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(Ethoxy(ethyl)amino)methanedithiol  is used in nuclear medicines 
as a ligand for the preparation of diagnostic radiopharmaceuticals. 
Among the available radionuclide tracers, technetium-99m (99mTc) 
is a good choice for myocardial perfusion imaging. Among the 
various cardiac perfusion imaging agents, bis(N-ethoxy-N-ethyl-
dithiocarbamato)nitride technetium -99m radiopharmaceutical 
has a very high uptake. During the present study, the reactivity, 
stability, structural and spectral properties of anti, syn-endo and 
syn-exo isomers of bis(N-ethoxy-N-ethyl-dithiocarbamato)nitride 
technetium-99m radiopharmaceutical were discussed by density 
functional theory (DFT) computational method. It can be deduced 
from the theoretically applied computations that the anti- 
molecular structure is generally more stable than the syn-endo- 
and syn-exo- ones. 
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Graphical Abstract  

 

Introduction  

The most famous type of the heart diseases is related to the coronary artery disease (CAD) [1]. The 

main reason of this disease is hard pumping of blood tothe heart muscle. This happens when the 

various materials such as cholesterol cover the inner walls of the blood vessels. These materials are 

called plaque. The big plaques (atherosclerosis) cause the slow flowing of the blood through the 

arteries [2-4]. So, the heart muscle encounters a lack of oxygen and blood. This problem causes a 

heart attack or an angina (chest pain). In some cases, the coronary artery disease (CAD) contributes 

to arrhythmias and heart failure. The pharmacological stress myocardial perfusion imaging is used 

for the CAD detection. Therefore, selection of the best pharmacological stressors and radionuclides 

is more important to access the optimal perfusion imaging protocol [5-8]. Among the available 

radionuclide tracers, technetium-99m (99mTc) is a good choice for myocardial perfusion imaging [9]. 

In this sense, among the various cardiac perfusion imaging agents, bis(N-ethoxy-N-ethyl-

dithiocarbamato)nitride technetium-99m radiopharmaceutical has a very high uptake [10-13]. This 

nuclear medicine is a novel member of the neutral myocardial perfusion imaging agents [14]. The 

mentioned nuclear compound has lipophilic molecular structure and is rapidly extracted by 

myocardium in dogs, rats, monkeys, rabbits and human beings. The kit formulation of this 

radiopharmaceutical is very easy [15]. So, it can be easily used for diagnosis of the coronary artery 

disease. In recent years, many preclinical and clinical works have been done on 99mTc-N(NOEt)2 

imaging agent [16-18]. It has been proved that 99mTc-N(NOEt)2 has superior properties for imaging 

myocardial ischemia than hexakis-2-methoxyisobutylisonitrile technetium-99m (99mTc-MIBI) [19]. 

Also, it has shown good responses in tumor imaging and detection of tumor cells [20]. 

Unfortunately, in our best studies, the chemical structure of this radiopharmaceutical has not been 
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taken into consideration. During the present research, we theoretically study and investigate the 

stability, reactivity, and structural and spectral properties of the 99mTc-N(NOEt)2 myocardial 

perfusion imaging agent. In order to better understand the real structure of this 

radiopharmaceutical, its different isomers (anti, syn-endo and syn-exo) are discussed. We use the 

density functional theory (DFT) computational method for our studies. 

Materials and methods  

During the present research, the quantum mechanical computationswere done and themolecular 

structures of anti, syn-endo and syn-exoisomers of bis(N-ethoxy-N-ethyl-dithiocarbamato)nitride 

technetium-99m radiopharmaceutical were optimized using density functional theory (DFT) 

method (B3LYP functional) with cc-pVDZ basis set of theory by the Gaussian 03W program package 

[21-23]. The Lanl2DZ basis set was used to the computation of technetium-99m radionuclide. Also, 

the ChemBioDraw Ultra 13.0, GaussView 6.0.16 and GaussSum 3.0 programs were used for drawing 

molecules, visualizing molecular structures and obtaining spectral graphs, respectively. After 

optimizing the structures, the vibrational frequencies were computed for all molecules. It is worth 

mentioning that there was not any imaginary frequency for all isomers. So, it proves the accuracy of 

our computations. 

Results and discussion  

 
Scheme 1. Molecular structure of 99mTc-N(NOEt)2 isomers. 



