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Abstract
Luminescent sea glass is a type of sea glass that contains a luminescent species causing the
glass to glow when exposed to UV light. The spectroscopic properties of luminescent sea glass
samples with green, red and white colouring were investigated using fluorescence spectroscopy,
Raman spectroscopy, infrared spectroscopy and a Geiger counter to investigate the gamma rays
emitted by the sample.
An absorption spectrum was obtained via UV-vis spectroscopy and excitation and emission
spectra were obtained via fluorescence spectroscopy to investigate the luminescent properties of
each of the sea glass samples. The maximum absorbance of green sample JS-G-1 was determined
to be 419 nm. The green sea glass samples had an optimal excitation wavelength between 410-412
nm. The maximum emission wavelengths were found at 515 nm, 534 nm and a shoulder at 560
nm. These peaks were consistent with the white opal glass sample JS-W-1 and were the same as
excitation and emission spectra for uranium in the literature. Four luminescent red glass samples
exhibited an optimal excitation wavelength ranging from 420-460 nm and a maximum emission
wavelength ranging from 625-650 nm. Common red colourants such as Mn2+ and CdSxSe1-x had a
similar maximum emission in the literature.
Raman spectroscopy was used to obtain spectra on different green, red, and white sea glass
samples. The spectra displayed large amounts of fluorescence and a polynomial fitting to the third
or fourth polynomial was used as a baseline correction. A Raman spectrum for white glass
displayed a peak corresponding to Si-O bands. CdSxSe1-x is Raman active and when added to glass
will produce Raman bands even in the presence of large amounts of fluorescence. The red glass
did not show a band for CdSxSe1-x therefore manganese is the probable red colour additive.

v

Infrared spectroscopy was used to determine the probable type of glass of the red and green
luminescent sea glass samples. Both samples produced a similar spectrum with an Si-O-Si
asymmetric stretching band between 1000-1100 cm-1, a Si-O-Si symmetric band around 770 cm-1
and an O-H stretching band at 3460 cm-1. These bands agree with multiple literature studies of
soda-lime silicate glass. A Geiger counter was used to investigate the gamma ray emission of the
luminescent green glass. Levels of about 42 cpm and 20 cpm were measured by two samples green
samples and both amounts correspond to low levels of radiation that are likely due to the amount
of uranium in the sample.
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Chapter 1: Introduction
Sea glass is a term used to describe broken pieces of glass that can be found on beaches
worldwide. Sea glass becomes weathered both physically and chemically, becoming frosted and
smooth from the constant tumbling of the ocean waves over an extended period. A particular type
of sea glass is luminescent sea glass, and this type will be the focus of this study.
A number of research groups have studied glass, metal doped glasses, and luminescence
glass, however, in such cases the chemical composition of the glass has typically been known, or
the amount of colour additives is controlled. This is not known in the case of found sea glass
making a study on its spectroscopic properties more challenging. An investigation on the
spectroscopic properties of luminescent sea glass, or luminescent glass with unknown chemical
composition has not previously been conducted to the best of our knowledge.

1.1 Sea Glass
Unfortunately, the ocean has long been considered a dumping ground for ships or coastal
cities and sea glass stems from the trash of glass from sources such as bottles, jars, ceramics and
many more household glass products. Ocean dumping has a large negative environmental impact
causing pollution and harming wildlife. Unlike plastic, glass is made of natural materials such as
silicon dioxide commonly referred to as sand, calcium carbonate referred to as limestone, and
sodium carbonate often called soda ash. Glasses are made by adding intense heat to turn the
mixture into a molten state which is then put into molds to make bottles and containers or poured
on top of a big vat of molten tin metal to make perfectly flat sheets of glass for windows.1
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There are three main types of glass that are found as sea glass; soda-lime glass, borosilicate
glass, and milk glass. The majority of sea glass found is soda-lime that contains the main
components silicon dioxide, sodium carbonate (soda ash), and calcium carbonate (limestone).
These additives are where the name soda-lime stems from.1 This type of glass is commonly used
in bottles, windowpanes, and household glassware. Another type of glass is called borosilicate
glass that contains silicon dioxide and boron trioxide.2 This type of glass is used in lab glassware,
cookware, and flashlight lenses due to having a higher heat resistance and stronger durability.2
Milk glass, also referred to as opal glass, is a type of glass that is slightly translucent and has a
smooth silky surface. It looks opaque but when held up to the sun gives a yellow hue, and when a
flashlight is held against it the light clearly passes through. Milk glass is typically produced with
the addition of tin or zinc oxide, fluorides, or phosphates.3 It was commonly used in cosmetic or
toiletry bottles and decorative dinnerware, vases, and lamps.
The ocean does a great job of recycling the glass by breaking it down from the tumbling of
the ocean. Although the ocean can break glass down it does take a long period of time before the
sharp glass pieces, that can cause harm to humans and wildlife, turn into smooth, frosted tiny glass
treasures that people search for along coast lines.
Searching for sea glass is a popular hobby among thousands of people worldwide. What
makes sea glass a collectable item is its wide range of colours. The most common sea glass colours
found are white, green and brown. These colours were mass produced as bottles. Multiple different
shades of blue were produced and are considered uncommon. Rare colours include purples and
red while yellow, orange, and pinks and are considered ultrarare to find. Figure 1.1 displays sea
glass found in Atlantic Canada organized from common colours white, green, brown, to more rare
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colours such as red, yellow, and pink. It also displays other rare sea glass items such as bottle
stoppers, insulators, marbles, and luminescent sea glass.

Figure 1. 1: Sea glass pieces from a local collection organized by rarity of colours from most
common (left) to rare (right)

In addition to natural impurities, glass is coloured by purposely introducing metals or metal
salts.1 Iron sulfide produces the standard brown/amber beer bottle colour. This colour absorbs
nearly all radiation and wavelengths shorter then 450 nm and offers great protection from UV
radiation that is critical for products such as beer and some drugs.2 Iron oxide with chromium adds
a green colour to glass. As the concentration is increased the green will become darker. The range
in colours of green glasses from bright pop bottles to olive wine bottles are due to differences in
concentration.2 Another common additive is cobalt to make the deep blue colour of glass.4
Different glass colourants at different concentrations create colours that range the entire rainbow.
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1.2 Luminescent Sea Glass
A unique type of sea glass is referred to as luminescent sea glass because it contains
elements that are luminescent and glow when exposed to ultraviolet light. An easy way to tell if
the glass is luminescent is to apply an ultraviolet light to the piece in a dark room and see if it
glows. Uranium glass is the most common type and uses uranium as a colourant to add a light
green colour to the glass and glows bright green when exposed to UV light.
Uranium has been used as a glass colorant since the 19th century and was added to the
glass in the forms such as Na2U2O7, K2U2O7 and (NH4)2U2O7 (sodium, potassium, and ammonium
uranate, respectively).5 Uranium is a naturally occurring element known for its radioactivity and
providing nuclear fuel used to generate electricity in nuclear power stations and used by the
military to power nuclear weapons.5-7 It has 3 isotopes

238

U,

235

U, and

234

U with relative

abundances of 99.3%, 0.72%, and 0.006% respectively.5 Uranium was added as a glass colorant to
fancy glassware such as decorative vases, candlesticks, plates, lamps and much more. Uranium
was also added to marbles, decorative pottery and an opaque glass called milk glass. It was
considered a high-class display item before the element was discovered to be radioactive.
Uranium is radioactive because it produces alpha and beta particles, and gamma rays.
Alpha particles, or the other nuclei, are large and the emission results in the formation of a new
nuclei (element). Beta decay particles are smaller and are the emission of a high energy electrons.
Gamma rays are high energy electromagnetic waves similar to X-rays. The energy of gamma rays
depends on the source.8 In a U-238 atom it undergoes alpha decay to form into the atom thorium234 and in the process produces an alpha particle that consists of the two protons and two neutrons
from the parent source. Uranium isotopes undergo a decay chain into other radioactive elements
by using the decay by beta emission to convert thorium-234 into protactinium-234 which decays
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by beta emission into uranium-238.9 These decay products are often called “daughters” and after
several more alpha and beta decays the series ends with the stable isotope lead-206. These decay
products are responsible for the beta and gamma radiations in purified natural uranium.9 The
property of being able to split into smaller fragments referred to as fission is the reason uranium is
important for nuclear weapons.
After the discovery of radioactivity in 1896 uranium became a precious mineral and was
mined wherever it could be found. The period from 1900-1940s is known as the radium rush.5-7 In
1943 the United States and the United Kingdom introduced safeguards for radioactive elements
and banned uranium salts for commercial uses due to the strategic importance in the Second World
War.5,7,10 After the war, uranium mines continued to be controlled by the government and have
strict permits making glass production limited.3,5,6 Today uranium glass can be found in museums
or private collections, but it also continues to wash up on beaches worldwide as uranium sea glass.
Red is a rare colour of sea glass due to the limit of the mass production of this colour. Red
glass colourants vary but some common colourants include manganese, pure metallic copper, gold
chloride, and selenium combined with cadmium sulfide. Red glass stems from old decorative
glassware, red taillights when they were still made of glass, glass insulators, ships lantern, wine
bottles, and fancy perfume and inkwell bottles. Luminescent red glass is extremely rare and the
origin of such sea glass is still unknown in the literature. Manganese has fluorescent properties
and can glow green, red, orange, or peach when exposed to a UV light. Interestingly the colour of
the fluorescent emission depends on the geometry of the ligand. When manganese is in an
octahedral molecular geometry such as MnO6 it can fluoresce a red colour compared to when it is
in a tetrahedral structure such as MnO4, in which it can fluoresce green.11,12 Another additive that
has luminescent properties is selenium when combined with cadmium sulfide. Cadmium sulfide
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adds an orange colour to glass and when mixed with selenium in the form of SeCO3 it produces a
ruby red colour.13 Other metals such as europium and antimony produce red luminescence
emission but have not been in investigated in glass.14
1.3 Luminescence
Luminescence is the de-excitation, or decay, of the electronic state of a molecule due to the
loss of a photon. Photoluminescence involves the initial absorption of a photon to create the excited
state.15 Generally the emitted light is lower in energy then the excitation therefore occurs at a
higher wavelengths, due to the Stokes shift.7 Luminescence is subdivided into fluorescence and
phosphorescence. These are different due to the multiplicity of the electronic states involved in the
transition. The multiplicity refers to the spin configuration of the electron in the ground and excited
states. Equation 1.1 can be used to calculate the multiplicity (M) using the total spin angular
momentum (S).

