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 Water-soluble Pt(II) phosphors exist predominantly for photophysical studies. 

However, fewer are known to be candidates for cisplatin derivatives. If such a molecule 

could exist, it would be efficient at not only destroying the cancerous cells which harm 

the body, but the destruction would also be traceable within the human body as it 

occurred. Herein, research accomplished in chemistry describes the photophysical 

properties of a water-soluble phosphor. Spectroscopically, this phosphor is unique in 

that it possesses a strong green emission at room temperature in aqueous media. Its 

emission is also sensitive to the gaseous environment. These properties have been 

expanded to both analytical and biological applications. Studies showing the potential 

use of the phosphor as a heavy metal remover from aqueous solutions have been 

accomplished. The removal of toxic heavy metals was indicated by the loss of emission 

as well as the appearance of a precipitate. The gaseous sensitivity was elicited to be 

used as a potential cancerous cell biomarker. In vivo studies were accomplished in a 

wide variety of species, including bacteria (E. coli), worms (C. elegans), small 

crustaceans (Artemia), and fish (D. rerio and S. ocellatus). The phosphor in question is 

detectable in all of the above. This fundamental research lays the foundation for further 

expansion into bioinorganic chemistry, and many other possible applications. 

 



 ii 

Copyright 2012 

by 

Nisa Tara Satumtira



 iii 

ACKNOWLEDGMENTS 

Most gracious thanks to my advisors, Dr. Mohammad Omary and Dr. Ione Hunt 

von Herbing. Thank you for your patience, support, and encouragement. Special thanks 

to Dr. Mohamed Chehbouni, for his help on the heavy metal sensing work.  

To my adopted brothers and sisters from the Omary lab, thank you for your 

continuous support and never-ending entertainment. Your laughs and smiles are what 

pushed me through the toughest days. All of you are the family I never thought I’d have.  

To the late Dr. Oussama El-Bjeirami, for without him I would not know what I do 

now. You are an inspiration to us all, and your memory exists day by day in the lab. To 

Dr. Francis Pan, thank you for teaching me the fundamentals of biology  

To my dearest friends whom I’ve met in graduate school, I think there is no better 

thing to say than “thank you”. It is impossible to individually thank all those who have 

touched my heart through this journey. Your memories have left a permanent 

impression on my life, and I cannot wait to see what the future holds for us! To my 

friends outside of UNT, thank you for lending an ear when I needed it, and reminding 

me that there is life outside of graduate school.  

To my sister Gesara (KC) and brother Sasawat (Mo), thank you for being my 

lifelong friends. And most of all, to my parents, Sivapong and Nimman, who have been 

behind me pushing me to succeed from the day I was born. This is for you! 

  



 iv 

TABLE OF CONTENTS 

Page 

ACKNOWLEDGMENTS .................................................................................................. iii 
 
LIST OF TABLES ............................................................................................................vi 
 
LIST OF FIGURES ......................................................................................................... vii 
 
CHAPTER 1  INTRODUCTION ....................................................................................... 1 

1.1  Luminescence ............................................................................................ 1 

1.2  Biological Imaging ...................................................................................... 2 

1.3  Damaging DNA to Induce Cellular Death................................................... 7 

1.4  Overview of This Dissertation .................................................................. 10 
 
CHAPTER 2  PLATINUM POP REVISITED: IMPROVED MICROWAVE-ASSISTED 
SYNTHESIS, STRUCTURE, AND CONCENTRATION-SENSITIZED TRIPLET 
EXCITATION ................................................................................................................. 12 

2.1  Introduction .............................................................................................. 12 

2.2  Synthetic Technique ................................................................................ 13 

2.3  Characterization ....................................................................................... 14 

2.3.1  Photoluminescence ....................................................................... 14 

2.3.2  Absorption and Diffuse Reflectance .............................................. 15 

2.3.3  NMR .............................................................................................. 15 

2.3.4  Single Crystal X-Ray Crystallography ........................................... 16 

2.4  Results and Discussion............................................................................ 16 

2.5  Conclusions ............................................................................................. 30 

2.6   Acknowledgements .................................................................................. 31 
 
CHAPTER 3  NOVEL METHOD FOR WASTE ANALYSIS USING A HIGHLY 
LUMINESCENT DIPLATINUM (II) OCTAPHOSPHITE COMPLEX AS A HEAVY METAL 
DETECTOR .................................................................................................................. 32 

3.1  Introduction .............................................................................................. 32 

3.2  Experimental Methods ............................................................................. 35 

3.2.1  Synthesis of PtPOP ....................................................................... 35 

3.2.2  Absorption Studies ........................................................................ 36 

3.2.3  Photoluminescence Studies .......................................................... 36 



 v 

3.2.4  Quenching Studies ........................................................................ 37 

3.3  Results and Discussion............................................................................ 37 

3.4  Conclusion ............................................................................................... 46 

3.5  Acknowledgements .................................................................................. 46 
 
CHAPTER 4  BIOLOGICAL IMAGING UTILIZING PLATINUM POP AS A WATER-
SOLUBLE DYE ............................................................................................................. 47 

4.1  Introduction .............................................................................................. 47 

4.1.1  The Zebrafish as a Model for the Study of Human Forms of Cancer
 ...................................................................................................... 47 

4.1.2  Problems Associated with Autofluorescence ................................ 48 

4.1.3  Fluorescence Microscopy ............................................................. 49 

4.1.4  PtPOP Ion as a Potential Model for Biological Imaging ................. 50 

4.2  Materials and Methods............................................................................. 51 

4.2.1  Synthesis of PtPOP ....................................................................... 51 

4.2.2  Characterization of PtPOP ............................................................ 52 

4.2.3  Microscopy .................................................................................... 52 

4.2.4  Microinjection ................................................................................ 53 

4.2.5  Biological Organisms .................................................................... 53 

4.3  Results and Discussion............................................................................ 54 

4.4  Conclusions ............................................................................................. 66 

4.5  Acknowledgements .................................................................................. 67 
 
CHAPTER 5  CONCLUSIONS AND FUTURE WORK .................................................. 68 
 
REFERENCES .............................................................................................................. 71 
  



 vi 

LIST OF TABLES 

Page 

2.4.1  Crystallographic data for Pt-POP. ....................................................................... 19 

2.4.2  Selected bond lengths for Pt-POP ...................................................................... 20 

2.4.3  Lifetime data for solutions of Na- and K-PtPOP.................................................. 26 

2.4.4  Quantum yield data for solutions of NaPtPOP .................................................... 26 

2.4.5  Quantum yield data for solutions of KPtPOP ...................................................... 27 

 

  



 vii 

LIST OF FIGURES 

Page 

1.1.1  The Jablonski diagram. ........................................................................................ 1 

1.2.1  Ruthenium (II) complexes studied by Turro and Barton3. From left to right, they 
are Ru(bpy)3

2+, Ru(phen)3
2+, and Ru(DIP)3

2+ (bpy = 2,2’-bipyridine, phen = 1,10-
phenanthroline, DIP = 4,7-diphenyl-1,10-phenanthroline) .................................... 4 

1.2.2  Top: Core structure of rhodamine; Bottom: DAPI (4’,6-diamidino-2-phenylindole) 6 

1.3.1  Structure of cisplatin. ............................................................................................ 8 

1.3.2  A proposed mechanism for Cisplatin to intercalate to the DNA double-strand 
helix. ..................................................................................................................... 9 

2.4.1  General view of the dimer of the PtPOP anion. Dashed lines represent strong 
intramolecular O-H…OH- bonds. O5 and O7 oxygen atoms are disordered. ..... 17 

2.4.2  General view of the stacking of six PtPOP molecules. The blue circles represent 
potassium (K+) atoms. ........................................................................................ 18 

2.4.3  Concentration dependent absorption profile of the K+ form of PtPOP ............... 22 

2.4.4  Diffuse reflectance profile of the crystalline solid Na+ form of PtPOP. ................ 23 

2.4.5  Diffuse reflectance profile of 1 x 10-4 M solution of the Na+ form of PtPOP in a 1 
mm cuvette. ........................................................................................................ 23 

2.4.6  Excitation profile of NaPtPOP (10-3 M, ambient conditions) using both a square 
(black) and triangular (red) cuvette ..................................................................... 25 

2.4.7  Concentration-dependent excitation profile for solutions of the K+ form of PtPOP. 
Evaluated using a triangular cuvette and neutral density filter to avoid saturation 
of the detector. The apparent peaks surrounding 368 nm are a result of inner-
filter effect. .......................................................................................................... 25 

2.4.8  Intensity of the emission peak of PtPOP (λ = 515 nm) versus time, with 
introduction of O2 and N2. .................................................................................. 28 

2.4.9  Solid state luminescence spectra for NaPtPOP versus temperature .................. 29 

3.1.1  Structural representation of the PtPOP ion. ........................................................ 34 

3.3.1  Absorption changes of PtPOP upon addition of aqueous heavy metal ions ....... 38 



 viii 

3.3.2  Photoluminescence excitation (left) and emission (right) spectral changes of 
PtPOP upon quenching by Cu2+(λexc = 370 nm; λem = 514 nm) in 5 µL aliquots.
 ........................................................................................................................... 39 

3.3.3  Life time measurements plot of PtPOP by Cu2+, τo/τ vs. [Cu2+] ....................... 40 

3.3.4  Stern-Volmer quenching plot of PtPOP by Cu2+, Io/I vs. [Cu2+] ........................ 41 

3.3.5  Photoluminescence spectra of PtPOP quenching by Fe3+ ................................ 42 

3.3.6  Stern-Volmer quenching plot of PtPOP by Fe3+, Io/I vs. [Fe3+] ........................ 44 

3.3.7  Photoluminescence spectra (emission shown) of PtPOP quenching by Gd3+ 
(λexc = 368 nm; λem = 514 nm) in 10 µL aliquots. ............................................. 45 

4.1.1  Diagram of a fluorescent microscope ................................................................. 49 

4.3.1  Microinjection needle positioned at the yolk sac ................................................. 55 

4.3.2  Movement of PtPOP through the intestinal track of a 3-4 day old brine shrimp. 
Left to right shows expulsion of the phosphor. The top part of the picture is the 
anus end of the Artemia. .................................................................................... 56 

4.3.3  A calibration curve of K-PtPOP established to verify oxygen concentration in vivo.
 ........................................................................................................................... 57 

4.3.4  Left: DIC image of 4-day old Artemia Right: PtPOP filter image of 4-day old 
Artemia ............................................................................................................... 58 

4.3.5  Mouth region of larval clownfish immediately after incubation with PtPOP (top) 
and after 10 minutes at 7% O2 (bottom). ............................................................ 61 

4.3.6  Tail region of larval clownfish immediately after incubation with PtPOP (top) and 
after 10 minutes at 7% O2 (bottom). ................................................................... 62 

4.3.7  Cell viability studies of K-PtPOP. ........................................................................ 63 

4.3.8  Confocal microscopy images of E. coli incubated with PtPOP. A is the control, 
using only the microscope light; B is the control, exciting at a wavelength of 405 
nm; C is after 1 day of incubation, exciting at a wavelength of 405 nm; and D is 
after day 8 of incubation, exciting at 405 nm (Image courtesy of Dr. Sreekar 
Marpu, post-doctoral fellow, UNT) ...................................................................... 65 

4.3.9  Fluorescent microscope images of C. elegans showing the presence of PtPOP in 
the gut of the worm (Image courtesy of Mrs. Sophia Kinyanjui, graduate student, 
UNT) ................................................................................................................... 66 



 1 

CHAPTER 1  

INTRODUCTION 

1.1 Luminescence 

 Luminescence1 can be best described as the emission of light from a substance. 

It is the direct result of relaxation of an excited electron to the ground state. Promotion 

of this electron occurs from the singlet So (HOMO) to the singlet S1 (LUMO) orbital. 

Relaxation does not occur proportionately; rather, some of the energy is lost through 

intersystem crossing to a triplet (T1) state. Immediate relaxation to the So state is 

referred to as fluorescence, while relaxation from the triplet state is called 

phosphorescence. Phosphorescence typically possess a longer lifetime, while 

fluorescence is significantly shorter. The Jablonski diagram below1 accurately depicts 

the absorption, fluorescence, and phosphorescence radiative and non-radiative 

transitions.  

 

Figure 1.1.1 The Jablonski diagram. 
 

 Photoluminescence is the act of excitation through light; however, there are other 
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various forms of energy which may be utilized to provide promotion of the electron from 

the ground state to excited state. Chemiluminescence, for example, affords emission as 

a result of a chemical reaction. It also occurs mainly in gas or liquid phases, whereas 

photoluminescence occurs in gas, liquid, or solid phases. Bioluminescence is a naturally 

occurring process wherein a biological organism displays luminescence within its body. 

This display is often a result of some external stimulus. Such stimuli result in a chemical 

reaction within the body, so bioluminescence can also be regarded as a form of 

chemiluminescence. Autoluminescence is also referenced in biological organisms. It is 

the inherent emission that is present in most biological tissue. Its origins are debatable; 

however, it can be ascertained that the source is from the proteins present in tissues 

and organs. The excitation wavelength is quiet broad, as is the emission. Details 

regarding how to overcome such persistent emission are discussed later.  

 

1.2 Biological Imaging 

 Utilization of this “natural” emission has allowed researchers to study and 

understand processes at the cellular level using biological imaging2. While it is not as 

useful to study autoluminescence, studying the effects of molecular probes can be 

useful for therapeutic and diagnostic purposes. Molecular probes can be found in a 

variety of forms. The methodology to attach such probes in vivo is also varied. Quantum 

dots are a more popular form of probe; however, they possess a more incompatible 

nature within the body. Most quantum dots are made from biologically hazardous metals 

like Cd/Te or Cd/Se. They are also usually non-uniform in size (making it harder to 

image because of the differences in lifetimes) and often times need polymeric 
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encapsulation to minimize the toxicity to the human body. Fluorescent dyes are another 

popular source of material for biological imaging. Dyes encounter problems in that they 

often photobleach, possess short lifetimes, and are composed of toxic organic 

molecules. Rhodamine, for example, is a very useful dye that actively binds to proteins 

within the cell. It is not used in live cells, however, and the sample must be fixed before 

imaging. DAPI (4’,6-diamidino-2-phenylindole) (see Figure 1.2.2 for structural 

properties) is another fluorescent dye that binds within the cell to the DNA. While it can 

be used in live cells, its absorption is more effective in non-living samples. Thus, the use 

of dyes in vivo is severely limited because of the inability to image and maintain a living 

organism.  

 A more notable and rewarding technique used in biological imaging is that of 

cancer and pre-cancer screening. The development of fluorescent molecules which 

have an affinity for the surface proteins of a cancerous cell allows them to be tracked 

and imaged throughout the human body. While some of these molecules may not 

possess a natural affinity for the surface proteins, it is also possible to create structures 

which are modeled after pre-existing proteins. This methodology allows for the ease in 

uptake and attachment to the cellular surface.  

 Intracellular attachment is not necessarily the only way for a fluorophore to be 

imaged in vivo. Intercellular fluorescent molecules are also another technique that may 

be used to image an organism. Typically, these molecules bind to cellular organelles or 

are able to enter the nucleus and successfully bind to the DNA double-helix. The 

emission of such molecules can either be maintained, lost, or enhanced upon uptake 

and binding to DNA. One notable example of this is by a study conducted by Turro and 
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Barton3, in which they studied the photophysical effects of Ru(II) complexes upon 

interaction with DNA.  

They found that while Ru(bpy)3
2+ had little to no intercalation, Ru(phen)3

2+ and 

Ru(DIP)3
2+  had strong affinities for DNA. Intercalation is sensitive to ligand 

characteristics like planarity, the aromatic π-system available for stacking, and the 

depth that the ligand can penetrate into the double helix3. For the studied complexes, 

Ru(bpy)3
2+ is nonplanar, possesses a smaller π-system than in the other two ligands, 

and its penetration depth is not as evident. For these reasons, Ru(bpy)3
2+ had little 

intercalation in comparison to Ru(phen)3
2+ and Ru(DIP)3

2+ that have more extended 

planar π systems that are capable of DNA intercalation Their binding abilities were 

measured through photoluminescence studies and quenching studies. 

 

 

Figure 1.2.1 Ruthenium (II) complexes studied by Turro and Barton3. From 
left to right, they are Ru(bpy)3

2+, Ru(phen)3
2+, and Ru(DIP)3

2+ (bpy = 2,2’-
bipyridine, phen = 1,10-phenanthroline, DIP = 4,7-diphenyl-1,10-

phenanthroline) 
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While studies like these may be done at the cellular level, it is also possible to 

study the consumption and progress of a fluorophore as it is passed through a digestive 

system. Such fluorophores are oftentimes synthesized in the laboratory. Others are 

naturally occurring and derived from biological organisms, such as the case of green 

fluorescent protein (GFP). GFP was one of the first fluorescent proteins derived from 

jellyfish (Aequorea victoria) by Shimomura and co-workers in 19624. GFP is used as a 

bio-marker, and since it is a protein it is able to transformed into a traceable gene. The 

GFP gene has been shown to be expressed in a wide variety of modified organisms. 

Once the structure of GFP was determined, modified versions were also able to be 

prepared. Fluorescent proteins like yellow fluorescent protein (YFP) and red fluorescent 

protein (RFP) are such examples.   

Success for fluorescent proteins is ultimately based on the fact that they are 

biologically compatible. For phosphors that are synthesized in traditional organic or 

inorganic labs, the luxury of biocompatibility does not come often. Most inorganic 

phosphors are not water-soluble unless they are salts. Organic solvents are toxic and 

not considered to benign to the human body. To find a phosphor that is water-soluble 

with strong emission at ambient conditions opens the doors to many possibilities in vivo, 

as solvent toxicity is no longer a factor. Should the complex itself be toxic at the cellular 

level, many researchers have developed methods to improve biocompatibility. This is 

accomplished using entrapment within a bio-polymer matrix. Research in our group has 

shown such successes, and they are also deemed more feasible if the complex in 

question is also water-soluble (like chitosan).  

 



 6 

O +NH2H2N

Cl-

N
H NH2

NH

H2N

HN

 

Figure 1.2.2 Top: Core structure of rhodamine; Bottom: DAPI (4’,6-diamidino-
2-phenylindole) 
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1.3 Damaging DNA to Induce Cellular Death 

 Intercalation within the cellular nucleus may be beneficial, as noted above, for 

imaging. However, intercalation can also prove to be a targeted method to induce cell 

apoptosis, or death. Since the discovery of cisplatin, researchers have struggled to find 

and develop a molecule which can efficiently and specifically target cancerous cells.   

It can be said that the most important scientific discoveries came about through 

human error. A man’s errors, James Joyce said, are his portals of discovery. The 

importance of platinum (II) complexes in biology is one such example. Cisplatin (cis-

PtCl2(NH3)2) was first discovered by Barnett Rosenberg and his research group. 

Electrolysis of a platinum electrode produced cisplatin, and its evidence of cell division 

inhibition forever changed what we know and can discover about anti-cancer 

compounds. As effective as cisplatin was against certain forms of cancer, its 

applications could not be extended far enough to be considered the elusive “magic 

bullet” of cancer treatment. Thus, a whole army of new cis-Pt(II) complexes was 

developed by various research groups. Many of these complexes did not make it to be 

used in humans. And while others did, not all were useful against more than one type of 

cancer. These hurdles should not be considered as failures; rather, they are 

contributions to an overall cause that many continue to be passionate about. What we 

can gather is that a successful complex should have the following characteristics: 

 

1. Two cis amine groups must be present in the structure. 

2. Two cis leaving groups should also be found. 

3. Leaving groups should only be moderately easy to remove.  
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4. The complex should be a neutral species. 

5. The fewer alkyl substituents on amine ligands will generally result in greater 

anticancer activity.    

Cisplatin’s anticancer mechanism is widely debated. What is concluded, 

however, is that the Cl ligands are lost upon entrance into the cell. In order to be 

transported across the cellular wall, water molecules attach themselves to the now 

vacant spots of the molecule. Once across the wall, the water molecules are lost and 

the Pt center binds to the DNA double-strand. This binding produces a kink in the DNA, 

thus inhibiting further replication and tumor growth. The previously noted 5 

characteristics accurately describe what would be a most successful Pt(II) anti-cancer 

complex, and were developed based on the overall agreement of cisplatin’s role in the 

cell.  

