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Abstract 

Laser photochemistry of pressed-pellet samples of polycyclic aromatic hydrocarbons 

(PAHs) produces covalently bonded oligomers. This chemistry was discovered initially via laser 

desorption time-of-flight mass spectrometry experiments, which produced masses (m/z) of 2M-2 

and 2M-4 (where M is the monomer parent mass). Dimers are believed to be formed from 

photochemical dehydrogenation and radical polymerization chemistry in the desorption plume. 

Replication of these ablation conditions at higher throughput allowed PAH dimers of pyrene, 

perylene, and coronene to be produced and collected in milligram quantities. Differential 

sublimation provided purification of the dimers and elimination of residual monomers. The 

purified dimers were investigated with UV−visible, IR, and Raman spectroscopy, complemented 

by computational studies using density functional theory at the CAM-B3LYP/def2TZV level. 

Calculations and predicted spectra were calibrated by comparison with the corresponding 

monomers and used to determine the lowest energy dimer structures. Infrared and Raman 



 

spectroscopy provided few distinctive signatures, but UV−visible spectra detected new 

transitions for each dimer. The comparison of simulated and experimental spectra allows 

determination of the most prevalent structures for the PAH dimers. The work presented here 

provides interesting insights into the spectroscopy of extended aromatic systems and a new 

strategy for the photochemical synthesis of large PAH dimers. 
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Chapter 1 

 

Introduction 

 

The production of polycyclic aromatic hydrocarbons (PAHs) is an interesting area of 

research due to the challenges present in size-selective synthesis. A variety of PAHs are naturally 

occurring byproducts from hydrocarbon combustion, automobile exhaust, and crude oil mining.1-

4 Although PAHs are abundant in these different sources, it is rare to see any PAHs larger than 

coronene (C24H12). PAHs of larger sizes are not naturally occurring, but can be synthesized.5-6 

Currently, larger PAHs are synthesized commonly by means of the Scholl reaction, which can be 

used to form polymer chains.7 Although polymers have been used for making plastics, the 

synthesis of size-selected PAHs is still limited in production.8-10 The production of discrete large 

PAHs could be useful for the production of nanographene,11-21 improvement of photovoltaic 

cells,22-38 and identification of astrochemical mysteries.39-54 This dissertation focuses on the 

synthesis of PAH dimers through a photochemical pathway not yet explored.  

The production of sophisticated integrated circuits is based around a procedure known as 

photolithography. The photolithography process is limited in its capacity based on the diffraction 

limits of lasers that are available. As laser technology limits the possible future improvements to 

integrated circuits, the production process may be improved through the use of graphene with its 

low bandgap.11-14 Through control of the size and shape of small graphene pieces, known as 

nanographene, the bandgap can be adjusted to meet the needs of the electronic devices and made 

to fit the computer’s integrated circuit.15-16 Improvements in this field are largely determined by 

the ability to produce specific size-selected nanographene pieces as needed.17-21 
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The future of photovoltaic cells is dependent on the production of more efficient energy 

sources. One possible option for improving these solar powered cells is the development of 

better singlet fission sources.22-25 Singlet fission is the process of a singular excited molecule in a 

singlet electronic state interacting with a second molecule causing both molecules to end up in an 

excited triplet state. This process doubles the number of excited molecules present and can occur 

on a pico- to femtosecond timescale since it is spin allowed. Several PAHs, especially linear 

molecules like pentacene, have been shown to undergo singlet fission.26-32 The study of longer 

dimerized PAHs may find future more efficient singlet fission options to progress the 

development of photovoltaic cells.33-38  

In the field of astrochemistry, small carbon based molecules, such as C3 and C5, are well 

known to be abundant, especially in carbon-rich dust clouds.39 Large carbon-based molecules, 

such as C60 cation have also been discovered and identified as a carrier of a diffuse interstellar 

band (DIB).40-44 Carbon based molecules between these two sizes have been speculated to exist, 

but identification of specific molecules has been challenging for astrochemists. There is debate 

over whether these molecules would develop in a top-down method in which large molecules 

like C60 form in carbon-rich stars and break down into smaller carbon-based molecules or a 

bottom-up approach in which the small carbon molecules collide and eventually build into larger 

molecules like C60.45-51 Regardless of which process is accurate, the presence of PAHs in the 

interstellar medium is an important field of study. A number of infrared emission peaks, known 

as the unassigned infrared bands (UIRs), remain a curious problem for astrochemists, though the 

region in which these signals have been detected is associated with the infrared emission of 

PAHs.45-52 Still, the specific molecules responsible have yet to be discovered, and many people 

speculate that these spectra may be the result of larger PAHs than are commercially available for 
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study. The development of improved methods for producing large PAHs has the potential to 

significantly impact other fields of chemistry. 

This work focuses on the synthesis of pyrene, perylene, and coronene dimers with an 

excimer laser and the subsequent identification through spectroscopy.53 PAH dimers were 

detected through mass spectrometry studies and further mass spectrometry scans were used to 

assess the purity of the synthesized dimers. The infrared, Raman, and UV-Visible absorption 

spectra of the synthesized dimers were measured. Density functional theory (DFT) computations 

were performed to predict the most likely dimer structures formed. The resulting dimer structures 

are used to simulate possible spectroscopic peaks which can be used to identify the produced 

dimers based on the measured spectra of the synthesized dimers. 
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Chapter 2 

 

Sample Preparation & Mass Spectrometry 

 

The study of PAHs was accomplished through use of laser desorption time-of-flight mass 

spectrometry (LD-ToF-MS). Commercially available PAH samples were prepared as either a 

thin film on the mass spectrometer probe tip or as a pressed pellet piece attached to the tip with 

double-sided tape. Thin film samples were prepared by suspending a few milligrams of 

commercial PAHs, purchased from Tokyo Chemical Inc. and used without further purification, 

in a few milliliters of HPLC-grade methanol (Sigma-Aldrich). Suspended samples were pipetted 

onto a copper mass spectrometer probe tip and left to dry. Multiple drops were added to increase 

the amount of sample, resulting in the thin film of material on the tip. For comparison, pressed 

pellet samples were prepared using the same commercial material cast in a ½ in diameter die. 

Two ½ in. diameter Teflon disks were cut from an unused stock piece for each pellet to prevent 

cross contamination of the samples. 100-150 mg of material would yield a pressed pellet of 1-3 

mm thickness. Small pieces of the pellet were broken off from the full disk and attached onto the 

copper probe tip with double-sided tape. Both thin film and pressed pellet samples were loaded 

into a time-of-flight mass spectrometer (Comstock) via an airlock and slowly introduced further 

into the high vacuum region of the instrument. Samples were then ionized through a laser 

desorption method. 

