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ABSTRACT

Fused silicas of high purity are not
excited by

known to luminescewhen

ultraviolet radiation, while less pure

exhibit luminescence.

fused silicasdo

It has not been known if the ultra-pure fused

silicas will luminesce when excited by radiation of higher energy near
their absorption edge.

The purpose of this thesis is to extend the

region of knowledge to the higher energy region of excitation.

Several

samples of

pure and ultra-pure fused silicas were

obtained frommanu

facturers..

Excitation spectra were obtained with

vacuum ultraviolet

excitation.

Luminescent emission spectra were also obtained with this

excitation energy.

The results were compared with previously known

lower energy excitation results.

Resulting excitation and emission

spectra were compared between samples of differing
turing processes.

purity and manufac

CHAPTER 1

INTRODUCTION

.

Importance of Luminescence
In recent years the knowledge of the effect of radiation upon
solids has been in demand.

High energies incident can alter the elec

tronic structure of a solid and its

physical properties.

With increa

sing use of instruments that must operate in space environments where
all kinds of radiation are incident, the effects of these radiations
must be well known.
Luminescence observed with vacuum ultraviolet excitation would be
of great importance both theoretically and practically.

With many arti

cles in the literature concerning doped fused silicas, all assuming pure
fused silicas have no luminescence present, any luminescence observed in
experiment would change the results implied there.

With the advent of

deep space photography camera lenses, filters, and covers which must
operate in an environment of high energy radiation, any luminescence of
the materials used must be carefully studied.

The effects of a lumines

cing lens or filter in a camera in space are obvious.

Even stray light

in a situation as this may be significant in photon counting experiments.
Fused silicas and less transmissive Vycor glasses are commonly used as
filters for the vacuum ultraviolet and short ultraviolet, but may lumi
nesce with a high quantum efficiency and a visual emission (Turner 1973).

Any possible radiation damage to components of space photography
must also be known.

Possible radiation damage might take the form of

populating a metastable state with resulting transmission losses in
ultraviolet or visual transmitting glasses.
The purpose of this thesis is to discover if fused silicas with
various amounts of impurities and differing manufacturing processes actu
ally luminesce when vacuum ultraviolet excited.

An attempt will be made

to correlate the excitation and emission spectra with impurity levels and
manufacturing processes.

Effect of High. Energy Radiation Incident on Solids
High energy radiation can be any incident particle that has the
ability to cause change in the substance.

This change, need only be the

energy necessary to raise an electron to another energy level, or enough
energy to cause minor structural changes, as removal of ions.

Usually

light with wavelengths shorter than visible are considered high energies
for solids.

In terms of the material, photon energy equal to or greater

than the band gap can be considered high energy.

This thesis will deal

with energies in the short ultraviolet and vacuum ultraviolet wavelength
ranges.

The vacuum ultraviolet region of the spectrum extends roughly

from the absorption of oxygen*, about 1850 A0 , to the X-Ray region.

The

higher energy cutoff is arbitrary, but usually a few angstroms of wave
length is the case.

The term vacuum ultraviolet will be used in this

sense,, and ultraviolet will be used as wavelengths in the range 1850 A°
to the visible at 4000 A0 throughout this report.

The effects of higher

energies - X-Rays, Gamma rays, fast neutrons - have also received much

3

attention and will be mentioned with the lower energy results observed in
this thesis.
Light incident on any solid can be reflected, transmitted, or
absorbed.

The sum of these three equal the incident energy.

I = R + T + A
Radiations are transmitted if they contain no photon capable of exciting
an electron or inducing a vibration in a solid.

In theory, light inci

dent at a wavelength that has no absorption will be internally transmit
ted with one hundred percent efficiency.
Any incident radiation that induces a vibration or electronic
effect in a solid can be said to be absorbed.

The absorption spectrum of

a solid is a combined effect of the intrinsic absorption plus any induced
absorption bands.

The intrinsic absorption is a fundamental absorption

of the species present in a large quantity in the solid.

No absorption

will occur below the energy required to make the first excitation.

Thus

enough energy must be supplied to raise an electron over a certain band
gap associated with the solid.

An induced absorption can be produced by

adding or subtracting a particle, which in turn alters the electronic
structure of the solid.

Substituting another species in a lattice loca

tion will have a similar effect.

Any defect in the crsytal structure

will produce possible energy levels in the band gap associated with the
solid.

These are called electron or hole traps, or luminescent centers,

depending on how electrons act when occupying these states.

Induced ab

sorption bands can also be produced by very high energy radiations inci
dent on solids, creating metastable states or electron-hole traps.

The first equation can now be expanded:
I = R + T + L + H + E
where absorption (A) has been replaced by luminescence (L) plus heat (H)
and stored energy (E).

>

The energy, when absorbed, can make a large number of changes in
the electronic structure and physical properties of a solid.

Normally,

excited states are created by the photons removed from the incident beam.
These excited states can be relaxed by releasing their energy into the
vibrations of the crystal lattice as phonons.
nonradiative transfers.

This is the usual form of

Any emitted radiation that is non-thermal in ori

gin is said to be luminescent.

Energy can be stored for various lengths

of time when electrons are in traps, or metastable states.

Radiation

which is emitted spontaneously after being excited is called fluorescence.
Light which is emitted some time after excitation is called phosphores
cence.

The reason for the delay in release of energy may be due to the

electron migrating and being trapped in a shallow well and being re-excited
thermally into the conduction band before recombining with-a hole to
release energy.

The electron may be trapped several times in the shallow

wells and mist wait for the thermal excitation to release them.
cent decay times may extend from nanoseconds to centuries.

Phosphores

The process

is dependent upon the temperature, electron conductivity in the conduction
band, and the number and depth of traps in the crystal. .

Luminescence is commonly not associated with a perfect crystal
structure but rather with imperfections.in the structure.

These defects

can be called luminescent

centers and are due to a chemical impurity or

vacancy of species in lattice structure.

A chemical impurity substituted

in a crystal which causes luminescence to be present is called an acti
vator.

A defect will cause a trap, or shallow well, in the band struc

ture equivalent to the altered electronic structure adjacent to the de
fect.

When an electron or hole bound to the defect or luminescent center

recombine, the resulting energy emitted is called activator luminescence.
Electron-hole induced recombinations
vator and still be luminescent.

need not be associated with an acti

Absorption, storage, and conversion to

light of the incident energy all take place within a few lattice con
stants of the luminescent center.
The fundamental absorption edge, or the energy corresponding to
the band gap in the solid, is also affected by impurities present.

The

creation of traps near the conduction and valence band will make transi- ;
tions possible with energy less than the band gap.

This creates an ab

sorption for photons with less energy than the band gap and a correspon
ding loss in transmission at the high frequency end of the spectrum.

Lar

ger amounts of impurities may create a band of absorptions at a particular
wavelength associated with the energies in the crystal lattice about the
impurity locations.
The fluorescent and phosphorescent processes are shown in Figure
1.

An incident photon or particle with enough energy to excite an elec

tron into the conduction band or into an intermediate state creates an
electron-hole pair.

In fluorescence, the electron and hole recombine

immediately at a trap or luminescent center with an energy release equal
to hv.

In phosphorescence, the electron and hole will wander throughout

6
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1.

Schematic Diagram of Luminescent Process.

Emergent
Photon

the crystal, entering and being released from shallow traps until they
recombine at a luminescent center.

In a solid, a large number of these

transitions will cause a band of luminescent radiation to be emitted,
called the emission spectrum.

The range of energies that will excite an

electron and cause luminescence is called the excitation spectrum.
The energy absorbed in a solid may be released by luminescence
with ah efficiency usually depending on wavelength and other variables
for a particular solid.

In most cases, the emitting transition involves

less energy than the excitation.

Stoke*s rule states that the emitted

radiation has a longer wavelength than the exciting radiation.

The emit

ted radiation may also be reabsorbed by the solid, but this is usually
not the case.

If the emitted radiation is not completely.absorbed, the

solid will be. seen to glow if the emission is of high enough intensity
and is visible to the eye.

Efficiency can be applied with different

connotations.in luminescent solids.

Quantum efficiency is defined as the

ratio of the number of emitted quanta to the absorbed quanta, whereas
quantum yield is defined as the ratio of the incident to emitted quanta.
Quantum efficiency is the more useful of the ratios but cannot always be
obtained experimentally.

Photochemistry
Absorbed energy can populate metastable states called traps, or
color centers.
dent on solids.

This is particularly true of high energy particles inci
The effect is to create an absorption band where the

solid is usually transmissive.

These centers can usually be depopulated

by "bleaching" with a light source with enough energy to raise the

electrons, to the conduction band again.
holes in the valence bnad.

There they can recombine with

Refer to the schematic in Figure 2.

High

energy light is incident and creates the electron-hole pair with the
electron in the conduction band.

This electron migrates and falls non-

radiatively (or radiatively) into the trap.

When light of the band width

energy falls on the solid, it excites this electron in the trap into the
conduction band.

This results in an absorption of the.incident beam and

may be seen as a color change of the solid.

The electron may return to

the valence band by the phosphorescence mechanism.
There are many other minor structural and physical changes in
solids that occur when light of sufficient photon energy is incident to
be ionizing.

A change in restivity, usually called photoconductivity, is

a well-known effect of light incident on a solid.

Here electrons are ex

cited into the conduction band and moved by an electric potential.

Minor

changes in structure can be created by very high energy particles.

Va

cancies can be created by particles with enough energy to break the bonds
of the crystal.

Minor changes in charge distribution can be created with

particles with enough energy to ionize an atom.

Effects of these can be

seen in index of refraction changes and stress buildups to the point of
fracture.

Surface effects too are numerous, especially with very high

energy particles which are absorbed at or near the surface.

When parti

cles have enough energy to remove surface atoms, a solid can be polished.
This is called ionic polishing.

Luminescence and photochemistry are the

only two effects that will be explored in this thesis.

Energy

Conduction Band

electron

Te-excitatiDn
I photon

Nonradiative
Transfer

Inci dent
Photon

Metastable
State
Phosphorescent
Emission

Recombination

Hole

Valence Band

Fig.

2.

Schematic Diagram of Photochemistry.

CHAPTER 2

MATHEMATICAL TREATMENT OF LUMINESCENCE

Absorption and luminescence are physically and mathematically re
lated to each other.
possibly occur.

Absorption must occur before any luminescence can

The following section will give a description of the

variables involved and their relationship to one another.
Reflection is related to absorption and the index of refraction.
The reflection at normal incidence is given by:

R

(n - I)2 +
(n + l)2 +

k
k

where n is the index of refraction and
efficient.

k

is the optical absorption co

For high levels of absorption, the absorption cannot be stud

ied by normal transmission spectroscopy but can be studied by reflec
tion spectra.

At short wavelengths the fundamental absorption is usual

ly studied by the reflection bands.

Absorptivity Relationship
The fraction of the incident photons absorbed in a distance (dl)
is equal to the concentration of the absorbing species (c) times the ex
tinction coefficient (e).
dl/I = (e c ) dl
The product ec is commonlyreferred
cient

(k ). This expression

to as

the opticalabsorption coeffi

can beintegrated

compared with experiments.
10

toprovide

arelation

to be

Completing the evaluation,
I = I0 exp(-eel)

(Beer's Law)

The internal transmittance then is defined as:
T = I/I0
and absorptivity is defined as:
A = log10 (1/T)
Relating the absorptivity to Beer's law we get:
A = log10exp(eel) = (ecl)logxo e

Relation of Fluorescence to Absorption
A mathematical description of luminescence can now be found.

The

luminescence is related to the light absorbed and the quantum efficiency
by the product.
F = (Abs) Q
where Q is the quantum efficiency.

Recalling the absorbed energy is

equal to the light incident minus the transmitted light, we see:
Abs = I0 - T = I0 {1 - I/I0 } = I0 {1 - T} = I0 {1 - exp(-ecl)}
Inserting this into the above equation
F = I0Q{1 - exp (-eel)}
To characterize fluorescence as a function of wavelength, we differen
tiate the above equation noting that the transmission is a function of
the extinction coefficient and the extinction coefficient is a function
of wavelength.

Completing the differentiation and substituting in the

transmission, we obtain:

dF/dX = Iq Q c IT (de/dX)
We now see that the luminescence is related to both the extinction coeffi
cient and the transmission.

