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ABSTRACT 

 

 This paper explores the synthesis of Cu(dmp)(PTA)2BF4 (dmp = 2,9-dimethyl-1,10-

phenanthroline; PTA = 1,3,5-Triaza-7-phosphaadamantane). It is the precursor molecule to 

Cu(dmpa)(PTA)2BF4 (dmpa = 5-acrylate-2,9-dimethyl-1,10-phenanthroline) which can be 

polymerized.  The title compound can be prepared either through the reaction of the 

tetrakis(phosphaadamantane) Cu(I) species with the diimine or through reaction of the 

bis(diimine) Cu(I) complex with two equivalents of the phosphine.  The impetus for the use of 

phosphaadamantane is to develop water-soluble Cu(I) phosphine systems.  The acrylate 

compound can be polymerized to form a polymeric species with an acrylate backbone and 

pendant phenanthrolines.  Photoexcitation of the metal-to-ligand charge transfer band produces a 

charge separation throughout the assembly which provides the potential for the production of a 

photocapacitive supramolecular assembly.  The compounds are characterized by NMR, UV-Vis 

absorption, and photoluminescence.  
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CHAPTER I 

INTRODUCTION 

Fundamental Photochemical Principles 

The Role of Light in Photophysical Processes 

 The principle that makes photochemistry so interesting is the use of light as an energy 

source for chemical changes. This occurs because a certain wavelength of light, λ, provides 

energy that can be absorbed by molecules and the energy gained from this absorbance leads to a 

promoting of the molecule to the so called excited state in which the molecule is prone to 

reacting because it is less stable in the excited configuration. This influx of energy is said to 

‘activate’ the molecule for reactions. Most chemical reactions that take place in a laboratory 

utilize light sources that range from the near infrared (IR) to the near ultra violet (UV). This is 

important because light is what can be called an alternative energy source. When we can find 

reactions that can perform in the range of light emitted by the sun, we can run that reaction with 

clean, renewable energy, provided by the sun. 

 The energy that the light provides is contingent upon its frequency, ν. The wave model 

for light relates the frequency of light with its wavelength and a velocity, c, commonly known as 

the speed of light. The relationship of these three quantities is given below in equation 1.1, where 

the value of c is constant (2.998 x         in vacuum). 

  λν = c (1.1) 

 From here the relationship between frequency and the energy provided by the light is 

given by equation 1.2, where h stands for Planck’s constant (6.63 x           
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  E = hν (1.2) 

 The transitions that occur for a molecule from the ground state to excited state and back 

are shown in Figure 1.1, which illustrates how the wave energy (or photon) is absorbed and then 

emitted when the molecule makes its way back to the most stable ground configuration. The 

molecule in the excited state will usually have different configurational preferences than it would 

in its ground state, which makes them chemically a different species. 

 

Figure 1.1 Jablonski Diagram; illustrating the excitation and relaxation methods of molecules.
1
  

 Although almost all molecules have the ability to absorb energy at a certain wavelength, 

only a small subset of molecules release that energy as fluorescence, by emitting light 

themselves. Most molecules will migrate through the vibrational levels and release the absorbed 
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energy as heat on their way to returning to the ground state. In the case of spontaneous emission 

of light (fluorescence), the process is called radiactive deactivation.  

Supramolecular Photochemistry 

 The most basic definition of the of field supramolecular chemistry is that of “the 

chemistry beyond the molecule”.
2
 This refers to the product resulting from the association of two 

or more chemical species connected by intermolecular forces
18

. In the case of supramolecular 

photochemistry, it more specifically refers to the interaction of such a system with light. A 

supramolecular entity will exhibit different behavior than what would be expected of a “large 

molecule” of the same elements’ building blocks. In the interactive forces between the two or 

more chemical species lies the fine distinction between a “large molecule” and a supramolecular 

entity. The variety in which the supramolecular entity may react to a light-induced process is the 

core of interest in supramolecular photochemistry.
3,13,14 

Photochemical Molecular Devices  

 The ultimate research goal for this project is the production of a molecular capacitor, 

which is a type of photochemical molecular device. Photochemical molecular devices have 

received a renewed interest since nanochemistry and nanotechnology have gathered much 

momentum across many disciplines. The need of society to possess ever smaller electronic 

devices has driven the scientific community to keep inventing new ways to improve upon the last 

big breakthrough. Because of the fundamental limits of nanotechnology, some chemistry fields 

have already turned to supramolecular photochemistry to address the void nanotechnology will 

leave when the time comes.
4,5.15
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Introduction to the Chemicals 

