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Abstract

Copper (II) oxide nanoparticles are considered to be transition metal oxide having unique

properties and could be useful in biochemical and biomedical applications. The hydrophilic

biocompatible polyethylene glycols (PEG) were used for dispersion of CuO in aqueous medium.

The physicochemical properties (PCPs) and absorbance were determined for CuO dispersed.

The PCPs and optical data showed a maximum CuO dispersion with water and PEG which

revealed that the impact of the hydrophobic chain and hydrophilic [sbond]OH groups in PEG on
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dispersion activities The results can provide new insights in the development of dispersion

activities of CuO with PEG 

 Keywords: Copper oxide nanoparticles PEG biocompatible polymer dispersion activities

physicochemical properties

1. Introduction

The dispersion of metal oxide nanoparticles (MONPs) in the form of dry powders in a liquid

phase have attracted signi�cant due to their potential applications in the �eld of ceramic,

biochemical, biomedical, coating technology and materials sciences [1–4]. Thus, during of the

last decade, the MONPs have interesting study due to the exceptional structural properties

useful for developing a various application in �eld of nanotechnology and nanomedicine [5].

The copper oxide nanoparticles (CuO NPs) have extensively attracted for fundamental and

practical reasons and widely exploited for diverse applications therefore, it can be useful in

industry and other applications [6]. The Cupric oxide or copper oxide (CuO), is a semiconductor

(p-type) with a bandgap of 1.0–1.9 eV [7].

The CuO nanoparticles have wide range of application in variety area as magnetic storage

media, gas sensors [6], fuel cells [8], lithium batteries and electrochemical sensing [9], solar cells

[4], antibacterial and antifungal [10] and many others. All this properties because of

photoconductive, photochemical, optical and catalytic activity [11].

The e�ective mechanisms of CuO nanoparticles dispersed at di�erent Reynolds numbers has

been investigated to predict thermal entropy generation in dispersion system [12].The fast

dissolution of CuO NPs release ions and make them toxic in nature and possess restrictions

over to develop applications on human health, soil organisms and phytotoxic e�ects [13,14].

Hence, CuO NPs needs dispersion medium to overcome this restriction. The polyethylene glycol

(PEG) is nonionic, linear polymer [13], and it has been widely utilized in the pharmaceutical and

biomedical industries and biotechnical applications as medicine [15,16], drugs and Proteins

[17]. The PEGs with molecular weights less than 700 have some of properties as slightly hazy,

colorless, highly viscous and weak characteristic odor, while PEGs with high molecular weight

more than 1000 are creamy white, �akes, or free-�owing powders [11, 18]. The PEG is a

(400 and 6000).
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biocompatible polymer having unique properties and soluble in water (hydrophilic in nature)

and most of the organic solvents. The PEG mixtures with water may provide substantially

improved physicochemical properties (PCP) that can be used in di�erent way of industrial and

chemical applications [19]. Many researchers have been focused on the solutions of PEG and

water used in puri�cation and separation some of product which contain biomaterials, proteins,

and enzymes [16, 20–24].

The present work is focused on hydrophilic and hydrophobic interactions between CuO and

PEG in aqueous medium estimated from their PCPs and optical behavior studies. On the basis

of solute-solvent dispersion or interactions PCPs were used to investigate dispersion with PEG

to develop stable and e�cient metal oxide based nanoparticles to develop potential

applications in environmental, human health and catalytic reactions.

2. Experimental

2.1. Materials

Copper (II) oxide nanoparticles (Alfa Aesar), PEG  (Merck, Germany), PEG  (Sigma-Aldrich)

and water HPLC and spectroscopic grade (Molychem Company). All chemical which used

without further puri�cation.

2.2. Preparation of Dispersed Nanoparticles

The micro molar (µM) solutions of CuO NPs, PEG  and PEG  ranging from (25 to 150 µM)

with water were prepared. To determine CuO NPs dispersion activity, solution of CuO NPs in

150 µM PEG  and PEG , respectively, were prepared in the range (25–150 µM at an interval

25 µM) of CuO NPs and stirred 30 min at room temperature to obtain homogenous dispersion.

Further, the solutions were sonicated for 30 min by Ultra-sonication which used to disperse

agglomerates. The solutions were stored in sealed volumetric �ask to avoid any kind of

contamination and chemical reactions.

2.3. XRD Diffraction

The X-ray di�raction (XRD) patterns of the powdered samples were recorded using BRUKER

di�ractometer with Cu-K radiation (k = 1.5406 A). The crystallite size was estimated using the

400 6000

400 6000

400 6000
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Scherrer equation. The data was collected with a step size of 0.00204470 in the 2θ range from

5° to 100°.