The extinction coefficient is a constant for

a given species at any one wavelength.

The quantum efficiency of an ab

sorbing species is assumed not to change.

In the region where the trans

mission goes to zero in highly absorbing regions, the luminescence becomes
independent of the extinction coefficient.

Thus, the luminescence exci

tation spectra should follow the transmission where the transmission is
high, and in the region of high absorption, the luminescence will be con
stant.

If there is an absorbing species present in a solid that produces

a particular shaped absorption band, an excitation spectra should resem
ble the band in detail.

This is precisely the manner in which absorption

bands are studied below the fundamental absorption of the species, where
transmission is zero.
The former argument can be extended to two or more absorbing spe
cies, any of which may or may not luminesce.

The absorbed energy is now

the sum of two competing absorption mechanisms, and the luminescence now
becomes:
F = (Abs)1Q 1 + (Abs)2 Q2
The appearance of the excitation spectra will now depend upon whether the
species luminesce or not, and if both are being detected.

If both lumi

nesce, and are simultaneously detected, the excitation spectra will ap
pear as the sum of the absorption bands, wheieas if one species does not
luminesce, or is not detected, the excitation spectra will appear as the
difference of the two absorption bands.
cases.

Figure 3 shows the two possible

Absorption
Absorption
Band 1

Wavelength
Absorption

Absorption
Band 2

Excitation
Spectra

Excitation
Spectra

Wavelength

Wavelength

Wavelength
A.

Both absorption bands are associated with emission,
and excitation spectra resembles the sum of absorptions.

B.

Absorption band 1 is associated with luminescence, but
band 2 is not.

Fig. 3.

Relation of Excitation Spectra to Absorption Spectra.

CHAPTER 3

LUMINESCENCE IN GLASSES

Band Theory in Glasses
Band theory cannot be applied to glasses in a strict mathemati
cal sense due to the lack of crystal structure.
band structure in solids.
thus is not a solid.

Figure 1 is based upon

Glass, however, is a supercooled liquid and

Glass exhibits viscous flow but breaks like a solid.

Pure silica glasses are made up of silicas and oxygen in a tetrahedra
structure of one silica to four oxygen.

This structure, however, is very

short-ranged and does not have a crystal structure necessary for band
theory to be described in a strict mathematical sense.

Band theory in

glass, can be said to have some significance in a physical description of
glass properties, but at present no complete theory has been developed
to explain the type of semi-disordered structure glasses exhibit.

With

incident energies above the fundamental absorption energy, similar ef
fects of an electron in a conduction level are observed in glasses.

Thus

concepts taken directly from band theory have been successfully applied
(Stroud, Schreurs, and Tucker 1965), but theoretical justification is
more difficult.
Study of luminescence in glasses has not been extensive.

Most

of the research has been with rare earth doped glass for laser use.
Usually the high energies are in the X-Ray region and even with fast
neutrons and other particles.

Some work has been done with glass in a
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nuclear reactor.

All of these energies are much higher than the energy

associated with the fundamental absorption edge which is at 145 nm. in
crystalline quartz (Sigel 1971).

Significant research has also been done

in the region of the long and short ultraviolet excitation.

Many glasses

doped with activators of luminescence have their fundamental absorption
edge moved into this region^

The only research reported in the litera

ture in the vacuum ultraviolet region has been by Lyman in 1932.

Sigel

(1971) has shown fused quartz and quartz crystals have, their fundamen
tal absorption band in the vacuum ultraviolet.

One might expect the

occurrence of luminescence and photochemistry with vacuum ultraviolet
radiation incident because of the high energy associated with the photons.
One might also expect no luminescence or photochemistry because of the
extremely high purity of glasses that have transmission to this low wave
length, if these effects are associated with impurities.
be made for each of these conflicting views.

An argument can

It is not known if any lumin

escence is associated with the unaltered silicon and oxygen structure.
Fused silicas are a type of ultra-pure glass composed mainly of
SiOg.

These glasses transmit light down to about 160 nm. where their

fundamental absorption edge starts.

Sigel.(1971) has attributed this

absorption edge to the transition of a valence electron of the oxygen ion
in the glass network to an excited state.