M=2S+1

Equation 1.1

The Pauli Exclusion Principle states that any two electrons in a system cannot have the
same four quantum numbers (n, l,ml,ms) therefore in paired molecular electronic states electrons
will have opposite spin angular momentum (ms) that are +½ (spin up) and -½ (spin down). When
the total quantum number (S) is zero the multiplicity of the system is equal to 1 as indicated by
equation 1.1. A multiplicity of 1 corresponds to a singlet state. S0, S1, S2, correspond to the singlet
ground state, and singlet excited state one, two etc. A singlet state occurs when there are an equal
number of +½ and -½ spins, and the electron energy levels do not split when exposed to a magnetic
field.15,16 An excited singlet state or excited triplet state can form when one electron is excited to
6

a higher energy level. When the spin of one of the two electrons is excited and the spin is inverted
it is called an excited triplet state. This state has two electrons with the same spin causing S to
equal 1. Using Equation 1.1 when the total quantum number is 1 the multiplicity of the system is
equal to 3 and the state is referred to as the triplet state. Figure 1.2 below displays these types of
electronic states.

Figure 1. 2: Schematic diagram of electronic excitation states in the ground singlet state, excited
singlet state, and excited triplet state.
The relaxation from the excited triplet state to the ground state happens much slower than
the excited singlet state to ground singlet state because the transition requires a change in the spin
state so it does not break the Pauli Exclusion Principle. This required change in spin has a lower
probability than if the spin does not change therefore the relaxation is much slower. The spin
multiplicities in the ground and excited states can be used to explain the luminescence of molecules
by the Jablonski Diagram in Figure 1.3.
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Figure 1. 3: Jablonski diagram15

The Jablonski diagram in Figure 1.3 shows a visualization of radiative processes which
involve absorption and emission of a photon, and nonradiative processes which involve the release
of energy as heat. Radiative processes are shown by a straight arrow such as absorption (A),
fluorescence (F), and phosphorescence (P). S0 represents the ground singlet state, S1 represents the
first excited singlet state, and T1 represents the first electron triplet state. Nonradiative processes
are shown by wavy arrows and include processes such as vibrational relaxation (VR), internal
conversion (IC), and intersystem crossing (ISC).
Once a molecule enters the excited state there are several routes it can take to return to the
ground state. Fluorescence is the emission of a photon by a molecule undergoing electronic
relaxation between electronic states of the same spin multiplicity and typically occurs between S1
and S0. Phosphorescence is the emission of a photon during the relaxation between electronic states
with different spin multiplicities, typically T1 and S0 and normally involves initial intersystem
crossing and vibrational relaxation to transition between the S0 and T1 electronic states. This
process happens much slower than fluorescence due to the forbidden spin flip required before
relaxing back to the ground state.
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1.4 Spectroscopic Analysis
Spectroscopy is the study of the interaction between matter and electromagnetic radiation.
It is widely used in chemistry, physics, and many other sciences. It is used to determine physical
and chemical structure on an atomic and molecular level. There are a large number of different
spectroscopic techniques, but this study will focus on fluorescence spectroscopy, infrared
spectroscopy, and Raman spectroscopy to investigate and characterize sea glass samples.

1.4.1 Steady State Fluorescence Spectroscopy
Steady state fluorescence spectroscopy is the most common and simplest fluorescent
technique. It is called a steady state because a fluorescent sample is constantly illuminated by an
excitation light source which results in a steady state population of the singlet excited state and
therefore a constant emission intensity, allowing for the measurement of the excitation and
emission spectra.9 A fluorescence measurement usually involves an excitation of a sample with a
monochromatic light and analyzes the photons emitted by measuring the intensity of light in the
sample as a function of wavelength. An excitation spectrum can be measured by having a fixed
emission wavelength and scanning the emission wavelengths. Conversely, the emission spectrum
has a fixed excitation wavelength and scans a range of emission wavelengths. Each fluorophore
typically has characteristic excitation and emission wavelengths that can be used to identify the
fluorophore in the sample.
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1.4.2 FTIR Spectroscopy
Fourier Transform Infrared Spectroscopy (FTIR) is the most common form of infrared
spectroscopy. It is a type of spectroscopy that involves the infrared region of the electromagnetic
spectrum. In this part of the spectrum light has a longer wavelength and a lower frequency than
visible light. FTIR spectroscopy detects the infrared light absorbed by the molecule and the Fourier
Transform is a mathematical function that decomposes the wavelengths and outputs the frequency
of the radiation based on time.17 Covalent bonds in a molecule selectively absorb radiation of
specific wavelengths which changes the vibrational energy of the bond. Covalent bonds are always
in motion and their bonds can vibrate in different ways and can be broken down into different
types of vibrational modes.17 Figure 1.4 displays common vibrational modes.

Figure 1. 4: Diagram of common IR vibrational modes (Used without permission from
reference 17)
The number of vibrational modes will depend on the structure and number of atoms of the
molecule. Stretching vibrations affect the bond length. Symmetric stretching stretches or
compresses bonds in the same direction while asymmetric bond stretch/compresses in different
directions. Bending vibrations affect the bond angle by twisting, rocking, wagging, or scissoring.17
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The energy of molecular vibrations is quantized meaning molecules can only stretch or
bend at certain frequencies. When a molecule is exposed to an electromagnetic radiation that
matches the vibrational frequency of its vibrational modes it will in most cases absorb the energy
and jump to a higher vibrational energy state. The difference between the two vibrational states is
equal to the energy associated with the wavelength that was absorbed.18 Since different bonds and
functional groups absorb at different frequencies the bands are different for each molecule. FTIR
bands can be used to provide information about the structure of the molecule and identify unknown
materials.

1.4.3 Raman Spectroscopy

Raman spectroscopy is not as widely used as IR spectroscopy but recent advances in
instrumentation are leading to a rapid increase in its application. Unlike FTIR spectroscopy,
Raman uses the scattering of light rather than the absorption of light. A challenge with Raman
spectroscopy is that the signal can be overpowered by fluorescence’s due to coloured samples.
Raman spectroscopy is based on the interaction of light with chemical bonds of the sample. It can
provide detailed information about the chemical structure, phase, crystallinity, and molecular
interactions.
Raman is a light scattering technique, when light interacts with matter it can be either
scattered, absorbed, or not interact at all and pass straight through it.19 In Raman inelastic scattering
the light interacts with the molecule and polarizes the cloud of electrons around the nuclei to form
a short-lived state called a “virtual state” which is unstable, so a photon is quickly re-emitted. Most
of the scattered light is at the same wavelength as the source and does not provide Raman
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information, this is called Rayleigh scattering.19 A small fraction of the time, once in every 106 108 photons, the light will scatter and modern lasers and detectors are sensitive enough to detect
it.19 Raman scattering occurs when incident photon is absorbed and causes an emission of lower
energy (Stokes shift) or higher energy (Anti stokes shift) compared to the Rayleigh scattering.20
Stokes-shift is a more dominant process and involves the ground state energy exciting to a virtual
state and de-exciting lower energy compared to anti-Stokes that involves the excitation from a
ground state to a higher virtual state and the de-excitation higher energy to a lower ground state.
Figure 1.5 below displays a visual on Raman Scattering. The energy difference between the two
states corresponds to the vibrational modes in the molecule.19,20 The shift in wavelength is specific
to the chemical structure and information about the samples chemical structure can be obtained.20

Figure 1. 5: Raman Scattering (used without permission from Reference 20)

Raman scattering and fluorescence emission compete with each other when the excitation
laser energy is similar to the electronic transition material from the sample. The probability of
fluorescence is much higher than that of Raman scattering, and the fluorescence will overpower
the spectrum making Raman peaks harder to observe.22 Coloured samples tend to be dominated by
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fluorescence therefore white, uncoloured samples are typically favoured to limit the fluorescence
in a spectrum.