Laser desorption offers a soft ionization method which reduces the amount of 

fragmentation of the source sample. Laser desorption of the samples was achieved through a 

neodymium doped yttrium aluminum garnet (Nd:YAG) laser (New Wave Polaris II) providing 
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light at 1064 nm frequency doubled or tripled to the 532 nm or 355 nm wavelengths. The laser 

beam was focused through a 20 cm focal length lens down to a 0.5 mm2 spot size on the sample 

tip to desorb the material. The laser pulse energy could be adjusted from 100 to 400 μJ/pulse, 

with a typical value of 200 μJ/pulse operating at a 10 Hz repetition rate, giving an average 

irradiance of 40 mJ/cm2/pulse focused onto the probe tip. The position of the laser was 

periodically adjusted to ensure fresh sample area was being desorbed.  

Nd:YAG lasers operate at a variety of possible wavelengths, but the laser used was run at 

532 or 355 nm. These wavelengths have photon energies of 2.33 and 3.49 eV respectively. These 

energies are below the ionization potential of most molecules. Coronene, for example, has an 

ionization potential of 7.29 eV and most PAHs have ionization potentials near or above this 

number.1 As such, even at 355 nm, two photons would not have enough energy to exceed the 

ionization potential and produce a cation. The absorption of several photons, even at 355 nm, 

would be required for the production of a cation through photoionization. 

Although a multiphoton absorption process is possible, the laser striking the solid surface 

is near instantaneous and the simultaneous absorption of several photons is not likely. The more 

probable result is that the absorption produces a super-heated plume that may get hot enough to 

break bonds and cause fragmentation. The fragmentation process can produce dehydrogenated 

molecules or break other weak bonds depending on the molecule. Additionally, any impurities, 

such as abundant salts like NaCl, are often present from glassware or sweat. These salts have a 

much lower ionization energy and may easily ionize from either photoionization or from the 

intense heat. The plume of material may be dense enough for the salt ions and fragmented 

molecules to undergo collisions resulting in ion-molecule reactions between the two. Any 

electrons produced by the ion formation may also be accelerated by the electronic fields and 
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collide with neutrals in the desorption cloud resulting in an electron impact ionization 

mechanism.2 Through these methods, it is probable that large molecules can be produced as 

neutrals within the cloud of desorbed material before undergoing ionization through electron 

impact to form the cations that can be detected by the electron multiplier tube. 

The positively charged cloud of ions is pushed into the system by a pair of positively 

biased plates. The positively biased field produced between the repeller plate and draw-out-grid 

(DoG) pushes the ion cloud into the system. A third grounded plate produces a smaller positively 

biased field with the DoG to accelerate the ions into the flight tube. Within the flight tube, the 

ions are imparted with a certain amount of kinetic energy from the repulsive fields. Based on 

fundamental physics, the kinetic energy relates to the velocity of an ion by Equation (1).3 As the 

ions travel down the collision-free flight tube, the different masses begin to separate due to 

having different velocities.4 The ions are detected when they collide with an electron multiplier 

tube at the far end of the flight tube. By knowing the length of the flight tube and the amount of 

kinetic energy imparted on the ions by the electric fields, the mass can be calculated by 

rearranging Equation (1). 

KE = ½mv2 (1)3 

 A figure of the mass spectrometer is presented in Figure 2.1. All samples were examined 

with both the 532 nm and 355 nm wavelengths and using a variety of laser irradiances, though 

generally most spectra were taken at the minimum power to see consistent monomer signal. 

Other mass spectrometer settings were also adjusted to optimize signal intensity and improve 

resolution to the greatest extent possible. 

 

2.1 Thin Film Samples 
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The spectra of thin film PAH samples contain mostly only monomer mass peaks. Both 

pyrene and perylene contain a significant peak representing the monomer peaks at m/z 202 and 

252 respectively. Other peaks were common contaminants that result from the handling of the 

samples. Sodium and potassium peaks commonly show up as a result of natural salts and oils 

present in human hands. Copper isotope peaks are a result of the laser desorption beam striking 

the copper mass spectrometer probe tip with enough power to desorb the metal. Stainless steel 

components, such as iron, chromium, and nickel can also be detected if the laser beam is 

positioned to hit the stainless steel repellar plate just off the mass spectrometer tip. These 

contaminant peaks are useful as calibration tests and are significantly lower in mass than the 

desired PAH monomers.  

For comparison, coronene contains a number of significant peaks from abundant 

contaminants within the coronene sample. The predominant peak for coronene is at m/z = 300. 

Common contaminants include benzo(ghi)perylene (m/z 276), benzo(pqr)naphtho[8,1,2-

bcd]perylene (m/z 350), naphtho[8,1,2(abc)]coronene (m/z 374), and ovalene (m/z 398).3-11 

Coronene thin film spectra also include the electrostatically-bound dimer of coronene at m/z = 

600. The presence of the electrostatically-bound dimer has been reported previously within the 

literature.8-9 Figure 2.2 contains the spectra of the thin film samples taken under similar 

spectrometer conditions with the wavelength used reported within the figure. Although only one 

wavelength is shown for each sample, similar spectra were observed at the other wavelength. No 

significant changes in the spectra occurred when spectrometer conditions or laser irradiance were 

altered. 

 



 

14 

2.2 Pressed Pellet Samples 

 

The pressed pellet samples were examined using similar mass spectrometer settings as 

the thin film samples. For samples of pyrene, perylene, and coronene, the pressed pellet samples 

show a curious set of peaks just under the mass of the PAH electrostatically-bound dimer. 

Expansion of these peaks revealed that they were spaced one mass unit apart with larger peaks 

for the loss of even numbers of mass from the electrostatically-bound dimer. The primary peaks 

were found to be the 2M-4 and 2M-2 masses, where M is the monomer unit mass. Without any 

further studies, these masses were assumed to be the formation of covalently-bonded dimers 

through the loss of 1 or 2 hydrogen from each monomer, though this topic will be more 

thoroughly examined in later chapters. Figure 2.3 contains the pressed pellet mass spectra of all 

three PAHs showing the higher mass dimer and trimer peaks. These covalently-bonded dimers 

were measured at around 25-50% the intensity of the parent monomer for each of the samples 

studied. Similar series of peaks were detected at just under the mass of the electrostatically-

bound trimer, but the intensities were often below 10% of the monomer peak. Such structures 

were noted, but not of significant enough intensity to be the focus of these studies. Figures 2.4, 

2.5, and 2.6 show the direct comparison between pyrene, perylene, and coronene thin film and 

pressed pellet spectra respectively. Figure 2.7 zooms in on the dimer region to examine the ratio 

of the singly and doubly-bonded dimers for all three samples studied. With the evidence of these 

dimer structures, the next step in the process is to replicate these mass spectrometer conditions to 

try and collect PAH dimers that can be synthesized in large quantities through laser desorption.  
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Figure 2.1. Example layout of a LD-ToF-MS.1  
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Figure 2.2. Thin film mass spectra of pyrene, perylene, and coronene with significant peaks 

labeled. 
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Figure 2.3. Pressed pellet mass spectra of pyrene, perylene, and coronene with indicated dimer 

and trimer peaks. Monomer peaks are scaled to 25% intensity to show the dimer and trimer 

peaks more clearly.  
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Figure 2.4. Comparison of pyrene thin film and pressed pellet mass spectra taken at 355 nm. 