 

 

Figure 1.3.1 Structure of cisplatin. 
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Figure 1.3.2 A proposed mechanism for Cisplatin to intercalate to the DNA 
double-strand helix. 

 

Despite this list, it has been very difficult to find a complex that is able to cure the 

vast majority of cancers. For one, there is no singular cancer cell. Different parts of the 

body will behave differently, thus it is nearly impossible to be able to target more than 

one type of cancer. Also, the Pt(II) drugs that have been developed (aside from 

cisplatin) are, for the most part, too toxic for a human to withstand for very long. Their 

non-localized attack of cells may damage the healthy surrounding tissues. Also, 

platinum is not easily released from the body through normal processes. Lingering 

heavy metals can cause further unintentional damage. 
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1.4 Overview of This Dissertation 

 Water-soluble Pt(II) phosphors have been investigated predominantly for 

photophysical studies. However, some Pt(II) complexes are known to be candidates for 

cisplatin alternatives used in chemotherapy of cancer. As cancer imaging and diagnosis 

are also worthwhile, discovering strategies to utilize phosphorescent molecules for 

these purposes are critical to enable trace cancerous conditions within the human body 

as they occur and progress. The breadth of this work seeks to find, or rather re-

discover, such a molecule for such biomedical applications as well as further 

fundamental phenomena and other environmental applications.  

 Chapter 2 of the dissertation describes the synthesis, characterization, and 

development of a phosphor which we hope can accomplish the lofty goals set forth for 

it. In order to determine the feasibility of the molecule to work in vivo, extensive in vitro 

testing needed to be done spectroscopically. Through the characterization process, we 

came across many special properties of this phosphor that could be expanded to other 

realms of inorganic chemistry and photophysics research.  

 Chapter 3 seeks to describe the expansion of the phosphor outside of its original 

purposes in biology. In this chapter, work using the phosphor as a heavy metal detector 

is discussed. These studies lay the foundation for possible use of the phosphor in 

bioanalytical and environmental studies, as it may be able to detect and remove toxic 

heavy metal ions from drinking water in order to deem it safe for human consumption. 

The water-solubility of the phosphor is important for this application, as it provides a 

biologically benign backdrop for heavy metal detection and remediation. 
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 Chapter 4 shows the emergence of the phosphor as a true candidate for use as a 

biological marker. The spectroscopic evidence discussed in Chapter 2 plays a key part 

in this biological application. Several species were studied in order to show that the 

phosphor can be further developed despite its believed toxicity. Biotoxicity will be less of 

an issue once the proposed entrapment into biocompatible polymers is accomplished. 

Finally, Chapter 5 contains the overall conclusions and some ideas for possible future 

expansions of the work in this dissertation. 

 The breadth of this work describes the development and application of a uniquely 

underappreciated yet long-known phosphor, “PtPOP”, so as to effect a renaissance in 

the investigation of this classic inorganic complex.  
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CHAPTER 2  

PLATINUM POP REVISITED: IMPROVED MICROWAVE-ASSISTED SYNTHESIS, 

STRUCTURE, AND CONCENTRATION-SENSITIZED TRIPLET EXCITATION† 

 

2.1 Introduction 

K4[Pt2(P2O5H2)].2H2O, affectionately known as “platinum  POP (Pt-POP),” is a 

well-studied dimeric Pt(II) complex that exhibits strong green luminescence at 515 nm 

from excitation at 368 nm. Pt-POP is water soluble, which gives the advantage of ease 

in solution studies. Its electronic properties are well understood and it has been long 

established that the strong emission is due to the interaction between the two Pt atoms. 

The emission has been shown to be temperature dependent (as a solid), has a long 

phosphorescent lifetime, and can be quenched by a variety of chemical quenchers. Pt-

POP has been complexed to other metals and inorganic complexes, and its counterions 

have been exchanged. These remarkable studies have shown so many facets of Pt-

POP, but have remained within the physical and chemical sciences.  

 Biological oxygen indicators are of high desirability in biotechnology.  

Luminescent probes based on small molecules have become indispensable tools in 

modern biology as they provide dynamic information concerning the localization and 

quantity of bio-molecules of interest without the need of genetic engineering of the 

sample. Compared to technologies like radioisotope labeling, Magnetic resonance 

imaging (MRI), electron spin resonance spectroscopy (ESR), and electrochemical 

                                            
† This chapter is presented in its entirety from Satumtira, N. T.; Marpu, S.; Elbjeirami, O.; Neogi, P.; Lon, 
T.; Nesterov, V.; Omary, M. A., “Platinum POP Revisited: Improved Microwave-Assisted Synthesis, 
Structure, Concentration-Sensitized Triplet Excitation, and Gas-Sensitive Luminescence in Aqueous and 
Biological Media.” In preparation with permission from its authors.   
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detection, fluorescence imaging has many advantages as it enables high sensitivity, 

non-invasive, and safe detection using readily available instruments. Different from 

organic fluorescence dyes, fluorescent metal based complexes have the fluorescence 

properties of long lifetime, large Stokes shifts, and sharp emission profiles. These 

properties are favorable for use in microsecond time-resolved fluorescence bioassays. 

However, fluorescence spectra of conventional fluorescence organic dyes suffer from 

detectable background noises caused by biological sample and the analysis instrument. 

This limits the effective application of fluorescence dyes for highly sensitive bioassays.  

 For our purposes, Pt-POP has several ideal characteristics. Its square planarity 

is a configuration which is highly desirable for biological Pt anticancer materials. The 

water solubility allows for ease of use in biological models, as well as potential 

incorporation into hydrogels. As we have investigated this complex, we have found 

several other ideal characteristics making it a more attractive potential biological model.  

Pt-POP phosphor can find very important biological application in detecting the anoxic 

cells compared to healthy cells due to its sharp sensitivity to oxygen. 

 

2.2 Synthetic Technique 

A modification was used for the synthesis. 0.4 grams of K2PtCl4 (or a molar 

equivalent of Na2PtCl6) and 1.5 grams of H3PO3 were combined into a 10 mL 

microwave reactor flask. Approximately 5 mL of Millipore water was added, and the 

flask containing the dark red slurry was sealed. The reaction was completed in 30 

minutes at 90˚C using a CEM Discover S-Class microwave reactor. The light brown 

solution was allowed to cool then moved to a watch glass which was placed into a 
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100˚C oven for the water to slowly evaporate. The yellow and green solids (it was found 

that the bubbling the solution with Ar before reacting helped uniform the solids to yellow, 

however this did not improve the yields) were washed first with ethanol then acetone in 

a fritted filter flask. The powder was allowed to dry overnight. Yields were approximately 

30-40 %. Light yellow crystals were grown by dissolving solid in a small amount of water 

and layering first methanol then acetone over the solution. 

 

2.3 Characterization 

2.3.1 Photoluminescence  

Steady-state luminescence spectra were acquired with a PTI QuantaMaster 

Model QM-4 scanning spectrofluorometer equipped with a 75-watt xenon lamp, 

emission and excitation monochromators, excitation correction unit, and a PMT 

detector. The emission spectra were corrected for the detector wavelength dependent 

response. The excitation spectra were also corrected for the wavelength dependent 

lamp intensity, but the correction was done only at λ > 240 nm due to the unreliability of 

the correction at shorter wavelengths at which the samples here absorb and the xenon 

lamp output is rather low. Long-pass filters were used to exclude light scattering due to 

the excitation source from reaching the detector. Lifetime data were acquired using a 

nitrogen laser interfaced with a tunable dye laser and a frequency doubler, as part of 

fluorescence and phosphorescence sub-system add-ons to the PTI instrument. The 

337.1 nm line of the N2 laser was used as the source of excitation. To study gaseous 

dependence, oxygen and inert gases were introduced into the solution via bubbling or 

gas blanket. Quantum yield values were determined using an integrating sphere 
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interfaced to the PTI spectrofluorometer. The following formula (17) was followed for 

calculations: 

𝜑 =  
Ei –  (1 – A)Eo

Le  ×  A
 

A = 
Lo −  Li

Lo
 

Where  Ei = integrated direct excitation profile of sample holder 

   Eo = integrated indirect excitation profile of sample holder 

   Le = integrated excitation profile of empty integrating sphere 

   Li = integrated direct excitation of sample  

   Lo = integrated indirect excitation of sample 

 

2.3.2 Absorption and Diffuse Reflectance 

Absorption and diffuse reflectance studies were conducted on a dual-beam 

Perkin Elmer Lambda 900 UV-Vis-NIR system. Absorption studies were completed 

using 1 cm quartz cuvettes in Millipore water. Diffuse reflectance measurements took 

place using 1 mm quartz cuvettes, as well as a solid-state filter paper mount.    

2.3.3 NMR 

1H-, 31P-, and 195Pt- NMR spectra were collected using a Varian 500 MHz 

spectrometer (for both high resolution and solid state NMR) with 5 NMR probes. All 

experiments were conducted in D2O. A solution of 85% phosphoric acid (H3PO4) was 

used for reference of 31P-NMR. A 1.2 M solution of Na2PtCl6 was used for the reference 

of 195Pt-NMR. 
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2.3.4 Single Crystal X-Ray Crystallography 

Crystal structure determination was carried out using a Bruker SMART APEX2 

CCD-based X-ray diffractometer equipped with a low temperature device and Mo-target 

X-ray tube (wavelength = 0.71073 Å). Measurements were taken at 100[2] K. Data 

collection, indexing, and initial cell refinements were carried out using APEX2, frame 

integration, and final cell refinements were done using SAINT. The molecular structure 

of the compound was determined using direct methods and Fourier techniques, and 

was refined by full-matrix least-squares. A multiple absorption correction, including face 

indexed absorption correction, was applied using the program SADABS. All non-

hydrogen atoms were refined anisotropically. Hydrogen atoms of the OH groups in the 

anion were found from difference Fourier synthesis but in the final refinement their 

positions were idealized and were refined as riding atoms. H atoms in the CH3OH 

molecule were not localized because the molecule is disordered. Structure solution, 

refinement, graphics and generation of publication materials were performed using 

SHELXTL software. 