1.5 Challenges

Like every scientific study there are challenges to overcome. The main challenge in this
study were the various unknowns. Since sea glass is broken off pieces of glass, it is unclear the
age and origin of the glass if there are no markings that can be identified. Sea glass can travel
thousands of kilometers and a smooth piece of sea glass is usually in the ocean for decades before
washing up on the shoreline. The majority of sea glass samples in this study are small each with a
different shape and unique colour shade. Samples are from various personal collections and were
found on different days and beaches across Prince Edward Island and Nova Scotia in Canada. The
chemical composition and luminescent colouring agent are also unknown making it difficult to
identify samples. Different glass manufacturers use different concentrations of additives and
different minerals to add colour therefore it is assumed that each piece could have a slightly
different chemical composition. Spectroscopic techniques will be used to investigate the samples
but come with their own set of challenges. A major challenge in this study is sample size and the
fact that it is in a solid state. Different instruments have different sample size holders and the
samples need to be able to fit within them to obtain a result. Glass is an amorphous solid that has
a large complex structure making the chemical structure difficult to determine. Samples were
donated to this study so it was important to do non-destructive analyses so the samples could be
returned.
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1.6 Project Objectives
This project was chosen due to my passion for collecting sea glass and overall interest in
chemistry and spectroscopy. The primary objective of this project is to investigate the optical and
structural properties of luminescent sea glass samples using different spectroscopic techniques and
attempt to identify the chemical structure of the luminescence. Luminescent properties such as the
excitation and emission spectra of the different sea glass samples will be measured using a
benchtop and portable fluorometer. The spectra will be analyzed to compare the similarity and
differences of the maximum emission wavelengths of different samples. The maximum emission
wavelength can be compared to the literature to determine a probable luminescent species in the
sample. Raman Spectroscopy and Infrared Spectroscopy will be used to explore the vibrational
bands in different samples and compare coloured luminescent glass to a non-fluorescent sample.
The bands will be compared to the literature to determine the type of glass. A Geiger counter will
be used to measure the gamma rays of samples in the case of uranium glass. All the results from
each technique will be used to draw conclusions and characterize the various sea glass samples.
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Chapter 2: Experimental
This chapter will present an overview of the materials used such as the pieces of sea glass,
the instrumentation, and experimental procedures employed in this project.
2.1 Materials
Each piece of sea glass was donated from private collections from Atlantic Canada. Table
2.1 displays the sample piece name, donors name and rough location on where the sea glass was
found. The G, R, W in the sample name refer to the colour of the sea glass; green, red, and white
respectively. The NF in the sample name refers to non-fluorescent meaning that it is not fluorescent
and there is no fluorescent emission detected. Figures 2.1, 2.2, and 2.3 display luminescent sea
glass samples that are green, red, and white respectively under normal and UV light.

Figure 2. 1: Green luminescent sea glass. Under normal light (left) and under UV light (right).
Sample JS-G1 is to the left on each picture and JS-G-24 is on the right

Figure 2. 2: Red luminescent sea glass in normal light (top) and under UV light (bottom) for
samples JS-R-1, JS-R-3, JS-R-4
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Figure 2. 3: White luminescent sea glass sample in normal light (left) and under UV light (right)

Table 2. 1 List of sea glass sample name, donor, and rough location where it was found.
Sample Name

Donor Name

Location

JS-G-1
JS-G-30

Jennifer Stewart

PEI, Canada

JS-G-2 to JS-G-4

Audrey Cuvilier

Halifax NS, Canada

JS-G-5 to JS-G-23
JS-R-1-4
JS-Y-1

Nancy Fall

PEI, Canada

JS-G-24 to JS-G-27

Esther MacKenzie

Bay of Fundy NS Canada

JS-G-28 and JS-G-29

Nicole Crossman- Caissie

Truro NS Canada

JS-G-31 to JS-G-33
JS-W-1

Penny Woodgate

PEI, Canada

JS-NF-1
JS-NF-2

Jennifer Stewart

PEI, Canada
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2.2 Fluorescent Measurements

2.2.1 UV-Vis
A Cary Bio UV-Vis spectrophotometer was used to conduct the absorption measurements.
An absorption spectrum could not be obtained for the majority of the samples because they were
too small and when put into the sample holder of the UV-Vis, therefore the beam missed the
sample. In addition absorption spectroscopy requires transmission of the light beam through the
sample, requiring well defined and flat samples which most of the samples were not. A large
sample shown to the left in Figure 2.1 could stand vertically against the sample holder and it was
possible to obtain an absorption spectrum for this sample. A Kimwipe was used to remove any
residue from the sample before the spectrum was obtained. A base line correction was performed
before the measurement and the absorbance was scanned between 700-250 nm at a medium scan
rate to obtain the absorption spectrum. The maximum wavelength of absorption was recorded.
2.2.2 Benchtop Fluorometer
Minimal sample preparation was required. The piece of sea glass was put into a 1 cm plastic
cuvette and oriented to stand flat against the cuvette. The height of the sample was adjusted to
maximize the visible emission by looking down at the sample holder from above. All benchtop
fluorescence measurements were taken using the Photon Technology International RF-M2004
luminescence spectrometer. The Felix software was used to run all trials and collect data. The
excitation and emission monochromator slit widths were set to 0.38 mm which corresponds to a 1
nm bandpass. For each experiment, an excitation and emission spectrum were obtained. Since most
sea glass pieces were too small to obtain a UV-Vis absorption spectrum an excitation spectrum

17

was obtained to determine the optimal wavelength at which to excite the emission spectrum. The
benchtop fluorometer works by holding a specific wavelength constant and scanning through a
range of wavelengths to determine the luminescence at each. In the case of an excitation spectrum,
the emission wavelength is held constant and the excitation wavelengths was scanned to determine
the optimal excitation wavelength to use to excite the emission spectrum. In the case of the
emission spectra the excitation wavelength is held constant at the optimal wavelength and the
emission wavelengths are scanned. The temperature was controlled for all samples at 25℃.
2.2.3 Portable Fluorometer
An Ocean Optics USB2000 portable spectrometer was used to obtain luminescence results
with OOIBase 32 software on a Dell Latitude D520 laptop. The portable spectrometer was plugged
into the laptop and a connected fibre optic cable used a probe to obtain a point and shoot
luminescent result. A portable fluorometer works by using a photodiode array to measure the
electromagnetic spectrum from 200-850 nm at once. It can measure the emission spectrum for any
sample that produces light. The light is collected by the fiberoptic probe and a longwave UV light
was used to excite the sea glass to produce the luminescent glow that is detected by the pointing
the probe about 1 cm from the sample. The system can produce a snapshot of the spectrum at any
time and the data points are downloaded to Excel. To minimize variables of other light sources
interfering with the spectrum the experiment was conducted in a dark room with black fabric
around the UV lamp source and sample to limit the amount of non-UV light getting to the sample.
The portable fluorometer provided data from 200-850 nm. This technique had advantages such as
being fast and allowing to obtain an emission spectrum on a sample of any size of sample that
produces light meaning that any of the luminescent sea glass samples could be measured.
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2.3 FTIR
A Bruker alpha series 1 Alpha T with 4 sample scans and a resolution of 0.9cm-1 was used
to obtain all IR spectra. Samples were placed into the Alpha T to obtain an FTIR transmission
result. The sample was positioned straight up so it was directly in the beam of the laser. To get a
clearer spectrum the KBr pellet method was also used. For this method sample JS-G-33 and a nonluminescent piece of sea glass were broken into smaller pieces with a hammer and finely grinded
into a powder with a mortar and pestle. A small amount of powdered glass (approximately 1 mg)
was added into a pestle with approximately 50mg of KBr powder. The powders were ground
together in a circular motion for 10 minutes to get it to a fine consistency. The dry die parts were
assembled, with the donut shaped one facing upward. The powder was then added evenly to cover
the bottom of the hole and the long piston part was added on top. The die set was added to the
press and the dial was turned until applied pressure was used to close the press, and pressure was
held for 1 minute. Pressure was released and the dial was turned clockwise half a turn and pressed
and held for 1 minute. This process was repeated three times. The pressure was released, and the
die was removed. The donut part was taken out of the small piston part and placed in the pellet
holder and into the sample beam of the Alpha T attachment on the FTIR spectrophotometer.
2.4 Raman
A NanoRam B&WTEK (BWS458-785) handheld Raman spectrometer was used to
analyze samples. This is a non-destructive point and shoot instrument that obtains a Raman spectra
of samples. The system chooses an integration time to maximize the signal to noise ratio and
cannot be chosen by the user. A 785 nm laser was used to produce a Raman spectrum from 176
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cm-1 – 2500 cm-1. Sea glass samples were placed in a sample holder and three trials were obtained
on each sample and the orientation of the glass was changed between each sample.