Insight into the stability, reactivity, structuralé  P a g e | 226    

 
Scheme 1 shows the molecular structure of the isomers of 99mTc-N(NOEt)2 radiopharmaceutical. As 

it can be seen two (ethoxy(ethyl)amino) methanedithiol ligands have been connected to the 4Ãḳ.2+ 

core. In this core, the nitride atom N3-has made a complex with Tc (V) radiotrace. This nuclear 

ÍÅÄÉÃÉÎÅ ÉÓ Á ÎÏÖÅÌ ÃÏÍÐÌÅØ ×ÉÔÈ Á 4Ãḳ.2+ core where the technetium (V) radionuclide is triple-

bonded to a strong pi electron donor nitride atom and four donor sulfur atoms [24]. As it is evident 

from the Scheme 1, this radiopharmaceutical can be in three forms: anti, syn-endo and syn-exo 

isomers. 

Structural study of the 99mTc-N(NOEt)2 isomers  

The density functional theory (DFT) method with B3LYP functional and cc-pVDZ//Lanl2DZ basis 

sets was used to optimize the molecular structure of anti, syn-endo and syn-exo isomers of bis(N-

ethoxy-N-ethyl-dithiocarbamato)nitride technetium-99m radiopharmaceutical. The optimized 

structural geometries of all isomers are indicated in Figure 1. It can be seen from the Figure 1 that 

all three isomers have square pyramidal structure. 

 
Figure 1. The theoretical geometric structures of 99mTc-N(NOEt)2 isomers. 

 

The bond length data of the isomers are listed in Table 1. It can be seen from the data that the Tc-N 

and Tc-S bond lengths of the structures are abÏÕÔ ρȢφσ-ρȢφτ !Ȑ ÁÎÄ ςȢσς-ςȢτψ !Ȑȟ ÒÅÓÐÅÃÔÉÖÅÌÙȢ &ÉÇÕÒÅ 

2 shows the changes in bond lengths of the molecular structures. This curve indicates that changes 

in Tc-N bond length of the isomers are not tangible but changes in Tc-S bond lengths of the 
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structureÓ ÁÒÅ ÈÉÇÈȢ 4ÈÅ ÃÈÁÎÇÅÓ ÉÎ 4Ã-3 ÂÏÎÄ ÌÅÎÇÔÈÓ ÁÒÅ ÄÕÅ ÔÏ ÔÈÅ ÓÐÁÔÉÁÌ ÐÏÓÉÔÉÏÎÉÎÇ ÏÆ 

ÅÔÈÏØÙɉÅÔÈÙÌɊÁÍÉÎÏ ÇÒÏÕÐÓ ÏÎ ÌÉÇÁÎÄÓȢ !ÖÅÒÁÇÅ ÁÍÏÕÎÔÓ ÏÆ 4Ã-3ρȟ 4Ã-3ςȟ 4Ã-3σ ÁÎÄ 4Ã-3τ ÂÏÎÄ 

ÄÉÓÔÁÎÃÅÓ ÁÒÅ ςȢτς !Ȑȟ ςȢτρ !Ȑȟ ςȢσφ !Ȑ ÁÎÄ ςȢσχ !Ȑȟ ÒÅÓÐÅÃÔÉÖÅÌÙȢ 

 

Table 1. Bond lengths data of the molecular structures. 

Isomers  Tc-N Tc-S1 Tc-S2 Tc-S3 Tc-S4 

anti-99mTc-N(NOEt)2 1.640 2.350 2.439 2.330 2.417 
Syn-endo-99mTc-N(NOEt)2 1.634 2.484 2.461 2.323 2.339 
Syn-exo-99mTc-N(NOEt)2 1.635 2.433 2.330 2.435 2.352 

 

 

Figure 2. The bond lengths curve of 99mTc-N(NOEt)2 isomers. 

