
 
 

 

Preparation of 
99

Mo/
99m 

Tc Generator and Labeling of 

Some Organic Compounds with Technetium-99m  

A thesis submitted by  

Mahmoud Abbas Ismail Mohamed El-Bashary 

M. Sc.(Chemistry) 

Assist. Lecturer in Radioactive Isotopes and Generators Dept. 

Hot Labs. Center, Atomic Energy Authority 

 

For the degree of Doctor of Philossophy in Sscience Degree in Science (Chemistry) 

 

 

Supervised By 

 

Prof. Dr. Ahmed Abd Mohty Bayomy Prof. Dr.Maher Abd Aziz El-Hashash 

Prof. of Radiochemistry 

Radioactive Isotopes and Generator Dept. 

Center, Atomic Energy Authority 

Prof. of Organic Chemistry 

Chemistry Dept., 

Ain Shams University 

Ass. Prof. Dr. Hasan El- Sayed Ahmed 

Ass. Prof. of Radiochemistry 

Radioactive Isotopes and Generator Department 

 Atomic Energy Authority 

  

Chemistry Department 

Faculty of Science Ain Shams University 

2019



 

 

Approval Sheet 

Preparation of 
99

Mo/
99m 

Tc Generator and Labeling of Some 

Organic Compounds with Technetium-99m  
 

A thesis Submittedby 

Mahmoud Abbas Ismail Mohamed El- Bashary 

M. Sc.(Chemistry) 

Assist. Lecturer in Radioactive Isotopes and Generators Dept. 

Hot Labs. Center, Atomic Energy Authority 

 

Supervision Committee 

SUPERVISORS 

1. Prof. Dr. M. A. El-Hashash    …….…  

Professor of Organic Chemistry 

Faculty of Science-Ain Shams University 

2. Prof. Dr. A. A. El-Mohty     ……..…  

Prof. of Radiochemistry 

 Radioactive Isotopes and Generator Dept. 

Hot Labs. Center, Atomic Energy Authority 

3. Ass.Prof. Dr. H. E. S. Ahmed      ………  

Ass.Prof. of Radiochemistry 

Radioactive Isotopes and Generator Dept. 

Hot Labs. Center, Atomic Energy Authority.                                   

                                         Prof. Dr. Ibrahim Husseini Ali Badr 

                                    Head of Chemistry Department 

                                 Faculty of Science - Ain Shams University



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 
 

Acknowledgements 
 First of all, Thanks to Almighty Allah who is benefactor to all and 
the most merciful for enlightening my way and strengthening me well to 
produce this work. Thanks to His Beloved Prophet Muhammad 
(P.B.U.H) for setting up the most complete and best example for human 
beings. 
  I would like to express my deep gratitude and appreciation to 
Professor Dr. Maher abd El-Aziz El-Hashash Professor of organi c 
Chemistry, Faculty of Science, Ain Shams University, for his valuable 
scientific supervision for this thesis, for available help and careful revision 
of this work.  
 It is my pleasure to give my deepest gratitude to Professor Dr. 
Ahmed Abd El-Moety Bayoumy, Professor of Radiochemistry, 
Radioactive Isotopes and Generators Department, Hot Labs. Center, 
Atomic Energy Authority, for his valuable scientific supervision for this 
thesis, for his continuous advice and support during the course of the 
thesis, for available help in the practical part of this thesis and careful 
revision of this work.  
 I would like to express my deep gratitude to Professor Dr. Hasan 
El-Sayed Ahmed, Assistant Professor of Radiochemistry, Radioactive 
Isotopes and Generators Department, Hot labs. Center, Atomic Energy 
Authority, for suggesting the topic, planning of the experimental work, 
for his help in the practical part of this research, and his valuable 
supervision, instructions, advices and indispensable help during the course 
of this work. 
 I am deeply indebted to Professor Hala Ramadan, assistant 
Professor of Radiochemistry, Radioactive Isotopes and Generators 
Department, Hot Labs. Center, Atomic Energy Authority, for his support 
and kind help during the course of this work.   

I am sincerely grateful to my mother, wife, my daughters and the 
rest of my family  for their great help and continuous support and 
encouragement.  

Finally I would like to thank everyone else at the EAEA, whose 
names are too numerous to mention, for their help in this work. 

                                                       Mahmoud Abbas 



 

 

 

 
  

 

CONTENTS  

 

 

 



I 

 

Contents 

 

List of tables V 

List of figures VI  

List of abbreviations IX 

Abstract XI – XII 

English summary XIII - XIV 

Chapter 1 

Introduction 

1.1 Radionuclides and their applications 1 

1.2 Radionuclides used for diagnosic nuclear 

Medicine 

1 

1.3 Importance of technetium 2 

1.4 Physical and Chemical properties of 

Molybdenum 

3 

1.5 Chemistry of Chemistry of cerium 4 

1.6 Physical and Chemical properties of 

technetium 

5 

1.7 Radionuclides of molybdenum 6 

1.8 Production of molybdenum-99(
99

Mo) 7 

1.8.1 Neutron activation of molybdenum 7 

1.8.2 Fission of uranium 7 

1.8.3 production of 
99

Mo by cyclotron 8 

1.9 Radionuclides of  technetium 8 

1.10 99
Mo/ 

99m
Tc generator decay and Growth 

kinetics 

10 

1.11 Types of 
99

Mo/ 
99m

Tc generators 11 

1.11.1 Solvent extraction generators 11 

1.11.2 Sublimation generators 12 

1.11.3 Electrochemical generators 12 

1.11.4 Chromatographic generators 13 

1.11.4.1 The common chromatographic generators 14 

1.11.4.2 Gel generators 14 

1.11.4.2.1 Pre-irradiation formed gel 14 



 

II 
 

1.11.4.2.2 Post-irradiation formed gel 16 

1.12 Gel generators and their bed materials 16 

1.12.1 Zirconium molybdate 16 

1.12.2 Titanium molybdate 17 

1.12.3 Tin (IV) molybdate 17 

1.12.4 12-molybdocerate 17 

1.13 Labeled compounds definitions and              

applications 

18 

1.14 Labeling with 
99m

Tc 18 

1.15 Methods of labeling with
 99m

Tc 22 

1.15.1 Direct labeling method 22 

1.15.2 Transchelation or ligand exchange labeling 22 

1.15.3 Labeling with bifunctional chelating agents 23 

1.16 Quality control 24 

1.16.1 Physicochemical tests 24 

1.16.2 Radionuclidic purity 24 

1.16.3 Chemical purity 25 

1.16.4 Radiochemical purity 28 

Chapter 2 

Experimental 

2.1 Chemicals 29 

2.2  Equipments 30 

2.3 Radioactive molybdenum solution 31 

2.4 Preparation of the Cerium (IV) molybdate gel 32 

2.4.1 Preparation of sodium molybdate (Mo VI) 32 

2.4.2 Preparation of ammonium cerium (IV) sulfate 32 

2.5 Characterization of the cerium (IV) 

molybdate (VI) Gel 

33 

2.6 Batch distribution studies 33 

2.7 Breakthrough loading capacity studies38 33 

2.8 Quality control of 
99m

Tc eluate 34 

2.8.1 Performance of the 
99

Mo/
99m

Tc generator 34 

2.8.2 Radionuclidic purity          35 

2.8.3 Radiochemical purity 35 

2.8.4 Chemical purity 35 

2.8.5 pH of 
99m

Tc eluates 36 



 

III 
 

2.9 Radiolabeling of dompridone 36 

2.9.1 Preparation of stock solution of dompridone 36 

2.9.2 Preparation of Stannous (II) stock solution 36 

2.9.3 Determination of the radiochemical yield of 
99m

Tc- dompridone 

36 

2.9.3.1 Determination of free pertechnetate       

[
99m

Tc O4]
-
  

37 

2.9.3.2 Determination of reduced hydrolyzed 

             
99m

Tc (RH- 
99m

Tc) 

37 

2.9.3.3 Determination of 
99m

Tc- dompridone complex 38 

2.9.4  Factor affecting the percent radiochemical  

         yield of dompridone Complex 

38 

2.9.4.1  Effect of dompridone amount 38 

2.9.4.2 Effect of Sn (II) content 39 

2.9.4.3 Effect of pH of the reaction mixture 39 

2.9.4.4 Effect of the reaction time 39 

2.9.4.5 In-vitro stability of 
99m

 Tc-dompridone 39 

2.9.5 Quality control of the 
99m

 Tc-dompridone 

complex 

39 

Chapter 3 

Results and Discussion 

3.1 Production of neutron activated      

molybdenum- 99 

40 

3.2 Characterization of cerium molybdate 44 

3.2.1 Infrared spectrum 44 

3.2.2 Thermal properties 44 

3.2.3 X-ray diffraction 45 

3.2.4. X-ray fluorescence 45 

3.2.5 Scanning electron microscope spectrum 48 

3.3 Selection of the equilibrated medium 48 

3.4 Determination of the reaction mechanism 51 

3.4.1 Stationary studies 51 

3.5 Dynamic studies 51 

  



 

IV 
 

3.6 Elution performance of 
99m

Tc from cerium 

molybdate loaded with 
99

Mo 
56 

3.6.1 Effect of the inside diameter of the           

Column 
56 

3.6.2 Effect of amount of the bed matrix 56 

3.6.3 Effect of flow rate of the eluent 57 

3.7 Preparation of 
99

Mo/
99m

Tc radioisotope 

generator based on cerium molybdate-
99

Mo 

gel matrix 

58 

3.7.1 Quality control 62 

3.7.1.1 Radionuclidic purity 62 

3.7.1.2 Radiochemical purity 63 

3.7.1.3 Chemical purity 63 

3.7.1.4 pH value of 
99m

Tc eluates 64 

3.8 Labeling of dompridon 68 

3.9 Radiolabeling of dompridon 69 

3.10 Factor affecting the percent radiochemical 

yield  of
  99m 

Tc-dompridone 

69 

3.10.1 Effect of dompridone amount 70 

3.10.2 Effect of the pH of the reaction mixture 70 

3.10.3 Effect of tin (II) content 73 

3.10.4 Effect of the reaction time 75 

3.10.5 In-vitro stability of 
99m

Tc-dompridone 

complex 

75 

3.11 Optimum conditions obtained for the 

preparation of 
99m

Tc- dompridone complex 

 

75 

Chapter 4 

References 

References 79 – 86 

Arabic summary  ب -أ  

 
 

  



 

V 
 

LIST OF TABLES 

 

Table Table Title 

Page 

Number 

 

Table (1.1) The common radionuclides used for 

diagnostic nuclear medicine 

2 

Table (1.2) The physical, biological and effective half-

lives of some radioisotopes 

2 

Table (1.3) The detailed data for molybdenum 

Radioisotopes 

6 

Table (1.4) Radioisotopes of technetium 9 

Table (3.1) Breakthrough of 
99

Mo effeluents from CeMo 

column matrix at different loading conditions 

at a flow rate 1 ml/ min 

52 

Table (3.2) the detailed 
99m

Tc elution yield at different  

elution conditions 

57 

Table (3.3) summarizes the best reaction conditions for 

the preparation of 
99m

Tc-dompridone complex 

using stannous chloride as reducing agent 

76 

                     

  



 

VI 
 

LIST of FIGURES 

  

Figure Figure title 
Page 

Number 

Figure(1.1) Pertechnetate anion 5 
Figure (1.2)    The decay scheme for 

99
Mo 6 

Figure (1.3) Principal decay scheme of 
99m

Tc 8 
Figure (1.4)    Transient equilibrium formation of 

99m
Tc 

by decay of 
99

Mo 
13 

Figure (1.5)    Schematic diagram for Egyptian 
99

Mo/
99m

Tc generator based on alumina 15 

Figure (1.6)   The nuclear reaction for the preparation of 

the pertechnetate 18 

Figure (1.7) A diagram for the 
99m

Tc incorporation  with 

coordinating  ligand 21 

Figure (1.8)  

 

The strategy for labeling of proteins with 

metal ions using bifunction chelating agent 26 

Figure (1.9)  

 

Structure of some common bifunctional 

chelating agents 27 

Figure (3.1) 

 

the variation of the specific activity of 
99

Mo 

with time 43 

Figure (3.2) IR spectrum of cerium molybdate gel 46 
Figure (3.3) DTA and TGA of cerium molybdate gel 47 
Figure (3.4) XRD pattern of cerium molybdate gel 49 
Figure (3.5) SEM for cerium molybdate gel 50 
Figure (3.6) 

 

distribution coefficient of Mo (VI) in a) 

HCl and b) HNO3 acid solution on cerium 

(IV) Molybdate as a function of 

concentration of the equilibrating medium 

53 

  



 

VII 
 

Figure (3.7) 

 

breakthrough curves of 
99

Mo (VI) from 

cerium (IV) molybdate columns  (1.1 cm 

i.d.) using feed solution 3 x 10
-2 

M as a 

function  of amount of the bed matrix, a) 

1g, b) 3g and c)5g at a flow rate 1 ml/min 

54 

Figure (3.8) 

 

 

breakthrough curves of 
99

Mo (VI) from 1g 

cerium (IV) molybdate columns  (0.6  cm 

i.d.) as a function of  
99

Mo (VI) 

concentration, a) 3  x10
-2 

M  and b) 7 x 10
-

3
 M   at a flow rate 1ml/min 

55 

Figure (3.9) 

 

elution profiles of 
99m

Tc (VII) from 1g 

cerium (IV) molybdate-
 99

Mo columns 

with 10 ml 0.9% NaCl solution as a 

function of  inside diameter of the column, 

a) 0.46, b) 0.6 and c)1.1 cm i.d.  at a flow 

rate 1 ml/min 

59 

Figure (3.10) 