Sigel has investigated the

shifting to lower energies of the absorption edge when lithium, sodium,
and potassium are doped in the glass structure.

He has attributed the

shift to the breakup of the Si-O-Si bonds as impurities are added.

Summary of Previous Work
Luminescence of fused silica has been reported with short ultra
violet excitation by Yokota (1952).

Fused silicas have a slight absorp

tion in the short ultraviolet when small impurity traces are present.
Excitation at 253.7 nm. produces luminescent emissions peaked at wave
lengths of 290 and 390 nm.

The absorption band located at 240 nm. asso

ciated with these emissions has been produced by neutron bombardment as
Cohen (1955) has demonstrated.

The impurities present that are respon

sible for this absorption are not known positively, although germanium
has been suggested.

Garino-Caniha (1956) has established a direct cor

relation between the amount of germanium added and the absorption at
240 nm.
A good deal of work has been done with doping glass with many
elements.

It is not known, however, if ultra-pure fused silica lumi

nesces with excitation near its fundamental absorption edge.

The effect

of impurities can easily be demonstrated, but an intrinsic luminescence
of fused silica is not known.

The"only; reference to any work done in the

region of the fundamental absorption was by Lyman in 1932.

Using simple

technique, with several filters of glass, fused silica, and fluorite with
a quartz spectrograph and photographic technique he was able to distinguish broad excitations and emission in his samples.
stal line quartz samples were examined.

Lyman admits it is doubtful if

. any luminescence exists at all in the crystals.
case was different.

A number of cry

With fused silicas, the

Luminescence was observed in a very limited region

close to the absorption band about 152.5 nm.

With better technique of

manufacture now, fused silicas are much purer than the ones Lyman used.

17

These have not had any luminescence observed with short ultraviolet exci
tation, but the absorption is so low that this observation is inconclu
sive.

CHAPTER 4

EXPERIMENT AND APPARATUS

Samples Selected
In the study of luminescence in fused silicas transmission, exci
tation spectra and emission spectra must be obtained.

Nine samples of

differing purities from different manufacturers were studied.

Since the

luminescence in glass is a result of impurity content and thermal histo
ry, a variety of samples were required to attempt to make a differenti
ation in this respect.
Hetherington, Jack, and Ramsay (1965) have summarized the meth
ods, by which various fused silicas are manufactured.

Details, of course,

are proprietary, but four basic methods can be recognized.

Basic differ

ences are in the metallic impurity content, hydroxyl content, and methods
of fusing.

There is a great deal of confusion in the literature of terms

as "fused quartz", "vitreous silica", and "silica glass".

The following

descriptions should clarify any ambiguity in terms used in this report.
When quartz crystals in powder form are melted in a neutral at
mosphere, the result is called vitreous silica.
from this category.

Infrasil was selected

Manufactured by Amersil, Inc.,. Infrasil has a metal

lic impurity content about equal to the raw material.

Impurities consist

mainly of aluminum (30-100 p.p.m.) and sodium (4 p.p.m.)’, with OH content
very low at approximately 5 p.p.m.

The low OH content is responsible for

the high transmission in the infrared spectral range.
18

The OH presence in
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glass produces a strong absorption at 2.72 microns due to the Si-OH
stretching vibration.

Infrasil is a good transmitter for a large range

from the ultraviolet through thez infrared to about 4 microns.

Infrasil

is known to radiation damage with prolonged exposure to UV, X-Ray and
Gamma radiation.

Infrasil is known to fluoresce a yellow-green color

with excitation at 254.7 nm.
When quartz crystals are fused in a flame, the result is a
slightly higher purity glass than the previous case, as some impurities
are volatilized with the flame.

Ultrasil, manufactured by Amersil, was

selected in this type and has a better ultraviolet transmission than
Infrasil.

The OH content is much higher at 130 p.p.m. and has a corre

sponding infrared absorption at 2.72 microns.

Ultrasil is not resistant

to radiation damage, but the amount of discoloration is less than many
grades of fused quartz.

Ultrasil has a very weak light green fluores

cence when excited by the 253.7 nm. emission line of mercury.
Optosil (Herasil), also manufactured by Amersil, was selected to
be used.

Optosil was the original grade of optical fused silica made in

the early 1900's.