Table 2 shows the S-Tc-S and S-Tc-N bond angles data of the mentioned molecular structures. It can 

be seen from these data that the S-Tc-S bond angles of S-Tc-S-C rings are about 70 degree and 80 

degree when the ethoxy(ethyl)amino groups on ligands are in positions endo and exo with Tc-N 

core, respectively. Also, the S-Tc-N bond angles data indicate that the all isomers of bis(N-ethoxy-N-

ethyl-dithiocarbamato)nitride technetium-99m radiopharmaceutical ÄÏÎȭÔ ÈÁÖÅ ÓÙÍÍÅÔÒÉÃÁÌ 

squared pyramidal structure. This happens due to the steric pressure of the S-Tc-S-C rings. The 

variations in bond angles are shown in Figure 3. These variations will probably cause important 

differences in stability and reactivity properties of the molecular structures of the studied isomers. 

These properties will be discussed inthe next sections. 

Table 2. Bond angles data of the molecular structures. 

Angles anti -99mTc-N(NOEt)2 Syn-endo-99mTc-N(NOEt)2 Syn-exo-99mTc-N(NOEt)2 
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S1-Tc-S2 86.420 78.270 85.062 
S2-Tc-S4 72.514 68.842 83.100 
S1-Tc-S3 80.994 73.864 72.058 
S3-Tc-S4 86.863 123.498 87.864 
S1-Tc-N 121.497 98.771 102.871 
S2-Tc-N 100.736 119.029 119.951 
S3-Tc-N 121.792 111.991 102.210 
S4-Tc-N 102.272 99.014 119.589 

 

Figure 3. The bond angles curve of 99mTc-N(NOEt)2 isomers. 

From the data of the Table 3, the Tc-N and Tc-S bonds of all isomers are constructed from 2.3-2.4 

and 0.6-0.7 bond orders, respectively. Figure 4 shows the differences in these bond orders in the 

mentioned molecular structures. We can see from the Figure 4 that these differences for each bond 

are negligible. So, the differences in the chemical properties of the isomers of 99mTc-N(NOEt)2 

ÒÁÄÉÏÐÈÁÒÍÁÃÅÕÔÉÃÁÌ ÃÁÎȭÔ ÂÅ ÒÅÌÁÔÅÄ ÔÏ ÔÈÅ 4Ã-N and Tc-S bond orders. 

Table 3. Bond orders (B.O.) data of the molecular structures. 

Isomers  Tc-N Tc-S1 Tc-S2 Tc-S3 Tc-S4 

anti-99mTc-N(NOEt)2 2.319 0.714 0.650 0.773 0.725 

Syn-endo-99mTc-N(NOEt)2 2.364 0.604 0.694 0.777 0.797 

Syn-exo-99mTc-N(NOEt)2 2.344 0.684 0.743 0.641 0.677 
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Figure 4. The bond orders curve of 99mTc-N(NOEt)2 isomers. 

Table 4 shows the data of the natural bond orbitals (NBOs) population analysis of all three isomers 

of 99mTc-N(NOEt)2 nuclear medicine. The NBOs population analysis data gives us important 

information about the nature of Tc-N and Tc-S bonds of the studied molecular structures. From the 

data of the Table 4, more d orbitals of technetium atom and more p orbitals of nitrogen atom are 

participated in construction of the sigma aÎÄ ÐÉ ÂÏÎÄÓ ÏÆ 4Ãḳ. ÃÏÒÅ ÏÆ ÁÌÌ ÔÈÒÅÅ ÍÅÎÔÉÏÎÅÄ 

structures. In contrast, technetium atom uses more s and d orbitals in Tc-S bonds. So, this 

information indicates that the d orbitals of technetium atom play the main role to make the bonds 

with nitrogen and sulfur atoms. 

Table 4. Natural bond orbital (NBO) population analysis data of the molecular structures. 

Isomers  Bonds Occupancy Population/Bond orbital/Hybrids  

a
n

ti
-9

9
m

T
c-

N
(N

O
E

t)
2
 ʎɉ4Ã-N) 1.97003 48.27% Tc (sp0.22d17.05), 51.73% N (sp6.31) 

ʌρɉ4Ã-N) 1.90674 53.77% Tc (sp0.04d15.72), 46.23% N (p) 
ʌςɉ4Ã-N) 1.97426 59.73% Tc (sp0.12d76.47),40.27% N (sp99.99) 
ʎɉ4Ã-S1) 1.85375 36.00% Tc (sp0.04d2.49), 64.00% S1 (sp11.76) 
ʎɉ4Ã-S2) 1.93394 45.11% Tc (sp0.08d6.39), 54.89% S2 (sp12.59) 