 

elution profiles of 
99m

Tc (VII) from cerium 

(IV) molybdate-
99

Mo columns (1.1 cm 

i.d.) with 10 ml 0.9% NaCl solution as a  

function of amount of the bed  matrix, a) 1, 

b) 3 and c) 5g at a flow rate 1 ml/min 

60 

Figure (3.11) 

 

elution profiles of 
99m

Tc (VII) from 1g 

cerium (IV) molybdate-
99

Mo columns (0.6 

cm i.d.) with 10 ml 0.9% NaCl solution as 

a function of flow rate of the eluent, a) 0.5, 

b) 1 and c) 2 ml/min 

61 

Figure (3.12) 

 

gamma-ray spectra of a) cerium molybdate 

column(1.1 cm i.d.) matrix loaded with 
99

Mo and b) 
99m

Tc eluates measured 

immediately after  elution 

65 

Figure (3.13) 

 

radiochromatogram of 
99m

Tc (VII) 

eluted from 5g cerium  molybdate-
99

Mo 

column(1.1cm i.d.) matrix at a flow 

rate1 ml/min 

66 

Figure (3.14) 

 

variation of a) radiochemical purity, b) 
99m

Tc elution yield and c)
 99

Mo 

breakthrough with age of  the generator 
67 

  



 

VIII 
 

Figure (3.15) The chemical structure of  dompridone 68 
Figure (3.16) 

 

the effect of the radiochemical yield of 
99m

Tc-dompridone complex as a function 

of the dompridone amount  [dompridone 

amount   0.5,1,2,3,5,10,75µg Sn(II), 100µl 
99m

TcO4
-
 (~195 MBq), pH 4 and 15 min.] 

71 

Figure (3.17) 

 

the effect of the radiochemical yield of 
99m

Tc-dompridone complex as a function 

of  pH of the reaction mixture  using 

stannous chloride as reducing agent 

[dompridone amount 5 mg 75µg  Sn(II), 

100µl 
99m

TcO4
-
 (~195 MBq), pH =1-10 

and 15 min.] 

72 

Figure (3.18) 

 

the effect of the radiochemical yield of 
99m

Tc-dompridone  complex as a function 

of tin(II) content of the reaction mixture [5 

mg dompridone, 25,50,75,100,125,150µg 

Sn (II), 100µl 
99m

TcO4
-
 (~195 MBq), pH 

=4 and 15 min.] 

74 

Figure (3.19)  

 

the effect of the radiochemical yield of 
99m

Tc-dompridone complex as a function 

of  reaction time [ 5 mg dompridone, 

100µg Sn(II), 100µl 
 99m

TcO4
-
 (~195 

MBq), pH =4 and reaction time 

10,20,30,40,60 min.]
 

77 

Figure(3.20)  

 

in-vitrostability of
 99m

Tc-dompridone 

complex [ 5 mg dompridone, 100µg 

Sn(II), 100µl 
 99m

TcO4
-
 (~195 MBq), pH 

=4  and 30 min.] 

78 

 

 

 

  



 

IX 
 

List of abbreviations 

 
 
Tc Technetium element 

99m 
TcO4

-
 Free pertechnetate 

EC Electron capture 

IT Isomeric transition 

ITLC Instant thin layer chromatography 

KeV Kilo electron volt 

MAG3 Mercaptoacetyl-glycylglycine  

MeV Million electron volt 

MBq Mega Becquerel 

NaBH4 Sodium borohydride 

PET Positron emission tomography 

SPECT Single photon emission computed tomography 

Rt Retardation time 

NaBH4LP Sodium borohydride labeling procedures 

SF Solvent front 

T1/2  Physical Half life time 

Tb Biological Half life time 

Te Effective half life time 

RH-
99m 

Tc Reduced hydrolyzed-Technetium-99m 

(colloid)  

Rf Retardation factor 

Β Beta particles 

Α Alpha paticles 

γ Gamma emission 

°C Celsius 

Ce Cerium element 

Ci Curie 

F Fission 

h Hour 

HPGe High purity germanium 



 

X 
 

ID Internal diameter 

IR Infra red 

MEK Methyl ethyl ketone 

Min Minute 

Mo Molybdenum element 

Msec Millisecond 

S Second 

Id Inside diameter 

XRD X-ray diffraction 

XRF X-ray fluorescence 

CeMo Cerium molybdate gel 

TBq Tera Becquerel  

GBq Giga Becquerel 

M Molar 

min. Minute 

A Year 

AR Analytical grade 