Monomer peaks are scaled to 30% intensity to show the dimer peaks more clearly.  
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Figure 2.5. Comparison of perylene thin film and pressed pellet mass spectra taken at 355 nm. 

Monomer peaks are scaled to 70% intensity to show the dimer and trimer peaks more clearly.  



 

20 

 

Figure 2.6. Comparison of coronene thin film and pressed pellet mass spectra taken at 532 nm. 

Monomer peaks are scaled to 75% intensity to show the dimer and trimer peaks more clearly.  
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Figure 2.7. Expanded view of the various pellet dimer regions with simulated 2M-4:2M-2 

isotope ratios of 2:5, 1:2, and 9:10 for pyrene, perylene, and coronene respectively.   
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Chapter 3 

 

Photochemical Synthesis & Purification 

 

 After the discovery of the oligomerized PAH samples in the mass spectrometer, the next 

project became attempting the synthesis of these dimer samples in large quantities by replicating 

the mass spectrometer conditions. Pressed pellet samples were produced as previously described 

with the same commercially available materials. These samples were mounted with double-sided 

tape on the tip of an angled metal rod centered in a KF50 6-way cross. A quartz slide was taped 

in place opposite the mounted pellet. A diagram of the synthesis apparatus is presented in Figure 

3.1. The system was attached to a rough vacuum to reach the mtorr pressure range. The system 

was aligned in front of a Coherent LPX Pro excimer laser, operated at 248 nm (KrF) wavelength. 

The laser was partially focused through a cylindrical lens to a 0.5 cm2 rhombus-shaped spot 

enveloping the pressed pellet. Laser power was adjusted to 20 mJ/pulse to replicate the 40 

mJ/cm2/pulse power from the mass spectrometer experiments. The laser was operated at its 400 

Hz repetition rate maximum for approximately 2 hours until the pellet was completely desorbed.  

 After desorption, the produced material was collected from the quartz slide by scraping 

with a razor blade. The interior of the 6-way cross was also scraped and cleaned to acquire more 

material. A sample collection run with a 100 mg pellet of material would yield 70-80 mg of 

collected material. Collected material had a notably visible difference in color from the 

commercial material with a darker tint. By adding a mass spectrometer tip near the quartz slide 

during the collection process, a film of material can be deposited directly onto the tip for 

examination. Mass spectra of collected films contain the same mass peaks as the pressed pellet 
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samples. For comparison, collected powdered samples were similarly suspended in methanol and 

deposited to produce the same type of thin film samples as discussed in the previous chapter. The 

suspension of the material does not produce any change in the mass spectra. Example spectra of 

the collected material are presented in Figure 3.2 with no notable difference from the previously 

seen pressed pellet samples. 

Purification of the collected samples was achieved by a differential sublimation method. 

10 mg scoops of collected powder samples were placed inside a tungsten boat and mounted 

within a bell jar vacuum system apparatus. The boat was resistively heated under mtorr vacuum 

conditions. A variety of temperatures and timeframes were tested to achieve purification of the 

collected sample. Both pyrene and perylene samples were purified at a temperature near 100°C 

with lower temperatures yielding little to no change and higher temperatures resulting in no 

recovered material. Testing found that longer heating times, up to 24 hours, resulted in greater 

reduction of the monomer peak within the mass spectrometer. Coronene samples required higher 

temperature runs at at least 150°C with no change in samples at lower temperature. Samples of 

coronene are seemingly less stable and higher temperatures or heating times exceeding 3 hours 

would result in no recovered material. 

Purified samples could be collected with a yield of approximately 10-20% mass. Residual 

purified samples often contained possible soot contaminates which causes a darker, often near 

black coloration for materials. Purified samples were reexamined under the same mass 

spectrometer conditions and found to have little to no remaining monomer peak without 

significant decrease in the dimer peak intensity. Figures 3.3-3.5 show the comparison of the 

pyrene, perylene, and coronene collected material before and after purification at similar mass 

spectrometer conditions. Figure 3.6 contains the zoom-ins of the dimer region peaks to check for 
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any notable change in the relative intensities in dimers after purification.  Further testing of the 

purified samples was performed using a variety of other experimental methods as discussed later. 
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Figure 3.1. Diagram of the PAH synthesis apparatus (left) and photograph of the material 

collection process (right). The stream of vapor is glowing because of the known 

phosphorescence of coronene. 
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Figure 3.2. Collected mass spectra films of pyrene, perylene, and coronene with indicated dimer 

peaks. Monomer peaks are scaled to 25% intensity to show the dimer and trimer peaks more 

clearly.  
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Figure 3.3. Collected vs purified mass spectra of pyrene under similar mass spectrometer 

conditions with a 355 nm laser desorption source. 
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Figure 3.4. Collected vs purified mass spectra of perylene under similar mass spectrometer 

conditions with a 355 nm laser desorption source. 
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Figure 3.5. Collected vs purified mass spectra of coronene under similar mass spectrometer 

conditions with a 355 nm laser desorption source. 
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Figure 3.6. Expanded view of the various purified sample dimer regions with simulated 2M-

4:2M-2 isotope ratios of 1:5, 5:4, and 5:2 for pyrene, perylene, and coronene respectively.  
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Chapter 4 

 

Theoretical Computations 

 

 In order to fully understand the dimerization process, the possible structures need to be 

identified. To accomplish this goal, various possible covalently bonded dimers were simulated 

using the Gaussian 09 program package.1 Molecules of this size are challenging to compute and 

to reduce computational costs a density functional theory (DFT) method was preferred over more 

computationally expensive ab initio methods. After some literature searching, the Cambridge 

B3LYP (CAM-B3LYP) method was chosen, a method specifically designed for carbon based 

systems.2 This method offers a convenient compromise between accuracy and computational 

time for working with larger hydrocarbon based molecules.  