S
yn

-

e
n

d
o

-

9
9

m
T

c 

N
(N

O
E

t

) 2
 

ʎɉ4Ã-N) 1.92828 45.53% Tc (sp0.14d7.32), 54.47% N (sp6.73) 
ʌρɉ4Ã-N) 1.92251 53.77% Tc (pd19.72), 47.24% N (sp99.99) 
ʌςɉ4Ã-N) 1.88008 55.50% Tc (sp13.62d99.99), 44.50% N (p) 
ʎɉ4Ã-S1) 1.78251 38.72% Tc (sp0.22d1.90), 61.28% S1 (sp17.48) 

S
y
n-

e
x
o

-

9
9

m
T

c-

N
(N

O
E

t

) 2
 

ʎɉ4Ã-N) 1.94176 48.02% Tc (sp0.18d9.80), 51.98% N (sp6.56) 
ʌρɉ4Ã-N) 1.68642 43.13% Tc (sp99.99d99.99), 56.87% N (sp99.99) 
ʌςɉ4Ã-N) 1.98386 58.19% Tc (sp0.21d99.99), 41.81% N (sp99.99) 
ʎɉ4Ã-S1) 1.78951 36.71% Tc (sp0.38d2.03), 63.29% S1 (sp13.30) 

Stability and reactivity study of the 99mTc-N(NOEt)2 isomers  

The energies of frontier molecular orbitals (HOMO and LUMO) of the molecular structures of anti, 

syn-endo and syn-exo isomers of bis(N-ethoxy-N-ethyl-dithiocarbamato)nitride technetium-99m 

radiopharmaceutical have been listed in Table 5. Highly reactive compounds are related to the 
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molecular structures with low HOMO-LUMO energies gap. The lower the HOMO-LUMO energies 

gap, the easier the electron transition occurs [25-29]. It can be seen from the data of the Table 5 and 

density of states (DOS) graphs (Figure 5) that the reactivity order of molecular structures is: anti-

99mTc-N(NOEt)2(1.08 eV) >syn-exo-99mTc-N(NOEt)2(1.24 eV) >syn-endo-99mTc-N(NOEt)2(1.65 eV). 

The molecular electrostatic potential (MEP) graphs of the molecular structures (Figure 6) show 

how the density of electrons is distributed on the molecules. In these graphs, the red and blue loops 

are related to the electron-rich and electron-poor segments, respectively. The MEP graphs indicate 

that the electron-rich regions of the molecules are Tc-N and Tc-S bonds. This shows that the 

ÎÕÃÌÅÏÐÈÉÌÉÃ ÒÅÁÇÅÎÔÓ ÃÁÎȭÔ ÒÅÁÃÔ ×ÉÔÈ 99mTc-N(NOEt)2 isomers. So, all three molecular structures 

are stable. The relative stability of compounds is consistent with their binding energies [30-35]. 

Table 6 collects the binding energies data of the structures. We can easily see from the data that the 

relative stability of the studied molecular structures is: anti-99mTc-N(NOEt)2>syn-endo-99mTc-

N(NOEt)2>syn-exo-99mTc-N(NOEt)2. So, the 99mTc-N(NOEt)2 nuclear medicine prefers the anti-

position of ligands. 

Table 5. Frontier molecular orbitals (FMOs) energies data of the molecular structures. 

Isomers  HOMO (eV) LUMO (eV) GAP (eV) 

anti-99mTc-N(NOEt)2 -6.280 -5.200 1.080 
Syn-endo-99mTc-N(NOEt)2 -6.420 -4.770 1.650 
Syn-exo-99mTc-N(NOEt)2 -6.120 -4.880 1.240 

 

Table 6. The binding energies data of the 

molecular structures. 

 

Isomers  ɝ% ɉËÃÁÌȾÍÏÌɊ 

anti-99mTc-N(NOEt)2 972798.490 
Syn-endo-99mTc-N(NOEt)2 972793.244 
Syn-exo-99mTc-N(NOEt)2 972792.853 

 



Mehdi Nabati  P a g e | 231  

 

 
Figure 5. The density of states (DOS) graphsof 99mTc-N(NOEt)2 isomers. 