Photochemical research involving copper as the transition metal is vast. For the purpose 

of this project, I have limited the copper photochemical aspects to those involving pnictogens 

(Group V elemental compounds) as ligands only. The emphasis here rests on nitrogen or 

phosphorus being the connecting atom, as these are the two compounds with the possibility of 

connectivity in my project, which uses both 2,9-dimethyl-1,10-phenanthroline (nitrogen bound) 

and 1,3,5-triaza-7-phosphaadamantane (either nitrogen or phosphorus bound) as ligands. There 

has been a great interest in chemical compounds that combine copper with an array of 

pnictogens, because their nature makes them ideal for metal-to-ligand or ligand-to-metal charge 

transfer. Ligands such as phenanthroline have a highly conjugated system which allows for any 

additional electrons donated from the metal to be delocalized. Since a delocalized charge is 

favorable, and Cu(I) is a d10 metal, phenanthrolines allow for metal-to-ligand charge transfer. 

This charge delocalization is also why copper phenanthrolines and other similar ligands are 

prevalent in supramolecular chemistry. The movement of the electron allows for a potential 

current from molecule to molecule which makes them useful as potential photochemical 

molecular devices.
4,16 

Copper Phenanthroline Chemistry  

Most group 11 photochemistry is centered on gold because of its predictable 

oxidation state and geometric configuration. It is also a larger atom which has more room to 

accommodate its ligands. However, gold is rare and expensive, and so in the past, focus has 

shifted towards the inexpensive alternative, which is copper. Although transition metals from the 
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same periodic group are in general not as alike as atoms in group 1 or 17, for example, they share 

some similarities, such as the number of valence electrons in the atoms outermost shell.  

Especially Copper phenanthroline systems have been especially of interest in the are 

of transition metal photochemistry. These systems epitomize the kind of photochemically active 

molecules for which the low level excited state is a metal-to-ligand charge-transfer state. It is 

also useful that these systems absorb strongly in the visible region.
6
 One of the unique 

characteristics of copper phenanthroline compounds such as bis(2,9-dimethyl-1,10-

phenanthroline)copper(I) is the fact that they have reducing capabilities, which indicates that 

most of the excited state energy will be available as electrochemical potential,
7,17

 a highly 

desirable quality for a photochemical molecular device. Based on this past evidence, copper 

phenanthroline chemistry appears to be an affordable and fairly straightforward approach to 

producing a molecular capacitive device.
18

 

The Ligands 

The choice for 1,3,5-Triaza-7-phosphoadamantane (PTA) as the ligand on copper was 

chosen for its favorable characteristics. The cage-like structure of PTA is water-soluble and, 

although it has four potential binding sites, will only form a bond at one of these (monodentate). 

Because of the presence of phosphorus, it is part of a ligand group often referred to as 

phosphines. It has gained momentum through the renewed interest in water-soluble catalysts,
8 

although for the purpose of this thesis, its photochemical properties are more relevant. The 

water-solubility is useful because it introduces a “green” aspect to the experiment; water can be 

used as solvents, rather than more harmful and dangerous organic solvents. Because PTA is 

neither moisture- nor air-sensitive, it does not require an inert (unreactive and oxygen free) 

environment. It is also considered thermally stable to a temperature of 260 °C, and is a solid at 
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room temperature. Due to its polar nature, it is most soluble in water or light alcohols such as 

methanol or ethanol. It is also soluble in dimethylsulfoxide, acetone, chloroform, and 

dichloromethane, although these solvents will not be used during this experimental procedure. 

