
Studies on Detection, Complexation 

and Dynamics of Technetium, Rhenium 

and Osmium using Analytical and 

Nuclear Techniques 

 

 

 

Thesis submitted for the degree of  

Doctor of Philosophy (Science) 

in  

Chemistry 

 

 

 

By 

Binita Dutta 

 

 
University of Calcutta 

May, 2013 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Dedicated to 

My Mother 



i | A c k n o w l e d g e m e n t  

AAcckknnoowwlleeddggeemmeenntt  

                                                                                
 

It is a great pleasure to offer my regards and deep sense of indebtedness to my 

respected supervisor Professor Susanta Lahiri, D. Sc., Chemical Sciences Division (CSD), 

Saha Institute of Nuclear Physics (SINP), India, for suggesting the framework of the present 

thesis, constantly guiding and encouraging me with his inestimable suggestions during the 

entire tenure of my research activity and extending me the laboratory facilities.  

I gratefully acknowledge Professor B.S. Tomar, Radiochemistry Division, Bhabha Atomic 

Research Centre, India, for his constructive suggestions and providing the neutron 

irradiated samples without which a major part of research work was not possible to 

accomplish. 

I express my thankfulness to Professor Milan Kumar Sanyal, Director, SINP and 

Professor Bikash Sinha, Ex-Director, SINP, who kindly allowed me to work at SINP. I would 

like to express my deep sense of respect to Professor Samita Basu, Head, CSD, SINP, 

Professor Soumen Basak, Ex-Head, CSD, SINP and all respected faculties of CSD, SINP for 

their precious suggestions and offering me necessary laboratory facilities.  

I wish to record my gratitude to Dr. Moumita Maiti, Dept. of Physics, IIT-Roorkee, India, 

for her worthy suggestions and guidance specially in the problems related to nuclear 

physics part of my work as well as instrumental handling which were new to me. 

I also express my thankfulness to Professor Kamalika Sen, Dept. of Chemistry, Calcutta 

University, Kolkata, for her affectionate guidance to understand the Aqueous Biphasic 

System and helping me with inestimable suggestions.  

A major part of the thesis work- the production of no-carrier-added radioisotopes was 

carried out at the BARC-TIFR Pelletron Accelerator Facility, TIFR, Mumbai, India, and 

Cyclotron Facility at Variable Energy Cyclotron Centre, Kolkata, India. I acknowledge the 



ii | A c k n o w l e d g e m e n t  

sincere helps rendered by Pelletron/Cyclotron operation staffs and target laboratory staffs 

of these facilities. I am grateful to the SINP-DAE XI five year plan project; “Trace Analysis: 

Detection, Dynamics and Speciation (TADDS)” for providing the necessary funding.  

I take this opportunity to express my heartiest thanks to my lab mates and all 

colleagues of Chemical Sciences Division, Saha Institute of Nuclear Physics, for offering me 

a pleasant working atmosphere and generous cooperation throughout. 

Before I conclude, I take this opportunity to express my deep and warm sense of 

gratitude and acknowledgement to my respected parents Mr. Bimal Kumar Dutta and 

Mrs. Kanika Dutta and my respected father-in-law Mr. Aghor Nath Dey and mother-in-law 

late Mrs. Ranu Dey and specially to my beloved husband Mr. Saurav Dey for their love, 

support, constant encouragement and priceless understanding. 

 

 

Date: 

Place:             (Binita Dutta) 

 

 

 

 