 

2.4 Results and Discussion 

 PtPOP possesses a square planar conformation, with two platinum centers. The 

axial positions remain open, and have been shown to be able to coordinate to other 

halides such as Br or Cl. Such coordination, however, will change the oxidation state of 

platinum from +2 to +1, and also disrupts the relationship between the two metal 

centers. This disruption alters the luminescence, so that in such complexes there are no 

photonic applications. Rather, it has been suggested that they may be used for other 



 17 

electron transport mechanisms. No other reports, however, have been produced with 

such results. The stacking of PtPOP molecules alternates with counter ion potassium. 

The distances are relayed in Table 2.4.2.  

 

Figure 2.4.1 General view of the dimer of the PtPOP anion. Dashed lines 
represent strong intramolecular O-H…OH- bonds. O5 and O7 oxygen atoms 

are disordered. 
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Figure 2.4.2 General view of the stacking of six PtPOP molecules. The blue 
circles represent potassium (K+) atoms.
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Table 2.4.1 Crystallographic data for Pt-POP.  

Empirical formula CH12K2O21P8Pt2  
Chemical formula, moiety 2(H4KO10P4Pt), CH3OH 
Formula weight (g/mol) 1076.25 

T (K) 100(2) 
Crystal system Orthorhombic 
Space group Cmcm 

a (Å) 9.5995(13) 
b (Å) 31.951(5) 
c ( Å) 7.7700(10) 

α (deg) 90 
β (deg) 90 
γ (deg) 90 
V ( Å3) 2383.2(6) 

Z 4 
μ (mm-1) 12.703 

λ (Å) 0.71073 
Collected reflns 14694 
Unique reflns 1497 

Rint 0.0417 
GOF 1.021 

R1 [I>2σ(I)] 0.0206 
wR2 (all data) 0.0569 
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 Table 2.4.2 Selected bond lengths for Pt-POP 

Pt(1)-P(2)  2.2922(14) 
Pt(1)-P(3)  2.3125(16) 
Pt(1)-P(1)  2.3208(11) 

Pt(1)-Pt(1)#1  2.9513(5) 
P(1)-O(1)  1.516(3) 
P(1)-O(2)  1.577(3) 
P(1)-O(3)  1.6237(18) 
P(2)-O(4)  1.547(3) 
P(2)-O(5)  1.627(3) 
P(3)-O(6)  1.504(4) 
P(3)-O(7)  1.652(4) 

P(1)#5-K(1)-P(1)  90.29(3) 

 

Slight differences in the crystal structure are a direct result of a more 

sophisticated re-crystallization technique (see Figures 2.4.1 and 2.4.2 for structural 

conformation). Previous papers reported that crystals were obtained by slow 

evaporation of water from a concentrated solution. Attempts at this strategy proved 

futile. Decomposition of the solid consistently occurred before all of the solvent could be 

evaporated. In lieu of this technique, we attempted a solvent layering technique, in 

which a concentrated solution of PtPOP was placed into a vial, and a significantly larger 

volume of first methanol then acetone was layered on top, so that the solvents did not 

immediately mix. Over the course of a week, the solvents slowly came together, and as 

the solubility decreased, small crystals were able to be grown. These solvents are also 

evident in the crystal structure itself. Nonetheless, the core structure of the molecule 

was consistent with what had been previously reported. 

 The synthetic technique developed herein does not afford any advantages in 

terms of yield. However, the strategy is much easier to control than that of what had 
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been previously reported. Microwave reactors provide a more comfortable environment 

in which to complete the benchwork. The traditional method of a steam bath can be 

difficult to maintain a consistent temperature, and the need to refill the connected water 

bath slows down the reaction time significantly. This is reflected in the past publications, 

wherein the reaction time took twenty-four hours to complete. Utilizing microwaves, 

however, where the energy source is consistent and not interrupted, the reaction time is 

reduced to hours (one to two, depending on the size of the syntheses). Microwave 

chemistry is typically used for solvents that are polar, as they are able to rotate when 

the electric field is applied. Water is a highly desirable solvent for such reactions, as it’s 

polarity is very high and thus it’s response to microwaves is significant in comparison to 

other non-polar solvents like hexanes. This characteristic makes microwave synthesis 

the more ideal method to synthesize PtPOP, and with more focus on other reaction 

parameters, the yields can improve.  Like what had been previously noted, purging the 

solution with nitrogen or argon produces a uniform light yellow-colored solid. Other 

observed solid colors were green and a less frequent purple. The color, however, did 

not have any impact on the solution or its electronic properties. 

  Absorption studies of PtPOP showed one main absorption band centered at 368 

nm (see Figure 2.4.3). At higher concentrations (10-3 M), a smaller peak at 450 nm was 

also observed. The dominant peak represents the spin-allowed transition, while the 450 

nm peak represents the spin-forbidden transition. As concentration decreases, the spin-

allowed peak remains. This is also observed in diffuse reflectance studies of dilute 

solutions. Diffuse reflectance studies utilizing the crystalline solids also confirm the 
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dominant peak at 368 nm but the spin-forbidden process significantly gains relative 

intensity vs. solution (compare Figures 2.4.4 and 2.4.5).  
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Figure 2.4.3 Concentration dependent absorption profile of the K+ form of 
PtPOP 
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Figure 2.4.4 Diffuse reflectance profile of the crystalline solid Na+ form of 
PtPOP. 
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Figure 2.4.5 Diffuse reflectance profile of 1 x 10-4 M solution of the Na+ form 
of PtPOP in a 1 mm cuvette. 
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 Interestingly enough, the absorption profile of more concentrated solutions (10-3 

M) are expected to predict an accurate description of the excitation profile when studied 

in photoluminescence. On the contrary, solutions of high concentration provide an 

excitation profile that clearly displays evidence of inner-filter effects. Inner filter effects 

arise from the process of self-absorption of the molecule, particularly at high 

concentration. Not all of the excited light is able to permeate uniformly throughout the 

solution at higher concentrations. Also, some of the light emitted may be re-absorbed by 

the molecule itself. Such effects display in accurate excitation profiles.  Broadening of 

the spin-allowed transition (368 nm) is a prominent feature of the excitation profile, 

sometimes accompanied by other apparent peaks with exaggerated intensities at 

shorter or longer wavelength in highly-concentrated solutions. In order to at least 

partially ameliorate this, measurements were performed in a triangular cuvette, so that 

the edge of the cuvette is oriented 45º to the incident beam and the excitation light path 

is reduced. At this position, the excitation light is able to permeate deeper into the 

solution, and the resulting emission is still feasible to be collected. Such differences can 

be observed in Figure 2.4.6, wherein the black spectrum represents the excitation 

profile with a square cuvette, and the red spectrum is upon using a triangular cuvette. 

As expected, the peak at 368 is present only when the inner-filter effect5 is minimized 

with the triangular cuvette. Slight dilutions decrease the broad peak, and a 10-fold 

dilution affords the once again familiar sharp peak at 368 nm, as shown in Figure 2.4.3.  
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Figure 2.4.6 Excitation profile of NaPtPOP (10-3 M, ambient conditions) 
using both a square (black) and triangular (red) cuvette 
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Figure 2.4.7 Concentration-dependent excitation profile for solutions of the 
K+ form of PtPOP. Evaluated using a triangular cuvette and neutral density 

filter to avoid saturation of the detector. The apparent peaks surrounding 368 
nm are a result of inner-filter effect. 
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Photoexcitation at this spin-allowed peak results in a green emission centered 

around 515 nm. Excitation at the spin-forbidden peak of 450 nm will also produce an 

emission peak at 515 nm. The spin-forbidden peak diminishes quickly as concentration 

decreases. Lifetime values indicate that there is no correlation between excitation 

sources, however once the spin-forbidden wavelength disappears, obtaining a lifetime 

value at that point is impossible. Lifetimes are also not dependent on the concentration 

of the ion.  

 

Table 2.4.3 Lifetime data for solutions of Na- and K-PtPOP 

Sample λ exc = 445 nm (ns) λ exc = 366 (ns) 
K 1 x 10-3 M 925.2 951.6 
K 5 x10-4 M 886.3 962.2 
K 1 x 10-4 M 1048 1111 
K 1 x 10-5 M n/a 1242 
Na 5 x10-4 M 902.6 928 
Na 1 x 10-4 M 1134 1249 
Na 1 x 10-5 M n/a 1135 

 
 

Table 2.4.4 Quantum yield data for solutions of NaPtPOP 

Experiment (λ exc (nm)) Φ 

Air (368) 0.10258 

N2 (368) 0.1962 

O2 (368) 0.03698 

Air (450) 0.20496 

N2 (450) n/a 

O2 (450) n/a 
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Table 2.4.5 Quantum yield data for solutions of KPtPOP 

Experiment (λ exc (nm)) Φ 

Air (368) 0.12073 

N2 (368) 0.25236 

O2 (368) 0.0327 

Air (450) 0.10731 

N2 (450) n/a 

O2 (450) n/a 
 

 

 Referring to Table 2.4.3, lifetime values do not differ drastically whether exciting 

at the spin-allowed (366 nm) or spin-forbidden (445 nm) excitation peaks. This 

inherently shows that the energy released upon relaxation to the ground state is 

independent of any extreme intersystem crossing mechanisms. Should such 

mechanisms exist, the observed lifetime values would have been statistically different.  

 Quantum yield data (Tables 2.4.4 and 2.4.5) exhibit an expected trend. At normal 

conditions, quantum yield is approximately 10% for solutions of 10-3 M. This is true for 

both K- and Na- PtPOP, as well as at both excitation wavelengths of 368 and 450 nm. 

Purging the solutions with N2 for 10 minutes nearly doubles the quantum yield of the 

solutions at the spin-allowed excitation. These values, however, are different from those 

of previously published work6. Nagle and co-workers were able to obtain a quantum 

yield value of 0.52, relative to quinine sulfate, for a de-oxygenated solution of KPtPOP. 
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Using similar approaches, we were able to calculate a relative quantum yield value of 

58.5%. However, the spin-forbidden excitation produces a quantum yield value 

indicative of non-existence. Purging the solutions with O2 for 10 minutes produces the 

opposite effect, as the quantum yield is drastically decreased in the case of the spin-

allowed excitation.   