2.4. PCP Measurement

Density measurements were carried out using a 10 cm  glass pycnometer with error ±0.01. The

pycnometer was �lled with the solution. Densities were determined from measurements of the

mass of the samples and the pycnometer volume. The volume of the pycnometer was

calibrated using double-distilled water and further used for measurement. Refractive index for

all samples were measured by Abbe Refractometer from BESTO.

2.5. Optical Properties Measurement

The SL-210 Multipurpose UV–Vis spectrophotometer was used to characterize the optical

properties of the samples. Absorbance was measured in a 1 cm cuvette and spectra were

recorded at room temperature with accuracy ± 0.5 nm. All pure samples, binary and ternary

system are recorded in the wavelength ranges from 200 to 900 nm.

3. Results and Discussion

3.1. X-Ray Diffraction Analysis

The XRD peaks are located at angles (2θ°) of 32.54, 35.59, 38.80, 48.90, 53.50, 58.39, 61.60,

66.30, 72.46 and 75.13 indicated the formation of a type of monoclinic CuO NP structure as

depicted in . For con�rm average crystalline size of the CuO NPs is calculated after

appropriated related corrections from X-ray line broadening of the di�raction peaks using

Debye–Scherer’s equation for determine average crystalline size.

� = 0.94 � / �   cos   �

where λ is the wavelength of X-ray used (0.154060 nm), β is the angular peak width at half

maximum in radians and θ is Bragg's di�raction angle. The average crystalline size is estimated

as 30.41 nm for CuO NPs whereas the size of CuO in the range (30–50) nm. The results con�rm

the nano range of CuO NPs.

Figure 1. XRD pattern for CuO nanoparticle.

3

Figure 1
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3.2. PCP

The interaction or dispersion of the nanoparticles based on intermolecular interactions which

could be determined with physicochemical characterization. The PCPs such as density, apparent

molar volume, refractive index, molar refraction and pH were determined for the determination

of the molecular interaction (MI) mechanism between the CuO NPs and PEG /PEG

separately. The intermolecular forces (IMF) which are generated through the MI between

solute-solvent depend on the structural properties of substance present in the solutions. The

PEG polymer having alkyl chain (hydrophobic characteristics) and [sbond]OH groups

(hydrophilic characteristics) in their structural framework and could be accountable to initiate

the intermolecular interactions with nanoparticles. The relative surface and structural activities

of ([sbond]CH [sbond]CH )  and [sbond]OH along with their structure making or breaking

actions on dispersion of CuO NPs are obtained from a comparison of density, apparent molar

volume, refractive index, speed of light, molar refraction and pH. Hence, CuO NPs dispersion in

aqueous medium which is facilitated by PEG  and PEG  demonstrated through PCPs.

3.3. Density

Density is mass per unit volume, and attraction forces in the form of IMF that hold the

molecules together through molecular interaction (MI). The density values found 1.001 kg m

for water and given in . The densities illustrate internal pressure of the copper oxide

CuO NPs in water, PEG  and PEG , further regressed with µM/L using following Eq. (1).

Display full size

400 6000

2 2 n

400 6000

−3

Table 1

400 6000
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� = �° + �� �+ �����

(1)

The ρ° is limiting density and S  is 1st degree slope which depict state of solute–solvent and

solute–solute interactions respectively [25]. Values of the density was obtained for the PEG -

W, PEG -W, CuO[sbond]W binary systems and CuO-PEG , CuO-PEG  ternary systems at T 

= 303.15 K are presented in  and . The increased density by increasing

concentration of CuO NPs with water, PEG  and PEG  due to the establishing hydrophilic-

hydrophilic interactions dominant over [sbond]OH and dipoles of water (H [sbond]O

[sbond]H ). Lower density inferred the dominance of hydrophobic-hydrophobic interactions of

alkyl chain of PEG  and PEG  with water. Further, this fact is responsible in case of CuO

NPs in water, PEG -W and PEG -W systems. The limiting density value found as PEG -W 

> PEG -W due to the length of hydrophobic chain and hydrophilic groups in PEG  which

develops strong interaction through hydrogen bond (HB) with H -O -H  and generate high

internal pressure as compared to PEG  ( , ).

Figure 2. Density of CuO, PEG400, PEG6000, CuO-PEG400 and CuO-PEG6000 in water.