A selection of basis sets were tested, with a focus on the def2SVP to def2TZVP levels. 

Calculations of the dimerized structures were too complex for the def2TZVP basis set and 

computations failed to converge even at longer runtimes or larger memory allowances. Quick 

calculations using the def2SVP basis set were used to get a general idea of possible dimer 

structures, but were deemed not rigorous enough for finalized structure calculations. Ultimately 

the def2SVPP basis set was used to compute probable structures and the def2TZV basis was 

used to further optimize these structures. After optimization, both infrared and Raman 

frequencies were calculated at the same theory level to simulate the vibrational spectra. 

Vibrational frequencies were also checked for imaginary numbers which would indicate the 

structural calculation had been hindered by a saddle point. Frequencies were also used to correct 

for the zero-point energy for comparing the different possible dimer structures examined. A 
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variety of possible structures were examined for both the singly-bonded and doubly-bonded 

dimers. Figures 4.1-4.3 depict the examined dimer structures for pyrene, perylene, and coronene 

respectively with relative energies given. The most stable structures determined are presented in 

Figure 4.4 with relative energy difference between the doubly-bonded and singly-bonded 

structures.  

Time-dependent density functional theory (TD-DFT) computations were also performed 

with the optimized structures to determine the electronically excited states. From these excited 

states, the vertical electronic transitions were calculated with no vibronic structure. The 

electronic transitions correspond to the UV-Visible absorption spectra of a molecule. 

The computed frequencies were used to simulate the infrared absorption bands and 

compared to the commercial monomer spectra available through NIST.3 From these 

comparisons, a scaling factor of 0.956 was determined. The same scaling factor was used for the 

Raman scattering frequencies and these scaling factors were also applied to the computed dimer 

structures. A similar comparison was performed for the electronic transitions and used to 

determine a scaling factor of 1.13 to the wavelength when compared with the monomer. These 

scaling factors were uniformly applied to all theoretical spectra unless otherwise specified.  
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Figure 4.1. Calculated pyrene dimer structures with zero-point corrected relative energies 

(kcal/mol).  The numbers in blue are relative to the most stable singly-bonded dimer, whereas 

those in black are relative to the most stable doubly-bonded dimer (+H2). 
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Figure 4.2. Calculated perylene dimer structures and zero-point corrected relative energies 

(kcal/mol).  The numbers in blue are relative to the most stable singly-bonded dimer, whereas 

those in black are relative to the most stable doubly-bonded dimer (+H2). 
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Figure 4.3. Calculated coronene dimer structures and zero-point corrected relative energies 

(kcal/mol).  The numbers in blue are relative to the most stable singly-bonded dimer, whereas 

those in black are relative to the most stable doubly-bonded dimer (+H2).  
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Figure 4.4. Lowest energy structures identified by computational studies for the 2M-2 and 2M-4 

dimers of pyrene, perylene, and coronene. The relative energies (kcal/mol) for each of the 2M-2 

species include the formation of one H2 molecule, whereas those for the 2M-4 species include 

the formation of two H2 molecules.  
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Chapter 5 

 

Infrared Spectroscopy 

 

 The infrared spectroscopy of PAHs is important for determining if these molecules are 

truly responsible for the unassigned infrared emission bands (UIRs) in the interstellar medium. 

This series of infrared emission bands ranges from 3.3 (3030.3 cm-1) to 12.7 μm (787.4 cm-1) and 

has been attributed to a pattern common to PAHs. Despite a frequent consensus that these 

spectral bands are likely caused by interstellar PAHs, the exact species responsible have not been 

identified.1-14 Examination of new PAH species may provide possible candidates that could 

explain these interstellar bands, and even new spectra that do not explain the UIRs may serve as 

benchmark data for theoretical computations that may be able to predict the possible species.  

 The infrared spectra of PAHs were taken on a Shimadzu IRAffinity-1S FT-IR operating 

in reflectance mode off powder samples. Before each scan, a background of air was taken. Scans 

were averaged over 32 sweeps across the range of 400 to 4000 cm-1 with a 1 cm-1 resolution.  

For each of the collected samples, the dried and purified powder was tested using the infrared 

reflectance off of the powder sample. For comparison, spectra under the same conditions were 

taken with the commercially available monomer material.  

 The infrared spectra of all three PAH dimer systems are similar to those of their 

corresponding monomers. The C-H stretches at high frequency have a low intensity. More region 

prominent bands are present in the carbon ring distortion region near 1500 cm-1 and in the C-H 

bending vibrations from 700 - 900 cm-1. The pyrene spectrum does have distinct new spectral 

signatures as depicted in Figure 5.1. A new multiplet in the C-H stretching region, a new ring 
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vibration region near 1718.1 cm-1, and a new feature in the C-H bending region at 875.4 cm-1 all 

show up in the dimer spectrum. Theory does not properly predict the multiplet structure within 

the C-H stretching region with either dimer structure. It is possible that this series of bands may 

be caused by Fermi resonances between the C-H stretches and overtones of the bands near 1500 

cm-1. Harmonic theory would not be able to account for Fermi resonances, but anharmonic 

theory may be a challenge with the size of the molecules being studied. The 2M-4 dimer has 

closer agreement to the multiplet in the bending region of the spectrum than the 2M-2 dimer for 

pyrene. Although the 1500-1700 cm-1 region has a number of changes compared to the 

monomer, theory does not seem to match very well in this region. Theory is far from definitive, 

and the simulated peaks in the monomer spectrum seem to often be at higher frequency than the 

actual monomer spectrum. Figure 5.1 focuses only on the most stable structures, but Figures 5.2 

and 5.3 show the comparison of the various dimer structures for the singly-bonded and doubly-

bonded structures respectively to check for better agreement. Due to the high symmetry of the 

various structures, the spectra show relatively little change in predicted peaks. 

For perylene and coronene, the monomer and dimer spectra are virtually identical as 

shown in Figures 5.4 and 5.5 respectively. Dimers with nearly equivalent structures would likely 

have very similar spectra. The comparison between theory and experiment in the infrared region 

is not ideal, as even the monomer peaks do not perfectly align. Unfortunately, the theory 

calculations here are harmonic and anharmonicity is only corrected for using a singular scaling 

factor across the entire spectrum. This method of accounting for the anharmonicity is not likely 

to account for the anharmonic effects especially across several regions of the infrared. More 

thorough investigations of the infrared anharmonicity of PAHs would be an important study to 

pursue. Just to thoroughly check the possible structures for perylene and coronene, all possible 
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predicted dimers were compared to the purified PAH samples produced. Figures 5.6 and 5.7 

show the comparison for the perylene singly-bonded and doubly-bonded dimer respectively. 