 The introduction of inert gases like N2 and Ar into dilute solutions of PtPOP (both 

Na+ and K+ ions) produces an enhancement in emission intensity. As shown in Figure 

2.4.8, intensity increases nearly 8 times, and lifetime values also increase 4 times in 

strength. This enhancement is reversible with introduction of O2.  
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Figure 2.4.8 Intensity of the emission peak of PtPOP (λ = 515 nm) versus 
time, with introduction of O2 and N2. 
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 Solid-state data for the NaPtPOP molecule were also collected (Figure 2.4.9). In 

the solid form, the excitation wavelength of PtPOP blue shifts slightly to 425 nm (in 

comparison to 368 nm for the solution). Exciting at 425 nm results in an emission peak 

at 485 nm. This is also in stark contrast to an emission peak at 515 nm when in solution.  
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Figure 2.4.9 Solid state luminescence spectra for NaPtPOP versus 
temperature 
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 By varying the temperature (see above Figure 2.4.9) the intensity of the 

excitation and emission peaks increases. There are slight red shifts for the emission 

peak, as temperature increases. These shifts are a result of unresolvable vibronic 

transition changes within the emission spectra. The sensitivity of the detector does not 

allow for a more detailed description of the present transitions. The emission profile is 

similar in appearance to that of the concentration solution (10-3 M NaPtPOP, Figure 

2.4.6).  

 

2.5 Conclusions 

 A new synthetic method was developed for both the Na+ and K+ salts of PtPOP, 

a well-studied phosphor. The enhancement of the emission peak in the presence of an 

inert gas like N2 or Ar was observed, and elicited for biological purposes. Lifetime 

values showed that there is no dependence upon what wavelength is used to obtain the 

major emission peak. The spin-allowed transition (368 nm) and spin-forbidden transition 

(450 nm) are both capable of producing the title emission peak of 515 nm. Inner filter 

effects are present at higher concentrations of the phosphor (10-3 M) but these effects 

are removed upon the use of a triangular cuvette. Further dilution of the solution may 

also remove the inner filter effects. Quantum yield calculations show that in the 

presence of N2, the quantum yield is enhanced when excited with 368 nm. The opposite 

is also true when in the presence of O2. However, when exciting with the spin-forbidden 

peak, such trends are not as easily decipherable. Differences between previously 

published work and what was obtained in this study can be distinguished by the 

technique in which they were calculated. Relative quantum yield (to quinine sulfate) 
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calculations were higher for de-oxygenated solutions (0.52). In our case, the absolute 

quantum yield of a purged solution was 0.25.    

By eliciting these properties of PtPOP, the authors hope to develop in vivo 

establishment of PtPOP as a phosphor that is capable of early-stage cancer cell 

detection. This hypothesis is based upon the inherent knowledge that cancerous cells 

often exist in a locally anoxic environment, due to their metabolic activity. In 

comparison, healthy cells have a higher oxygen concentration, as they develop 

normally. Studies involving worms (C. elegans), fish (D. rerio, S. ocellatus), and bacteria 

(E. coli) have begun, and are currently being refined to show the viability of PtPOP as a 

biomarker for cancerous cells.  
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 CHAPTER 3  

NOVEL METHOD FOR WASTE ANALYSIS USING A HIGHLY LUMINESCENT 

DIPLATINUM (II) OCTAPHOSPHITE COMPLEX AS A HEAVY METAL DETECTOR** 

 

3.1 Introduction 

 K4[Pt2(P2O5H2)].2H2O, referred to as “Platinum POP” (or PtPOP), is a well 

studied dimeric Pt(II) complex, with an interesting molecular structure (Figure 1).  The 

original synthesis first published by Sadler, et al.7 eluded to a highly emissive, water 

soluble phosphor whose bright green emission at 515 nm was elicited by excitation at 

368 nm.  Though originally thought to be a complex synthesized much earlier8, the 

attributed to the intramolecular interactions between the two platinum atoms. 

Absorbance spectra showed two bands at 367 and 452 nm (much weaker in intensity 

than the band at 367 nm), which were assigned to the 1A2u  1A1g and 3A2u  1A1g 

transitions, respectively9.  Upon excitation of an aqueous solution at these wavelengths, 

a corresponding photoluminescent emission centered roughly at 515 nm was observed.  

Chemical quenching of the emission of PtPOP has also been observed by Peterson, et 

al. 10.  Though these studies were mostly limited to salts with controlled solution acidity 

and ionic strength, as quenchers, it has also been found that complexation of PtPOP 

with certain metals will extinguish the bright emission.  The biological importance of 

PtPOP has also being investigated11 due to the oxygen sensitivity and water solubility of 

                                            
** This chapter is presented in its entirety from Satumtira, N. T. et al., ”Novel Method for Waste Analysis 
Using a Highly Luminescent Diplatinum (II) Octaphosphite Complex as a Heavy Metal Detector”. 
Advances in Materials Science for Environmental and Nuclear Technology II: Ceramic Transactions 2011, 
227 with permission from Wiley.   
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PtPOP.  Such characteristics make it a potentially successful candidate for use in 

biological imaging.  

 Studies by the Nagle group indicated that heavy metal ions in aqueous solutions, 

such as Tl+, Ag+, Pb2+, and Sn2+, can complex with PtPOP changing the emission 

profile12.  Structurally, the Pt(II) atoms in PtPOP possess a square planar orientation.  

The feasibility for another metal ion to complex with PtPOP is facile, as there is an open 

axial position available for bond formation.  In the case of Tl+ (as reported by Nagle, et 

al. 13), the changes are attributed to the formation of luminescence exciplexes between 

the metal ion and the lowest energy triplet excited state of Pt2*  resulting from metal-

metal bonding between the reactants.  The half-filled σ* (5dz
2) and σ (6pz) orbitals of 

Pt2* interact at the axial site with the filled 6s and empty 6pz orbitals of Tl+ respectively 

forming a covalent bond between Pt2*and Tl+.14  The reaction of silver ion with PtPOP is 

very similar to that of thallium ion.15  Lead and tin have also been documented in their 

interactions with PtPOP.  The reaction of Pb2+ and Sn 2+ with PtPOP has resulted in the 

disappearance of the 368 nm band of Pt2 and the appearance of broad absorption 

bands located at 393 nm and 550 nm. This behavior can be explained by the metal to 

metal charge transfer (MMCT) from Pt2 to Pb2+ and Sn2+.16  Unlike Tl+, which forms 

exciplexes and interacts only weakly with Pt2 in the ground state, tin and lead divalent 

cations interact strongly with Pt2 in the ground state and lead to quenching of the *Pt2 

phosphorescence. 16  The difference in the behavior of the metal ions can also be 

explained by their difference in reduction potentials.  Tl+/Tl0 has a value of -1.94 ± 0.05 

V (versus NHE) in comparison to Pb2+/Pb+ (-1.0 ± 0.1 V versus NHE).  The quenching of 

Pt2+/*Pt2 (-1.6 ± 0.2 V) is exothermic with Pb2+ but endothermic by Tl+. This explanation 
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demonstrates that the Tl+ will not directly quench the emission from PtPOP; rather, it will 

interact directly with the excited state. 5   

The quenching PtPOP by the compounds provides for convenient on-site heavy 

metal sensing using a portable UV lamp.  PtPOP is soluble in water which makes this 

application simple and realistic. While the reaction with these four metals has been well 

documented, it provides a limited scope of PtPOP’s properties.  The reactions of PtPOP 

with several multivalent metals that have not been tested as of yet, such as gadolinium, 

mercury, iron, copper and cobalt, will be investigated. This utilization of the properties of 

PtPOP can be especially valuable in fields dealing with heavy metal contaminated 

waste, such as the metal and ceramic industries. 

 

 

Figure 3.1.1 Structural representation of the PtPOP ion. 
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3.2 Experimental Methods 

All chemical reagents were purchased via commercial resources. Potassium 

tetrachloroplatinate was purchased from Pressure Chemical Co. and hypophosphorous 

acid was purchased from Sigma Aldrich. Pb(NO3)3 and Gd(NO3)3 were purchased from 

Sigma Aldrich. Gd(C2H3O2)3 and Cu(NO3)3 were purchased from Alfa Aesar. Co(NO3)3 

was purchased from Mallinckrodt Baker. Hg(C2H3O2) was purchased from MCB 

Reagents. Millipore © water was used throughout the experiment. 

3.2.1 Synthesis of PtPOP 

 A novel synthetic approach was developed with shortened reaction time and no 

loss in yield11. Modifications of previously published syntheses were utilized7, 9. 0.4 

grams of K2PtCl4 and 1.5 grams of H3PO3 were combined into a 10 mL microwave 

reactor flask. Approximately 5 mL of Millipore water was added, and the flask containing 

the dark red slurry was sealed. The reaction was completed in 30 minutes at 90˚C using 

a CEM Discover S-Class Microwave Reactor. The light brown solution was allowed to 

cool then moved to a watch glass which was placed into a 100˚C oven for the water to 

slowly evaporate. The yellow and green solids (it was found that the bubbling the 

solution with Argon before reacting helped uniform the solids to yellow, however this did 

not improve the yields) were washed first with ethanol then acetone in a fritted filter 

flask. The powder was allowed to dry under vacuum overnight. Yields were 

approximately 30-40 %. Light yellow crystals were grown by dissolving solid in a small 

amount of water and layering first methanol then acetone over the solution. 



 36 

3.2.2 Absorption Studies 

 Absorption experiments were carried out on a Dual-beam Perkin Elmer Lambda 

900 UV-VIS-NIR system using 1 cm quartz cuvettes in Millipore © water. Spectra were 

measured before and after addition of aqueous heavy metal ions (Pb2+: 2.4 x 10-2 M, 

Gd3+: 2.36 x 10-2 M, Fe2+: 2.34 x 10-4 M, Cu2+: 2.78 x 10-2 M, Co2+: 1.75 x 10-2 M) to 

aqueous solutions of PtPOP (2.82 x 10-5 M).  The ratios were determined by relating the 

absorbance of each heavy metal ion to PtPOP and diluted accordingly to achieve 

comparable values. The solutions were first purged in nitrogen gas for 20 minutes 

before testing. 