Table 1. Density (ρ, ±10 kg m ), refractive index (µ , ± 10 ) and pH
(±10 ) at 303.15 K
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−2

Download CSV Display Table



ρ

400

6000 400 6000

Table 2 Figure 2

400 6000

δ+ δ–

δ+

400 6000

400 6000 6000

400 6000

δ+ δ- δ+

400 Table 3 Figure 2

In this article

Full article: Dispersion and Optical Activities of Copper (II) Metal Oxi... https://www.tandfonline.com/doi/full/10.1080/10584587.2019.1675009

6 of 21 6/16/2024, 11:22 AM

https://www.tandfonline.com/action/downloadTable?id=t0001&doi=10.1080%2F10584587.2019.1675009&downloadType=CSV
https://www.tandfonline.com/action/downloadTable?id=t0001&doi=10.1080%2F10584587.2019.1675009&downloadType=CSV


These compositions support the dispersion activities of CuO NPs in water, PEG  and PEG ,

which is strong with increasing densities due structural activities show higher interactions. The

limiting densities of follows the order CuO-W > PEG  > PEG  ( ) which inferred the

Display full size

Table 2: Micro molar (µM), density (ρ ±10  kg m ), apparent molar
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higher structure breaking e�ects in water as compared to PEG. This con�rmed the domination

of hydrophobic chain on dispersion activities of CuO NPs as water shows hydrophilic nature as

compared to PEG.

3.4. Apparent Molar Volume (V )

The apparent molar volume, V  (m ·mol ) was calculated by using densities data with following

equation:

�ɸ =
1000 �ρ�− ρ�

mρ� ρ
+

M

ρ

(2) where ρ° and ρ are the densities of the water and solutions (PEG400-W, PEG6000-W, CuO-

W, CuO-PEG  and CuO-PEG ) respectively, m (10 mol/L) is the molarity of solute (CuO,

PEG  and PEG ) and M (kg·mol ) is the molar mass of solute. The V  data were regressed

for limiting apparent molar volume (V °) and obtained by �tting the values in equation as given

below:

�ɸ = �ɸ
° + ���

�/�+ �� �

(3) where V ° represents the state of solute–solvent intermolecular interaction, while S

(kg ·m ·mol ) and B  (kg·m ·mol ) are 1st and 2nd degree slopes and facilitated to evaluate

solute–solute interactions [26] ( ). The V  and V ° values are given in  and  and

shown in .

Figure 3. Apparent molar volume of (a) PEG400-W and PEG6000-W (b) CuO-W, Cu-PEG400, CuO-

PEG6000.
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The V  values decreased with increasing concentration of CuO NPs, depicting increased

hydrophobic forces in the dispersion solution due to presence of hydrophobic chain in polymer.

Though, this reason is absent in water because of dipoles introduces hydrophilicity and initiate

the dispersion activities. The limiting V  values with order CuO-PEG  > CuO-PEG  > CuO-W

revealed that the minimum V  in hydrophobicity of PEG , may have induced reorientation of

the CuO molecules with PEG  as compared to PEG6000 ( , .

The increase in limiting V values with PEG400 in water is due to increased solute–solvent

interactions. This may be due to the increased hydrophobic and hydrophilic interaction

between CuO and PEG , which weaken the dipole–dipole interaction between CuO NPs and

water.

Lower limiting Vɸ values showed with water may be due to the dominance of hydrophilic and

repulsive forces (Cu  and O  ion of CuO NPs) on the ion–dipole interaction with enhancing CuO

NPs concentration in water molecule. This infers that the electrostatic interaction between CuO

and dipoles of water dominates over the hydrophilic and intermolecular repulsive forces.
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3.5. Refractive Index, Molar Refraction and Speed of Light

The refractive index was determined with Abbe Refractometer. All samples were measure

refractive index and it is calibrated by Distilled Water. To understand state of polarizability, the

molar refraction is chemical and constitutive property and was calculated with Lorentz–Lorenz

Eq. (4) [27] as given below.

� =
μ��� − 1

μ��� + 2
�
�

�

(4)

The M is the molecular mass, ρ is density and µ  is the refractive index. The calculated molar

refraction (R) depend on the concentration of substance entangled in solution [28]. The speed

of light, C was calculated with following equation and given in ,

� =
3 × 10�

���

(5)

The 3 × 10  m s  value depicts light velocity in vacuum and µ  is the refractive index.

The PCPs can be correlated with the absorbance values of the binary systems.

The molecular dispersion based on the molecular reorientation and number of molecules which

can have determined with speed of light in vacuum and medium. The µ  of pure W and PEGs

are agree with literature [25, 29] as shown in . The µ  values for PEG -W, PEG -W,

CuO-W, CuO-PEG  and CuO-PEG  presented in  and . These results show µ

increased with increasing concentration of PEG , PEG  and CuO in water ( ). The

limiting µ  of PEG6000 is higher by 0.0008 as compared to PEG400 which inferred the slightly

activity of hydrophobic chain on refractive properties.

Figure 4. Refractive index of CuO, PEG400, PEG6000, CuO-PEG400 and CuO-PEG6000 in water.
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The limiting µ  values in terms of composition of dispersed CuO NPs follows the order as CuO-

PEG400 = CuOPEG6000 > CuO-W ( ). This infers with molecular alignment, the compacted

medium due to hydrophobic and hydrophilic centers, provides a restricted pathway for the

passing of light waves. Without hydrophobic centers, especially in case of CuO-W the passing

pathways becomes movable and also con�rmed the weaker involvement of hydrophilic

domains in the systems during passing light. The refractive index ( ), speed of light (

) and molar refraction ( ) result inferred that dipoles, hydrophobic-hydrophilic

interactions and composition of the CuO which slightly in�uence the refraction properties.

Figure 5. Speed of light of CuO, PEG400, PEG6000, CuO-PEG400 and CuO-PEG6000 in water.
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Figure 6. Molar refraction of (a) PEG400, PEG6000, (b) CuO, CuO-PEG400, CuO-PEG6000 in

water.
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3.6. pH Studies

The pH of PEG -W, PEG -W, CuO-W, CuO-PEG  and CuO-PEG  are given in ,

where pH found in the range 7–8 in all systems which releveled a presence of [sbond]OH and

H . The structural networks of these dispersion systems are the sources for interactions that

are restrained through [sbond]OH of PEG and (H [sbond]O [sbond]H ) of water molecules. In

general, pH of attributed to the acidic and basic nature along with kinetic energy encouraged

higher H  generation in the solution. In this study, the pH showed slightly dissimilar variations

towards basic nature for PEG -W, PEG -W, CuO-W, CuO-PEG  and CuO-PEG . This

revealed that in solutions have only water dipole may be for H  generating sources whereas,

the PEG have additional [sbond]OH which restricted the H  common dissociation activities.

Despite, the all systems developed slightly higher >7 pH than only water. Furthermore, there are

huge potentials to neutralize the H + in the dispersion systems which maintained within range

7–8 pH ( , ). These results also con�rm the formation of hydrogen bond breaking

systems in the in water during dispersion of CuO NPs by using polymeric structure. Thus,

in�uence stability of dispersed CuO in water and PEG by Lewis acid base conjugate potentials

with H + involvement in water.

Figure 7. pH of CuO, PEG400, PEG6000, CuO-PEG400 and CuO-PEG6000 in water.
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 and , show the UV-Vis spectra for all dispersed systems. The optical absorption

spectra for cupric NP with PEG 400 and W increased with increased concentration (25–150) µM.

The absorbance peaks are 373, 375, 376.5, 377, 378 and 379 nm, which are correspond to red

shift (bathochromic and hyperchromic) [29]. This is indicating to dispersive activity for CuO NPs

and 150 µM have high dispersed than others as show in . The red shift is may be

referring to a number of oxygen vacancies in CuO, also may to present of a small amount of

Cu  ions on the surface. This strong absorption in range (200–400) nm because of charge

transfer transition from 2p-orbital of O  to the 3d-orbital of Cu  in CuO [30]. In binary PEG400 

+ W and PEG6000 + W, UV-Vis spectra of this system were recorded and optical spectra show in

.

Figure 8. (a) UV-Vis absorbance spectra of 25 µM to 150 µM CuO in water. (b) UV-Vis absorbance

spectra of 25 µM to 150 µM PEG400 in water. (c) UV-Vis absorbance spectra of 25 µM to 150 µM

PEG6000 in water. (d) UV-Vis absorbance spectra of 25 µM to 150 µM CuO in 150 µM aqueous

PEG400. (e) UV-Vis absorbance spectra of 25 µM to 150 µM CuO in 150 µM aqueous PEG6000.
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Figure 9. The absorbance (A,±10 ) at λmax 207, 268, 269, 273 and 265 nm with concentration

25–150 µM of CuO, PEG400, PEG6000 and CuO-PEG400 and CuO-PEG6000 respectively, in water

at 303.15 K.
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The CuO, PEG  and PEG  separately showed a lower absorbance in aqueous medium as

compared to CuO with both PEG in aqueous medium as shown in . The optical

properties also con�rmed the dispersion activity of CuO NPs with polymeric formulations. All

optical absorbance of binary and ternary system shown in .

4. Conclusions

In this study we used of MONP and their dispersion activities physiochemical and optical

properties of this nanoparticle. The results con�rmed the CuO nanoparticles have a good

dispersion potential in aqueous and polymeric solutions. The density and refractive index are

increases by in increase the chain length of PEGs and also increase with dipoles of water

molecule. The PEG400 and PEG6000 having a hydrophobic alkyl chain

([sbond]CH [sbond]CH [sbond])  and hydrophilic [sbond]OH groups which contribute for

accommodation of CuO NPs in water medium through molecular interactions as per structural

activities. Our study with such signi�cant results shows higher structural activities to develop

various biological, environmental and human health applications and new approach for

enhancing the dispersion of CuO NPs.
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