Previous research in Dr. Casadonte’s group has investigated a similar reaction with a 

triphenylphosphine (PPh3) as the ligand of choice, which produced a sterically highly crowded 

molecule on which the PPh3 groups would collide with each other while changing from one 

vibrational or stretching mode to another, resulting in one or both PPh3 groups being kicked off 

the molecule. When comparing the cone angles (which relate to how much space the ligand will 

appropriate for itself) of PPh3 versus that of PTA, we find that they are about 145° to 103°, 

respectively.
8
 This much smaller cone angle indicates that the product should be a sterically 

much more favored conformation than its PPh3 predecessor. Although PTA’s ligand properties 

have only recently attracted interest as a phosphine ligand in Cu(I) research and are as of yet not 

completely understood, the compound itself has been thoroughly characterized by NMR and x-

ray crystallography. Despite the compound’s many favorable characteristics there are few 

documented copper complexes containing PTA, however, some complexes involving other 

transition metals, such as Manganese (Mn), have been reported. The most noteworthy aspect of 

this Mn(OH2)2PTA2X2 complex (where X = Cl or Br) is the fact that it binds to the metal, not at 

the preferred phosphorus atom but at the less favorable nitrogen site, a previously unknown 

phenomenon.
9
 Based on this fact and other previous research papers, the assumed structure for 

the target compound would be that of Figure 1.2 a). The hope of this research project is that this 

target compound will be a water-soluble copper phosphine complex that fulfills the energetic 

characteristics of a photochemical molecular device. 
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Research Goals 

 There is an increasing interest in and demand for alternative sources of energy that are 

not based on the burning of hydrocarbons such as oil and natural gas.  One of the fundamental 

problems with the development of alternate energy sources, especially those based on natural 

resources such as the wind and sun, is that energy production is intermittent.  Methods for storing 

large amounts of energy to be used when the wind is not blowing or the sun is not shining must 

be developed.  Given the large amounts of energy that need to be produced to sustain even a 

modest population, the storage capabilities must substantially exceed current technology.  

Capacitance (the ability to store charge) and the production of super-capacitance through the 

formation of polymer networks is becoming more and more important as alternative energy 

sources (especially solar and wind) produce an excess of power that must be stored before timely 

release onto the energy grid.  Thus, substantial research is being performed in order to develop 

new, so-called, super-capacitive materials.  

 In concert with the development of new energy or charge storage materials, there is a 

strong drive in modern chemistry for new synthetic procedures that minimize the amount of 

volatile organic compounds (VOCs) that are used as solvents or reagents.  These VOCs can 

evaporate into the atmosphere, leading to pollution, loss of ozone in the atmosphere, and an 

increase in greenhouse gases.  They are also typically toxic and flammable, so a reduction in the 

use of organic solvents leads to greater safety.  The development of alternative synthetic 

strategies and less volatile and toxic solvents is known as “green” chemistry.  In the development 

of energy storage materials, scientists are, when possible, seeking to use green chemistry and 

green technology.  
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 This thesis proposal investigates the synthesis of Cu(2,9-dimethyl-1,10-phenanthroline) 

(1,3,5-triaza-7-phosphaadamantane2)2 (Figure 1.2 a), b), c)).  The compound can be prepared 

either though the reaction of the tetrakis(phosphaadamantane) Cu(I) species with the diimine or 

through reaction of the bis(diimine) Cu(I) complex with two equivalents of the phosphine.  The 

use of the 1,3,5-triaza-7-phosphaadamantane is important in this research proposal, as it allows 

for the use of water in the synthesis of the title compound.  It is thus considerably greener in its 

scope than previous Cu(I) synthetic schemes.  The final compound, if it can be successfully 

made, can be realized to form a Cu(I) phenanthroline acrylate polymer to provide for the 

possibility of storing energy when sunlight is shined upon it.  Because it is polymeric, the hope is 

that the material will be super-capacitive in nature.  This project thus seeks as its ultimate goal to 

generate super-capacitive materials using green chemistry.  Even if the ultimate goal is not 

realized, the synthesis of the 1,3,5-triaza-7-phosphaadamantane Cu(I) complex using water as a 

solvent is a significant advancement in the green chemistry of Cu(I) phenanthroline phosphine 

complexes that respond to light. 