3.2.3 Photoluminescence Studies 

 Steady-state luminescence spectra were acquired with a PTI QuantaMaster 

Model QM-4 scanning spectrofluorometer equipped with a 75-watt xenon lamp, 

emission and excitation monochromators, excitation correction unit, and a PMT 

detector. The emission spectra were corrected for the detector wavelength dependent 

response. The excitation spectra were also corrected for the wavelength dependent 

lamp intensity, but the correction was carried out at λ > 240 nm due to the unreliability of 

the correction at shorter wavelengths at which the samples here absorb and the xenon 

lamp output is rather low. Long-pass filters were used to exclude light scattering due to 

the excitation source from reaching the detector. Lifetime data were acquired using a 

nitrogen laser interfaced with a tunable dye laser and a frequency doubler, as part of 

fluorescence and phosphorescence sub-system add-ons to the PTI instrument. The 

337.1 nm line of the N2 laser was used as the source of excitation. 
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3.2.4 Quenching Studies 

 Aqueous heavy metal ions (~8x10-5 M) were carefully titrated in 5µL aliquots, 

reaching a total of 1 mL, into aqueous solutions of PtPOP (~5x10-6 M, 2.5 mL). 

Emission, excitation, and lifetime values (described in detail previously) were recorded 

after the addition of each aliquot. Using the Stern-Volmer equation (see Equation 1), 

quenching constants were calculated and evaluated. 

 

][1][1 QKQk
F
F

Doq
o

+=+= τ
         Equation 1.17 

 

Where Fo and F = fluorescence intensities in the absence and presence of quencher,  

kq = bimolecular quenching constant, τ0 = lifetime of the fluorophore in the absence of 

quencher, and Q = concentration of quencher. The Stern-Volmer quenching constant is 

given by KD= kqτο. 

Plots of Fo/F vs. [Q] were generated.   

 

3.3 Results and Discussion 

 The absorbance profile of PtPOP changes after the addition of the various heavy 

metals. Before addition of any heavy metal, PtPOP has a maximum absorbance at 368 

nm (attributed to the allowed transition 1A1g  1A2u 
18). Upon the addition of the cations, 

this peak either disappears and is replaced by another peak, or shifts slightly (Figure 2). 

In the case of Gd3+, Cu2+, and Co2+, absorbance at 368 nm appears to be weaker in 

intensity. The interactions of PtPOP with Ag+ resulted in formation of a precipitate with 

corresponding disappearance in emission. Precipitation is a strong indicator of 
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agglomeration and formation of metallic silver. Our observations indicate that this may 

be a possibility. The addition of Pb2+ to PtPOP resulted in the disappearance of the 

absorption at 368 nm and the formation of a peak at 380 nm and broad shoulder 

centered at 550 nm. Similar behavior has also been observed by Nagle, et al.11 In their 

study, the drastic change in absorbance has been attributed to strong ground state 

interactions between the metal ion and PtPOP. 12a  Similarly, in the addition of Fe2+ to 

PtPOP, one can observe a broad peak at 360 nm. The quenching of the Pt2 peak and 

the formation of new peaks can be attributed to ground state metal-metal interactions of 

the metal ions with Pt at the axial site of Pt2. 12 
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Figure 3.3.1 Absorption changes of PtPOP upon addition of aqueous heavy 
metal ions 

  



 39 

 

 Photoluminescence spectroscopy revealed that the emission of PtPOP is easily 

quenched upon addition of Cu2+, Gd3+, or Fe3+. Emission quenching of PtPOP by Cu2+ 

was plotted (Figure 3.3.2). 
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Figure 3.3.2 Photoluminescence excitation (left) and emission (right) spectral 
changes of PtPOP upon quenching by Cu2+(λexc = 370 nm; λem = 514 nm) 

in 5 µL aliquots.  
 

The above graph showed continuous drop in the emission and excitation 

intensity of Pt2 upon sub-molar addition of Cu2+ ions.  To determine the type of 

quenching, lifetime measurements were conducted with different quencher 

concentrations.  A plot of τ0/τ versus different copper II concentrations showed a straight 

line implying a dynamic quenching (Figure 3.3.3).19  The life time for PtPOP, το was 

2.892 µs.



 40 

0.0 5.0x10-7 1.0x10-6 1.5x10-6 2.0x10-6 2.5x10-6 3.0x10-6 3.5x10-6 4.0x10-6

1.0

1.2

1.4

1.6

1.8

2.0
Plot of τ0/τ versus [Cu(C2H3O3)3] 

 

 

τ 0
/τ

[Cu II] in M
Equation y = a + b*x
Adj. R-Square 0.98149

Value Standard Error
I Intercept 0.84152 0.04435
I Slope 286099.69643 19598.089

 

Figure 3.3.3 Life time measurements plot of PtPOP by Cu2+, τo/τ vs. [Cu2+]
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Figure 3.3.4 Stern-Volmer quenching plot of PtPOP by Cu2+, Io/I vs. [Cu2+]
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In order to determine the quenching rate constant kq, the Stern-Volmer equation of the 

reaction of PtPOP with the copper (II) acetate was plotted (Figure 3.3.4) 

 

The slope of the Stern- Volmer constant was K= ο.kq = 1.139 106 M-1.  The 

quenching rate constant kq for Cu2+ ions was then determined to be: 

11 1 13.94 10  Mq
Kk s
τ

− −

Ο

= =
. 

 

Quenching of PtPOP by Fe(III)  was treated in a similar fashion (see Figure 3.3.5). 
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Figure 3.3.5 Photoluminescence spectra of PtPOP quenching by Fe3+  
(λexc = 370 nm; λem = 514 nm) in 5 µL aliquots. 
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The above graph showed that the intensity of the Pt2 peak decreased by 70 % 

upon addition of 140 µL of Fe(NO3)3. Life time measurements of PtPOP were 

experimentally determined to be ο = 3.00 10-6 s. The slope of the Stern-Volmer plot of 

the PtPOP with Iron (III) nitrate (Figure 7) was K= 1.094 106 M-1.  Therefore, the 

quenching rate constant was determined to be:  
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Figure 3.3.6 Stern-Volmer quenching plot of PtPOP by Fe3+, Io/I vs. [Fe3+] 
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The quenching rate constant of Iron III ions was similar to that of Copper II ions. 

The fact that the quenching rate constant of iron and copper ions was higher than  

1010 M-1s-1  indicates some type of binding interaction between the fluorophores and the 

quencher.19  

 

In a similar fashion, aliquot volumes of gadolinium (III) acetate were titrated with PtPOP 

(Figure 3.3.7) 
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Figure 3.3.7 Photoluminescence spectra (emission shown) of PtPOP 
quenching by Gd3+ (λexc = 368 nm; λem = 514 nm) in 10 µL aliquots. 
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The quenching rate constant of gadolinium acetate with PtPOP was determined 

to be  

kq= 8.20 1011 M-1s-1.  The results are in line with the other metal ions tested. 

 

3.4 Conclusion 

The addition of various heavy metal ions to aqueous solutions of PtPOP provided 

a rainbow of results, both in quenching values and physical characteristics observed.  It 

can be said, however, that any addition of heavy metals resulted in the quenching of 

emission from PtPOP, and the disappearance of the bright green phosphor of Pt2.  

While the investigation had shed the light on the use of PtPOP as possible heavy metal 

detector in aqueous solutions, further studies on the quenching mechanism is yet to be 

determined.   
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CHAPTER 4  

BIOLOGICAL IMAGING UTILIZING PLATINUM POP AS A WATER-SOLUBLE DYE 

 

4.1 Introduction 

4.1.1 The Zebrafish as a Model for the Study of Human Forms of Cancer 

 The zebrafish (Danio rerio) is a model in studies of cancer growth and 

development. Its popularity is due in part to the genetic similarities between fish and 

human, as well as its physical appearance in the larval stage. Distinct advantages of the 

zebrafish arise from the evolutionary conservation of genetic pathways implicated in 

cancer that are shared between fish and humans coupled to the unique attributes of 

zebrafish as a tool for modeling human disease and analyzing the underlying cellular 

processes20. Larval zebrafish are transparent, thus making them convenient to use in 

microscopy, especially for in vivo fluorescent work. In fact, until the development of the 

“Casper” zebrafish21, which as the name indicates, is indeed a pigment-deficient fish, in 

vivo studies of the fish were limited to the early stages of development. Aside from that, 

sacrifice and histological studies were the only means to view any fluorescent matter 

within the body of the fish upon the onset of pigmentation. Larval zebrafish, however, 

are easily obtainable due to the ease of raising and breeding the adult fish. The 

consistency and efficiency of zebrafish to rapidly reproduce assures a regular supply of 

embryos. Developmentally, larval fish are also quite simple. Because the major 

pigmentation is found from the blood cells within the vessels, it is easy to study the 

uptake of a molecule for imaging. If the molecule is taken into the vessel itself, a color 
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change would be observed. On the other hand, if the molecule was absorbed into any 

outer vein region, it would also be observable because of the transparency of the fish.  

 

4.1.2 Problems Associated with Autofluorescence 

 Autofluorescence is the inherent nature of biological tissue to emit fluorescent 

upon excitation by some wavelength of light. The exact emission and excitation 

wavelengths are difficult to pinpoint, but in several cases it is understood to broadly 

span most of the visible spectrum22. Collagen, which is present in animal skin, 

fluoresces green. Chlorophyll by-products can also fluoresce red, as is the case in 

plants (coral being the exception). However, the intensity of such autofluorescence is 

very low23. The degree of autofluorescence varies by species. It has been suggested 

that to reduce autofluorescence, one may use a variety of methods24. Chemically, one 

may select growth media and pH to quench autofluorescence. Spectroscopically, it may 

also be useful to select narrow-band filters as to limit imaging to the phosphor of 

interest. Exciting with wavelengths in the near-infrared (NIR) region may also be helpful, 

as there is less autofluorescence in that region. Were the microscope attached to a 

fluorometer, it may also be possible to utilized time-resolved imaging. The lifetime of 

autofluorescence is short, and intensity low. Therefore, if you are able to pinpoint the 

start delay of the fluorophore to be studied, it is possible to excited at that particular 

point in time and completely avoid accessing the excitement of the autofluorescence 

source.  
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4.1.3 Fluorescence Microscopy 

The engineering of fluorescent microscopes is based on both fluorometers and 

traditional upright microscopes (See Figure 4.1.1).  

