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Abstract: The Talys-1.6 code, a nuclear reaction model, was employed to generate cross-sectional data for potential 

reaction paths leading to the production of copper-64 and copper-67 in a theoretical analysis. The optimal nuclear 

processes identified for producing 
64

Cu/
67

Cu involved the reactions 
64

Ni (p, n)
64

Cu and 
70

Zn (p, α) 
67

Cu. Analysis of the 

cross-section data for the 
64

Ni (p, n) 
64

Cu reaction indicated that copper-64 production is most effective within a proton 

energy range of 7MeV to 12MeV. Similarly, the cross-section data for the 
70

Zn (p, α) 
67

Cu reaction suggested that copper-

67 generation is most efficient with proton energies ranging from 13MeV to 18MeV. The findings suggest that the 

production of 
64

Cu/
67

Cu is feasible in Ghana, provided low-energy cyclotrons (7MeV to 18MeV) are available, and 

production can be achieved with variable beam currents ranging from 50 to 200A. Comparison of different cross-sectional 

data with existing theoretical and experimental works in the literature showed favorable agreement. The thick target yield, 

determined using Simpson's numerical integration method and the radionuclide production yield equation by Qaim, 

resulted in thick target yields of 376MBq/A and 6.3MBq/A for the nuclear reactions 
64

Ni (p, n)
64

Cu and 
70

Zn (p, α) 
67

Cu, 

respectively. Additionally, this work reviews recent successful applications of copper-based radiopharmaceuticals in 

radiotherapy, SPECT imaging, and PET. The paper also presents intriguing findings in radioimmunotherapy, 

immunotherapy, and PET visualization of antibody biodistribution. 
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1 Introduction  

The foundation of nuclear medicine lies in harnessing the 

radiochemical characteristics of isotopes for both treatment 

and diagnostic purposes in various illnesses. Approximately 

45 percent of patients undergoing chemotherapy also 

receive radiotherapy, making it a crucial treatment avenue 

for addressing tumor diseases and providing palliative care 

for inoperable patients [3]. Theranostic pairs play a vital 

role in the initial imaging of radiopharmaceutical 

biodistribution, as radiation therapy exerts DNA-damaging, 

targeted, and precisely localized effects on cancer tissues 

[6]. Copper radioisotopes, particularly 
60

Cu, 
61

Cu, 
62

Cu, and 
64

Cu, are gaining increased attention due to their 

applicability in imaging, targeted radionuclide therapy 

(
64

Cu and 
67

Cu), and the provision of promising theranostic 

pairs, namely 
61

Cu/
67

Cu and 
64

Cu/
67

Cu. 

Among these, 
64

Cu, with its unique decay scheme 

involving β+ or β− decay and electron capture [27], is 

currently the most widely used in clinical applications. This 

is attributed to its therapeutic potential through beta 

particles (β+ or β−) and its suitability for imaging using 

positron emission tomography [9, 11, 16]. On the other 

hand, copper-67 is an attractive radioisotope for 

radiotherapy, boasting a sufficiently long half-life for 

accumulation in tumor tissue when utilized with 

monoclonal antibodies [13]. It undergoes complete 

decomposition through beta emission into the excited state 

of zinc isotopes. 

The primary applications of copper-64 and copper-67 

involve the radiolabeling of biological molecules, such as 

peptides and antibodies, which can be targeted towards 

cancers or specific cell and organ types [7]. This paper 

explores the theoretical production of these two copper 

radioisotopes, emphasizing their potential as genuine 

theranostic pairs. Additionally, the paper reviews recent 

successful applications of copper-based 

radiopharmaceuticals in the field of radiotherapy. 
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2 Materials and Methods 

2.1 Materials 

The tools utilized in this project included a laptop, the 

SRIM (2013) code, and TALYS (1.6) code, which is a 

nuclear reaction model. TALYS is a computer code system 

designed for nuclear reaction analysis and prediction [17].   

[29] employed SRIM, a computer software program that 

calculates aspects of ion transport in materials. 