It has a higher content of metallic ions, and the OH

content is approximately 130 parts per million.

The result of this is to.

have the 2.72 micron absorption prevalent and a noticeable absorption
band at 240 nm.

Associated with this absorption band are fluorescent

emission bands at 290 and 390 nm. reported by Garino-Canina (1954).

The

latter band has a strong visible glow in the blue region of the visible
spectrum.

This is common to types of fused silica manufactured from cry

stalline material. This absorption band and resulting emission band can
be removed by an oxidizing heat treatment (Philips 1958) and are
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Associated with impurities of which germanium (Garino-Canina 1956) and
aluminum (Kats and Stevels 1956) have been suggested.

The absorption

band can be produced by neutron bombardment as Cohen (1955) has observed.
At present, ho model can explain these results.

Optosil is not resistant

to discoloration upon exposure to UV, Gamma, and X-Ray radiations.
When pure silica compounds such as silicon tetrachloride are
made by the vapor-phase hydrolysis, the result is an ultra-pure fused
silica.

.

These glasses are virtually free of metallic content with less

than 1 p.p.m.

Because of this extreme purity, the ultraviolet trans

mission is extremely good, with wavelengths down to approximately 165
nm. transmitted.

However, due to the melting conditions, these fused

silicas have an extremely high OH content at about 1200 p.p.m.

This

results in rather poor infrared transmission, with the primary 2.72 mi
cron band heavily absorptive and secondary band quite absorptive also.
Nonmetailic chlorine content is high also but has no effect on the trans
mission.

Suprasil from Amersil, Coming's 7940, and Dynasil were the

samples selected for this type of fused silica.

None of these glasses

exhibit any fluorescence when.excited by the mercury 253.7 nm. emission
line.

No knowledge of any fluorescence in the vacuum ultraviolet exci

tation region is available.

These glasses are the most resilient to ra

diation damage of any glass known.
The last type of fused silica is similar to the previous but is
free from OH as well as metallic impurites.
sil-W for the purpose of investigation.

Amersil furnished Supra-

The excellent infrared trans

mission of Suprasil-W is due to the 5 p.p.m. OH content and transmits to
approximately 3.6 microns in the infrared spectral region.

In the

ultraviolet region of the spectrumj however, Suprasil-W has a slightly
lower transmission compared to Suprasil.

Weeks and Lell (1964) have

shown that the transmission loss is recovered as the OH content is re
stored.

In spite of this, Suprasil-W has the broadest transmission

spectrum of any fused quartz-fused silica material available.

No lumi

nescence is known in Suprasil-W, but a very weak absorption band at 260
nm. has been noticed (Nicolettaand Eubanks 1972).

This has been noticed

only after electron radiations of one MeV. and a dose of 103-5 e/cm2 .
To. complete the survey of samples of high purity fused silicas,
two Vycor glasses of 96 percent Si02 were selected.
and 7,910 were used.

C o m i n g numbers 7905

Vycor is a type of high purity silica

glass, with

small amounts of glass forming constituents as B2O3 and Na^O.

A start

ing mixture of 75% Si02, 20% B^Og, 4% Na2Q, and about 1% Al^Og is melted
like an ordinary glass.

The melt is then heat-treated at about 1600 °F

for several hours which creates two immiscible glass phases; one high in
Si02 content and the other high in B2O3 content.

The glass is then

leached in a .3 N HC1 bath for a period of time to dissolve the soluble
B2O3 constituent out of the solid.

The glass is then heat-treated to

close up the structure and anneal the glass.
in volume associated with the process.

There is about a 15% loss

The two glasses selected have

slightly different transmission characteristics, but both fall to zero
at about 220 nm.
This completes a brief look at the samples used and their prop
erties.

A comparison of the emitted fluorescence intensity between the

various grades that are known to fluoresce when excited by the 253.7 nm..
emission line of mercury is shown in Table 1 (manufacturers' data).
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Table 1.

Fluorescent Intensity of Samples.

SAMPLE

FLUORESCENT INTENSITY

100 ,

Optosil
Ultrasil

2.05

Infrasil

0.52

Samples were made to a constant size of 1 X I X
mize geometry variables.