 

Figure 4.1.1 Diagram of a fluorescent microscope 
 

 In order to isolate the wavelength exciting the specimen, and also to detect only 

the emission of the fluorophore, two filters (referred to together as “dichroic”) are 

housed within a compartment known as a “cube”. Each cube is designed specifically for 

the molecule. The light source of the microscope passes through the initial excitation 

filter, thus allowing only an isolated range of wavelengths to pass through (the range 

can be either broad or narrow). Once this filtered light reaches the specimen, the 

fluorescence is collected by passing the emitting light through the emission filter. This 



 50 

signal is then sent to the detector and subsequently the eyepiece, so that the viewer 

may see the bright colors displayed by the specimen.  

 

4.1.4 PtPOP Ion as a Potential Model for Biological Imaging 

 The well studied ion [Pt2(P2O5H2)4]2- (presented in Chapter 2 with K+ and Na+ 

counterions) is a water-soluble square planar complex with a bi-metallic Pt core7, 9, 25. 

The unique spectroscopic properties of this complex make it of great interest for this 

study. A water-soluble phosphor eliminates any toxic properties generally associated 

with complexes that are only soluble in organic solvents. This does not, however, limit 

the toxicity of the molecule in vivo, as solubility is not the only factor in determining 

biotoxicity. The intense green emission (localized at 515 nm) is dependent upon the 

interaction between the Pt atoms. Any disruption of this interaction (by complexation 

with a halide, for example26) causes the emission to disappear. The corresponding 

excitation wavelength of 368 nm represents the spin-allowed transition of PtPOP. At 

higher concentrations, the spin-forbidden transition may also be observed at 450 nm. 

Emission of PtPOP is also dependent upon the gaseous environment of the solution. At 

inert conditions (whether it be by bubbling or simply placing a gas blanket of N2 or Ar 

over the solution), emission intensity is enhanced as much as 4-fold. Upon introduction 

of gaseous O2, the emission intensity diminishes quickly. Emission is never completely 

lost.  

 Such characteristics provide ample evidence for the development of a new bio-

marker for early-stage cancer detection. Cancerous cells divide rapidly, contributing to 

ample growth and tissue death. Because of this rapid metabolic activity, the oxygen 
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environment surrounding the affected area is significantly lower than that of healthy 

tissue27. The water-solubility and gaseous sensitivity of PtPOP support a hypothesis 

that this molecule may be useful as a cancerous cell detector, for if it were able to 

remain intact while adhering to the cellular wall (or taken up into the cell), cancerous 

areas would potentially have heightened intensity in comparison to surrounding areas. 

The structural integrity of PtPOP must be preserved, however, in order to observe the 

emission. Entrance of the PtPOP in vivo must be first studied so that it may be 

determined how the body reacts and metabolizes PtPOP. If successful, one could also 

be able to determine the oxygen concentration of a particular region of the larval fish 

body. In vivo oxygen quantification in aquatic species has long mystified marine 

biologists, and quantifying the oxygen concentration would have extreme usefulness in 

many avenues of fish physiology, such as stress-related red blood cell quantification in 

cold-water species.28  

 The focus of this work is on marine and aquatic vertebrate species. Other 

members of this research group have strived to advance the study of PtPOP in other 

biological organisms, like C. elegans and E. coli 

.     

4.2 Materials and Methods 

4.2.1 Synthesis of PtPOP 

As previously reported, a modification of a previously published work7 was used 

for the synthesis. 0.4 grams of K2PtCl4 (or a molar equivalent of Na2PtCl6) and 1.5 

grams of H3PO3 were combined into a 10 mL microwave reactor flask. Approximately 5 

mL of Millipore water was added, and the flask containing the dark red slurry was 
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sealed. The reaction was completed in 30 minutes at 90˚C using a CEM Discover S-

Class Microwave Reactor. The light brown solution was allowed to cool then moved to a 

watch glass which was placed into a 100˚C oven for the water to slowly evaporate. The 

yellow and green solids (it was found that the bubbling the solution with Ar before 

reacting helped uniform the solids to yellow, however this did not improve the yields) 

were washed first with ethanol then acetone in a fritted filter flask. The powder was 

allowed to dry overnight. Yields were approximately 30-40 %. Light yellow crystals were 

grown by dissolving solid in a small amount of water and layering first methanol then 

acetone over the solution. 

 

4.2.2 Characterization of PtPOP 

 The characterization of PtPOP is described in Chapter 2. 

 

4.2.3 Microscopy 

 A Zeiss Observer Z1 microscope outfitted with AxioCam software and 

environmental chamber was used throughout this experiment. The environmental 

chamber is capable of evaluating the O2 and CO2 levels, as well as the temperature 

within the space. N2 gas is introduced into the chamber in order to mimic anoxic 

environments. The level of N2 is controlled through the computer software, so that the 

environment is dependent upon the user’s settings. Temperature is also controlled 

using a water chiller, by which settings are controlled through the same computer 

software A specialized filter cube was purchased through Chroma Technology 
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Corporation for these studies, with emission and excitation wavelengths selected to 

maximize the photonic properties of PtPOP.  

4.2.4 Microinjection 

 Microinjection into the yolk sac was accomplished in the laboratory of Dr. Guido 

F. Verbeck, IV (UNT). A Zyvex 4 positioner nanomanipulator with Nikon TE2000U 

inverted microscope L200 and nanomanipulator with 2 probes and 2 capillary for 

nanoscale analysis (~500nm resolution) was utilized. Larvae were contained within a 

self-prepared well composed of agar medium. The larvae were carefully positioned into 

the well before microinjection. The larvae were first anesthetized in solutions of tricaine 

(MS-222) before injection. After injection, they were returned to clean solutions of tank 

water in order to reverse the effects of MS-222.  

 

4.2.5 Biological Organisms 

 Wild-type zebrafish (D. rerio) were purchased from local suppliers (Fish and 

Chirps, Denton, Texas, USA). Breeding tanks were established by isolating 3-4 females 

with 5-6 males into 10 gallon tanks. Before egg collection, the fish were fed a nutrient-

rich diet including brine shrimp. Eggs were collected after approximately a week after 

pairing. Larval fish were raised in temperature-controlled tanks, and studied at varying 

stages of development (31 – 72 hours post-fertilization (hpf)). Larvae were fed a diet of 

Artemia and microworms (Panagrellus). In order to introduce the phosphor into the 

body, larvae were fed Artemia incubated in dilute solutions of PtPOP for approximately 

30 minutes. Larvae were allowed to consume the Artemia for approximately one hour, 

before imaging. Consumption of Artemia varied from approximately three to five per 
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larvae. In all cases, fish were first anesthetized in solutions of tricaine (MS-222) before 

study. Different oxygen concentrations (4 to 20% O2) were adjusted using the 

accompanying environmental chamber. Larvae were observed for approximately two 

hours, and images were captured roughly every thiry minutes. Upon completion, larval 

fish were either returned to clean tank water to revive them, or sacrificed using 

concentrated MS-222.  

 Wild-type clownfish (S. ocellatus) eggs were obtained via a local non-commercial 

source in Denton, Texas, USA (Sean Duesing, owner, Denton Orthopedic Therapy 

Center). Eggs were collected shortly before hatching, and the larval fish were raised on 

a diet of microworms (Panagrellus). Larvae were raised in temperature (27º C) and 

salinity (pH 8.2) controlled tanks. Before imaging, larvae were placed in small vials 

containing dilute concentrations of PtPOP. An air line supplied necessary oxygen to the 

solution. Larvae were incubated in the PtPOP solutions for approximately one hour 

before imaging. Larvae were first anesthetized in solutions of tricaine (MS-222) before 

study. Gaseous environment was controlled using the accompanying environmental 

chamber, and larval fish were studied through a range of O2 concentrations of 4 to 20%. 

After completion, larval fish were either returned to clean tank water to revive them, or 

sacrificed using concentrated MS-222. 

 

4.3 Results and Discussion 

 A calibration curve (see Figure 4.3.3) was first established using a 10-4 M solution 

of K-PtPOP. This was done to show proof of concept and calibrate the fluorophore with 
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respect to intensity of emission and oxygen concentration. In order to accomplish this, 

exposure time and other microscope parameters were held constant.  

 Initial in vivo studies involved zebrafish (D. rerio) larvae. The first attempts to 

incorporate PtPOP into the body of the fish utilized microinjection into the yolk sac (see 

Figure 4.2). Early-stage larvae were needed to accomplish this, so eggs which were 5 

days post fertilization were manually de-chorionated. Microinjection into the yolk sac is a 

popular means to introduce a foreign molecule into the body of the larval fish. This is 

because the yolk sac feeds nutrients to the rest of the body as the larvae grows and 

during this time is unable to hunt and eat food. As a result, the molecule (if introduced 

successfully) circulates within the body and grows with the organism. Microinjection into 

larvae was not successful. In order to spare time and costs, a new route to introduce the 

fluorophore into the body was developed. 

 

Figure 4.3.1 Microinjection needle positioned at the yolk sac 
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 Brine shrimp are a cost-efficient food source for larval zebrafish. They are 

relatively easy to raise (commercially, they are available as “sea monkeys” for children 

to raise and care for) and maintain. Brine shrimp also readily feed by in taking particles 

that are in the saline water where they grow. Small aliquots of PtPOP solutions injected 

into the brine shrimp water allowed the phosphor to be consumed by the shrimp. 

However, confirmation of the PtPOP in vivo could not be established until the brine 

shrimp were much older (3-4 days old) (see Figures 4.3.2, 4.3.4), as their exoskeletons 

displayed more notable amounts of autofluorescence. At four days post hatch, however, 

the brine shrimp are nearly the same size as the larval fish which need to consume 

them. Brine shrimp are more easily consumed 1-2 days post-hatch, at a stage where 

they are known as “nauplii”. Because the PtPOP was observable at more advanced 

stages, we assumed that in the earlier stages the results were the same. As the feeding 

patterns of the Artemia are identical throughout its lifetime, the consumption of PtPOP 

should thereby also be identical. 