2.2 Method 

2.2.1 Nuclear Reaction Cross Section (TALYS 

code) 

The production of copper-67 and copper-64 involves 

nuclear reactions represented by the equations 
68

Zn(p,2p)
67

Cu, 
70

Zn(p, α)
67

Cu, 
64

Ni(α,p)
67

Cu, 
67

Zn(n, 

p)
67

Cu, 
67

Zn(d,2p)
67

Cu, 
64

Ni(p, n)
64

Cu, 
64

Ni(d,2n)
64

Cu, 
nat

Ni(p , n)
64

Cu, 
68

Zn(p, αn)
64

Cu, and 
66

Zn(d, α)
64

Cu. This 

process involved inputting parameters such as the incident 

particle, particle energy, suitable target, and the target's 

atomic mass into the code before submitting the data for 

processing. The output chamber displays aggregated cross 

sections of various nuclear reactions after processing. The 

flowchart of the TALYS software is presented below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Flow chart of the TALY’s code [17]. 

The mathematical expression for cross-section is given as  

 ( )    
              

    
                          (1) 

where      is the cross-section for a process in millibarn; A 

is the atomic mass of the target material in atomic mass 

units; Ni is the number of nuclei created during the 

irradiation; t is the time of irradiation in hours;    is the 

density of the target in g/cm
3
; x is the thickness of the target 

in (µm); I is the beam current in microamperes. 

2.3 Determination of Thick Target Radionuclide 

Production Yield  

 
Theoretical calculations of the production yields were 

performed using Simpson's rule to identify a potential 

optimal yield in the production of 
64

Cu and 
67

Cu. [25] 

claims that the production yield(y) is provided by 
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where 

Na is the Avogadro number, M is the target atomic weight 

of the target element ( ) is the reaction cross section as a 

function of energy, λ is the decay constant of the product, t 

is the time of irradiation, I is the projectile current and  ( ) 

is the target stopping power (SRIM, 2013) expressed in unit 

MeVcm
2
/g [7]. 

Hence, the mathematical expression for the stopping power 

S(E) is given by  

  

      ( )  
      

  
  (

     

  
)                                         ( ) 

Where  

S(E) is the stopping power; Z is the atomic number of the 

target; z is the atomic number of the projectile; E is the 

particle energy in MeV, and Ip is the ionization potential of 

the target.  

Equation (2) provides the thick target radionuclide 

production yield (y), while equation (1) provides the cross 

section,  (E). By substituting equations (1) and (3) into 

equation (2), the equation becomes 
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 Where the limit E1 and E2 represent the incident proton 

energy and exit proton energy, respectively 

Table 1:  Some constants in a radionuclide production yield 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Bringing out some constants and simplifying equation (4) 

becomes 
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Then equation (5) can be written as 

               ∫
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By substituting some values in table (1) into equation (5), 

and the production yield equation becomes 

    
         

  
∫

 

  (       )
  

  

  

                        ( ) 

Substituting the irradiation time, thickness, and particle 

energies for both Ni/Zn and integrating the above equation 

using Simpson’s numerical integration with an interval of 

8, the final radioisotope production yield were determined 

for each nuclear reaction. 

3 Results and Discussion 

In this investigation, an assessment was conducted on the 

production yield and cross-sectional data related to the 

synthesis of copper-64 and copper-67. Various nuclear 

reactions were analyzed, and trends in production yields 

and cross sections were graphically presented. 

Examining the Cross Sections for the 
64

Ni (p, n) 
64

Cu 

Reaction [11], Figure 2 illustrates that the cross section for 

the mentioned reaction, leading to the generation of 
64

Cu, 

initiates an increase at 10 MeV. Subsequently, it gradually 

declines between 13 MeV and 16 MeV before experiencing 

a rapid decrease at 19 MeV. The maximum cross section, 

recorded at 10 MeV, is 765.6 mb. Figure 2 provides a 

comparison between the cross section for the 
64

Ni (p, n) 
64

Cu reaction derived from this study (2023) using Taly's 

code and the cross sections obtained by [28, 26], and [1]. 

While the maximum cross sections from [26] and Aslam 

[1] show good agreement with values of 656 mb and 636 

mb at the same energy, the cross sections from this study 

and [28] align well with the maximum values of 765.6 mb 

and 797 mb at 10 MeV. The cross sections from this study, 

[28], [1], and [26] exhibit a gradual decline as energy levels 

increase. However, the theoretical results from this study 

and [28] are slightly higher than the experimentally 

determined reaction cross section by [26] and [1]. Despite a 

shift in peak location, these cross sections continue to 

follow a similar pattern. 