                               
a) b) 
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 This project, if fully realized, can be potentially valuable in the area of energy storage. 

The target compounds are promising as components in a possible light-initiated super-capacitive 

network. The compound involving the acrylate moiety can be polymerized to form a polymeric 

species with an acrylate backbone and pendant phenanthrolines.
10

 Photoexcitation of the metal-

to-ligand charge transfer band produces a charge separation throughout the assembly which 

provides the potential for the production of a light-induced super-capacitive supramolecular 

assembly.
10 

  

  

c) 

Figure 1.2 Structure of the compounds a – c 

  a) P-bound version of Cudmp(PTA)2 

   b) N-bound version of Cudmp(PTA)2 

c) a mixed N- and P-bound version of 

Cudmp(PTA)2 
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CHAPTER II 

EXPERIMENTAL 

II.1: Materials 

 All solvents used were reactant grade. The water used was the De-ionized (DI) water, the 

ethanol used was 200% proof absolute ethanol, and the chloroform (Aldrich) meets A.C.S. 

specifications. 2,9-dimethyl-1,10-phenanthroline was purchased from Alfa Aesar at 98%
+
 purity. 

The 1,3,5-Triaza-7-Phosphaadamantane ligand was Strem Chemicals brand at a minimum purity 

of 97%. The copper (II) tetrafluoroborate came from Alfa Aesar while the copper (II) nitrate 

hydrate was purchased from Aldrich.  

II.2: Instrumentation 

 The electronic absorption spectra were obtained using the Shimadzu UV 2401-PC UV-

Visible spectrophotometer and processed using the software UVPC 3.9. Emission spectra were 

taken on the SLM-Aminco 8000 spectrofluorometer retrofitted by Olis Inc. as single photon 

counting instrument for emission and excitation measurements. All spectra from the UV-Vis as 

well the fluorometer were converted to ASCII files and input into Excel to yield graphs. The 
1
H 

NMR spectra were acquired on the Varian Unity Plus 300 MHz spectrometer while the 
31

P NMR 

were obtained with the Varian Unity Inova 500 MHz spectrometer.  The estimation of the 

compounds structure and 
1
H NMR spectra was produced by the ChemDraw Ultra 7.0.1 software 

program. 

II.3.A: Synthetic Procedures 

 The production of Cu(I) (2,9-dimethyl-1,10-phenanthroline)(1,3,5-Triaza-7-

phosphaadamantane)2 is a multiple-step process. There is more than one route that can be used to 
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produce the desired end product. Although several routes have been tested, the two procedures 

detailed below have proven to be the most successful.  

 For the first route, we reacted Cu(NO3)2 with five equivalents of PTA (1,3,5-triaza-7-

phosphaadamantane  to form Cu(PTA)4(NO3) in a 50/50 water/ethanol mixture. The extra 

equivalent of PTA fulfills the purpose of reducing the Copper core from Cu(II) to Cu(I), which is 

necessary for the reaction to progress. The product from this reaction is then further reacted with 

one equivalent of dmp (2,9-dimethyl-1,10-phenanthroline  at room temperature, in a 10:1 

water:ethanol solvent system, resulting in the desired title compound product.  

The second route first produces the widely documented copper bis-dmp, Cu(dmp)2.
6
 

Cu(NO3)2 is reacted with two equivalents of dmp and stirred for four hours, with an excess of 

ascorbic acid then added as reducing agent. After forming the copper bis-dmp complex, it is then 

reacted with two equivalents of PTA, which displace one of the dmp molecules bound to the 

copper, resulting in the desired title compound product. 

II.3.B: Synthesis of the Copper Phosphine Complex 

The first route that was experimentally used goes through the intermediate product 

Cu(PTA)4BF4. Although this reaction is documented in the literature reference 11 and the 

preparation method detailed in the article taken into account, in my research the procedure 

deviates from the documented method.  