2.5 Geiger Counter
A Ludlum Model 3 survey meter with a pancake probe Geiger counter was used to measure
the gamma rays. A battery test and instrumentation test using a 1 micro curie Cesium-137 check
source was performed prior to completing the experiment. A test with no sample under the pancake
probe as the background reading was taken, and different samples at 1 inch from the probe were
recorded by counting the number of clicks in 30 seconds and multiplying by two to get the count
per minute.
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Chapter 3 Fluorescence and UV-Vis Results
In this chapter the absorption, excitation, and emission spectra of the luminescent sea glass
samples will be discussed.

3.1 UV Absorption
As discussed, a challenge in this project was the sample size and the fact that the samples
were in a solid state. The UV-Vis instrument could only analyze larger samples, approximately
5cm tall. This is because UV-Vis uses a light beam, and a spectrum could not be obtained if the
light beam could not pass through the sample. One sample, JS-G-1, was large and flat enough to
allow for a spectrum to be obtained because it was placed standing flat against the sample holder
in direct line of the light beam. Wavelengths from 350-750 nm were scanned and the wavelength
of the maximum absorbance of light were 419 nm with an absorbance of 0.22 and at 653 nm an
absorbance of 0.078. Figure 3.1 displays this absorption spectrum. The maximum wavelength of
the absorption spectrum indicated the optimal wavelength to excite the emission spectrum on the
benchtop fluorometer.
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Figure 3. 1: Absorption spectrum of JS-G-1
A study conducted with an aqueous mixture of UO22+ and 0.01 M of nitrate salt with 0.05
M hydroquinone produced a similar absorption spectrum from 350-420 nm and peaked at 410 nm
. The study also states that UO2 (IV) exhibits two absorption bands, one at 420 nm and one at 320
nm.23 Since the absorption spectrum from the literature and Figure 3.1 are consistent with each
other, it is providing evidence that UO2 is the fluorescent species in the green glass, but further
investigation with the excitation and emission spectra is needed.

3.2 Benchtop Fluorometer Results
The benchtop fluorometer was used to obtain the excitation and emission spectra of the
majority of samples. Samples with any side length larger than 1cm would not fit in the sample
holder and therefore no results were obtained. Since an absorption spectrum could not be obtained
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for most samples, an excitation spectrum was obtained to see what the excitation wavelength
should be used for the emission spectrum.

3.2.1 Green Sea Glass Benchtop Fluorometer Excitation and Emission Spectra
JS-G-1 was too large for the benchtop fluorometer so an excitation and emission scan could
not be obtained. The absorption spectrum from JS-G-1 displayed a peak at 419 nm and if the
fluorescent additive in this sample the same as in the other green samples, the optimal wavelength
of the excitation spectrum should be similar to the absorption spectrum. The excitation and
emission spectra were measured for all samples that could fit in the plastic 1 cm cuvette. Sample
JS-G1, JS-G-24, JS-G-28, and JS-G-30 were too large to fit in the cuvette therefore a spectrum
was not obtained.
A constant emission wavelength of 510 nm was used for the green samples excitation
spectrum and was scanned from 350-450 nm. All green samples consistently produced an optimal
excitation wavelength between 410-412 nm. This wavelength is similar to the 419 nm from the
maximum absorption spectrum of JS-G-1. Figure 3.2 below displays a sample excitation spectrum
from JS-G-20. The optimal excitation wavelength was recorded in the center of the broad peak at
411 nm. The excitation spectrum also displays a sharp spike at 419 nm on the right side that is the
same wavelength at which the absorption spectrum peaked.
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Excitation Spectrum JS-G-20
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Figure 3. 2: Excitation spectrum of JS-G-20 emitted at 510 nm
Each of the green samples of sea glass displayed an excitation maximum wavelength
between 410-412 nm. The emission spectra was excited at 410 nm, that was determined by the
excitation spectra, and scanned from 450-650 nm. Each of the green sample spectra produced two
peaks at around 515 nm and 534 nm, and a less intense shoulder at around 560 nm. The emission
spectrum for JS-G-20 is shown below in Figure 3.3.
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Emission Spectrum JS-G-20
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Figure 3. 3: Emission spectrum of JS-G-20 excited at 410 nm
Uranium compounds and uranium doped glasses have been studied and U6+ contains well
known characteristic emission bands. Uranium can display 2-6 characteristic maximum emission
wavelengths depending on the form it is in and the conditions it is under.24 The overall intensity
and shape of the emission bands varies depending on the form of uranium so and the maximum
emission wavelength can shift depending on the environment of uranium in the sample. A study
showed that there were six evenly spaced overlapping emission peaks at around 477 nm, 498 nm,
517 nm, 535 nm, 562 nm, and 585 nm.24 Other studies showed four peaks at 499 nm, 516 nm, 535
nm, and 565 nm.25-27 These studies did not involve uranium in glass, but rather aqueous uranium
solutions. In all cases the intensity of the middle emission peaks at 516 nm and 535 nm were the
most intense and the outer peaks were less intense. A study conducted on the trace level of uranium
and samarium in glasses displayed a similar shaped spectrum as Figure 3.3 with peaks at 515 nm,
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535 nm, and a shoulder at around 560 nm.28 As stated the form of uranium effects the emission
bands and when uranium is in glass it produced a broader spectrum ranging from 490-560 nm. The
reason for not seeing all 4-6 peaks is likely due to the difference in solid and aqueous uranium and
that in the solid glass samples the fluorescence had a broader spectrum with strong fluorescence
causing the outer peaks to not be seen. All studies show the strongest emission peaks at 515 nm or
535 nm which is consistent with the results obtained supporting that uranium is the luminescent
species in the green glass.
The intensity of the emission spectrum for the samples varies depending on how the glass
is positioned in the cuvette. Depending on the position of the glass and how it was in contact with
the beam, a higher or lower intensity was produced. To produce a strong emission intensity the
lights were turned off in the room and the cuvette was moved to a height in the sample holder that
produced the sample to glow the brightest by visual inspection. Since the intensities depended on
the position of the glass, to allow for comparison of different samples the intensities were graphed
and normalized to relative intensities of 100. Figure 3.4 displays samples JS-G-6, JS-G-7, JS-G18, JS-G-20, JS-G-21, and JS-G-31 emission spectra with a relative intensity of 100. The relative
intensities of all samples were compared but Figure 3.4 shows six samples that displayed a strong
emission intensity.
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Benchtop Emission Spectra of Green Sea Glass
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Figure 3. 4: Benchtop emission spectra of green sea glass samples with relative intensities of
100

From Figure 3.4 it is clear that all of the green sea glass samples show similar emission
spectra. All samples produced an emission maximum emission wavelength at 515 nm or 534 nm.
Some samples showed one wavelength less intense than the other such as JS-G-31 in Figure 3.4
where the peak at 534 nm is slightly less intense than the one at 515 nm. This could be due to the
effect of the specific glass matrix on the fluorescence. Since all green samples provided an
emission maximum wavelength at 515 nm, 535 nm, and a shoulder at 560 nm it is likely that
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uranium is acting as the luminescent colourant because the emission spectra match with uranium’s
well established spectrum.

3.2.2 White Sea Glass Benchtop Fluorometer Excitation and Emission Spectra
The white piece of sea glass commonly referred to as milk glass also glowed green under
ultraviolet light suggesting that it likely has a uranium coating rather than using uranium as a
colouring agent, or the white opal colour overpowers the green colouring from uranium. The
parameters for the fluorescence excitation and emission were the same as the green glass. Figure
3.5 displays the excitation and emission spectra with relative intensities of 100 for samples JS-W1 and JS-G-20

Excitation and Emission Spectra of JS-G-20 and JS-W-1
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Figure 3. 5: Excitation and emission spectra of JS-G-20 and JS-W-1 with relative intensities.
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From Figure 3.5 it is clear that the excitation and emission spectra for JS-W-1 and JS-G20 are similar to those of the green samples. Both samples produced an optimal excitation
wavelength at 411 nm and had a maximum emission wavelength intensity at 515 nm and a slightly
lower intensity peak at 534 nm. Since JS-W-1 has the same emission bands and the shape is the
same as the green samples it is likely that uranium is the fluorescent species in the white opal glass.

