1, υ(N-H) at 2240 cm−1, and υ(N=C) at 1629 cm−1 are all shifted to a lower frequency by approximately 10 and 20 cm−1 in the complexes. The nitrogen-metal stretching vibrations are responsible for the new bands that were exclusively seen in the spectra of the transition metal complexes at 512 and 519 cm−1 and not in the ligand. Therefore, based on the FTIR data, Schiff base ligand connects to metal as bidentate. By comparing the experimental data with the theoretical data, we find that they are identical to each other, and this indicates that the theoretical data is acceptable. 
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2 .3   Synthesis of Compound A    Compound A was synthesized by condensation reaction of acetyl acetone and o - toluiedine in  alcoholic medium.    The preparation of  Compound A   takes place in following steps:     Step 1:    Mixture of Acetyl acetone (0.01M) + Sodium acetate (0.01M) + 25 ml ethanol  is refrigerated at 0  –   5  ⸰ C for few hours.   Step 2:    Mixture of ortho toludine (0.01) + 10 ml HCl + 10 ml distilled water is kept in  ice bath.   Step 3:    Paste of Sodium nitrite (0.01) in minimum distilled water is kept in ice bath.   Step 4:    Mixture in step 2 and paste of sodium nitrite in step 3 are mixed with constant  stirring.   Step 5:    The mixture obtained in step 4 is then added to the refrigerated mixture in step  1.   2 .4   Synthesis of Compound B   This compound A was then treated with benzocaine to obtain Compound B. This reaction also  proceeds in alcoholic medium.            2 .5   Synthesis of Compound C   The compound B thus obtained is treated with metal (II) ions to get different complexes. The  different metals used are Ni (II), Co (II) and Cu (II). The metal complexes synthesized are  Compound C.      
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