For this reaction, either Cu(NO3)2 or CuBF4 can be used as the Cu(II) source. Instead of 

the tenfold excess suggested by the article, the necessary weight was stoichiometrically 

calculated as a 1:5 Cu(II) : PTA ratio. This still provides an excess over the 1:4 Cu(I) : PTA ratio 
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the product is desired to display. The excess PTA acts as a reducing agent for the reaction shown 

below: 

Cu(II) + 5 PTA  Cu(PTA)4
+
 + O=PTA    Reaction 2.1 

and ensures that there will still be the necessary amount of PTA available to complete the 

reaction. This reaction is done in a 50/50 v/v ethanol/water mixture. The Cu(NO3)2 was dissolved 

in ethanol and stirred in a round-bottom flask  while being gently heated by a heating mantle. 

The PTA was dissolved up in water and dripped into the round-bottom flask with a buret at a rate 

of about 1 drop per 2 seconds. After this addition, the reaction flask was stoppered and heated to 

about 78 °C, the boiling point of ethanol, to induce reflux. The reaction was then run for about 2 

hours before letting the reaction cool to room temperature. The suspension turned pale green. 

After the reaction was sufficiently cooled, the solid is filtered off by vacuum filtration and 

washed with two portions of 20 mL cold ethanol. As an optional choice, the product can then be 

rinsed by one additional 20 mL rinse with chloroform to ensure that all excess PTA and PTA-

oxide have been removed. The now washed solid was put onto a partially covered watch glass to 

dry overnight.  

One of the reasons that this reaction route is less favorable than the next one is the 

presence of side products. Although Cu(PTA)4BF4 compound had been successfully made, it was 

difficult to ensure a pure product. It is possible that this intermediate complex already contains a 

mixture including nitrogen bound molecules rather than only pure phosphorus bound compound. 

If this is the case, the production of two end products is likely. This will have an effect on the 

percent yield of the desired complex in the reaction.  
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II.3.C: Synthesis of the Copper Phenanthroline Complex 

The second route again begins with Cu(NO3)2, but in this case it was reacted with two 

equivalents of dmp to form the Copper-bis-dmp compound Cu(dmp)2(NO3)2 in a 50/50 

water/methanol solution. Ascorbate was added to reduce the copper and the reaction was left to 

stir for 2 hours. The resulting Cu(dmp)2(NO3) compound is dark red and can be obtained by 

vacuum filteration. If the product is sufficiently pure, it will form beautiful needle crystals while 

being filtered. No heating is necessary. This path seems to have produced a slightly more 

favorable result than the reaction using the Cu(PTA)4
+
 intermediate. It is possible, that dmp is 

more easily displaced by PTA than vice versa. 

II.3.D: Synthesis of the Copper Phenanthroline Phosphine Target Complex 

Route 1 

 After the successful production of Cu(PTA)4BF4, this intermediate was dissolved in water 

and added to a round-bottom flask. The dmp was dissolved in ethanol at a 1:1 Cu:dmp ratio and 

was dripped into the water solution containing the Cu(PTA)4BF4 complex. This must be done 

over an extended period of time, approximately 30 minutes to an hour. The complex was then 

left to stir for up to 2 hours so that the reaction may take place, but no longer so as to prevent the 

potential formation of copper bis-dmp. The solution was then vacuum filtered to remove any 

unreacted dmp. Because both the target product, Cu(dmp)(PTA)2, as well as any remaining 

Cu(PTA)4BF4, PTA, or PTA-oxide are soluble in water, it cannot be further purified at this point, 

and must be transferred into an evaporation dish from which the ethanol/water mixture may 

evaporate. Though purification by chromatography column has been attempted, it did not prove 

to be very successful due to the polar nature of the compound.  
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Route 2  

 After its synthesis, the Cu(dmp)2(NO3)  complex was reacted with two equivalents of 

PTA at room temperature. The Cu(dmp)2(NO3) was added to a round-bottom flask containing 

ethanol, while the two equivalents of PTA dissolved in water were slowly dripped in by means 

of a buret. The reaction was stirred while the PTA was added and, after completion of the 

addition, was stirred for an additional two hours. Afterwards, the solution was vacuum filtered to 

remove the water-insoluble excess dmp and any remaining Cu(dmp)2(NO3). The filtrate was then 

collected and put into an evaporating dish so that the solvent would evaporate which resulted in 

the title compound, Cu(dmp)(PTA)2. As in route one, this product is potentially not pure, 

although this second route seems to result in fewer impurities than the first route. 