 

Figure 6. The molecular electrostatic potential (MEP) graphsof 99mTc-N(NOEt)2 isomers. 
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Spectral study of the 99mTc-N(NOEt)2 isomers  

There are several spectroscopic techniques which can be used to identify organic molecules: 

infrared (IR), mass spectroscopy (MS), UV-Visible spectroscopy (UV-Vis) and nuclear magnetic 

resonance (NMR) [36-38]. Figures 7-9 are related to the CD, IR and UV-Vis spectra, respectively. 

Circular dichroism (CD) spectroscopy is a light absorption spectroscopy method that measures the 

difference in absorbance of right- and left-circularly polarized light (rather than the commonly used 

absorbance of isotropic light) by a substance. The CD of molecules is measured over a range of 

wavelengths and is used to chiral molecules of all types and sizes. Measurements performed in the 

ultra -violet and visible regions of the electro-magnetic spectrum monitor electronic transitions, 

and, if the molecule under study contains chromophores then one circularly polarized light (CPL) 

state will be absorbed to a greater extent than the other and the CD signal over the corresponding 

wavelengths will be non-zero. A CD signal can be positive or negative, depending on whether L-CPL 

is absorbed to greater extent than R-CPL (CD signal positive) or to a lesser extent (CD signal 

negative) [39-43]. So, It can be seen from the graphs of the Figure 7 that the anti-99mTc-N(NOEt)2 

and syn-exo-99mTc-N(NOEt)2 structures show R-CPL state and the syn-endo-99mTc-

N(NOEt)2molecular structure indicates L-CPL state. 

 

Figure 7. The CD spectraof 99mTc-N(NOEt)2 isomers. 

Figure 8 shows the IR spectra of the molecular structures under study. Here, the main harmonic 

frequencies (cm-1) of the structures are discussed. 
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Figure 8. The IR spectra of 99mTc-N(NOEt)2 isomers. 

anti-99mTc-N(NOEt)2: 28.13, 51.89, 78.82, 86.58, 94.16, 111.55, 136.47, 140.74, 149.21, 152.88, 

160.69, 180.74, 187.17, 192.71, 244.67, 259.54, 277.43, 286.79, 302.07, 302.53, 309.32, 325.57, 

333.01, 341.44, 343.94, 366.44, 383.84, 398.45, 403.92, 424.67, 450.34, 479.49, 510.84, 518.27, 

558.85, 711.65, 738.35, 743.01, 813.84, 821.69, 837.87, 852.13, 855.68, 859.56, 863.07, 926.22, 

929.88, 996.58, 1022.97, 1047.79, 1055.74, 1115.80, 1116.82, 1123.93, 1133.39, 1155.10, 1159.67, 

1166.55, 1182.19, 1187.06, 1189.77, 1203.64, 1204.86, 1207.89, 1213.11, 1228.83, 1300.72, 

1306.03, 1306.43, 1339.96, 1356.64, 1362.29, 1410.47, 1426.99, 1430.79, 1436.55, 1446.71, 

1453.75, 1457.39, 1458.06, 1510.17, 1510.32, 1512.34, 1516.74, 1518.29, 1525.32, 1530.11, 

1531.22, 1538.41, 1538.77, 1556.46, 1557.08, 2977.28, 2977.47, 2982.79, 2994.61, 3009.45, 

3010.91, 3011.41, 3014.22, 3014.99, 3025.85, 3040.59, 3044.83, 3067.34, 3081.31, 3091.98, 

3100.59, 3101.54, 3103.81, 3104.54, 3108.13, 3112.08, and 3115.22. 

syn-endo-99mTc-N(NOEt)2: 43.44, 52.82, 83.80, 88.00, 96.80, 111.10, 115.76, 120.91, 140.08, 145.92, 

162.65, 179.13, 190.33, 193.79, 252.77, 259.49, 280.71, 287.60, 297.37, 300.54, 307.73, 313.18, 

336.44, 341.21, 346.62, 359.10, 388.46, 397.63, 410.94, 426.23, 455.37, 481.60, 516.25, 530.45, 

530.66, 730.99, 779.76, 784.55, 809.36, 824.66, 827.95, 952.93, 861.17, 861.88, 867.49, 930.44, 