3.2.3 Red Sea Glass Benchtop Fluorometer Excitation and Emission Spectra
In this section the excitation and emission spectra were taken for all the red sea glass sample
JS-R-1, JS-R-2, JS-R-3, and JS-R-4. An absorption spectrum could not be obtained for the red
glass samples due to the small size. The optimal wavelength of the excitation spectra was used as
the excitation wavelength for the emission spectra. An emission wavelength of 650 nm was used
to scan from 350 -600 nm on the excitation spectrum. The optimal wavelength from the excitation
spectrum was used as the wavelength to excite the sample for the emission spectrum. Figure 3.6
shows an example of the excitation and emission spectra of a red sea glass sample JS-R-2.
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JS-R-2 Excitation and Emission Spectra
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Figure 3. 6: Excitation and emission spectra of JS-R-2.
Figure 3.6 indicates an optimal excitation wavelength for JS-R-2 around 425 nm. The
emission spectrum was excited at 420 nm. The maximum wavelength for the emission spectrum
for JS-R-2 was determined to be 630 nm. Table 3.1 displays the maximum excitation and emission
wavelengths for all red sea glass samples from their respective fluorescent spectra.
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Table 3.1: Excitation and emission maximum wavelengths from fluorescent spectra for red sea
glass samples
Sample

Emission λ for Excitation
Excitation
λmax (nm)
Spectrum (nm)

Excitation λ for Emission Emission
Spectrum (nm)
λmax (nm)

JS-R-1

650

461

460

629

JS-R-2

650

425

420

630

JS-R-3

650

445

440

625

JS-R-4

650

428

430

650

An emission of 650 nm was used to determine the optimal excitation wavelength on the
excitation spectrum. The optimal excitation wavelengths for the red glass samples ranged from
425-461 nm. The optimal excitation wavelength was rounded to the nearest ten and was used as
the excitation wavelength for the sample. The wavelength of maximum emission for samples JSR-1, JS-R-2, JS-R-3, JS-R-4 is 629 nm, 630 nm, 625 nm, and 650 nm respectively. All wavelength
for excitation and emission are displayed in Table 3.1 The emission spectra for the samples were
broad, therefore finding the exact peak has some uncertainty, and the fluorometer itself has an
uncertainty of 1nm. Figure 3.7 below displays the emission spectra of the red sea glass samples.
The intensity was normalized to 100 and the y axis for JS-R-2, JS-R-3, JS-R-4 was shifted by
30,60, and 90 units respectively, for an easy visual to compare the peaks and shape of the emission
spectra of each sample.
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Red Sea Glass Emission Spectra
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Figure 3. 7: Emission spectra of red sea glass samples with intensities normalized to 100 and JSR-2,3,4 was shifted on the vertical axis by 30,60, and 90 units respectively.

From the figure above the maximum emission wavelengths of red sea glass can easily be
compared. JS-R-1 and JS-R-2 have the same maximum emission wavelength in the range within
the uncertainty of the fluorometer. Samples that have the same shaped emission spectra and
maximum emission wavelength likely contain the same fluorescent additive. This leads to the
conclusion that the fluorescent additive to JS-R1 and JS-R-2 is likely the same fluorescent species
added to the glass. JS-R-3 has a maximum peak difference of 4 nm or 5 nm compared to JS-R-1
and JS-R-2. This is outside the range of the uncertainty of the fluorometer and the shape of the
emission spectrum is slightly different therefore it is inconclusive if the samples contain the same
fluorescent species. JS-R-4 had a significant shift of 20-25 nm and produced a much broader
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emission spectrum. JS-R-1 and JS-R-2 have similar shaped spectra and JS-R-3 seems to have a
similar emission spectrum as JS-R-4 up to the peak, and then follows the shape of JS-R-1 and JSR-2 on the right side of the spectrum. Shifts and changes in the shape of the emission spectra could
be due to different fluorescent species or a difference in the environment of the fluorophore in the
glass matrix. Visually JS-R-4 is a much lighter orange colour compared to the dark ruby colours
of the other samples. This could be due to a different fluorescence additive and would be the reason
for a different maximum emission wavelength compared to other samples. JS-R-3 has a maximum
wavelength shift of 4 or 5 nm compared to JS-R-1 and JS-R-2. This smaller shift could be due to
a change in the environment of the fluorophore in the glass matrix such as a difference in heating
or cooling temperature, or other properties while making the glass. Different fluorescent species
could also be the cause of the difference in the maximum emission wavelength.
Manganese is a potential fluorescent species added to the red sea glass sample. As
mentioned earlier manganese can produce a red fluorescence emission in an octahedral molecular
structure. It was reported in the literature that manganese glasses with high amounts of zinc oxide
can lead to the characteristic Mn2+ red emission bands. This is due to the 4T1(G) to 6A1 (S)
transition. This literature paper focused on different amounts of MnO getting added to the glass
and determined that the emission maximum shifted to a larger wavelength with an increase in Mn2+
ions. This was explained by the exchange interaction between pairs of Mn2+ ions. This study found
a maximum excitation wavelength of 417 nm and a maximum emission wavelength of 600 nm but
larger amounts of Mn2+ shifted the maximum to 620 nm.29 Other studies of manganese not in
glasses displayed a wide range of maximum emissions such as 620 nm, 640 nm and that the
maximum emission was in the range of 610-660 nm.11,12 These studies agreed that the emission
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stems from d-d transitions and the emission maximum wavelength depends on ligand field strength
and symmetry.
Selenium with cadmium sulfide has obtained interest in the literature due to forming
nanocrystals and having the potential in applications in nonlinear optical devices.13,14,30 CdSxSe1-x
can form nanocrystals that are embedded in a glass matrix to form luminescence. A study with
CdSxSe1-x used an excitation wavelength of 515 nm the maximum emission wavelength of 610
nm.30
Using the emission peaks of Mn2+ and CdSxSe1-x in glass from the literature it is still unclear
on what luminescent species is in the red sea glass samples. Both additives provide a wide range
of emission wavelengths. Mn2+ in glass produced a maximum emission wavelength from 600-620
nm in glass depending on the amount of Mn2+ in the sample. Large amounts caused the emission
spectrum to shift to higher wavelengths and 620 nm is a difference of 5-10 nm from the maximum
emission wavelength of JS-R1, JS-R-2 and JS-R-3. CdSxSe1-x doped glass had a maximum
emission of 610 nm in glass and is 15-20 nm away from maximum emission wavelength of JS-R1,
JS-R-2 and JS-R-3. Due to the variables that effect the shift in the maximum emission wavelengths
it is unclear what the red fluorescent agent is, and further analysis is needed.

3.3 Portable Fluorescence Emission
A portable fluorometer was also used to measure the emission spectrum of samples that were too
large to fit in the benchtop sample holder, along with other samples for which measurements could
be obtained to compare the spectra from both instruments.
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3.3.1 Green Portable Fluorometer Emission
A portable fluorometer was used to obtain the emission spectra of the large sea glass
samples. These samples include JS-G-1, JS-G-24, JS-G-28, and JS-G-30. The emission spectra for
these samples, sample JS-G-29, and JS-W-1 are shown below in Figure 3.8. JS-G-29 was chosen
to represent the small green sea glass samples that fit into the fluorometer, and JS-W-1 was
included to compare the different colours. The spectra were normalized to 100 so the intensities
would be relevant.

Portable Emission Spectra of Green Sea Glass
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Figure 3. 8: Portable emission spectra of green sea glass with normalized intensities.
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From Figure 3.8 it can be observed that all the samples peak at 532 nm and contain a less
intense peak at 515 nm and a shoulder near 560 nm. These peaks match up with the peaks that
were seen in the benchtop fluorometer. The emission spectra of large samples also overlap with
JS-G-29 suggesting that if a benchtop fluorometer result could be obtained it would follow the
same trends as the other green sea glass spectra and that the fluorescent additive is likely uranium.
The JS-W-1 sample also follows the general shape of the emission spectra of the other samples,
but the peak at 515 nm shows a 5% increase in intensity.
Interestingly the shapes of the benchtop and portable emission spectra for the green glass
are different. Many factors come into play, but this is likely due to the difference in detectors. The
two instruments use a different method for detecting the fluorescence. The portable fluorometer
uses photodiode array to collect the light with a fiberoptic probe where as the desktop
instrumentation used a photomultiplier tube with a monochromator to select wavelengths at each
trial and scan specific chosen wavelengths. The portable probe collects the light from the
luminescent glow of the sea glass that is exposed to a longwave UV light source and produces a
spectrum from 200- 850 nm. The software allows a snapshot of the spectrum at any time to be
taken and can measure the emission spectrum for any sample that produces light. Since it was a
point and shoot method the room had to be dark because outside light sources such as ultraviolet
light from the sun and fluorescent light from the light bulbs would be picked up by the probe. The
shape of the emission spectrum also would shift depending on the angle and distance between the
probe and the sample.
Although the shapes of the emission spectra are different between the benchtop and
portable fluorometer it is likely due to the difference in the instrumentation because as mentioned
they use a different method for detecting the fluorescence emission. The maximum emission with
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the benchtop and portable fluorometer showed the same peaks at 515 nm, 535 nm, and a shoulder
around 560 nm. The portable fluorometer was a fast and effective way to measure the emission of
samples regardless of their shape and size.