Figure 5.8 depicts the same for the coronene doubly-bonded dimer. All coronene singly-bonded 

dimers converged to the same structure and no comparison between them could be made. 
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Figure 5.1. Comparison of pyrene monomer and dimer with most stable theoretical structures. 

Theory vibrations were scaled by 0.956. Asterisk denotes common CO2 contamination peaks.  
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Figure 5.2. Pyrene singly-bonded dimers in comparison to collected purified results.  
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Figure 5.3. Pyrene doubly-bonded dimers in comparison to collected purified results.  
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Figure 5.4. Comparison of perylene monomer and dimer with most stable theoretical structures. 

Theory vibrations were scaled by 0.956. Asterisk denotes common CO2 contamination peaks.  
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Figure 5.5. Comparison of coronene monomer and dimer with most stable theoretical structures. 

Theory vibrations were scaled by 0.956. Asterisk denotes common CO2 contamination peaks. 
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Figure 5.6. Perylene singly-bonded dimers in comparison to collected purified results. Asterisk 

denotes common CO2 contamination peaks. 
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Figure 5.7. Perylene doubly-bonded dimers in comparison to collected purified results. Asterisk 

denotes common CO2 contamination peaks. 
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Figure 5.8. Coronene doubly-bonded dimers in comparison to collected purified results. Asterisk 

denotes common CO2 contamination peaks.  
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Chapter 6 

 

Raman Spectroscopy 

 

 The Raman spectra of PAH dimers are of less interest in comparison to astrophysical 

spectra, but a comparison with extended carbon framework materials, such as graphene, is of 

interest. As the PAHs are extended in size, they should start to take on properties of graphene as 

they reach nanographene sizes. Graphene has several distinct Raman bands that large PAHs may 

begin to approach. Pure single-layer graphene has a strong Raman band at 1582 cm-1 known as 

the “G” band caused by planar carbon ring distortion. A second band at 1350 cm-1, known as the 

“D” band, is the result of any defects in the carbon lattice, with an overtone at 2700 cm-1 known 

as the “2D” band. The 2D band is sharp and intense for monolayer graphene and broadens as 

multiple graphene layers are stacked.1-12 PAHs are known to have bands at similar frequencies to 

the G and D bands, but notably lack any bands at the 2D overtone position. The position of these 

peaks may shift closer to the graphene peaks as the structures begin to reach more graphene-like 

shapes. 

To examine the Raman spectra of the synthesized PAHs, collected samples were 

suspended in HPLC grade methanol and dropcast onto prepared silver surface enhanced Raman 

(SERS) substrates. For comparison, the commercial monomer materials were also examined 

under the same conditions. Samples were examined using a Thermo Scientific DXR Raman 

Microscope with both a 532 and 780 nm laser. Both lasers were tested to see which wavelength 

provided better results. Laser powers were adjusted before each scan to optimize signal to noise 
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ratios. Spectra were scanned from 100 to 3500 cm-1 with a 5 cm-1 full width at half-maximum. 

Samples were recorded over 50 average scans with 100 background scans.  

The spectra of the PAH samples lack any easily assignable new spectral peaks. In the 

case of pyrene and perylene, the peaks are significantly broadened compared to the monomer 

spectra. Figures 6.1 and 6.2 show the comparison of the monomer and dimer spectra with the 

most stable theory predictions for pyrene and perylene respectively. Similar spectra for coronene 

are presented in Figure 6.3. The spectrum of coronene dimer shows almost no change compared 

with the monomer and both spectra keep sharp distinct peaks rather than the dimer broadening 

present in the pyrene and perylene spectra. The high symmetry of the coronene dimers results in 

the singly-bonded coronene dimer having a spectrum nearly identical to that of the monomer.  

Aside from the broadening of the major peaks of the Raman spectra, there is a shift in the 

low-frequency bands in the 500-600 cm-1 region. For pyrene, the 591.9 cm-1 band of the 

monomer shifts to 477.6 cm-1 for the dimer. In perylene’s spectra, the 549.0 cm-1 band shifts to 

481.8 cm-1. The shift in coronene is significantly smaller, changing from 482.6 cm-1 to 481.9 cm-

1 in the dimer. These bands are assigned to the C-H bending modes and the increased steric 

hindrance of the dimer structures would shift the peaks. Much the same as the previously 

discussed infrared spectra, agreement between the theory and experiment is not perfect. Possibly 

more rigorous theoretical calculations could also improve the agreement between the 

computational Raman spectra and the experiment. Other possible PAH dimer structures were 

examined to check for significant agreement as a possible identifier of the dimer structures 

formed. Figures 6.4 and 6.5 present the other pyrene structures. Figures 6.6 and 6.7 show the 

same for perylene. Figure 6.8 presents the coronene doubly-bonded structures.  
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Figure 6.1. Comparison of pyrene monomer and dimer with most stable theoretical structures. 

Theory vibrations were scaled by 0.956. 
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Figure 6.2. Comparison of perylene monomer and dimer with most stable theoretical structures. 

Theory vibrations were scaled by 0.956. 
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Figure 6.3. Comparison of coronene monomer and dimer with most stable theoretical structures. 

Theory vibrations were scaled by 0.956.  
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Figure 6.4. Pyrene singly-bonded dimers in comparison to results for the collected purified 

samples.  
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Figure 6.5. Pyrene doubly-bonded dimers in comparison to results for the collected purified 

samples.  
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Figure 6.6. Perylene singly-bonded dimers in comparison to results for the collected purified 

samples. 
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Figure 6.7. Perylene doubly-bonded dimers in comparison to results for the collected purified 

samples. 
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Figure 6.8. Coronene doubly-bonded dimers in comparison to results for the collected purified 

samples. 
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Chapter 7 

 

UV-Visible Spectroscopy 

 

Samples dissolved in HPLC grade cyclohexane, purchased from Sigma-Aldrich, were 

examined using a Horiba Scientific Duetta Fluorescence and Absorbance Spectrometer. 

Reflectance off thin-film samples drop cast onto quartz slides was attempted, but results were 

lower quality than those for the dissolved samples. Samples were scanned from 200 to 800 nm 

with a resolution of 1 and a 0.5 nm stepsize. Background scans of pure cyclohexane were taken 

before each run to account for solvent peaks. Sample concentrations were adjusted to prevent 

saturation of the detector. 

As discussed in Chapter 4, the theoretical computations for simulating the UV-Visible 

absorption spectra of the dimers were achieved through the use of TD-DFT calculations. 

Predicted spectra are the vertical transitions from the optimized ground electronic state without 

inclusion of vibronic activity via Franck-Condon factors. Comparison of the predicted spectra 

with known monomer peaks was used to determine a scaling factor of 1.13 for the wavelength 

shift. The scaling factor was uniformly applied across the full spectral range for all 

computational results.  

Figure 7.1 shows the spectral comparison of pyrene monomer and dimer with the most 

stable dimer predictions. The pyrene monomer contains three primary bands at 238.6, 271.9, and 

333.8 nm with higher energy structure on each of the peaks. These higher energy bands are 

attributed to vibronic activity which is not accounted for with theory calculations. With the 

scaling factor, the pyrene monomer theory matches fairly well with the known transitions. The 
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dimer spectrum contains additional peaks including a strong new transition at 301.5 nm and a 

second series of peaks doubling up on the bands at 333.8 nm at slightly lower energy. The 

singly-bonded structure explains the new 301.5 nm transition with fairly close accuracy and 

other peaks fit within the spectrum. The doubly-bonded dimer should have a lower energy 

transition around 487.0 nm with rather strong intensity, but no significant peaks can be detected 

in that region. A pair of transitions around 273.9 nm could explain the new multiplet of peaks 

around 272.2 nm and other predicted spectral features overlap with already present monomer 

peaks but may explain some of the broadening seen in the dimer spectrum. These new peaks 

suggest that the dimer is made up of a mixture of both the singly and doubly-bonded dimers 

which is in agreement with the mass spectra previously shown. The samples also may still 

contain residual monomer material that needs to be removed through further purification. The 

only significant unaccounted for peak is the HOMO-LUMO transition at 478.0 nm in the doubly-

bonded dimer, but theory calculations struggle with accurately predicting the HOMO-LUMO 

transition in aromatic molecules as the other samples also show. For comparison, a spectrum of 

the pyrene doubly-bonded dimer without scaling is presented in Figure 7.2 compared against 

experiment. The theoretical data could still be accounted for by the peaks present in the 

experimental spectrum, with the exception of the HOMO-LUMO transition at 423.0 nm. To 

check the other possible structures, Figures 7.3 and 7.4 present the theoretical transitions of the 

singly and doubly-bonded dimers respectively. 

Figure 7.5 shows the comparison of the perylene monomer and dimer UV-Vis absorption 

spectra with the most stable singly and doubly-bonded structures predicted by theory. The 

monomer has two main transitions at 430.6 and 252.0 nm. Monomer theory with scaling matches 

fairly well with transitions predicted at 439.8 and 250.1 nm. Again, the transitions also have 
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vibronic structure at slightly higher energy than the main transitions. The dimer spectrum loses 

much of the peak around 252.0 nm to a rising background that blocks out most of the spectrum 

below 278 nm. A couple of multiplets around 302.3 and 338.6 nm also show up in the dimer 

spectrum along with a small broad transition at 567.9 nm. The theoretical transitions do not 

match up with any of the major transitions for either of the most stable dimers and the HOMO-

LUMO transition of the doubly-bonded dimer does not align with the new small broad peak at 

567.9. However, the major peaks from the two predicted dimers align with the same transitions 

as the monomer peaks. Interestingly, the dimer theory without scaling more closely aligns with 

the dimer transitions. Figure 7.6 compares the experimental perylene dimer transitions to the 

most stable perylene doubly-bonded dimer theory without scaling. The HOMO-LUMO transition 

at 551.6 now more closely aligns with the 567.9 transition in the dimer, though the intensity is 

very different. The other peaks from the dimer align with the rising baseline below 278 nm. For 

other comparisons of the perylene spectra, Figures 7.7 and 7.8 present the spectra of scaled 

singly and doubly-bonded dimers of perylene to the experimental data. The most stable 

structures align best with the experimental data. 

Coronene has even fewer transitions than the other two molecules as presented in Figure 

7.9. The monomer theory predicts a peak at 301.0 and 206.5 nm with scaling. The first 

transitions match well with the most prominent transition in the spectrum and the second peak is 

present in the region starting to be covered by the cyclohexane solvent, though some amount of 

rising background there might indicate a transition aside from the solvent. Interestingly, the first 

transition in the coronene monomer spectrum at 338.0 is not predicted to align with any 

transitions, though the issues with predicting aromatic HOMO-LUMO transitions has already 

been noted from the prior two molecules. The dimer spectrum contains a sharp increase in the 
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intensity of the transition at 292.0 nm which appears to be a higher energy vibronic structure in 

the monomer spectrum. Additionally, two new peaks at 225.0 and 239.0 nm also provide 

important new transitions. However, the scaled theory spectra match rather poorly both in 

position and intensity to the dimer spectrum obtained. The singly-bonded dimer transitions align 

rather well with the monomer transitions, which is not too surprising given the structure of the 

dimer. The doubly-bonded dimer bands are slightly off from the new dimer peaks in the higher 

region, and the HOMO-LUMO transition does not match with any spectral intensity in the dimer 

experiment. However, if the scaling for the doubly-bonded dimer is removed, as depicted in 

Figure 7.10, the spectrum aligns much more closely. The HOMO-LUMO transition is now at 

418.8 nm which is relatively close to a small bump at 410.5 nm. The main transitions are shifted 

to 292.7 and 297.7 nm which match closely with the two largest peaks at 292.0 and 299.8 nm 

respectively in the experiment. The two new transitions at 255.0 and 239.0 nm are fairly close to 

two new intense transitions predicted at 216.3 and 235.2 nm respectively and would match up 

with a slight positive scaling factor in this region. The coronene theory matches fairly well with 

the new spectral transitions when scaling is not accounted for. The doubly-bonded structures 

may need less scaling when compared with the monomer or singly-bonded options. For full 

comparison, the other doubly-bonded structure is also compared against the experimental results 

in Figure 7.11. The most stable dimer continues to have closer agreement to the collected dimer 

data.  
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Figure 7.1. Comparison of pyrene monomer and dimer dissolved in cyclohexane with most 

stable theoretical structures. Theory transitions were scaled by 1.13.  
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Figure 7.2. Comparison of pyrene dimer dissolved in cyclohexane with theory dimer without 

scaling factor.  