 Both proposed methodologies have been tested and produced satisfactory results, 

although they could be re-examined to improve purification and thereby increase the yields of 

the desired product. Despite the low purity of the end product, these two methodologies have 

proven to be reproducible and are therefore the most promising. 
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CHAPTER III 

RESULTS AND DISCUSSION 

 The two reactions from chapter two reproducibly provided two different products: a 

yellow powder with bright yellow-green emission and an orange powder with a dark orange 

emission. Because the title compound has never been made, it is important to discover and 

catalogue all of its characteristics. To successfully do this we must first establish which product 

represents which constitutional isomer of the target product. Based on the following spectra and 

previous research, we assume that the yellow product is the P-bound target compound 

Cu(dmp)(PTA)2 (Figure 1.2a) while the orange product is the N-bound version of it (Figure 

1.2b). The orange product seems to have some photochemical similarities to the deep red 

Cu(dmp)2(NO3), which suggests a conformation more similar to the copper bis-dmp structure, 

indicating that the molecule might have four Cu-N bonds. The yellow product appears to have 

more similarities to the copper triphenyl phosphine complex, which also has a bright yellow 

emission. The similarity of the emission to that of Cu(dmp)(PPh3)2
+
 seems to indicate the 

presence of Cu-P bonds rather than Cu-N bonds. 

Absorption 

 One method of characterizing the two compounds is UV-Vis absorption. UV-Vis 

absorption operates under the premise of Beer’s law which is given by 

    A =εbc (3.1) 

in which ε represents molar absorptivity, b represents the light’s pathlength through the cell, and  

c stands for the solution’s concentration. Molar absorptivity is specific to a molecule. We were 

unable to calculate a specific molar absorptivity for this compound because we were not able to 

calculate an accurate concentration for our compound solution. As can be seen in Figure 3.1, we 
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did successfully produce absorption spectra. As can be seen by the two curves, our product is 

definitely composed of two different molecules. The blue curve with the absorbance maxima at 

λ= 362nm is most likely P-bound structure seen in Figure 1.2 a. The red curve that has its 

maxima at λ = 454nm corresponds to the N- bound version of the target structure (Figure 1.2 b). 

This absorbance is similar to the copper bis-dmp complex which has its absorption maxima at λ 

= 453nm. 

 

 

Figure 3.1 - Cudmp(PTA)2 Absorbance Spectrum 

Emission 

Another important aspect of the product is its emission. The wavelength emitted 

designates the amount of energy given off by the product when a photon returns from the excited 
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to a ground state in the molecule. The emission study of both products produced the spectra 

given in Figure 3.2. For the P-bound Cudmp(PTA)2 compound the emission peak is at λ = 

548nm. This is in the yellow-orange region of the visible spectra. The side shoulder of the curve 

which appears at λ=498nm is most likely due to virbonic coupling in the phenanthroline. The 

second curve emission with maximum at λ = 635nm, predictably lies in the reddish-orange area 

of the visible spectrum, and is most likely due to the N-bound phosphaadamantane product. 