 

Name of constant          Value 

Avogadro’s number, Na (atoms)       x    3 

Number of nuclei present during 

irradiation, Ni (atom) 

    x      

Number of nuclei present during 

irradiation, Zn (atom) 

    x      

Density of Ni, ρ (g/cm
3
) 8.89 

Density of Zn, ρ (g/cm
3
) 7.14 

Atomic number of Ni, (Z) 28.00 

Atomic number of Zn, (Z) 29.00 

Atomic mass Ni-64(amu) for 
64

Cu 64.00 

Atomic mass Zn-70(amu) for 
67

Cu 70.00 

Atomic number of protons, z 1.00 

Target thickness of Zn, x (µm)  1400 

Irradiation time for 
67

Cu, (hrs) 3.00 

Ionization energy (Ip) for Ni→64 7.6398 

Ionization energy (Ip) for Zn→71 9.3942 
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Fig.2. Cross section for 
64

Ni (p, n)
 64

Cu reaction. 

3.1 Cross Sections for the 
68

Zn (p, αn) 
64

Cu 

Reaction. 

In Figure 3, a comparison is presented between the cross 

section computed in this study using Taly's code (2023) for 

the 
68

Zn (p, n) 
64

Cu reaction [11] and the cross section 

determined by [1] based on an experimental measurement 

of the same reaction. It is evident that, in both studies, the 

cross section undergoes a significant increase from 16 MeV 

to 30 MeV. The maximum cross sections for both works 

align well, with values of (51.4 mb) at 24 MeV and (50.3 

mb) at 26 MeV. Both cross sections exhibit an exponential 

rise from their respective peak values to approximately 27 

MeV, after which they stabilize and continue to increase 

with energy. 

 

Fig. 3. Cross section for 
68

Zn (p, αn)
 64

Cu reaction. 

 

3.2 Cross Sections for the 
64

Ni (d, 2n) 
64

Cu 

Reaction 

In reference to the reaction 
64

Ni (d, 2n) 
64

Cu, responsible 

for the synthesis of 
64

Cu, [11], cross-sectional data were 

analyzed for this study, [28], and [1], all obtained through 

experimental means for the same reaction. It is evident that 

the cross sections in all three investigations sharply 

increased from 6 MeV to reach their maximum values: 861 

mb and 772 mb at 14 MeV, and 917 mb at 13 MeV 

according to [28]. While this outcome closely aligns with 

experimental data, discrepancies were observed in the 

energy range above 14 MeV. Notably, the experimentally 

measured reaction cross sections by [28] are slightly higher 

than the theoretically obtained values in this study for the 

same energy range, as depicted in Figure 4 below. 

 

Fig. 4. Cross section for 
64

Ni (d, 2n)
 64

Cu reaction. 

3.3 Cross Sections for the 
70

Zn (p, n)
 67

Cu 

Reaction 

[14] and [28] also identified the same reaction through 

experimental methodologies. It has been observed that the 

cross sections in all three studies experienced a significant 

increase from 20 MeV onwards. At 50 MeV, the largest 

cross section in this study is 16 mb, whereas [14] and [28] 

recorded values of 9.9 MB and 8.2 MB, respectively. 

However, as illustrated in Figure 5 below, the 

experimentally determined reaction cross section is smaller 

than the theoretically calculated one in this study within the 

same energy range. 
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Fig. 5. Cross section for 
70

Zn (p, α)
 67

Cu reaction. 

 

3.4 Cross Sections for the 
68

Zn (p, 2p)
67

Cu 

Reaction 

The reaction 
68

Zn (p, 2p)
67

Cu, resulting in the production of 
67

Cu, was identified through the utilization of Talys 

software. Concurrently, [14] and [28] employed 

experimental methods to identify the same reaction. The 

cross sections in all three studies were observed to exhibit a 

significant increase, commencing at 10 MeV. The largest 

reported cross section in this study, at 15 MeV, is 20 mb, 

while those reported by [14] and [28] are 11.9 mb and 

12.2mb, respectively. The experimentally determined 

reaction cross section, as depicted in Figure 6 below, is 

lower than the theoretically anticipated value in this study 

within the same energy range. 

 

Fig. 6. Cross section for 
68

Zn(p, 2p)
67

Cu reaction. 

3.5 Cross Sections for the 
64

Ni (α, p)
67

Cu 

Reaction 

This study and the work by [14] yielded cross sections for 

the same reaction. Figure 7 clearly illustrates a significant 

increase in cross sections for both studies, spanning from 

12 MeV to approximately 19 MeV. At 22 MeV, [14] graph 

diverges, reaching a cross section value of (22.9 mb), while 

this study's maximum peaks are observed at a cross section 

value of (19.8 mb) at 19 MeV. As both cross sections reach 

their zenith, they exhibit an exponential decline until 

around 30 MeV, after which they tend to stabilize with the 

rising proton energy. 

 

Fig. 7. Cross section for 
64

Ni(α,  p)
67

Cu reaction. 

 

3.6 Calculation of Yield for the Production of 

Copper-64 and Copper-67 

Utilizing the theoretical cross-sectional data currently under 

discussion for the reactions: 
68

Zn(p,2p)
67

Cu, 
70

Zn(p, α)
67

Cu, 
64

Ni(α,p)
67

Cu, 
64

Ni(p, n)
64

Cu, 
64

Ni(d,2n)
64

Cu, and 
68

Zn(p, 

αn)
64

Cu, the production yield for Copper-64 and Copper-67 

is determined. The SRIM (2013) code, which incorporates 

stopping power, is employed along with a specified energy 

range for the reactions of 
64

Cu/
67

Cu. These data are utilized 

in Equation (7) to calculate the numerical values of 

production yield, expressed in (MBq/µA), for each nuclear 

reaction and particle energy (MeV). 
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Fig. 8. Calculated thick target yield for 
64

Ni (p, n) 
64

Cu, 

reaction. 

In Figure 8, it is evident that the production yield for the 
64

Ni (p, n) 
64

Cu reaction rises with an increase in proton 

energy. Four distinct research groups, namely [18], [26], 

[24], and [2], have documented experimental 
64

Cu yields 

for these reactions. These reported values are significantly 

lower than their corresponding theoretical estimates. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 9.  Calculated thick target yield for 
64

Ni (d, 2n) 
64

Cu 

reaction. 

In the context of the 
64

Ni (d, 2n) 
64

Cu reaction depicted in 

Figure 9, experimental yields were reported by [13] and [9]. 

Figure 10 illustrates the experimental yields for the nuclear 

reaction 
68

Zn (p, αn)
64

Cu, as reported by [3]. These reported 

values were notably lower than the yields calculated in the 

present study. The recognized reasons for the lower 

experimental yields include factors such as loss of activity 

during irradiation and chemical processing, uncertainties in 

high beam current measurement, radiation damage, among 

others. The significance of the calculated yield lies in 

defining the ideal (maximum) value achievable through a 

given reaction. 

 

 

 

 

 

 

 

 

 

 

Fig. 10. Calculated thick target yield for 
68

Zn(p, αn)
64

Cu 

reaction. 

Figure 11 shows the integral yield of 
67

Cu computed for a 

proton-induced reaction on 
70

Zn at 17MeV to be 

6.6MBq/Ah. In contrast, Hussain (2009) reported 

2.40MBq/Ah at the same energy while his works fell short 

of this reaction. 

 

Fig. 11. Calculated thick target yield for 
70

Zn (p, α) 
67

Cu 

reaction. 

Figure 12 illustrates that for protons interacting with 
68

Zn, 

the anticipated yield is 2.20 MBq/Ah at 35 MeV, increasing 

to 4.08 MBq/Ah at 40 MeV. [14] previously determined the 

integral yield of 
67

Cu as 2.0 MBq/Ah and 3.8 MBq/Ah  
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within the same energy range. The values obtained in this 

study are slightly higher than those reported by [14]. 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Similar to figure 13, the predicted integral yield in this 

work for alpha-particles on 
64

Ni was 26.5kBq/Ah at 15MeV 

and increased to 168kBq/Ah for 20MeV. Prior to [14] and 

[24], the yields at 15MeV and 20MeV, respectively, were 

calculated to be 25.3kBq/Ah and 167kBq/Ah. Their 

standards fell short of this work. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.13. Calculated thick target yield for 
64

Zn (α, p)
67

Cu 

reaction. 