 

71 

 

Figure 7.3. Comparison of pyrene singly-bonded dimers with experimental data. Theory 

transitions are scaled by 1.13 on the wavelength axis. 
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Figure 7.4. Comparison of pyrene doubly-bonded dimers with experimental data. Theory 

transitions are scaled by 1.13 on the wavelength axis.  
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Figure 7.5. Comparison of perylene monomer and dimer dissolved in cyclohexane with most 

stable theoretical structures. Theory transitions were scaled by 1.13.  
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Figure 7.6. Comparison of perylene dimer dissolved in cyclohexane with theory dimer without 

scaling factor. 
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Figure 7.7. Comparison of perylene singly-bonded dimers with experimental data. Theory 

transitions are scaled by 1.13 on the wavelength axis. 
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Figure 7.8. Comparison of perylene doubly-bonded dimers with experimental data. Theory 

transitions are scaled by 1.13 on the wavelength axis. 
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Figure 7.9. Comparison of coronene monomer and dimer dissolved in cyclohexane with most 

stable theoretical structures. Theory transitions were scaled by 1.13.  
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Figure 7.10. Comparison of coronene dimer dissolved in cyclohexane with theory dimer without 

any scaling factor.  
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Figure 7.11. Comparison of coronene doubly-bonded dimers with experimental data. Theory 

transitions are scaled by 1.13 on the wavelength axis.  
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Chapter 8 

 

Other Spectral Methods & Molecules 

 

 Although the focus of discussion has currently been on the vibrational and electronic 

transitions of pyrene, perylene, and coronene, several other methods were briefly examined. 

Unfortunately, these methods proved unsuccessful at identifying the dimer structures produced, 

but the issues with their attempts provide certain pieces of information about the dimers. The 

other methods here did not provide any conclusive evidence, but these methods may be further 

optimized to examine the formed dimer structures in the future. 

Among the methods tried, one of the more successful was the study of dissolved PAHs 

with a high-performance liquid chromatography (HPLC). A new normal phase HPLC column 

was purchased specifically designed for use on aromatic molecules. The Phenogel column is a 

size selective column which allows larger molecules to pass through faster. Among the different 

PAHs studied, pyrene samples successfully yielded distinct results with a UV-Visible absorption 

multiwavelength detector. Figure 8.1 shows the resulting spectra of pyrene samples with a 0.1 

mg/mL concentration dissolved in HPLC grade cyclohexane detected by the 230 nm wavelength 

detector. Similar results were obtained at other detection wavelengths. The first small peak 

around 4 minutes is attributed to the solvent cyclohexane, and the larger peaks are caused by 

different sized molecules. High purity dimer samples did not have multiple peaks for the 

monomer and dimer samples but had different elution time compared to the commercial 

monomer. Unfortunately, other samples did not yield similar results and even the pyrene sample 

took several tries to perfect. 
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An analysis of the spectral signatures would be ideal for confirmation of the theory based 

structures. Solid phase samples were examined by powder x-ray diffraction (XRD), but the 

mixture of different dimer samples made for a difficult analysis of the spectral signals. The 

addition of new peaks in the spectrum did indicate a change in the structures from the monomer, 

but these changes could be also caused by any sort of contaminants formed from the synthesis. 

Similarly, samples were also submitted for analysis with a scanning electron microscope (SEM). 

Samples were prepared by drop-casting onto silver substrates after being suspended in HPLC 

grade methanol. The resulting images were complex with no distinct shapes being easily 

noticeable. Samples were likely aggregated and may be a mixture of both singly and doubly-

bonded species or contaminated with possible synthesis byproducts as shown in Figure 8.2. 

Samples would need to be exfoliated to try and produce single layer samples to analyze the 

structure. Similar studies were performed using atomic force microscopy on the same samples. 

No data was able to be obtained as the cantilever tip broke when attempting to scan the samples. 

Aggregated samples, as indicated by the SEM data, could have been thick enough to prevent the 

collection of microscopy data. One last attempt to acquire structural data was through the use of 

nuclear magnetic resonance (NMR) spectroscopy of samples dissolved in d12-cyclohexane 

purchased from Sigma-Aldrich as shown in Figure 8.3. The high symmetry of the PAH 

structures and limited purity of the dimer samples saw mostly the same 13C peaks as present in 

the monomer samples. Although a couple of new peaks may have been present in the perylene 

samples, intensities were low. None of these methods provided conclusive evidence of the dimer 

structures synthesized in the experiment. Still some information can be gained from knowledge 

regarding the aggregated size of the dimers. 
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8.1 Other PAH Samples 

 

In addition to pyrene, perylene, and coronene, other PAHs have been examined to 

determine some preliminary results. Samples of benzopyrene, pentacene and rubrene were 

studied beginning as before with the mass spectrometry studies. Benzopyrene, an isomer of 

perylene, has the potential to form a triply-bonded dimer structure. The thin film versus pellet 

spectra were nearly identical to the spectra for perylene with no particular contaminants and a 

sharp monomer peak at 252 m/z. Figure 8.4 shows the first peaks indicating the potential of 

being able to use benzopyrene as another PAH for synthesis. A sample of benzopyrene was run 

and even contained possible triply-bonded dimers as indicated in Figure 8.5. Purification was 

attempted on the samples but was not achieved after several attempts. Benzopyrene may be a 

future molecule to examine for similar synthesis properties, and the mass spectra data indicates 

possibly interesting dimer formation. Unfortunately, without further improvements to the 

purification process, benzopyrene dimer has yet to be isolated for spectroscopic analysis. 

Pentacene is a linear acene made up of five aromatic rings. Initial mass spectra on the 

thin film of pentacene contained several interesting peaks, and close examination found the 

formation of both a ketone and quinone structure of pentacene. Figure 8.6 shows the thin film 

mass spectrum of pentacene with the ketone peaks at higher mass. Literature review found that 

these molecules were byproducts of pentacene’s tendency to react with air. Pellet samples 

contained some curious dimer peaks that were higher in mass than the pentacene 

electrostatically-bound dimer. Samples were synthesized and purification was attempted, but 

much like benzopyrene, full purification was not achieved. Figure 8.7 examines the collected 

pentacene samples after attempted synthesis. The singular quinone peak which was previously at 



 

83 

310 m/z has almost completely disappeared. Despite the loss of the quinone peak, the dimer of 

the quinone around 582 m/z is the most prevalent dimer peak with even higher mass dimers also 

present. The addition of the ketone species created an increase in the difficulty of performing 

computations on the potential pentacene dimers and issues with purification and low dimer 

signal prevented pentacene spectra from being as thoroughly examined as the pyrene, perylene, 

and coronene PAHs examined in the earlier chapters. Pentacene could become an interesting 

molecule to continue studying in the future especially once theoretical calculation methods of 

PAHs have been improved. 