932.81, 996.11, 1023.72, 1053.83, 1091.03, 1116.48, 1117.04, 1124.77, 1145.70, 1161.94, 1164.58, 
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1183.37, 1186.92, 1188.08, 1205.56, 1207.02, 1207.23, 1214.62, 1220.97, 1233.94, 1305.01, 

1306.52, 1340.97, 1345.84, 1360.11, 1367.14, 1409.93, 1428.06, 1431.57, 1438.31, 1447.92, 

1451.43, 1457.26, 1457.41, 1509.42, 1510.44, 1510.71, 1517.86, 1518.41, 1523.93, 1530.80, 

1531.21, 1538.38, 1538.53, 1556.46, 1559.31, 2957.30, 2989.15, 3002.64, 3003.24, 3009.06, 

3011.93, 3012.10, 3015.01, 3032.16, 3032.90, 3039.90, 3048.29, 3056.17, 3074.12, 3092.99, 

3101.30, 3102.76, 3103.04, 3104.26, 3105.28, 3111.90, and 3112.04. 

syn-exo-99mTc-N(NOEt)2: 29.99, 51.21, 86.03, 86.33, 88.35, 93.12, 97.17, 126.83, 144.69, 150.31, 

161.38, 185.05, 195.39, 220.45, 259.88, 276.31, 279.47, 283.50, 284.04, 301.14, 303.02, 313.90, 

332.13, 340.61, 348.76, 367.66, 381.10, 388.01, 401.81, 422.56, 438.16, 507.04, 516.68, 525.62, 

561.08, 626.41, 750.18, 777.51, 814.56, 827.28, 841.64, 853.70, 855.58, 862.88, 864.02, 930.33, 

935.82, 996.89, 1004.92, 1055.37, 1085.46, 1100.24, 1117.57, 1118.49, 1124.95, 1126.26, 1161.26, 

1166.84, 1184.30, 1185.69, 1191.62, 1197.36, 1206.15, 1208.05, 1209.39, 1230.20, 1251.77, 

1304.13, 1312.17, 1339.94, 1362.44, 1369.41, 1409.85, 1411.33, 1430.00, 1436.51, 1445.62, 

1448.10, 1457.03, 1460.30, 1510.12, 1511.33, 1516.16, 1517.19, 1524.24, 1524.42, 1530.55, 

1531.70, 1535.93, 1539.06, 1554.33, 1558.58, 2837.07, 2979.84, 2985.99, 2998.21, 3009.70, 

3010.11, 3010.84, 3014.15, 3023.51, 3038.15, 3043.77, 3057.04, 3065.06, 3083.43, 3090.74, 

3098.40, 3100.43, 3103.21, 3105.39, 3107.97, 3110.56, and 3114.61. 

 

Figure 9. The UV-Vis spectraof 99mTc-N(NOEt)2 isomers. 
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The UV-Vis spectrum is one of the most important methods in determining the chemical properties 

of organic-inorganic compounds [44-47]. Here, the electronic transitions of the studied molecular 

ÓÔÒÕÃÔÕÒÅÓ ÁÒÅ ÄÉÓÃÕÓÓÅÄ ɉ&ÉÇÕÒÅ ωɊȢ !ÌÌ ÔÈÒÅÅ ÉÓÏÍÅÒÓ ÄÏÎȭÔ ÓÈÏ× ÁÎÙ ÅÌÅÃÔÒÏÎÉÃ ÔÒÁÎÓÉÔÉÏÎ ÁÔ ÕÌÔÒÁ-

violet wavelengths region. 

anti -99mTc-N(NOEt)2: UV-Vis [wavelength of electronic transition (nm), energies (cm -1), 

electronic transitions]:  

a. 3424.008 nm (2920.554cm-1), HOMO-1 to LUMO (15%) and HOMO to LUMO (42%) 

b. 2480.163 nm (4031.993cm-1), HOMO-1 to LUMO (49%) and HOMO to LUMO (38%) 

c. 1400.625 nm (7139.669cm-1), HOMO-2 to LUMO (74%) 

syn-endo-99mTc-N(NOEt)2: UV-Vis [wavelength of electronic transition (nm), energies (cm -1), 

electronic transitions]:  

a. 1571.598 nm (6362.076cm-1), HOMO-1 to LUMO (23%) and HOMO to LUMO (66%) 

b. 983.761 nm (10165.076cm-1), HOMO-1 to LUMO (59%) and HOMO to LUMO (19%) 

c. 942.982nm (10604.651cm-1), HOMO-3 to LUMO (62%), HOMO-2 to LUMO (22%), HOMO-5 to 