3.3.2 Red Portable Fluorometer Emission
The portable fluorometer was used to obtain the emission spectra of red glass samples JSR-1, JS-R-2, JS-R3, and JS-R-4. Since the portable fluorometer has variables that affect the
intensity such as other light sources, and the angle and distance between the probe and sample the
intensities were normalized to 100. Figure 3.9 below shows the portable normalized emission
spectra of the red samples JS-R-1, JS-R-2, JS-R-3, and JS-R-4 and intensities were shifted
vertically by 0, 30, 60, and 90 units respectively. Table 3.2 compares the maximum emission
wavelengths of the benchtop and portable fluorometer.
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Red Sea Glass Portable Fluorometer Emission
JS-R-2

JS-R-3

JS-R-4

Intensity (arb units)

JS-R-1

400

450

500

550

600

650

700

750

Wavelength (nm)

Figure 3. 9: Portable fluorescent emission of red samples JS-R-1, JS-R-2, JS-R3, and JS-R-4
with normalized intensities that were shifted by 0,30,60, and 90 units respectively
Table 3.2 Portable and benchtop fluorescent maximum emission wavelengths.

Benchtop Emission λem, max (nm)

Portable Emission λem,max (nm)

JS-R-1

629

635

JS-R-2

630

635

JS-R-3

625

631

JS-R-4

650

654
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From Figure 3.9 JS-R-1 and JS-R-2 have a similar spectra shape and have a maximum
emission wavelength at 635 nm. JS-R-3 peaks at a lower wavelength 631 nm and JS-R-4 has a
maximum emission at 654 nm. When comparing the spectra to the benchtop emission the
difference in wavelengths between the samples follows the same relationship as the benchtop
maximum emission but the portable maximum emission is about 4-6 nm higher. This could be due
to differences in detectors for higher wavelengths and the uncertainty of the maximum peak due
to the broadness of the peaks.
Overall, the benchtop fluorometer was successful in measuring the excitation and emission
spectra of small sea glass samples. Although there are variables that can affect the portable
fluorometer, it was successful in measuring samples of any size in a timely manner. When the
emission spectra of the green samples were compared between the benchtop and portable
fluorometers, minor changes in the spectral shape were observed, and the intensity of the peak at
515 nm was lower on the portable spectrum. The red samples showed a shift in the maximum
wavelengths. These differences could be due to the detectors and how the fluorescent emission
was determined with the different methods. All of the green glass and the white opal piece had
maximum emission wavelengths that are consistent with studies from the literature on UO2
luminescent emission suggesting that uranium was likely the luminescent species added to the
glass. The red glass samples JS-R-1 and JS-R-2 exhibited similar shaped spectra concluding that
the luminescent species added to the glass is likely the same. JS-R-3 has a maximum wavelength
shift of 4 or 5 nm compared to JS-R-1 and JS-R-2. This smaller shift could be due to a change in
the environment of the fluorophore in the glass matrix such as a difference in heating or cooling
temperature, or other properties while making the glass. JS-R-4 had a maximum emission
wavelength at a higher wavelength than the other samples. Since visually the sample is a lighter
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colour then the others it could be due to a different fluorescent species added to the glass. Red
additive such as manganese (Mn2+) and CdSxSe1-x doped glass both produced an maximum
emission wavelength similar to the red sea glass samples. The geometry and concentration of the
additive causes shifts to the maximum emission therefore it is unclear which additive is in the glass
and further analysis should be done for confirmation.

3.4 Time Resolved Fluorescence
Time resolved fluorescence spectroscopy was attempted but due to challenges with sample
size and instrument parameters a result could not be obtained. The time resolved instrument light
source is a lamp which is limited to 280-360 nm for the excitation wavelength. The luminescent
sea glass displayed optimal excitation wavelengths between 410-450 nm therefore a result was not
obtained due to the optimal excitation being outside the instruments detection limits.
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Chapter 4 Raman Results
In this chapter the results obtained by Raman spectroscopy will be discussed. Raw spectra
will be shown and data analysis using a polynomial fit will be used for the baseline correction to
compare between different samples.

4.1 Raman Spectra of Green Samples
Green samples JS-G-6, JS-G-9, and JS-G-13 were used for Raman analysis. Three trials
were performed, and the orientation of the glass was changed between each trial. Figures 4.1-4.3
display the three trials of the Raman spectra on samples JS-G-6, JS-G-9, and JS-G-13 respectively.
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Figure 4. 1: Raman spectra for green glass sample JS-G-6 trials 1-3
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Figure 4. 2: Raman spectra for green glass sample JS-G-9 trials 1-3
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Figure 4. 3: Raman spectra for green glass sample JS-G-13 trials 1-3
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Fluorescence and colour can drastically interfere with a Raman spectrum. From the figures
above it is clear that there is a large amount of fluorescence on the spectra due to the large
intensities. This was expected since the samples are coloured and are in fact fluorescent. In Figure
4.1-4.3 the fluorescence intensity increases as the wavenumbers increase. In all three figures there
is no major difference in the shape of the spectra between trials other than an increase or decrease
in intensity. From the figures a broad Raman peaks appears to be present around 1350cm-1 but a
baseline correction will be preformed in section 4.5 to identify Raman bands.

4.2 Raman Spectra of White Samples
JS-W-1 was analyzed with Raman spectroscopy and Figure 4.4 shows the spectra for trials
1-3.

Raman Trial 1-3 Spectra JS-W-1
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Figure 4. 4: Raman spectra for JS-W-1 trials 1-3
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Unlike the green samples when the orientation was shifted there was no significant increase
in intensity and all trials produced a similar spectrum. Since JS-W-1 is a white sample therefore
there are no colours interfering with the Raman spectra compared to the green sample’s spectra.
JS-W-1 produced low intensities from wavenumbers 200-1000 cm-1 and from 2000-2500 cm-1.
High intensities of fluorescence are in the range of 1000-2000 cm-1. Raman bands will identified
in section 4.5.

4.3 Red Samples Raman Spectra
Red samples JS-R-1, JS-R-2, JS-R-3, and JS-R-4 were analyzed with Raman Spectroscopy.
Three trials were performed, and the orientation of the glass was changed between each trial. JSR-1 had four trials conducted because the setting was changed to scan to 2500 cm-1 instead of 2000
cm-1. JS-R-1, JS-R-3, and JS-R-4 produced similar Raman spectra so JS-R-4 is shown in Figure
4.5. The Raman spectra for JS-R-2 were slightly different and are displayed in Figure 4.6.
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Figure 4. 5: Raman spectra for JS-R-4 trials 1-3
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Raman JS-R-2 Trials 1-3
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Figure 4. 6: Raman spectra for JS-R-2 trials 1-3

From the Figures 4.6 and 4.7 above, the spectra show a gradual increase in intensity and
contain a broad peak around 1380 cm-1. JS-R-2 is a multicoloured piece of sea glass and is a dark
red on one side and a light orange on the other. During the trials the orientation of the glass was
changed, and Trial 1 and Trial 3 had the yellow-coloured side facing towards the laser in the sample
holder and Trial 2 had the red side facing towards the laser. Figure 4.6 shows that after 1500 cm-1
in Trial 2 the intensity increases exponentially while Trial 1 and 3 are relatively flat. A second
peak around 1900 cm-1 is also clearly present in this sample. The Raman bands will be discussed
in section 4.5.
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4.4 Non-Fluorescent Sample Raman Spectra
A non-fluorescent sea glass sample- JS-NF-2 was analyzed with Raman spectroscopy. The
purpose of this was to compare the spectra with fluorescent sea glass pieces to identify similarities
and differences between them. JS-NF-2 is clear piece of sea glass with no colouring to minimize
the fluorescence on the spectra. Figure 4.7 Displays the Raman Spectra of JS-NF-2 for trials 1-3.
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Figure 4. 7: Raman non-fluorescent sea glass trials 1-3
The Raman spectra from sample JS-NF-1, a non-fluorescent piece of sea glass, displays a
similar shaped spectrum compared to JS-W-1, the white sample. Another peak around 1875 cm-1
is also present in the glass.
The amount of fluorescence in the samples cannot directly be compared due to the fact that
the integration time is different between trials and samples, and could not be controlled.
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4.5 Polynomial Fitting for Baseline Correction
Typically, Raman spectra contain a relatively flat baseline and sharp peaks. A baseline
correction can be applied with a polynomial fitting to subtract the fluorescence that is seen. Each
trial was normalized to 100 and a polynomial trendline was applied to the third or fourth degree
depending on what degree produced a greater linear fit. The R2 value was used to determine
between what trial to conduct the baseline correction. The closer the R2 value to one the better the
polynomial fit. For a better polynomial fit JS-W-1 and JS-NF-1 were split into two sections,1751200 cm-1 and 1201- 2500 cm-1 for the polynomial fitting. Figure 4.8 shows the polynomial fitting
equation used for the fluorescent subtraction of JS-R-4 that used a third-degree polynomial fit and
Figures 4.9 and 4.10 display JS-W-1 and JS-NF-1. The polynomial fit was conducted on the
Raman spectra with intensities normalized to 100.
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Figure 4. 8: Raman polynomial fitting for JS-R-4
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Figure 4. 9: Polynomial fitting of JS-W-1
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Figure 4. 10: Polynomial fitting of JS-NF-1
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The polynomial equation was used to calculate the baseline which was subtracted from the
relative intensity. This was completed for all the samples that were investigated by Raman and
Figure 4.11 displays the baseline correction with polynomial fitting for samples JS-G-6, JS-G-9,
JS-G-13, JS-W-1, JS-R-1, JS-R-2, JS-R-3, JS-R-4, and JS-NF-1. 0, 10, 20, 30, 40, 50, 60, 70 and
90 units respectively.
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Figure 4. 11: Polynomial fitting and baseline correction with all coloured samples
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From Figure 4.11 it can be seen that the majority of samples have a peak at around 1390
cm-1, and one around 1916 cm-1. The Raman spectra of glass tend to display broad peak. The bands
also tend to shift in frequency due to factors such as different vibration, type and abundance of
polarizing cations, T-O distance, the number of non-bridging oxygens, and the T-O-T bond
angles.33 SiO2 displays a range of Si-O Raman bands and due to peak overlap. Typical peaks for
SiO2 are listed in the literature from 850-1300 cm-1. Multiple peaks cause an overlap to form a one
broad peak. Common peaks for silicate glass in Raman are around 1157 cm-1 1160 cm-1 and 1210
cm-1. These asymmetric Si-O stretches form a broad peak. The peak at 1136 cm-1 for JS-W-1 is
likely due to an Si-O vibration.33
In the majority of studies on glass the Raman spectra only displaye a range of 0- 1200 cm1