iii | C o n t e n t  

CCoonntteenntt
 

Acknowledgement i-ii 

Content iii-iv 

List of Abbreviations v-vi 

Chapter 1:  Introduction 1-62 

 1.1.   Application of Radiotracers 1 

 1.2.   Choice of Radiotracers 3 

 1.3.   Methods of Production of Radionuclides 4 

 1.4.   Charged Particle Activation 6 

 1.5.   Aim and Scope of The Thesis  8 

 1.6.   Organization of The Thesis  9 

 1.7.   Brief General Introduction about Technetium, Rhenium 

and Osmium 

10 

 1.8.   Application of Technetium, Rhenium and Osmium 

Radionuclides 

13 

 1.9.   Genesis of the Thesis: Brief Review on Production and 

Separation of NCA Technetium, Rhenium and Osmium 

Radionuclides 

23 

 1.10. Brief Literature Survey on Separation Methods of No-

carrier-added Technetium, Rhenium and Osmium 

Radionuclides 

37 

 References of Chapter 1 46 

Chapter 2:  Experimental Techniques 63-86 

 
2.1. Simulation of Nuclear Data for Charged Particle 

Activation  

63 

 2.2. Charged Particle Accelerators 65 

 2.3. Target Set Up 69 

 2.4. Detection of Radionuclides: High Purity Germanium 

(HPGe) Detector  

71 

 2.5. ICP-OES: A Tool for Trace/Ultra-Trace Analysis 74 

 2.6. Radiochemical Separation: Overview of The Techniques 

Used  

77 



iv | C o n t e n t  

 References of Chapter 2 85 

Chapter 3:  Production and Separation of Neutron 

Deficient NCA Technetium Radionuclides 

87-112 

 3.1. Production and Separation of NCA 93,94,94m,95,96Tc  from 
7Li Bombarded Natural Zr Target 

87 

 3.2.  Production and separation of NCA 89Zr 96 

 3.3.   An attempt to determine radionuclidic impurity in the 
99Mo -99mTc generator system 

103 

 References of Chapter 3 109 

Chapter 4:  Production and Separation of Neutron 

Deficient NCA Rhenium Radionuclides 

113-154 

 
4.1. Separation of Trace Scale Rhenium from Bulk Tantalum: 

A Simulation Study 

113 

 4.2. Production of NCA 183Re by α- Particle Induced Reaction 

on Natural Tantalum Target and Subsequent Separation 

of NCA Radionuclides 

117 

 4.3. Determination of Dynamic Dissociation Constant of 
183Re-PEG Association 

147 

 References of Chapter 4 151 

Chapter 5:  Production and Separation of Neutron 

Deficient NCA Osmium Radionuclides 

155-168 

 
 5.1. Production and Separation of NCA 183Os By 7Li 

Activation on Bulk Tantalum Target* 

153 

 5.2. Production of NCA 185Os by α Particle Induced Reaction 

on Rhenium Target and Extraction of NCA Osmium 

161 

 References of Chapter 5 167 

Chapter 6:  Epilogue 169-177 

Work Performed out of The Scope of Present Thesis  

 Production and separation of no-carrier-added thallium 

isotopes from proton irradiated natHg2Cl2 matrix 

 

List of publications and reprints 
 

 


	A   Inside cover page
	B   Dedicated
	C  Acknowledgement
	D   Content
	E   List of abbreviation
	F   1-62 Chapter  1 Introduction
	F   63-86 Chapter 2_Experimental Techniques
	F   87-112 Chapter 3_Technetium
	F   113-154 Chapter 4_Rhenium
	F   155-168 Chapter 5_Osmium
	F   169-178 Chapter 6_Epilogue
	G   Work Performed out of
	H   Paper work performed outside thesis
	Production and separation of no-carrier-added thallium isotopes from proton irradiated natHg2Cl2 matrix
	Introduction
	Experimental
	Materials used for radiochemical studies
	Irradiation details
	Radiochemical studies
	ICP-OES studies

	Results and discussion
	Acknowledgement
	References


	Rev List of publications
	List of Publications
	Publications at Conference/Seminar/Symposium

	J   Paper 1
	Production of 88,89Zr by proton induced activation �of natY and separation by SLX and LLX
	Abstract
	Introduction
	Experiment
	Chemicals and reagents
	Irradiation
	Chemical procedure

	Results and discussion
	Liquid-liquid extraction
	Solid-liquid extraction

	Acknowledgments
	References


	J   Paper 2
	J   Paper 3
	1 Introduction
	2 Experiment
	2.1 Chemicals and reagents
	2.2 Irradiation
	2.3 Chemical procedure

	3 Results and discussions
	3.1 Production of nca rhenium in alpha-particle irradiated tantalum target
	3.2 Aqueous biphasic extraction with various salt solutions
	3.2.1 Effect of pH
	3.2.2 Effect of temperature
	3.2.3 Influence of thermodynamic parameters on partitioning of metal ions in ABS
	3.2.4 Effect of molecular weight of PEG
	3.2.5 Normalization of influencing parameters for the separation of nca Re from bulk tantalum for ABS systems consisting Na_2SO_4, Na_2S_2O_3, NaHSO_3, Na-tartrate and (NH_4)_2SO_4 salts

	3.3 Determination of dynamic dissociation constant of 183Re-PEG complex

	4 Conclusion
	Acknowledgment.
	References

	J   Paper 4
	J   Paper 5
	Separation of no-carrier-added rhenium from bulk tantalum by the sodium malonate–PEG aqueous biphasic system
	Introduction
	Experiment
	Chemicals and reagents
	Irradiation details
	Radiochemical studies

	Results and discussions
	Production of nca 183Re
	Separation of nca 183Re by sodium malonate–PEG based ABSs

	Conclusion
	Acknowledgment
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice




