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Abstract 

 

Synthesis of a Triblock Polymer System for 

Separation of Actinides for Nuclear Waste Remediation 

Doris Finley Hamilton, M.A. 

The University of Texas at Austin, 2010 

 

Supervisor: Bradley Holliday 

 

Nuclear power waste contains radioactive isotopes with long half lives and the 

problem lies in the fact that the lanthanides and actinides must be separated before the 

nuclear waste can be reprocessed.  Transuranic Extraction (TRUEX), a liquid-liquid 

extraction method, has been developed but fails to separate the lanthanide and actinides 

and creates large volumes of liquid waste.  It has been shown that attaching three CMPO 

(carbamoyl phosphine oxide) ligands used in the TRUEX process to a calixarene 

increases the separation and extraction efficiency of the system.  The research goal is to 

attach the CMPO ligand to a polymer to make a membrane to be used in nuclear waste 

remediation.  The triblock polymer system has been designed to have a cross-linking 

group to create the membrane structure, a solubilizing group to improve the flow of 

aqueous media through the membrane, and the CMPO ligand to chelate actinides.  This 

paper describes the design of the polymer, its synthesis, and my research data. 
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CHAPTER 1-INTRODUCTION 

Global electrical energy demands are expected to double by the year 2030 and 

electricity demand in the United States is expected to grow by 26% according to the 

Energy Information Administration.
1
  New power plants will have to be built to keep up 

with the demand and for the first time in over thirty years the Nuclear Regulatory 

Commission (NRC) has granted licenses for 29 new reactors to be added to the 104 

existing today in the United States with the backing of the White House and 

congressional leaders.
2
  Nuclear energy is the second largest source of electrical power 

(approximately 20%) in the United States and is a cleaner source of electricity than oil or 

coal electrical power plants because it does not produce nitrogen oxides, sulfur oxides, 

dust, or greenhouse gases like carbon dioxide.
3 

  However one huge drawback is 

disposing of the nuclear waste.  Each year, nuclear power generation facilities worldwide 

produce approximately 200,000 m
3
 of low- and intermediate-level radioactive waste 

(LLW and ILW respectively), and about 10,000 m
3
 of high-level radioactive waste 

(HLW).
4 

  As of 2006, 110 tons of LLW/ILW and 40 tons of HLW products from 

reprocessing nuclear waste are being held in spent nuclear fuel (SNF) tanks/storage 

worldwide.  If something is not done, the amount of nuclear waste is expected to double 

by 2020.
5 

 

The Nuclear Waste Policy of 1982 created a timetable for establishing a 

permanent, underground repository for high level radioactive waste by the mid-1990’s 

and provided a temporary federal storage for nuclear waste.  In 1987 Yucca Mountain, 

Nevada was designated as a permanent repository for all of the nation’s nuclear waste.  

Today the Obama Administration has rejected the use of the site and has cancelled all 
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federal funding of the Yucca Mountain repository.
6,7

  There is an urgent need to solve the 

nuclear waste problem and one way is to recycle the waste. This research is focused on 

remediation of nuclear waste by separating the actinides from spent nuclear fuel.  In spent 

nuclear fuel, actinides and their corresponding daughter products account for most of the 

radiotoxicity of nuclear waste and separating the actinides from the nuclear waste will 

reduce the volume and heat load.
8 

 

Background 

Nuclear Chemistry and Power 

There are two types of nuclear reactions: spontaneous (decay of unstable 

nuclides) and nonspontaneous (fusion and fission).  Nonspontaneous nuclear reactions 

require an activation energy which is supplied by bombarding nuclei with an incident 

neutron.
9
  Fusion is when two light nuclides combine to form a heavier nuclide with the 

release of energy (Equation 1).  This process is termed thermonuclear reaction because 

the colliding particles posses very high kinetic energies corresponding to temperatures of 

millions of degrees.
10 

                
 

2
H  +  

3
H    

4
He  +  

1
n 

                                           1 
         

1
          

 2
           

0
 

                                         
Equation 1: Representative fusion reaction 

 

Fission is when particles collide with unstable nuclei and undergo a division into 

two nuclei of roughly equal size releasing enormous amounts of energy (Equation 2). 

Nuclear power reactors produce energy by means of fission.  In a nuclear reactor, 

uranium fuel undergoes fission and causes the release of neutrons which collide with 
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surrounding uranium atoms causing them to split, releasing additional neutrons and heat. 

This is called a chain reaction because it is self-sustaining.  In order to control this chain 

reaction, material that can absorb neutrons, termed control rods, can be lowered or raised 

into the reactor core.  The heat from the reaction converts water into steam which drives 

turbines that spin generators to create electricity.
9,10

 

 

235
U  +  

1
n    

134
Xe   +  

100
Sr  +  

1
n  +  

1
n 

                                                  92              0                 54                     38               0             0 

Equation 2: Representative fission reaction 

Types of Nuclear Reactors 

There are many types of nuclear reactors operating in the United States.  Nuclear 

reactors are classified by the type of nuclear reaction, moderator materials (medium that 

reduces the speed of fast neutrons), coolant, and fuel used as well as by their use/purpose.  

In 2002 the Generation IV International Forum, representing ten countries, selected six 

reactor technologies that they believe is the future of nuclear energy.  They were selected 

for being clean, safe, cost-effective, sustainable, resistant to diversion for weapons 

proliferation, and secure from terrorist attacks.  Of the six reactors shown in Table 1, 

most employ a closed fuel cycle and produce minimal high-level waste.  Three of the six 

are fast reactors, one is epithermal, and two are slow neutron reactors similar to today’s 

power plants. 
11  

 

Types of Nuclear Facts 

The SNF from nuclear plants contains HLW and LLW.  Half of all high level 

waste comes from nuclear power plants and the other half comes from construction and 
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existence of nuclear weapons (military).
12

  Approximately 90% of the radioactivity in 

nuclear waste is from high level waste; it generates substantial heat and takes decades to 

decay to low radiation levels. The exact composition of the waste is dependent upon 

many variables; however the general composition is: 1-1.5 % transuranics; 3.5-4 % 

fission products, and 95 % uranium.  The greatest concerns are the fission products, 
99

Tc, 

129
I, 

90
Sr, and 

135,137
Cs, and the actinides 

238,239,240,242
Pu, 

241,243
Am, 

237
Np, and 

234,235,238
U,  

 

Table 1: Generation IV Nuclear Reactors.(Adapted from US Nuclear Energy Foundation 
resources.11) 

 

TYPES OF 
REACTORS 

Fuel 
Used 

Coolant 
Used 

Fuel 
Cycle 

Pressure Neutron 
Spectrum 

Uses 

Gas-cooled 
Fast Reactor 

(GFR) 

U-238 Helium Closed- 
On site 

High Fast Hydrogen 
& 

Electricity 

Lead-cooled 
Fast Reactor 

(LFR) 

U-238 Lead & 
Bismuth 

Closed- 
Regional 

Low Fast Hydrogen 
& 

Electricity 

Molten Salt 
Reactors 

(MSR) 

UF in salt Fluoride 
salts 

Closed Low Epithermal Hydrogen 
& 

Electricity 

Sodium-
cooled Fast 

Reactor 
(SFR) 

U-238 + 
MOX 

Sodium Closed 
 

Low Fast Electricity 

Supercritical 
Water-
cooled 

reactors 
(SCWR) 

UO2 Water Open 
(Thermal) 

Closed 
(Fast) 

Very High Thermal 
or Fast 

Electricity 

Very-high 
Temperature 
Gas Reactors 
(VHTR) 

UO2 
prism or 
pebbles 

Helium Open High Thermal Hydrogen 
& 
Electricity 
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because these isotopes are highly radioactive and have an extensive half-lives.  Actinides 

undergo radioactive decay at different rates; that is, they have different half-lives. Some 

actinides have half lives ranging between thousands to millions of years. The largest 

volume of nuclear waste is LLW which comes from hospitals, pharmaceutical 

laboratories, research laboratories, and equipment from nuclear power plants.12  The 

federal government regulates the disposal of the HLW but the individual states or regions 

that generated the waste are responsible for the disposal of LLW. 13  

 

Nuclear Fuel Cycle 

If the nuclear fuel is not reprocessed it is referred to as an open fuel cycle or once-

through cycle and if the fuel is reprocessed it is called a closed fuel cycle. 

 

Once-Through Fuel Cycle-This type of fuel cycle has no recycling or conditioning of 

used fuel and has low uranium utilization (Figure 1).  The steps of the cycle are: 

1. Mine uranium ore  

2. Uranium processed and milled into U3O8 (yellowcake) which is the raw 

material fuel for fission. This is crushed and processed by leaching (acid and 

carbonate) to dissolve the uranium to about 75% pure uranium. 

3. Concentrated uranium converted to UF6 (uranium hexafluoride) which is 

heated into a gas form suitable for enrichment. 

4. 238
U (not fissionable) and 

235
U (fissionable) are both present but 

238
U is 99.276 

% and 
235

U is 0.723 %.   Fuel for nuclear reactors needs to be 3-4 % 
235

U 

(weapon grade is 93 % 
235

U).  The United States developed the gaseous 

diffusion method of enrichment under the Manhattan Project.  The European 
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countries and Japan use a centrifuge method of enrichment. Other possible 

methods are electromagnetic separation, laser isotope separation, and 

biological methods.  

5. Enriched uranium is separated from the depleted uranium and converted from 

UF6 to UO2 and made into rods, bundles, or pellets (specific type reactors 

requires special forms of fuel and future reactors’ fuel will be pebble form and 

coated with graphite and special ceramics). 

6. The fuel rods/bundles are used for about five years before replacement and 

only 1/3 of the fuel is replaced at one time.  Nuclear fuel is considered spent 

when 
235 

U becomes less than 1 %.  Rods are placed in cooling pools which 

shield it as short lived nuclides decay.  After one year, only 12 % radioactivity 

remains. After SNF is cooled it is stored in dry casks on site until “burial” or 

reprocessing.
14

 
 
 
 
 

                                                                         Electricity & Heat 
                                 

                      
                           

                       
 

 

Figure 1: Once-Through Fuel Cycle Diagram 

 

Modified Open Fuel Cycle- This cycle type has limited used fuel conditioning or 

processing and has high uranium consumption (Figure 2).
14  
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Ore is processed 
and enriched 

GEOLOGICAL DISPOSAL 
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Figure 2: Modified Open Fuel Cycle Diagram 

Full Fuel Recycle –The recycling of the fuel has multiple reprocessing steps and 

transmutation of actinides.  It has complete uranium utilization (Figure 3).
14

 

 

                                Electricity & Heat 

                                                       

 

 

Figure 3: Full Fuel Recycle Diagram 

 

Methods of Reprocessing and Partitioning-Transmutation of Nuclear Waste 

Reprocessing is defined as the chemical procedure to separate useful components 

from nuclear waste (predominately uranium and plutonium).  Partitioning is defined as 

the removal of minor actinides from the waste stream of current reprocessing operations 

so as to undergo transmutation to nonradioactive elements.  See Table 2 for various 

Ore is processed 

and enriched 

REACTOR 

Geological 

disposal 
FUEL 

TREATMENT 
FUEL 

REACTOR 

Geological 
disposal 

Ore is processed 
and enriched SEPARATION FUEL 
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methods used today for reprocessing and partitioning world-wide as well.  One of the 

biggest challenges of recycling the minor actinides is to reduce the volume of waste. 

Some of the current research in this area is solvent extraction; extraction 

chromatography; supported liquid membrane; and pyroprocessing (magnetically assisted 

chemical separation).
8
 

 
 

Table 2 Summary of Separation Technologies. (Adapted from Separations for the 
Nuclear Fuel Cycle in the 21st Century, 2006) 

 

Process Extraction Information 

 PUREX/TBP 
(Plutonium Uranium 
Recovery by Extraction) 

Plutonium  
Uranium 

Uses tributyl phosphate and nitric acid in the 
process 

TRUEX/CMPO 
(Transuranic Extraction) 
 

Americium 
Cerium 

Lanthinides 

Uses carbamoylmethyl-phosphine oxides in 
highly acidic solution  

DIAMEX/DMDBTDMA 
France uses this method 

Americium 
Cerium 

Uses malondiamide in a narrow HNO3 range 
and end products are incinerable 

TRPO  
China uses this method 

Americium 
Cerium 

Uses trialkylphosphine oxide extractants 

DIDPA 
Americium 

Cerium 
Uses diisodecyclphosphoric acid and extractants 
are very acidic 

TRAMEX Actinides Uses concentrated LiCl with HCl with amine 
solution in kerosene. Produces large qualities of 
waste solution 

TALSPEAK Trivalent Actinides 
Uses aminopoly carboxylic acid complexants 
and are fully incinerable 

SREX Strontium 
Uses macrocyclic polyether  to extract Sr from 
acidic nitric media 

CYANEX  
(soft-donor) 

Actinides 
Uses bis(2,4,4-trimethylpentyl)dithiophos-phinic 
acid 
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CHAPTER 2-LITERATURE REVIEW 

Actinides versus Lanthanides 

 The trivalent actinides and lanthanides cations are very difficult to separate in 

nuclear waste because they have identical charge and similar ionic radii.
15

  Actinides and 

lanthanides are both classified as hard Lewis acids which explain their bonding as 

primarily ionic and governed by charge density.
16

  The only marked difference between 

the actinides and lanthanides is the actinides energy difference between the 5f and 6d 

orbitals is much smaller than the lanthanides’ 4f and 5d which makes the actinides 

slightly softer in nature.
16,17

 

CMPO Ligand 

In the TRUEX liquid-liquid extraction process trivalent actinides and lanthanides 

are separated using a CMPO ligand (carbmoyphosphine oxide).  The softer nature of this 

ligand allows it to bind selectively to the actinides.  The CMPO ligand (Figure 4) when 

attached to a calixarene (a macrocycle or cyclic oligomer based on a hydroxyalkylation 

product of a phenol and an aldehyde) platform has been shown to increase extraction and 

separation of the actinides from the lanthanides, as compared to liquid-liquid 

extractions.
18

  When the CMPO ligand is attached to a polymer it is expected that an 

increase of pre-organization of the ligands will occur which will lead to a higher 

separation efficiency of the actinides from the lanthanides.  
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Figure 4: CMPO ligand, used in TRUEX process 

Research Goals 

 The goal of this research project is to create a CMPO ligand attached to a polymer 

membrane which will capture the actinides.  Multiple steps will be required to create a 

specific polymer with the requirements needed for such a complex problem of actinide 

capture. The last step will be to create a polymer using the ROMP (Ring-Opening 

Metathesis Polymerization) method and it will consist of three blocks.  The first block 

will be a cross-linking group which will create the membrane, the second block will be a 

solublizing group to enhance the flow of aqueous media through the membrane, and the 

third will be the CMPO ligand platform to chelate the actinides (see Figure 5). Once the 

actinides are chelated to the polymer, the removal of the actinides will be easily 

accomplished by flushing with ammonium carbonate which has been proven to 

effectively remove both actinides and lanthanides from CMPO.
19 
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Figure 5: Cross section of pipe containing polymer membrane preferentially chelating 
trivalent actinides (permission granted by Lauren Avery; The University of 

Texas. 2010) 
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CHAPTER 3-METHODS 

Synthesis of the Triblock Polymer 

The polymer will be composed of three blocks with each block having a specific 

role. The target molecule (Figure 6) will have a solubilizing group [A]; a crosslinking 

group [B]; and a CMPO ligand binding group [C].  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 6: Target Molecule. [A]: trethylene glycol (solubilizing), [B]: Umbelliferone 
(crosslinking), [C]: CMPO (chelating). (Permission granted by Lauren 

Avery; The University of Texas. 2010) 

 
The back-bone of the triblock polymer (bold area in Figure 7) is synthesized by a 

Diels-Alder reaction between maleic acid and furan which will then undergo an insertion 

reaction with either 1,3-propylene diamine or 3-amino-1-propane.  The 1,3-propylene 

diamine produces the link for the CMPO ligand monomer and the 3-amino-1-propane 
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makes an alcohol which can be meslyated and react to produce the link for the 

crosslinking and solubilizing monomers.  

 

 

 

 

 

 

 

 

 
 
 
 

Figure 7: Target molecule highlighting the “backbone” section (bold area) of the 
molecule.  (Permission granted by Lauren Avery; The University of Texas. 

2010) 

 

Synthesis of the Backbone  

Dione 

The synthesis of the backbone requires multiple reactions, the first reaction 

performed is the formation of dione 1 (Scheme 1).  Dione 1 is produced in the Diels-

Alder reaction which is a pericyclic [4+2] cycloaddition, of maleic acid and furan in 

toluene at room temperature for 18 hours.  When the dione forms it is possible to form 
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two products with different geometries, called exo- and endo-adducts (Figure 8). The 

endo-adducts will form faster than the exo-adducts and will have a melting point of 80-82 

°C while the exo-adducts will have a melting point of 125-126 °C.20  The product that is 

desired is the exo-adduct of  7-oxabicyclo[2,2.1]hept-5-ene-cis-2,3-dicarboxylic 

anhydride (known as dione) because it is more active towards ROMP.17  Two additional 

experiments were done using ether as the solvent and qualitative and quantitative 

analyses were performed.  To determine the conditions that create the most exo- product,  

Experiments involving fifteen different solvents that were tested at three different 

temperatures: 0 °C, room temperature, and 35 °C or 50 °C depending on the solvent’s 

boiling point.   

 

 

Figure 8: Molecular drawings of endo- and exo-adducts for dione. 

 
 
 

 
 
 

 
 
 

Scheme 1: Synthesis of Dione 1 
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HD3- Hydroxyldione 3 Carbons  

The reaction of dione with 3-amino-1-propane forms the second compound, 

hydroxyldione 3 carbons (HD3), which forms the linking mechanism of the backbone for 

block A and B (Scheme 2). Dione 1 was added to a round bottom flask and enough 

methanol was added to cover the solid and stirred. Next the 1,3-aminopropanol was 

added and placed in an oil bath, refluxed to 66 °C, and stirred for twelve hours.  The 

solution was then concentrated and placed in the refrigerator overnight.  The solid was 

filtered and washed with cold methanol. 
 

 

AD2 & AD3 

The backbone for the ligand block of the polymer has a 2- or 3-carbon linking 

segment and is terminated with an amine (Scheme 3).  Dione was placed in a round 

bottom flask and ethylenediamine for AD2 or 1,3 diaminopropane for AD3 was carefully 

added.  It was refluxed at 80 °C for four hours.  It was then concentrated and 

recrystallized in DCM/ether.  The solid was filtered and washed with ether. 

 
 

 

 
 

Scheme 2: Synthesis of Hydroxyldione 3 carbons (HD3) 
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Scheme 3: Synthesis of AD2 (top), Synthesis of AD3 (bottom) 
 

 

D3OMs- Dione 3 carbons with a mesylated group 

The D3OMs production requires an air/moisture free environment and starts with 

a heat dried three-neck round bottom flask equipped with an addition funnel.  Dry DCM 

was transferred by cannula into the three-neck and into the addition funnel.  HD3 and 

triethylamine were added to the three-neck and methanesulfonyl chloride was added to 

the addition funnel using standard air-free techniques.  The reaction flask was cooled to 0 

°C in an ice bath and then the addition funnel contents were added slowly to the stirred 

solution.  The reaction was stirred under nitrogen for three hours. Afterwards the solution 

was exposed to air and transferred to a separatory funnel where 2M-HCl and additional 

DCM were added.  The product was extracted into DCM and then washed with a 

saturated sodium bicarbonate solution.  Sodium sulfate was added to dry the solution 

which was filtered and concentrated to 1/3 of original volume.  Ether was added to the 

concentrated solution until it became cloudy and the mixture was then placed in the 
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refrigerator overnight.  Crystals were collected by vacuum filtration and washed with 

ether. 

 

 
 

 
 

 

Scheme 4:Synthesis of D3OMs 

 

 
 

Synthesis of the Monomers 

During the research time-frame, the production of the ligand portion of the CMPO 

ligand monomer was the primary focus.   Three different approaches were tried to create 

the ligand portion for the monomer: PligMe, PligA3, PligH3.  Only one synthesis of the 

crosslinking ligand monomer (HcD3) was attempted during my research time-frame.  

 

PligMe 

In a glovebox, zinc dust, dry benezene and chlorodiphenyl phosphine were placed 

in a flame dried schlenk flask.  A septa was placed on the schlenk flask and wired down.  

After removing from the glovebox, methyl bromoacetate was injected into the flask and 

iodine crystals were added.  The reaction was refluxed at 80 °C and under nitrogen 

overnight (Scheme 5).  Once the solution cooled to room temperature, 1 mL of 30 % 

hydrogen peroxide and 9 mL of ethanol was added via syringe.  The contents of the flask 

were transferred to a separatory funnel and excess chloroform and brine acidified with 
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HCl were added.  The organic fraction was dried with sodium sulfate, filtered, and 

concentrated to 1/3 the original volume.  Hexanes were added until the solution turned 

cloudy and the liquid was decanted into a separate flask.  The flask was placed in the 

refrigerator overnight.  Crystals were collected by decanting and washed with heptane. 

 

 

 
 

PligA3 

PligA3 synthesis is an attempt to produce an alternative route to synthesizing the 

ligand monomer.  In a round bottom flask, PligMe and 1,3-diaminopropane were 

dissolved in excess ethanol and placed in an ice bath overnight (Scheme 6).  The solution 

was concentrated and then 25-mL of toluene was added and then placed in the 

refrigerator.  The product was collected by vacuum filtration and was washed with 

toluene. 

 
 

 
 
 
 
 
 
 

 
 

Scheme 5: Synthesis of  PligMe 
 

 

                 Scheme 6: Synthesis of PligA3 
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PligH3 

The production of PligH3 is another alternative route to making the CMPO ligand 

monomer.  Instead of the backbone having the linking (“chain”) section, the chelating 

portion would have it attached (Scheme 7).  PligMe and 1,3-aminopropanol were mixed 

together with ethanol and stirred overnight at room temperature.  The solution was 

concentrated and then toluene was added.  After refrigeration, the solid was recovered 

and the processes of concentration and solidification were repeated.  

 

 
 

 

BrAm-An Alternate Path for PligA3  

An approach to produce a specific section of PligA3 was to take solid 

bromoacetic acid and react it with 1,3-diamineopropane and dicyclohexylcarbodimide, 

with dichloromethane (Scheme 8).  The solution was stirred and refluxed at 40 °C 

overnight.  
 

 

Scheme 8: Synthesis of BrAm 
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HcD3 

D3OMs and umbelliferone were mixed together in a flask with acetonitrile and 

potassium carbonate and stirred at 82 °C overnight.  The solution was then concentrated 

and recrystallized in DCM and methanol. 
 

 

Scheme 9: Synthesis of HcD3 
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CHAPTER 4-RESULTS AND DATA ANALYSIS 

Dione Results 

Quantitative Analysis 

Data was collected to determine the percent yield for the production of dione 

using different solvents.  The two solvents used were ether and toluene.  The results (see 

Table 3) show that ether had the larger percent yield of dione in comparison to toluene.    
 

 

Table 3. Percent yield for synthesis of dione. 

 

Solvent Methyl 
Anhydride 

Furan Dione Theoretical 
Yield 

Percent 
Yield 

Ether #1 4.084 g 2.819 g 4.016 g 4.81 g 83.58 % 

Ether #2 0.543 g 0.393 g 0.290 g 0.640 g 45.15 % 

Toluene 2.033 g 1.403 g 0.319 g 2.40 g 13.33 % 

    
 

Qualitative Analysis 

Dione was made with fifteen different types of solvents at three different 

temperatures (room temperature, 0 °C, 35 or 50 °C) using the same quantity of methyl 

anhydride (0.15 grams) and furan (0.10 mL) to determine the melting point of the dione 

mixture.  In the synthesis of  dione, exo- and endo-adducts form simultaneously and for  
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the backbone of the triblock polymer the goal is to make the exo-dione with a melting 

point of  120-130 °C.  The results of the experiments are reported in Table 4.  Dione 

numbers 1-6 were made and tested together while numbers 7-15 were made and tested 

together due to the size and quantity of equipment. 

 

Table 4: Melting points for diones synthesized with various solvent. 

 
 

The results show that the dione made with DCM had the highest melting point which 

proves that the dione produced contained a higher percentage of exo-adduct dione.  

However when the experiment was repeated two additional times, the results were not  
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              Figure 9:  
1
H NMR Spectra  (top)  and 

13
C NMR spectra (bottom) of dione 
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reproducible: the melting point range was 80-110 °C for the second trial and 60-100 °C 

for the third trial.  Additional analyses of the dione made with DCM was performed using 

1
H NMR and 

13
C NMR spectroscopy (Figure 9) which confirmed the structure of the 

compound. 
 

HD3 

The first synthesis of HD3 produced an iridescent beige crystalline solid; however 

the next two trials did not produce a crystalline solid. The product was a dark brown oily-

like substance.  The crude material was subjected to silica gel chromatography            

(3:2:2 acetone, hexanes, acetonitrile) and the pure material was collected, concentrated, 

and placed in the refrigerator.  After several attempts, the solid did not “crash” out of 

solution. 

Quantitative Analysis 

Only one quantitative analysis was done while producing HD3 due to the two 

crude products not forming any solids.  
 

Table 5: Percent yield for synthesis of HD3. 

Solvent Dione 1,3 
Aminopropanol 

HD3 Theoretical 
Yield 

Percent 
Yield 

Methanol 0.999 g 0.452 g 0.384 g 1.340 g 28.58 % 

 
 

Qualitative Analysis 

The crude HD3 was tested using 
1
H NMR and 

13
C NMR spectroscopy (Figure 10) 

and the results proved HD3 composition and structure. 



 

25 
 

 

 
 

                      
 
 

                Figure 10:  
1
H NMR spectra (top) and 

13
C NMR spectra (bottom) of HD3. 
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AD2 

The attempt to make an alternative segment of the backbone with 2-carbon link 

segment failed. The product did not form any solid for testing.  After concentration and 

refrigeration, the product remained a thick dark brown oily substance. 
 

D3OMs  

Quantitative Analysis  

 

Table 6: Percent yield for synthesis of D3OMs. 

Trial # HD3 MsCl Et3N D3OMs Theortical 
Yield 

Percent 
Yield 

1 1.034 g 0.694 mL 1.25 mL 1.080 g 1.35 g 79.96 % 

2 1.008 g 0.70 0 mL 1.40 mL 0.446 g 1.32 g 33.79 % 

 
 

Qualitative Analysis 

 A sample of the D3OMs was evaluated by 
1
H and 

13
C NMR spectroscopy 

(see Figure 11) and the results proved the structure correlated to the desired product. 
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           Figure 11:  
1
H NMR spectra (top) and 

13
C NMR spectra (bottom) of D3OMs. 
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PligMe  

The synthesis of PligMe was very successful and the actual yield was high( see 

Table 7). The 
1
H NMR spectroscopy analysis proved the structure of PligMe (see Figure 

12).  The 
1
H NMR spectra has a large peak for acetone which was used to clean the 

sample tube prior to running the sample 
 

Table 7: Percent yield for the synthesis of PligMe. 

 

Chlorodipehenyl 
PhosphineMETHYL 

Methyl 
bromoaceteate 

Zinc 
dust 

Iodine 
Crystals 

PligMe Theortical 
Yield 

Percent 
Yield 

7.0 mL 4.0 mL 3.597 

g 

4 4.584 g 4.975 g 92.19% 

 
 
 
 

 

   Figure 12: 
1
H NMR spectrum for PligMe. 
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PligA3 

White solid formed but quantitative and qualitative analyses were not available. 

PligH3   

A white powder-like solid formed but quantitative and qualitative analyses were 

not available. 

BrAm 

The production of BrAm was one of the last syntheses attempted and quantitative 

or qualitative data was not available.  The appearance of the solid was orange and beige 

solid mixed together with the beige part being soft and waxy while the orange part was 

very sticky.  This was the first attempt at synthesizing this particular compound. 

HcD3 

Qualitative Analysis 

The structure and composition of HcD3 were confirmed by mass spectrometry 

and NMR spectroscopy (Figures 13 and 14).  The molecular mass for HcD3 is 367.35 

and the mass spectrometry measured the molecular mass as 368 (Figure 14).   
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Figure 13: NMR Spectra for HcD3 (
1
H NMR top and 

13
C NMR bottom). 
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Figure 14: Mass Spectra analysis for HcD3 
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CHAPTER 5-CONCLUSION 

The syntheses of the backbone of the triblock polymer and crosslinking ligand 

monomer (HcD3) showed positive results.  The production and data analyses for dione, 

HD3, D3OMs, and PligMe show promising results but the synthesis of PligA3 and 

PligMe both need improved isolation and purification.  Further research in the Holliday 

lab will be done to improve the synthesis of the required exo-adduct dione molecule, and 

the solvents tested have been narrowed to a “short” list for future testing.  Once the exo-

dione is synthesized then the HcD3 (crosslinking ligand monomer) can be finalized.  

Many of the processes will be done on a larger scale and several of the techniques need 

improvement.  To make the triblock polymer for nuclear waste remediation is an 

extremely complex process requiring specific conditions, catalysts, analyses, and time.  

This step is outside the scope of this short research experience. 

Future direction of the research is to finalize the synthesis of the CMPO ligand 

monomer and test its chelating properties by mixing a solution of 
152 

Eu and 
241

Am ions 

with 1M-HNO3 and using a high purity germanium detector (UT-Pickle Campus) to 

determine the amount of metal chelated by the polymer.  The long-term goals of the 

research are to optimize the actinide/lanthanide separation properties of the polymer, 

determine the correct carbon number linking length to the backbone, and the layering of 

the individual monomer to assure proper aqueous flow, stability, and chelating. 
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CHAPTER 6- APPLICATION TO PRACTICE 

Summer Research  

The experiences I had doing research in a university research facility have been 

scary, exciting, frustrating, rewarding, and unforgettable.  I will keep these memories 

with me forever.  The experiences and the knowledge I have gained in the world of 

research will have a tremendous effect on my future teaching of chemistry in the areas of 

safety, equipment and techniques, laboratory activities and reports, and real world 

applications.  

 

Safety 

The university requires all students doing any type of laboratory studies or work 

that involve hazardous chemicals or biological materials to take an on-line safety course, 

OH 201-Laboratory Safety.  The course covers physical and health hazards as well as 

safe laboratory practices.  I took this course summer 2009 and was ready to get started on 

the very first day.  The Holliday lab group members are required to have additional safety 

training depending on their assigned job requirements and research.  Safety has always 

been my number one priority in my science courses but its application in research and in 

the job place became more apparent in the weeks I spent doing research.  A personal goal 

will be to produce a similar safety course for my Advanced Placement Chemistry classes 

so that students can refer back to specific safety topics as needed for individual AP labs 

as well as incorporating DOT (Department of Transportation) and EHS (Environmental, 

Health, and Safety) safety symbols in the curriculum.     
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An area that I have not focused on in the past has been contamination of the work 

and study area.  In the future I will make a point of teaching and modeling correct 

chemical use so as to not contaminate desktops and computer areas in my 

classroom/laboratory. In the research laboratory, I was often reminded to never place any 

laboratory glassware, chemical containers, or equipment on the desk areas where we did 

computer research or reading. Another area of safety that was quickly noted was the use 

of gloves in the laboratory. Gloves were required to be worn when working with solvents 

and carrying chemical containers and had to be changed often.  I do not see me using this 

practice in my laboratory due to monetary issues.  
 

Equipment & Techniques 

The hands-on experience in the research lab was magnificent.  I took photographs 

of all the equipment that I used doing my research as well as some of the equipment that 

some of my students will be using in their future university science courses. The rotovap 

(rotating vaporization apparatus), sonicator (heats and vibrates), liquid nitrogen tank, 

dewar bottle, nitrogen filled glovebox (dry box), schlenk line, gravity column 

chromatography, separatory and addition funnels, solvent system, Mel-Temp (melting 

point apparatus), TLC (thin layer chromatography) strips, and base bath are the pieces of 

equipment and setups that I learned how to use and will now be included and discussed in 

my Advanced Placement Chemistry course.   

Instrumentation in chemistry is a unit I would like to develop for my Advanced 

Placement chemistry so that the students will be comfortable with the various types of 

instruments that will be used in their higher level chemistry and physics courses.  With 

the photos I have taken this summer, I would like to produce a PowerPoint presentation 

with links that would be posted on my Wiki page as a reference.   Another improvement 
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for my laboratory activities would be to incorporate individual instruments in correlation 

to the instruments I currently use in my laboratory such as the spectrophotometer and UV 

spectrometry when we use the colorimeters.  

The Holliday Research Group has developed a manual, The “How-To’s” of the 

Lab, which is filled with anything and everything one would need to know about the 

workings of their research lab.  Along with the general laboratory information of safety 

and equipment info, step-by-step instructions for operating each piece of equipment and 

reference tables will be included.  An example of a lab notebook format will be included.  

I plan on producing something similar for each of my eight lab stations for my students to 

use as a reference/guideline during lab.  Students are often uncomfortable asking for help 

and often I am spread too thin during lab time for individual help. The manual would be 

in their lab station cabinet for quick and easy access.   

 

Correlation & Application 

New techniques learned with the use of the equipment and setups will be added to 

my pre- and post-lab discussions for AP chemistry and I plan on emphasizing real-world 

and research-world applications.  The AP labs that have applications to what I learned 

doing research this summer are:  

 
a. Determination of Molar Mass of Vapor Density  
b. Determination of Molar Mass by Freezing Point Depression 
c. Separation and Qualitative Analysis of Cations and Anions 
d. Synthesis of a Coordination Compound and its Chemical Analysis 
e. Analytical Gravimetric Determination 
f. Colorimetric or/and Spectrophotometric Analysis 
g. Separation by Chromatography 
h. Synthesis, Purification, and Analysis of an Organic Compound 
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The laboratory notebook where one records the experimental data and describes 

the research data was extremely important while doing the research.  I will spend 

additional time at the beginning of the school year discussing the various methods of 

keeping a laboratory notebook.  Due to the mass quantity of weekly lab reports and the 

quick return time, I no longer require the bound laboratory notebooks and I will point this 

out to my students and forewarn them of what will be required of them in the higher level 

science laboratory courses, research, and workplace.  

I was able to attend a couple of the Holliday group presentations during the 

summer and I thought the research group presentations each week were very informative. 

It gave the graduates an opportunity to stand up before their peers and “Boss” and give a 

presentation on a scientific journal article or scientific research.  One or two students per 

week were assigned to present.  It is a great method of preparing students for future 

endeavors as graduate students, teachers, business leaders, and researchers.   I see a need 

for my students to be able to do something similar.  Over the years I have collected 

numerous Chemical Heritage, Scientific American, Discover, and National Geographic 

magazines and my plan is for AP chemistry students to choose a magazine or journal 

article, sign-up for a Friday 5-10 minute presentation , and prepare and present the 

information to their classmates.  

 

In Summary 

The weeks I spent doing research with the Holliday Research Group have opened 

my eyes to so many opportunities for my students and their future endeavors.  For the last 

several years, I have promoted the Welch Summer Scholar Program, Rice’s CBEN 

(Center for Biological & Environmental Nanotechnology) Summer Program, and various 
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universities programs for my high school students but now I have insight about programs 

and opportunities that college students can be involved in, such as SURGE (Science 

Undergraduate Research Group), FRI (Freshmen Research Initiative), Eurkea!™, and 

TREX (Texas Research Experience).  Now that I have lived the life (even if it was short) 

of a researcher, I can go back to my life as a teacher and utilize everything that I learned 

in this experience and share the knowledge with my kids (aka- my students). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

38 
 

References 

 (1) United States Department of Energy Office of Nuclear Energy.  Nuclear Power 
2010. http://www.ne.doe.gov/pdfFiles/factSheets/NP2010.pdf (accessed June 22, 
2010). 