therefore the peaks after 1200 cm-1 could not be identified. All the samples excluding JS-G-6

produced a peak around 1380 cm-1, and JS-W-1, JS-NF-1, and JS-R-2 produced another peak
around 1900 cm-1. A study conducted on the Raman scattering and photoluminescence from a
glass microscope slide at different excitation wavelengths produced a similar shaped raw spectrum
as JS-W-1 and JS-NF-1 at an excitation of 785 nm, the same excitation wavelength used in this
study. The large amount of luminescence in the region from 1200-2500 cm-1 is due to the excitation
light at 785nm.34 A sense of how strong the luminescence is can be ascertained by the weakness
of the Raman bands at wavelengths before this region.34 An excitation of 532 nm produced a
spectrum with stronger Raman bands and lower amounts of fluorescence for the glass slide
compared to an excitation of 785 nm.34 The amount of fluorescence on the spectrum is affected by
the excitation wavelength. The shift in the peak between JS-W-1 at 1326cm-1 and other samples
that displayed peaks around 1350cm-1 could be due to the fact the optics were different, and
differences in the glass matrix.
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In the literature uranium does have reported peaks in the Raman spectrum. Different
uranium oxides have been investigated and have characteristic peaks. UO2 typically produces a UO stretching peak at 445cm-1 and U3O8 produces three peaks around 400 cm-1 and two around
800cm-1 due to U-O and O-U-O-U stretching vibrational bonds.35,36 These studies used high
amounts of uranium in the form of uranyl nitrate and uranyl acetate or a powdered uranium sample
from a mine.34,35 Unfortunately, the uranium oxide stretching bands were not present in the Raman
spectra of the green or white samples. This could be due to large amount of fluorescence and that
uranium is likely only a small percentage of the glass composition so the bands would be weak.
Red colouring agent CdSxSe1-x contains Raman active vibrations. The bands in glass have
been discussed in the literature because of the formation of nanostructures during the heating
process that displays characteristic bands. A study on CdSxSe1-x in red glass displayed strong peaks
at 190 cm-1, 290 cm-1 and 480 cm-1, which are typically produced from the 1 LO (CdSe), 1 LO
(CdS), and 1 LO (CdSe) + 1 LO (CdS) respectively.31,37 Peaks were not seen on the red glass
meaning CdSxSe1-x may not be present in the sample, and Mn2+ is most likely the luminescent
colouring agent added to the red glass, or the signal was not strong enough to be detected on the
spectra.
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Chapter 5 FTIR Results
FTIR transmission and a KBr method were used to produce IR spectra of the samples. The
transmission method was used on a variety of samples. The KBr pellet method was conducted on
three different samples, a green coloured sample, red coloured sample, and a non-fluorescent
sample, JS-G-33, JS-R-4, and JS-NF-1 respectively. Depending on the peaks, infrared
spectroscopy can be used to determine the type of glass of the sample.

5.1 FTIR Transmission
FTIR transmission analysis was used to measure the IR spectra in a variety of samples.
Samples were placed in the sample holder and the IR spectra were noisy and did not produce a
clear spectrum. Figure 5.1 displays the FTIR spectrum of JS-G-1 using transmission.

Figure 5. 1: FTIR transmission spectrum of sample JS-G-1
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Figure 5.1 shows a noisy FTIR spectrum using transmission for sample JS-G-1. This
method was used on multiple samples and all produced noisy spectra. The band at 2216 cm-1 did
not match any of the literature characteristic bands for silicate glasses, therefore to get a clearer
spectrum the KBr pellet method was used.
5.2 FTIR KBr Pellet
JS-G-33 and JS-R-2 were chosen to have the FTIR analysis conducted because they both
yielded a clear, high intensity fluorescent emission spectrum. JS-NF-1 was chosen because it was
similar to JS-G-33 in colour but did not produce any fluorescence emission. Although the
structure of glass is complex and varies depending on how it was made, the main component of
glass is silicon dioxide due to the large amount of silicon dioxide complexes in the glass
structure from sand.8-10 These bonds are IR active and were expected to be seen in the IR spectra.
Figures 5.2, 5.3 and 5.4 display the IR spectra of JS-G-33, JS-R-2, and JS-NF-1 respectively.
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Figure 5. 2: FTIR spectrum of JS-G-33

Figure 5. 3: FTIR spectrum of JS-R-2
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Figure 5. 4: IR spectrum of JS-NF-1
The FTIR spectra of all three samples produced almost identical spectra with three
characteristic bands. The fundamental broad absorption band in all three spectra between 10001100cm-1 is the Si-O-Si asymmetric stretching band. The Si-O-Si symmetric band is also present
in all spectra at around 770cm-1. The third broad weak band at 3460cm-1 is due to O-H stretching.
Multiple studies have identified these bands and these are in line with the bands seen in Figure
5.2-5.4.17 The asymmetric and symmetric stretching of bonds affects the bond length and studies
have confirmed that the bond angle is correlated to modified thermal or mechanical processes.17
Glass structures can be modified by the fictive temperature, pressure, and growth temperature
(compressive stress) of the glass while it is being made.18,38 The fictive temperature of glass is the
temperature where the heated liquid structure is frozen into a glassy state by fast cooling. This can
vary from 1000-1500℃. The application of hydrostatic pressure can range from 0-2 MPa affecting
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the growth temperature and compressive stress of the glass.38 The Si-O-Si stretching is correlated
to these properties while making the glass and the probable reason for the wavenumber shifts on
the IR spectra. Glass made with a lower fictive and growth temperature and pressure causes the
Si-O-Si asymmetric bands to shift to a higher wavenumber on the IR spectra.37
Unfortunately colour additives were not apparent on the IR spectra for the samples and no
information on colourants of the glass could be obtained. Oxygen and uranium systems have
various oxides such as UO2 and U3O8 that are IR active. UO2 which is thought to be the expected
form of uranium added to the green samples has characteristic bands at 340cm-1 and 470cm-1 which
are not in the range of wavenumbers seen in the IR spectrum obtained.39 U3O8 displays IR bands
at 735cm-1 and 910cm-1 and are not present in Figure 5.2-5.4 therefore UO2 is the probable form
of uranium in JS-G-33.39
As mentioned earlier the two main types of glass are soda-lime and borosilicate. The main
difference between the two types of glass is that boron trioxide is added to borosilicate glass.
Boron-oxygen bonds are IR active and should be seen on an IR spectrum. A study conducted
compared different types of glasses and their IR bands.38 Table 5.1 displays the IR bands in soda
lime silicate glasses, borosilicate glasses, JS-G-33, JS-R-2, and JS-NF-1.
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Table 5. 1 IR Assignment table for samples JS-G-33, JS-R-2, and JS-NF-1

Functional
Group/
Vibrational
Type

Literature
Silicate
(soda-lime)
Wavenumber
(cm-1)38

Literature
JS-G-33
JS-R-2
JS-NF-1
borosilicate
Wavenumber Wavenumber Wavenumber
Wavenumber (cm-1)
(cm-1)
(cm-1)
(cm-1)38