 

Figure 3.2 - Cudmp(PTA)2 Emission Spectrum 

Structure 

Although the NMR can tell us which substituents are present in solution, in the case of 
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chemical shifts when comparing the spectra indicate the different connectivities of the 
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compounds, although there is often only a small difference. The assumption that the sample run 

is, in fact, the P-bound version of our Cudmp(PTA)2 compound is based on previous tests such 

as the UV-Vis or the emission determination. Appendix A provides spectra that were computer 

generated with the ChemDraw software and are only used as references since no spectra have yet 

been determined for our target compound. The ChemDraw figures show on the molecule 

structures which hydrogen atoms correspond to which chemical shift, to assist reading the 

spectra. Figures 3.3 and 3.4 are NMR spectra taken of the 1,3,5-triaza-7-phosphaadamantane 

molecule dissolved in deuterated water, D2O. These spectra are used as references to determine if 

this molecule is present in the target compound’s spectra, as well as to see how the connection to 

the copper shifts the peak values.  
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Figure 3.3 - Full PTA 
1 

H NMR Spectrum in D2O  
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Figure 3.4 - Full 
31 

P NMR Spectrum of PTA 
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The NMR spectra shown in figures 3.5 and 3.6 are of the tetrakis PTA copper compound 

in deuterated acetonitrile (CD3CN), which is the intermediate in the reaction route 1. These 

values are compared to the literature values given in Reference 11.  

Figure 3.5 - Full Cu(PTA)4 
1 

H NMR Spectrum in CD3CN 
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Figure 3.6 - Full Cu(PTA)4 
31 

P NMR Spectrum in CD3CN  
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The NMR spectra of greatest interest are shown in figures 3.7 and 3.8, which are of 

Cudmp(PTA)2 in D2O. The full spectrum in figure 3.7 shows the expected peaks for 2,9-

dimethyl-1,10-phenanthroline in the regions between 1-3 ppm for the methyl hydrogens and 

around 8 ppm for the aromatic hydrogens.  

Figure 3.7 - Full Cudmp(PTA)2 
1 
H NMR Spectrum in D2O  
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Figure 3.8 - Full Cudmp(PTA)2  
31 

P NMR Spectrum in D2O  
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As can be seen when comparing these values to those of free dmp in solution (appendix 

A 1), these values are shifted up due to the connectivity of the compound with copper. The other 

section of peaks in figure 3.7 that appear between 4-5ppm are indicative of PTA, which can be 

confirmed by comparing it to the spectra of pure PTA in figure 3.3.  These peaks in figure 3.7 are 

also slightly shifted upfield from their values in figure 3.3, due to the bond between the PTA 

molecule and the copper center. The spectrum in figure 3.8 shows the phosphorus-31 NMR 

spectrum for the Cu(PTA)4
+
. When comparing this spectrum to the spectrum of pure PTA in 

Figure 3.4, it can be observed that the principal peak been up-shifted (less negative) and that it is 

broader due to its bond with copper. The spectrum does show a fair amount of background noise 

and the signal is not very high. This low signal-to-noise ratio could be due to the fact that the 

compound might not be dissolved properly, or that the presence of Cu(II) in the sample was too 

dilute. The spectrum does indicate that phosphorus is present in the solution and that it is not 

from free-floating PTA in solution, but rather that it is the compound bonded to copper. All 
1
H-

NMR spectra have one or several versions in which sections of interest were zoomed in on that 

can be viewed in Appendix B. 
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The spectra in figure 3.9 and 3.10 show Matrix-assisted laser desorption/ionization time 

of flight mass spectrometry (MALDI-TOF) spectra which is a spectrometric method for high-

molecular weight species. This specific method of spectroscopy uses a laser to desorb molecules 

from a matrix and then render the fragments according to their mass to charge ratio, measuring 

how fast after stimulation the molecular fragments reach the sensor. MALDI-TOF is mostly used 

for large, heavy molecules. Both spectra are inconclusive as to which molecule is the actual 

target product of the reaction. They indicate the possibility of a connective network in addition to 

the current theory of simply different connectivites of the PTA ligand. From the peaks at about 