LUMO (2%) and HOMO-1 to LUMO (3%) 

syn-exo-99mTc-N(NOEt)2: UV-Vis [wavelength of electronic transition ( nm), energies (cm -1), 

electronic transitions]:  

a. 2534.928 nm (3944.885cm-1), HOMO-1 to LUMO (20%) and HOMO to LUMO (55%) 

b. 1849.393 nm (5407.178cm-1), HOMO-1 to LUMO (59%) and HOMO to LUMO (33%) 

c. 1357.531nm (7366.312cm-1), HOMO-2 to LUMO (84%) 

Conclusion 

The main aimof the present paper is to discuss the stability, reactivity, structural and spectral 

properties of the anti, syn-endo and syn-exo isomers of bis(N-ethoxy-N-ethyl-

dithiocarbamato)nitride technetium-99m radiopharmaceutical. The study was conducted based on 

the quantum-mechanical computations. The studied molecular structure was optimized by 

B3LYP/cc-pVDZ basis set of theory. The Lanl2DZ basis set was used for the computation of 

technetium-99m radionuclide. From the computations and mathematical calculations, the following 

conclusions were drawn. 

ρȢ 4×Ï ɉÅÔÈÏØÙɉÅÔÈÙÌɊÁÍÉÎÏɊÍÅÔÈÁÎÅÄÉÔÈÉÏÌ ÌÉÇÁÎÄÓ ÈÁÖÅ ÂÅÅÎ ÃÏÎÎÅÃÔÅÄ ÔÏ ÔÈÅ 4Ãḳ.2+ core. 



Insight into the stability, reactivity, structuralé  P a g e | 236    

 
2. The changes in Tc-. ÂÏÎÄ ÌÅÎÇÔÈ ÏÆ ÔÈÅ ÉÓÏÍÅÒÓ ÁÒÅÎȭÔ ÔÁÎÇÉÂÌÅ ÂÕÔ ÃÈÁÎÇÅÓ ÉÎ 4Ã-S bond lengths 

of the structures are high. The changes in Tc-S bond lengths are due to the spatial positioning of 

ethoxy(ethyl)amino groups on ligands. 

σȢ !ÌÌ ÔÈÒÅÅ ÉÓÏÍÅÒÓ ÄÏÎȭÔ ÈÁÖÅ ÓÙÍÍÅÔÒÉÃal squared pyramidal structure. 

4. The differences in the chemical properties of the isomers of 99mTc-N(NOEt)2 radiopharmaceutical 

ÃÁÎȭÔ ÂÅ ÒÅÌÁÔÅÄ ÔÏ ÔÈÅ 4Ã-N and Tc-S bond orders. 

5. The d orbitals of technetium atom play the main role to make the bonds with nitrogen and sulfur 

atoms. 

6. The reactivity order of molecular structures is: anti-99mTc-N(NOEt)2>syn-exo-99mTc-

N(NOEt)2>syn-endo-99mTc-N(NOEt)2. 

7. All three molecular structures are stable but the relative stability of the studied molecular 

structures is: anti-99mTc-N(NOEt)2>syn-endo-99mTc-N(NOEt)2>syn-exo-99mTc-N(NOEt)2. 

8. The nucleophÉÌÉÃ ÒÅÁÇÅÎÔÓ ÃÁÎȭÔ ÒÅÁÃÔ ×ÉÔÈ 99mTc-N(NOEt)2 isomers. 

9. From the CD spectra, the anti-99mTc-N(NOEt)2 and syn-exo-99mTc-N(NOEt)2 structures show R-

CPL state and the syn-endo-99mTc-N(NOEt)2 molecular structure indicates L-CPL state. 

10. All three isomers dÏÎȭÔ ÓÈÏ× ÁÎÙ ÅÌÅÃÔÒÏÎÉÃ ÔÒÁÎÓÉÔÉÏÎ ÁÔ ÕÌÔÒÁÖÉÏÌÅÔ ×ÁÖÅÌÅÎÇÔÈÓ ÒÅÇÉÏÎȢ 
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