 
(2)  Biello, David. Nuclear Energy’s Next Generation. Scientific American [On-line]. 

Sept. 28,2007 
 
(3) Nuclear Energy Institute. Key Issues: Protecting Our Environment.  

http://www.nei.org/keyissues/protectingtheenvironment/ 
 
(4) World Nuclear Association. Radioactive Waste Management.  June 2009 

http://www.world-nuclear.org/info/inf04.html (accessed June 22, 2010). 
 
(5) Internal Atomic Energy Agency.  IAEA Nuclear Energy Series No. NF-T-4.6. 

Status of Minor Actinides Fuel Development.  Vienna, 2009. http://www-
pub.iaea.org/MTCD/publications/PDF/Pub1415_web.pdf (accessed June 23,2010) 

 
(6) Wald, M.; Future Dim for Nuclear Waste Repository. New York Times [Online]   

http://www.nytimes.com/2009/03/06/science/earth/06yucca.html?_r=1&ref=yucc
a-mountain (accessed June 23, 2010). 

 
(7) United States Department of Energy. Office of Civilian Radioactive Waste 

Management.  March 3, 2010.   http://www.energy.gov/environment/ocrwm.htm 
(accessed June 23, 2010) 

 
(8) Lumetta, G. J.; Nash, K. L.; Clark, S. B.; Friese, J. I., Eds. Separations for the 

Nuclear Fuel Cycle in the 21st Century; ACS Symposium Series 933; American 
Chemical Society: Washington, DC, 2006  

 
(9) Whitten, K.; Davis, R.; Peck, M., Stanley, G. General Chemistry, 7

th
 ed.; 

Thomson & Brooks/Cole- United States, 2004. 
 
(10) Oxtoby, D.; Gillis, H.; Campion, A.  Principles of Modern Chemistry, 6th ed.; 

Thomson & Brooks/Cole-United States, 2008.  
 
(11) United States Nuclear Energy Foundation.  Generation IV Nuclear Reactors (July 

2006). http://www.usnuclearenergy.org/GEN%20IV%20Reactors.htm (accessed 
March 22, 2010). 

 
(12) National Research Council, Nuclear Wastes: Technologies for Separation and 

Transmutation Systems; National Academy Press: Washington, DC, 1996.  
 

http://www.ne.doe.gov/pdfFiles/factSheets/NP2010.pdf
http://www.nei.org/keyissues/protectingtheenvironment/
http://www.world-nuclear.org/info/inf04.html
http://www-pub.iaea.org/MTCD/publications/PDF/Pub1415_web.pdf
http://www-pub.iaea.org/MTCD/publications/PDF/Pub1415_web.pdf
http://www.nytimes.com/2009/03/06/science/earth/06yucca.html?_r=1&ref=yucca-mountain
http://www.nytimes.com/2009/03/06/science/earth/06yucca.html?_r=1&ref=yucca-mountain
http://www.energy.gov/environment/ocrwm.htm
http://www.usnuclearenergy.org/GEN%20IV%20Reactors.htm


 

39 
 

(13) United States Nuclear Regulatory Commission. Radioactive Waste.  
http://www.nrc.gov/waste.html (accessed June 22, 2010). 

 
(14) Ewing, R.  The Nuclear Fuel Cycle Verse The Carbon Fuel Cycle. The Canadian 

Mineralogist; December 2005; v. 43; no. 6; p. 2099-2116 [Online] 
http://www.canmin.org/cgi/content/full/43/6/2099#SEC5 (accessed June 22, 
2010). 

 
(15) Jensen, M.; Bond, A.; Comparison of Covalency in the Complexes of Trivalent 

Actinide and Lanthanide Cations. J. Am. Chem. Soc. 2002, 124, 9870-9877.  
 

(16) Dam, H. H.; Reinhoudt, D. N.; Verboom, W.; Chem Soc. Rev. 2007, 36, 367‐377.  
 
(17) Cotton, S. Lanthanide and Actinide Chemistry, John Wiley & Sons, Ltd: London, 

2007. 
 
(18) Schwing–Weill, M.; Barboso, S.; et al J. Chem Soc. Perkin Trans. 2, 1999, 719-

724. 
 

(19) Kesava Raju; C. S.; Subramanian; M.S. J. Hazard. Matter 2006, 145, 315‐322.  

 
(20) Dictionary of Organic Compounds, 6

th
 Edition, Chapman & Hall, 1996. 

 

 

http://www.nrc.gov/waste.html
http://www.canmin.org/cgi/content/full/43/6/2099#SEC5


 

40 
 

Vita 

Doris Day Finley Hamilton grew up in rural Louisiana and was always fascinated 

with the world of science.  She has an Associate Degree of Applied Science with Special 

Honors from Copiah Lincoln Junior College in Wesson, Mississippi and a Bachelor of 

Science in Biology Education from Louisiana State University.  Her past teaching 

experiences have been in Louisiana, Texas, and Oklahoma.  She is currently teaching 

Advanced Placement Chemistry at Seven Lakes High School in Katy, Texas. 

 

 

 

dorisfhamilton@katyisd.org  

This report was typed by Doris F. Hamilton. 

 

 

 

 

mailto:dorisfhamilton@katyisd.org