Si-O-Si
1035-1090
asymmetric
stretching

1080

1045

1028

1072

Si-O-Si
Symmetric
stretching

770-800

770-800

779

771

773

N/A

N/A

3451

3459

3462

B-O
symmetric
stretching
in BO

-

1380

-

-

-

O -Si-OBO
stretching

-

910-980
Two peaks in
range

-

-

-

O-H
stretching

3

3

3

From Table 5.1 the bands in samples JS-G33, JS-R-2, and JS-NF-1 correspond to the bands
in silicate glass. Boron trioxide shows a characteristic band at 1380 cm-1 due to symmetric
stretching between the B-O.38 There are two bands between 910-980 cm-1 due to the stretching of
O3-Si-O-BO3.38 The IR spectra of the three samples confirm that there was no boron trioxide added
to the glass and it is likely soda-lime silicate glass. This was expected because boron trioxide is
added to glass to make it stronger and have a higher heat resistance and typically remains clear
coloured. Soda-lime silicate glass is more abundant and commonly found to be coloured due to it
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being used for bottles and decorative glassware which is where the sea glass is expected to stem
from.
In summary, IR analysis using two methods, transmission and a KBr pellet were
performed. The method using transmission provided a noisy spectra and bands could not be
identified. An IR spectra for two fluorescent samples, JS-G-33, and JS-R-2 and a non-fluorescent
sample JS-NF-1. obtained a clear spectra using the KBr method. All three samples produced a
similar spectrum with a Si-O-Si asymmetric stretching band between 1000-1100 cm-1, a Si-O-Si
symmetric band around 770 cm-1 and an O-H stretching band at 3460 cm-1. These bands agree with
multiple literature studies and agree with soda-lime silicate glass. Shifts in the bands between
1000-1100 cm-1 is likely due to modification while the glass is made such as fictive temperature,
pressure, and growth temperature. UO2 which is the expected form of uranium added to the green
samples has characteristic IR active bands which are not in the range of wavenumbers seen on the
IR spectrum obtained but U3O8 displays IR bands in the range of wavenumbers obtained that were
not seen therefore UO2 is the probable form of uranium in JS-G-33.
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Chapter 6 Other Characterization Results
6.1 Geiger Counter
A Geiger counter was used to measure the gamma ray emission on the luminescent sea
glass to show the radioactivity of the green pieces since uranium is a naturally occurring a
radioactive element. As discussed, uranium produces alpha and beta particles, and gamma rays.
Most of the radioactivity from uranium are alpha and beta particles but uranium does produce
small amounts of gamma rays. The Geiger counter used in this study only measured the amount
of gamma rays from the sample but this will give relative indications of how “hot” the pieces are.
The Geiger counter was on the most sensitive setting and a 1 micro curie of Cesium-137 was used
as a check source. A Geiger counter works by producing a clicking noise anytime a gamma ray
was detected. The clicking is referred to as a count. Gamma rays are spontaneous and happen
randomly therefore a background measurement of the gamma rays produced with no sample was
conducted. The background measurement was determined to be roughly 10 counts per minute
(cpm). This was conducted by counting the number of clicks in 30 seconds and multiplying the
number by two to get the counts per minute. Background measurements have various factors that
can cause a larger or smaller amount of gamma rays. Different types of rocks such as granite
produce larger amounts of gamma rays and city areas with a large amount of cement also produce
more gamma rays. According to the World Nuclear Association typical backgrounds are around
10.2-23.4 cpm.8 Samples were placed under the Geiger counter detector about 1 inch away and the
number of clicks per 30 seconds were counted. Most smaller samples displayed an amount of
gamma rays similar to the background. JS-G-1 produced around 42 cpm, approximately four times
the amount compared to the background and JS-G-30 produced around 20 cpm, approximately
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double. It cannot be confirmed if this is due to the size since some large samples produced gamma
rays at the same level as the background and the amount of uranium in each sample is unknown.
Radiation can cause damage depending on level and how long you are exposed. Typically, a
reading of 100 cpm is considered a warning level for radiation.8 The sea glass samples that did
produce gamma rays are under this level therefore are safe to work with. Overall, JS-G-1 and JSG-30 produced gamma ray counts larger than the background measurement providing further
evidence that uranium is likely the luminescent species since it produces small amounts of gamma
rays.

6.2 X-ray Photoelectron Spectroscopy
Samples JS-G-30 and JS-R-2 were sent to the University of Saskatchewan for X-ray
photoelectron spectroscopy (XPS) for an elemental analysis. These samples were sent in a
powdered form, but results were not been received before the submission of this thesis. The results
from the XPS will provide further knowledge of the chemical composition of the glass. This will
verify the results predicted by absorption and fluorescence spectroscopy, and the Geiger counter
results that uranium was the fluorescent species added to the green glass. It will also confirm the
results predicted by fluorescence and Raman spectroscopy that manganese is the red fluorescent
species added to the red glass. The composition of the glasses will also confirm the type of glass
predicted by IR, whether boron was added to make it borosilicate glass or if it is soda-lime glass.
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Conclusions/ Future Work
A thorough spectroscopic investigation was conducted on a wide range of luminescent sea
glass samples. UV-vis absorption, fluorescence spectroscopy, vibration spectroscopy such as
Raman and infrared, were all used to characterize and investigate the unknown luminescent sea
glass samples. A Geiger counter was used to measure the gamma rays in the green, luminescent
sea glass and samples were sent to University of Saskatchewan for X-ray photon electron
spectroscopy for an elemental analysis. The primary objective of this project to investigate the
optical and structural properties of luminescent sea glass using different spectroscopic techniques
was successfully fulfilled by laying a foundation of characterization based on the literature and
opening the door for future work to be conducted.
The absorption and luminescent properties of the sea glass were explored using UV-vis
and steady state fluorescence. The absorption spectrum was obtained for one large green sample
and the excitation and emission spectra were obtained on a benchtop fluorometer for small samples
that could be placed in a 1 cm cuvette. The maximum absorption wavelength was in agreement
with the optimal excitation wavelength measured on the benchtop fluorometer. The green sea glass
samples and white milk glass sample displayed an optimal excitation wavelength and maximum
emission wavelength that agreed with peaks from uranium in glass found in the literature. The red
glass samples produced different excitation and emission wavelength maxima. JS-R-1 and JS-R-2
produced an identical maximum emission wavelength within the uncertainty of the fluorimeter
concluding that it is likely the same luminescent species in both samples. JS-R-3 has a maximum
emission wavelength with a difference of 4-5 nm compared to JS-R-1 and JS-R-2. This is outside
the range of the uncertainty of the fluorometer therefore it could be a different luminescent species,
or the maximum emission could have shifted due to a change in the environment of the fluorophore
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in the glass matrix that may have been causes by differences in the heating or cooling temperature,
or other properties while making the glass. Common luminescent colourants such as manganese
(Mn2+) in an octahedral symmetry and have been used to add the red colour to glass and are
fluorescent. In the literature there is a wide range of maximum emission wavelengths and
symmetry of the additive and concentration can cause shifts in the maximum emission wavelength.
Both additives display maximum emission close to the measured ones therefore it was unclear
which additive was present in the sample. A portable fluorometer was used to measure the emission
spectra of samples that were too large for the benchtop fluorometer and obtained results in a fast
manner. The benchtop and portable emission spectra were compared. On the portable fluorometer
the intensity of a peak was lowered for the green samples and the red samples displayed a small
shift for the maximum emission. These differences could be due to the detectors and how the
fluorescent emission was determined with the different methods. Overall, the luminescent
properties were usefully measured using both instrumentations, through absorption, excitation, and
emission spectra.
The vibration spectroscopy techniques of Raman and FTIR were used to investigate the
vibrational bonds in the sample. The Raman spectra in the samples showed a large amount of
fluorescence. This was expected due to the samples being coloured and fluorescent. The Raman
spectra of green, red, white, and a non- luminescent piece of sea glass were analyzed. The red sea
glass samples displayed a different shaped Raman spectrum depending on the orientation of the
glass. This was due to the different shades of red throughout the sample. The green, white, and
non-fluorescent samples did not show a significant change in spectra between trials. A base line
correction using a polynomial fitting was preformed to subtract the fluorescence and Raman bands
were present for Si-O vibrations. CdSxSe1-x displays a Raman peak in glass and was not present in
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the red glass samples. This could be due to manganese being the colouring agent in the red glass.
FTIR analysis used the KBr method to confirm the probable type of glass. Boron- oxygen vibration
were not present on the IR spectra therefore the glass is likely soda-lime silicate glass and
vibrational bands agreed with those found in the literature.
Uranium is a radioactive element and produces alpha, beta, and gamma rays. A Geiger
counter was used to measure the gamma rays in the green glass samples. Small levels of gamma
rays were measured in the green samples agreeing that there is in fact a radioactive element such
as uranium in the green sea glass samples. Samples were sent for X-ray photon electron
spectroscopy for an elemental analysis to confirm the findings in this study but unfortunately
results were not available at this time.
Future work such as analysis of still to come results from elemental analysis on the samples
will be needed to confirm the luminescent species is in various samples. Investigating the time
resolved fluorescence on the samples would confirm whether it is fluorescence or phosphorescence
in the sample by comparing the lifetime between samples. Different fluorescence base line
corrections such as spline interpolation fit, or the use of a different excitation laser could be
conducted to produce a clearer Raman spectrum.
Overall, this work surpassed many challenges with working solid unknown pieces of sea
glass found from all over Atlantic Canada. Spectroscopic techniques were successfully used to
investigate and characterize luminescent sea glass with different shapes, colour, and sizes while
expanding knowledge of luminescent glass.
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