 

 

Figure 4.3.2 Movement of PtPOP through the intestinal track of a 3-4 day old 
brine shrimp. Left to right shows expulsion of the phosphor. The top part of 

the picture is the anus end of the Artemia. 
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Figure 4.3.3 A calibration curve of K-PtPOP established to verify oxygen concentration in vivo. 
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Figure 4.3.4 Left: DIC image of 4-day old Artemia Right: PtPOP filter image of 4-day old Artemia 
   



 59 

 Nauplii that had been “incubated” with PtPOP for one hour (2 mL of 10-3 M 

PtPOP added to a 25 mL beaker containing nauplii) were fed to larval zebrafish (15 

days post hatch). Visual confirmation of consumption by the larval fish was followed by 

application of anesthetic and subsequent imaging. Marked differences were observed 

between control and experimental populations. These differences included the visibility 

of the phosphor within the intestinal tract of the larvae. However, they were not uniform. 

No two specimens had identical placement of the phosphor within their intestines, and 

often times they had none present in their gut at all. These observations may be due to 

the nature of the larval fish, in that after consumption the PtPOP may not be in high 

enough concentration to be seen under the microscope. Also, larval fish possess a high 

degree of autofluorescence in the yolk sac region, so if the PtPOP is not in high 

concentration it may not be observed. All nauplii may also have not consumed the same 

amount of PtPOP. Nonetheless, initial observations drove the continuation of these 

studies. Difficulties in breeding and maintaining healthy larvae marred these studies.  

 Because of the difficulties observed by using zebrafish larvae, it was proposed 

that marine species be used for such studies. Marine larvae are larger (should 

microinjection be desired again) and also require consumption of the surrounding water 

in order to osmoregulate internal homeostasis. Thus, if the PtPOP is present in the 

surrounding tank water, the phosphor will be consumed and be visible in the larval 

body.  

 Hatching generally occurred one day after the clownfish eggs were received at 

UNT. Microworms were placed in the water the night before so that the recently hatched 

larvae would have food to eat. The following morning, larvae that did not survive the 
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night were siphoned out and disposed of. The remaining larvae were kept in the tank 

and fed microworms approximately every 2-3 hours for the first day. The following day, 

3-5 larvae were isolated in a smaller container (100 mL beaker) with attached air line to 

provide circulation. A small aliquot of 10-4 M PtPOP solution was added and after thirty 

minutes the larvae were anesthetized and studied. PtPOP overdose of the larvae was 

easily observable because of the visual changes that the larvae underwent during 

stress.  

 Experiments were run with controls and in comparison to the control images, the 

addition of PtPOP did not produce any distinguishable differences. It is unsure where 

the PtPOP would accumulate, so the entire body of the fish was analyzed for any 

differences between control and dosed fish. However, after 10 minutes incubation time 

at 7% O2, certain areas of the fish body began to increase in intensity (“light up”) (see 

Figures 4.3.5, 4.3.6). The fish did not survive beyond 30 minutes of incubation in the 

atmospheric chamber. Images beyond this time also did not produce any enhanced 

emission. It is possible that the amount of PtPOP consumed was not significant enough 

to cause a large enhancement. Death of the larvae could be from a number of variables. 

Heavy metal poisoning is a high probability, however, the excitation wavelength of 

PtPOP (368 nm) is in the UV-region, and to expose such a delicate organism to such an 

intense light will indefinitely kill them. 
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Figure 4.3.5 Mouth region of larval clownfish immediately after incubation 
with PtPOP (top) and after 10 minutes at 7% O2 (bottom). 
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  Figure 4.3.6 Tail region of larval clownfish immediately after 
incubation with PtPOP (top) and after 10 minutes at 7% O2 (bottom). 
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Toxicity was certainly a concern for this project, so the toxicity to cellular lines was 

evaluated in the laboratory of Dr. Robby Petros (UNT). The pH of the solutions was 

adjusted to 7 to accommodate for the inherent acidic nature of K-PtPOP. Cell viability 

decreased dramatically at a concentration of 200 μM. Toxicity is assumed at this point, 

however further studies need to be conducted to confirm these suspicions.  

 

Figure 4.3.7 Cell viability studies of K-PtPOP. 
 

Though this study focus on marine and aquatic species, PtPOP is not limited to 

only these organisms. Work by Sreekar Marpu involving E. coli has shown that PtPOP 

can be entrapped by the bacterium and they are not suspect to toxicity from it either. As 

shown in Figure 4.3.8, the bacterium (represented by lighter circles in the diagram) are 

alive through one day of incubation upon being fed PtPOP. After eight days, there are 
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highlighted areas that are the surviving colonies. These colonies are circled in red. 

Once bacterium die, they will no longer possess emission. Thus, it is proven that the 

emission only comes from the phosphor itself.  

Work by Sophia Kinyanjui (under the direction of Dr. Pamela Padilla, UNT 

Biology) also showed that PtPOP can be uptaken into the gut of a worm, C. elegans. 

The phosphor is placed into the growth media of the worm, where it is readily 

consumed. Upon consumption, the PtPOP is visible throughout the gut track, where it 

begins to spread throughout the body. The exact mechanisms of this observation are 

not fully understood, but they are currently being investigated. The emission intensity 

also increases as the gaseous environment changes from normoxic to anoxic, as 

observed spectroscopically using a fluorometer. 

The expandability of PtPOP appears to be endless, and further work will show 

that this phosphor is a viable candidate as a new biomarker for cells. 
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Figure 4.3.8 Confocal microscopy images of E. coli incubated with PtPOP. A 
is the control, using only the microscope light; B is the control, exciting at a 

wavelength of 405 nm; C is after 1 day of incubation, exciting at a 
wavelength of 405 nm; and D is after day 8 of incubation, exciting at 405 nm 

(Image courtesy of Dr. Sreekar Marpu, post-doctoral fellow, UNT) 
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  Figure 4.3.9 Fluorescent microscope images of C. elegans showing 
the presence of PtPOP in the gut of the worm (Image courtesy of Mrs. Sophia 

Kinyanjui, graduate student, UNT) 
 

4.4 Conclusions 

 K-PtPOP and Na-PtPOP can be studied using luminescence microscopy. A 

calibration curve between intensity and oxygen concentration that was used to help 

evaluate in vivo oxygen concentration was established. Consumption of the phosphor 

was confirmed in late-stage Artemia, a food source for larval zebrafish. By feeding the 

PtPOP Artemia to larval fish at the nauplii stage, PtPOP was able to enter the gut of the 

larval fish. Luminescence imaging at both normoxic (21% O2) and anoxic (4% O2) levels 

confirmed that the phosphor was indeed in the gut. This method was the only 

successful way for PtPOP to enter the freshwater species body. Subsequent 

microinjection attempts were not successful, resulting in early death. The marine 
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clownfish was also studied, and though successfully establishing a surviving clutch 

proved to be a challenge, we were able to determine that PtPOP can be consumed in 

vivo by merely placing the phosphor in the fish water. Ingestion was determined using 

fluorescent microscopy, however, further tests to fine-tune the procedure are necessary 

to confidently confirm our hypothesis. Cell viability studies showed that PtPOP has a 

toxic nature at and above a concentration of 200 μM. PtPOP was also studied in vivo in 

bacteria (E. coli) and worms (C. elegans) with promising results.  
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CHAPTER 5  

CONCLUSIONS AND FUTURE WORK 

 A well-known phosphor, PtPOP, was studied and developed as a potential dye 

that may be useful for biological imaging. Its photophysical properties had already been 

established; however, a new microwave-assisted synthetic method that afforded ease in 

syntheses was developed. This new method did not result in the loss of any product, 

nor did it significantly improve the reaction yield. A new crystal structure based on a new 

recrystallization technique was also determined. Concentration dependent studies 

showed that the inner-filter effect could be observed at higher concentrations in the 

excitation profile. Such effects changed the excitation profile in such a way that the peak 

maxima was no longer consistent with that of lower concentrations. However, diffuse 

reflectance studies of both solutions (in a 1 mm cuvette) and solids showed that the 

spin-allowed excitation peak was still the same at 368 nm. It was only when studied in 

the fluorometer that such inner-filter effects could be observed.  

 PtPOP was also studied in vivo in three organisms: Danio rerio (zebrafish), 

Artemia (brine shrimp), and Sciaenops ocellatus (clownfish). Early-stage studies of all 

three showed that PtPOP was ingested. A more delicate approach was necessary, 

however, as forceful injection was not successful and resulted in the death of the larval 

fish. Death of the larval fish is assumed to be due to physical damange or toxicity of the 

phosphor. However, toxicity can be ruled out depending on the amount of PtPOP that 

was injected. Uptake into the yolk sac could be determined by extracting and running 

the contents through a gas chromatogram mass spectrometer. Accurate concentrations 

of PtPOP would be detectable. The organism’s death would be the end result, however. 
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On a much smaller scale, cell viability studies showed that there is some toxicity of 

PtPOP above 200 μM.  

 Further work needs to be conducted in order to determine the most suitable 

parameters to study larval fish using this phosphor. Such parameters may only be 

determined through several more attempts at fish rearing and cultivation. The toxicity of 

PtPOP may be decreased by encapsulation by a bio-polymer, so coupled with the 

correct parameters, it may be confirmed that this remarkable phosphor could possibly 

be marketed as a novel biomarker. Introduction of PtPOP into the organism may also be 

accomplished by a “natural” linker such a carboxylate group. These linkers would allow 

for facile intracellular entrance. In lieu of bioencapsulation, the use of cerum as the 

solvent may also be vital to successfully incorporating the phosphor in vivo. 

PtPOP can also be used for a model for the development of other phosphors with 

similar qualities. Ideally, this phosphor would mirror PtPOP in that it would be water-

soluble, sensitive to oxygen concentrations, and have substantial emission at room 

temperature. Temperature dependency of the emission of PtPOP is another parameter 

which should be investigated. At higher temperatures, electron relaxation to the ground 

state will occur more rapidly. Thus, emission intensity will be more than at a lower 

temperature. This variable may play a part in the organism of choice (ectoderms versus 

endotherms). Should temperature be a factor, both ecto- and endo-derms may need to 

be more carefully selected. The selection of ectoderms would be dependent on the 

temperature range to which the organism can survive in. As for endotherms, the natural 

internal body temperature will be the deciding criteria for the selection of this type of 

organism. 
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This research exemplifies early stage research, and is a model for the further 

development of water-soluble analogs with similar characteristics. By further tailoring 

the previously mentioned studies in this work, a successful phosphor with all of the ideal 

characteristics will be found and provide insight into the detection of harmful cells which 

threaten the life of an otherwise healthy individual. The applications thereof are both 

bountiful and promising.  
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