The analysis of rubrene ended up being studied with a different piece of equipment that 

has not yet been explained. The results of that study are relegated to the following chapter to 

allow for a more in depth discussion of the findings. 
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Figure 8.1. HPLC of pyrene and pyrene dimer in cyclohexane separated with a size-selection 

Phenogel column and detected with 230 nm wavelength detector. The onset peak around 4 

minutes is a result of the solvent.  



 

85 

 

Figure 8.2. SEM image of perylene dimer.  
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Figure 8.3. NMR of perylene dimer and monomer in d12-cyclohexane  
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Figure 8.4. Thin film vs pressed pellet mass spectra of benzopyrene taken at 532 nm.  
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Figure 8.5. Collected vs purified mass spectra of benzopyrene at 532 nm.  
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Figure 8.6. Thin film mass spectrum of pentacene taken at 355 nm.  
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Figure 8.7. Collected pentacene sample mass spectrum at 355 nm after attempted purification. 
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Chapter 9 

 

Mass Spectrometry & Photodissociation of Rubrene 

 

 Rubrene is an abnormally shaped PAH with four benzene rings bound orthogonally to the 

central two benzene rings of a tetracene body. It is also known to be capable of undergoing 

singlet fission making it a desirable molecule for further study. Rubrene was examined out of 

curiosity to investigate how possible dimer structures might form given the odd shape of the base 

molecule. However, before any oligomerization experiments could be performed, preliminary 

spectra on thin films and pressed pellets would need to be performed. 

 Initial mass spectra of rubrene contained peaks corresponding with the mass of rubrene 

and smaller mass peaks that correspond to masses of the loss of 1 and 2 phenyl groups from the 

parent rubrene. An example mass spectrum of the commercial rubrene pressed pellet is shown in 

Figure 9.1 along with the structure of rubrene. Additional mass peaks at m/z 167, 267, and 367 

were discovered, but did not correspond with the loss of phenyl from a rubrene parent cation. 

Originally, the m/z 267 peak was presumed to correspond to a doubly-charged rubrene cation 

with a potential error of 1 amu, but later studies revealed this to be a false assumption. Mass 

spectra taken of both thin film and pressed pellet samples, at both 355 nm and 532 nm 

wavelengths, yielded the same results for commercial rubrene samples. No dimer peaks were 

present within the mass spectra for rubrene under similar conditions to the prior studied 

molecules. 

 To accompany the initial mass spectrometry studies, rubrene was also examined in 

molecular beam experiments. To prepare the sample for analysis, commercial rubrene sample 
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was loaded into a tungsten boat and sublimed under vacuum conditions, similar to those 

described in the purification of collected PAH dimers. Rubrene was heated to approximately 

70°C to cause sublimation of the monomer. The sublimed material collected onto a rotating 

tungsten rod to produce an optically thick layer of PAH material for laser desorption analysis. 

The rubrene coated rod was attached to a translating, rotating motor within a high vacuum 

chamber for sample ablation. The external layer was desorbed through a focused Nd:YAG laser 

striking the tungsten rod within a laser desorption source commonly used within the Duncan 

lab.2-3  

 The resulting plume of material was skimmed into a second differentially pumped 

chamber and the ions were pulsed into the flight tube through charged plates similar to those 

described in Chapter 2. The resulting time-of-flight mass spectrum contained the same peaks as 

those seen in the LD-ToF-MS experiment and an example spectrum is shown in Figure 9.2. The 

rubrene peak was mass-selected through use of a biased deflection plate that was pulsed off to 

allow the rubrene ions through while repelling any other ions within the flight tube. The rubrene 

ions were deccelerated within a reflectron and struck with a 355 nm Nd:YAG photodissociation 

laser before being accelerated down a second flight tube to the detector. The resulting 

photodissociation mass spectrum of rubrene cation is presented in Figure 9.3. The difference 

mass spectrum is generated by subtraction of the mass selected spectrum resulting in the negative 

going rubrene parent peak. The two peaks that result from the photodissociation process 

correspond to the loss of one and two phenyl groups from the parent rubrene cation. No loss of a 

third phenyl group is detected from the photodissociation spectrum in agreement with the 

original laser desorption mass spectra taken.  
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 In order to better understand the presence of the 267 m/z peak, the peak was also mass 

selected and analyzed under similar conditions with photodissociation as shown in Figure 9.3. 

Based on literature, the formation of rubrene is achieved through the fusion of two 1,1,3-

triphenyl-2-propyn-1-ol molecules.4 This triphenyl molecule without the hydroxide group has a 

molar mass of 267 amu, which matches the strange mass found in both spectrometers. The 

resulting photodissociation spectrum can be identified based on the mass losses present as 

depicted in Figure 9.4. These dissociation patterns also explain some of the lower mass peaks 

present within the pressed pellet spectrum in Figure 9.1.  

 Further analysis of these masses was done with theory calculations using the same 

methods presented in Chapter 4.4 From these theoretical results, the most stable structures 

formed were determined. According to theory, the loss of the first phenyl group requires 54.3 

kcal/mol of energy. Removal of a second phenyl group would require an additional 131.5 

kcal/mol to reach the most stable structure missing two phenyl groups. However, a singular 

photon at 355 nm wavelength has 80.5 kcal/mol energy. The removal of two subsequent phenyl 

groups from the rubrene would require more than two photons worth of energy, yet the 

photodissociation shows the two phenyl loss as being the dominant product. To explain this 

phenomenon, the energy required to remove two phenyl groups by the production of a biphenyl 

fragment requires only 77.7 kcal/mol. Since the formation of biphenyl can reduce the energy 

required to under one photon, the process appears to be the favored dissociation route. The 

process for losing a third phenyl requires 105.5 kcal/mol more energy and can not be achieved 

with a two photon process even from the biphenyl loss structure. Example structures and energy 

barriers are depicted in Figure 9.5 with the most stable biphenyl loss structure shown. Both the 

mass spectrum and photodissociation spectrum do not contain peaks associated with the loss of 
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three phenyl groups from the rubrene parent ion in agreement with the high energy barrier 

calculated from theory.  
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Figure 9.1. Mass spectrum of rubrene pressed pellet taken at 355 nm.  
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Figure 9.2. Laser desorption mass spectrum of rubrene coated tungsten rod with 355 nm 

desorption laser source. 
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Figure 9.3. Photodissociation mass spectrum of rubrene with 355 nm Nd:YAG laser with 20 mJ 

of power. 
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Figure 9.4. Photodissociation mass spectrum of the 267 m/z peak with 355 nm Nd:YAG laser 

with 20 mJ of power. 
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Figure 9.5. Theoretical energy differences between different rubrene phenyl losses.  
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