781 and 622 in both figures 3.9 and 3.10 we can see that there is still a trace amount of the 

tetrakis Copper phosphaadamantane intermediate compound mixed in with the product. The peak 

at 781 designates the weight of the protonated tetrakis species and the peak at 622 appears after 

one of the phosphaadamantane ligands fragmented off. 
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Figure 3.9 - MALDI-TOF Spectrum of yellow compound 
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Figure 3.10 - MALDI-TOF Spectrum of orange compound 
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The nature of the parent peak at 1020 in figure 3.9 and 1091 in figure 3.10 are still 

unclear. The predominant peak at around 686, again in both the spectra from figure 3.9 and 3.10, 

most likely shows the Cu(dmp)(PTA)4
+
 species. The counterion for this molecule was a nitrate 

ion, NO3
-
. Adding the weight of the compound and the counterion brings us to 648. The 

difference in mass is accounted for by a two molecule solvent coordination and the fact that the 

1,3,5-triaza-7-phosphaadamantane molecules are protonated. Because the solvent used in the 

reaction was water this accounts for the difference in weight between the peak at 686 and the 

molecule + counterion weight of 648. Two water molecule stand for 36 mass units (mu) while 

the two hydrogens protonating one nitrogen per phosphaadamantane ligand each account for the 

missing 2 mu. 
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Conclusion 

   

I started work on this project two years ago and have since made several adjustments to 

the process, making great headway over this last year. However, since this project is a multistep 

project overall, it has not yet been completed. Although the results are promising, they are not 

irrefutably conclusive. Although the NMR spectra substantiate that the constituents are all 

present in the complex, this does not necessarily offer an explanation as to how they are 

connected. Immediate future works will include investigating methods to purify the compounds. 

As the MALDI-TOF spectra indicate, there are a few different connectivities present in the 

compound. Because of that separation techniques for the various products must be improved so 

that a pure and uniform powder can be obtained, to use for the last step in this project, crystal 

growth. The method that shows the greatest potential for this is column chromatography. By 

varying solvent systems we can experiment with solvent polarities to a greater extent. It is 

possible that a modification in the column itself is necessary and so an asymmetric column may 

be useful to consider. Once pure compounds have been obtained through separation, their 

characteristics will once more undergo study, preferably yielding more definite results during 

analysis. 

Once the compounds have been successfully identified the dmp-acrylate reaction can take 

place; the next step in the realization of the synthesis of the target molecule, Cu(I)(dmp-5-

acrylate)(PTA)4, and another step closer to a polymeric capacitive network. 
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APPENDIX A – ChemDraw 
1
H-NMR Reference Spectra 

 

 

Figure A.1 - ChemDraw 
1 

H NMR Spectrum of dmp 
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Figure A.2 - ChemDraw 

1 
H NMR Spectrum of PTA 
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Figure A.3 - ChemDraw  
1 

H NMR Spectrum of Cu(PTA)4  
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Figure A.4 - ChemDraw 
1 

H NMR Spectrum of Cu(dmp)2
+ 
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Figure A.5 - ChemDraw 
1 

H NMR Spectrum of P-bound Cudmp(PTA)2   
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Figure A.6 - ChemDraw 
1 

H NMR Spectrum of N-bound Cudmp(PTA)2   
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APPENDIX B – Zoomed in Sections of Previous 
1
H-NMR and 

31
P-NMR Spectra 

Figure B.1 - Select section of PTA 
1 

H NMR Spectrum in D2O from 4.0-4.7ppm 
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Figure B.2 - Select section of PTA 

1 
H NMR Spectrum in D2O from 1.8-2.4ppm 
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Figure B.3 - Select section of Cu(PTA)4 
1 

H NMR Spectrum in CD3CN from 3.2-5.4ppm 
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Figure B.4 - Select section of Cu(PTA)4 
31 

P NMR Spectrum in CD3CN from (-55) – (-110) ppm 
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Figure B.5 - Select Section of Cudmp(PTA)2 
1 
H NMR Spectrum in D2O from 7.6-8.5ppm 
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Figure B.6 - Select Section of Cudmp(PTA)2 
1 
H NMR Spectrum in D2O from 3.7-4.9ppm 



45 
 

Figure B.7 - Select Section of Cudmp(PTA)2 
1 
H NMR Spectrum in D2O from 1.2-2.8ppm 

 

 

 