4 Discussion   

4.1 Comparison of Data of Copper-64 

Production 

Three of the four nuclear reactions listed in this work [
64

Ni 

(p, n)
64

Cu, 
64

Ni(d,2n)
64

Cu, 
68

Zn (p, αn)
64

Cu] were 

processes. Figure 2 compares the cross sections obtained in 

this study's for [
64

Ni (p, n)
64

Cu] reaction using the Talys 

code with that reported by [28], [1], and [26] for the same 

reaction at energies between 5 and 20 MeV. It can be seen 

that the cross section values obtained by [28] are slightly 

higher but they are in good agreement with this work. 

Despite the difference in cross section values, the trend of 

shape formation for all cross sections is almost the same. 

Therefore, it can be deduced that the optimum energy range 

for this reaction falls within 7-12MeV. 

[28] carried out research to evaluate the 
64

Cu production 

cross section of the 
68

Zn (p, n) 
64

Cu reaction 

experimentally. Figure 3 displays the cross section of both 

their previous research and this one. The highest cross 

section is observed to be 51.4mb. In addition, the graph's 

formation trend is nearly identical. The optimal energy 

range for the synthesis of 
64

Cu is inferred to be between 

20MeV and 29 MeV. 

There is a dearth of experimental cross section data for 
64

Ni(d,2n)
64

Cu. [28] measured the cross section in a recent 

experiment utilizing enriched 
64

Ni as the target and cross 

section values were also derived from [1]. Figure 4 

compares the cross sections of their research and this 

theoretical study. The three-graph analysis reveals that 

there is data point variance, which may be caused by 

unstable experimental settings. Additionally, it can be 

shown that while the peak's divergence was observed in the 

energy range of 19–22 MeV, the result was still reasonably 

near to their work. The energy range between 10MeV and 

18 MeV is ideal for the manufacture. 

4.2 Comparison of Data on Copper-67 

Production 

Figure 5 compares the cross sections reported in this study 

with those by [28] and [14] for the reaction of 
70

Zn(p, 

α)
67

Cu at energies between 11MeV and 40 MeV. Although 

there is good agreement between the cross-section values 

produced by their work and this work, a peak variation was 

discovered in the energy range of 19–22 MeV. The pattern 

of shape development for the three cross sections is 

essentially the same, despite the modest variation in cross 

section values. The analysis of the cross sections shows that 

the 13–18MeV energy range is ideal. 

The production cross section of the 
68

Zn(p, 2p)
67

Cu reaction 

for the synthesis of 
67

Cu was measured theoretically and 

empirically by [14] and [28]. Figure 6 displays the cross 

sections of both their previous research and this one. Three 

works' cross sections were reported to increase significantly 

from 20 MeV to their maximum cross section of 16 mb. 

Except for a few data points, the graph's formation trend is 

essentially the same. The optimal energy range for the 

 
Fig.12. Calculated thick target yield for 68Zn (p, 

2p)67Cu reaction. 
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synthesis of 
67

Cu can be inferred to be between 45 and 50 

MeV. 

Additionally, [14] conducted a theoretical analysis to 

enhance the production of 
67

Cu. In their research, they 

measured the nuclear reaction cross section for the 
64

Ni(, 

p)
67

Cu reaction, which yields 
67

Cu for energies between 

5MeV and 50 MeV. Figure 7 compares the cross sections 

of their research and this theoretical study. The cross 

sections for this work are a little lower than those of [14], 

and the two plots' trends and shapes are nearly identical, 

peaking at about 19.8 mb. Additionally, the optimal energy 

range for the synthesis of 
67

Cu is 17–20 MeV as inferred 

from both cross sections. 

4.3 Comparison of Production Routes of Copper-

64 

Table 2. Compares the different nuclear processes analyzed 

in this work with reference to the generation of 
64

Cu [11]. 

Nuclear process Optimum 

energy 

range 

(MeV) 

Thick Target 

yield 

(MBq/µA) 

64
Ni(p, n)

64
Cu 12→ 7 99-369 

64
Ni(d,2n)

64
Cu 18→10 182-664 

68
Zn(p, 

αn)
64

Cu. 

29→20 169-568 

 

4.4 Comparison of Copper-64 Production 

Processes 
 

Among the examined procedures, the technological 

development and current production status of the 
64

Ni(p, 

n)
64

Cu reaction stand out. This is primarily attributed to the 

practicality of using a low-energy proton cyclotron (Ep 7 

MeV) capable of generating beam currents ranging from 50 

to 150μA, which fulfills manufacturing requirements. On 

the contrary, the 
64

Ni(d,2n)
64

Cu process has not been 

extensively utilized for significant-scale production. 

Despite the substantial chemical processing involved, the 
68

Zn(p, n)
64

Cu reaction offers an advantage as 
64

Cu is 

obtained as a byproduct during the production of 
67

Ga. The 

gathered datasets are valuable for determining optimal 

pathways for producing 
64

Cu using cyclotrons or 

accelerators, with the 
64

Ni(p, n)
64

Cu reaction identified as 

the most efficient method for producing substantial 

amounts of high-purity 
64

Cu. 

 

4.5 Comparison of Copper-67 Production Routes 
 

Various processes, including 
64

Ni(α, p)
67

Cu, 
68

Zn(p, 

2p)
67

Cu, and 
70

Zn(p, α)
67

Cu, can yield the medicinal 

radioisotope 
67

Cu. Analysis suggests that, if low-energy 

cyclotrons are available, the 
70

Zn(p, α)
67

Cu reaction is the 

preferred approach due to its benefits in radiochemical 

purity. However, the expensive cost of enriched 
70

Zn 

targets is a drawback. Alternatively, if high-energy proton 

beams are accessible, the 
68

Zn(p, 2p)
67

Cu reaction becomes 

more favorable, despite the challenge of separating 
67

Cu 

from significant levels of 
67

Ga produced during proton 

irradiation of enriched 68Zn. The 
64

Ni(α, p)
67

Cu procedure 

is considered less crucial due to its lower yield of 
67

Cu and 

the high cost of the enhanced target material. 

 

5 Copper 
64

Cu/
67

Cu Application in 

Radiotherapy 

The use of "theranostic pairs" involving 

radiopharmaceuticals with the same molecular target tagged 

with imaging/therapy radionuclides is the foundation of 

radioligand theranostic therapy [21]. This enables 

sequential PET/SPECT imaging and radiation, facilitating 

accurate dosimetric computation [19]. The utilization of 

copper isotopes, specifically cyclotron-produced copper-64, 

has advantages over clinically used fluorine-18 and 

gallium-68, such as a longer half-life, allowing for extended 

tumor imaging [20]. Despite similar image quality with 

18F-FDG, copper-64 offers improved PET image sharpness 

due to its lower positron energy and smaller positron mean 

range [15]. 

Copper's well-established coordination chemistry allows 

the use of the same chelators for both 
64

Cu and 
67

Cu-based 

radiopharmaceuticals, facilitating sequential PET imaging 

and radiotherapy [5, 21]. The chemical identity of imaging 

(
64

Cu) and therapeutic (
67

Cu) copper isotopes enables their 

use as a theranostic combination, gaining increased interest 

with the recent availability of high-purity and high-activity 
67

Cu [22]. Copper-based radiopharmaceuticals, such as 

[
64

Cu] [Cu (ATSM)], have demonstrated efficacy in PET 

imaging of tumor hypoxia, with ongoing clinical trials for 

rectum cancer imaging [30-32]. 

6 Conclusion 
 

This study comprehensively investigated the production of 

Copper-64 and Copper-67, emphasizing their applications 

in radiotherapy. The 
64

Ni(p, n)
64

Cu reaction emerged as the 

most efficient method, with an ideal energy range of 7 to 12 

MeV and a thick target production yield of 369MBq/μAh. 

For 
67

Cu production, the 
70

Zn(p, α)
67

Cu reaction was 

identified as the preferred approach within the energy range 

of 13-18 MeV, boasting a thick target production yield of 

6.50MBq/Ah. 
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The theranostic potential of copper isotopes, particularly 

the 
64

Cu/
67

Cu combination, holds promise in the treatment 

and diagnosis of various disorders. The successful 

production of 
67

Cu in adequate quantity and purity has 

sparked increased interest in these applications. The 

efficiency and vast potential of copper-containing 

radiopharmaceuticals for imaging and therapeutic purposes 

are evident from the fruitful outcomes observed in this 

study. 
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