2 cm. to minir

Sample faces were polished to a see-through

polish, and sides were fine ground with a very fine abrasive.

See Fig. 4,-

Jarrell-Ash Spectrometer
Transmission spectra and excitation spectra were performed on a
modified Jarrell-Ash vacuum ultraviolet scanning spectrometer, model
number 78-751.

See Figs. 5, 6 .

The spectrometer consists of an auto

matically focusing concave grating of 1180 grooves/mm. and one meter redius of curvature.
variation in focus.

The focusing linkage will maintain only ±30 microns
It utilizes a Robin mounting and has a sine bar drive

with twelve speeds of scanning from .5 to 2500 A0/ minute.

The accuracy

as determined with mercury emission lines was better than ±1 A0 .

The

vacuum systems consist of a roughing pump which will bring the spectro
meter tank pressure down to about 10 microns. Hg and a diffusion pump that
will bring pressure to approximately 10"7 mm. of Hg.

In the spectrum

range the instrument was used/ the difference in pressure between the
roughing and diffusion pumps created only a few percent difference in
light intensity transmitted through the air in the spectrograph.

To

minimize time and cost for the liquid nitrogen used in the cold trap of

I\

2 cm

1 cm

1 cfiT

Fig.

4.

A.

Fine Ground

B.

Rough Ground

C.

See Through Polish.

Glass Sample Size.

Microwave
Generator

15

Robin Spectrograph

Scanning drive
To Vacuum

A.

Sample Position in Entrance Slit

B.

Sample Position in Exit Slit

C.

PM Tube Position for Luminescence

D.

PM Tube Position for Transmission

Chart
Recorder

Fig. 5. Experimental -Apparatus for Emission and Transmission Spectra.

PM Volt
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Fig. 6 ,

Jarre11-Ash Spectrometer and Supporting Apparatus.

the diffusion pump, the experiment was carried out with only the rough
ing pump in use.

All readings were taken with tank pressure at about 10

microns.
Optically the spectrometer ha.s a 1180 groove/mm. replica grating
measuring 96 X 56 mm, with a 1500 A0 blaze.
persion in the first order (0 - 3600 A0).
tween entrance and exit slits.

This givei a 8.3 A°/mm. dis
There is an angle of 15° be

The slits were used at the maximum opening

of .4mm. to allow the maximum amount of light through the spectrometer.
This allows a 3.3 A0 band to pass through the instrument.

Since measure

ments were made in a broad spectrum range with sample points a minimum
of every 20 A°, the band pass was no problem.

Vacuum Ultraviolet Sources
Xenon and krypton vacuum ultraviolet sources were used for the
excitation and transmission studies.
source when emission was studied.

Xenon was used for the excitation

A mercury line source with an inter

ference filter of. 253. 7 nm. to Cut out visual lines was also used for
excitation.

The sources were supplied by Jarrell-Ash with model.number

45-502 for krypton and 45-503 for xenon.

These tubes have spectral out

puts that cover the vacuum ultraviolet spectral range from 1300 to 1900
A0 ; krypton emits from 1300 to 1750 A0 and xenon from 1520 to 1900 A°.
See Figure 7 for spectral outputs of these tubes.
been normalized to height of one.

Spectral outputs have

The krypton source has a peak output

about an order of magnitude less than the xenon.

The tubes are sealed

with a lithium fluoride window that transmits to 1050 A0 .

A sample holder

was built to fit on the entrance slit of the spectrometer that seals the

Wavelength in nm.
130

140

150

160

170

180

190

200

ir.A Relative
100f Intensity

Xenon

Krypton

10

8

9
Energy in eV.

Fig. 7.

(photon)

Spectral Output of Xenon and Krypton Sources.
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end of the tube in the vacuum.

Room was allowed for a sample to be in

serted and removed while in vacuum for transmission studies.
8.

See Figure

The spectral output of the xenon tube was noticed to decline in in

tensity and change its spectral output with elapsed time of operation.
The decline in intensity did not affect the experiments as results were
all normalized relatively, and transmission studies were made in fast
enough time that the output did not change.

The slight spectral output

differences were not a factor as the changes were monitored and accounted
for in the calculations.
The vacuum ultraviolet sources were excited by a Jarrell-Ash
microwave generator model number 45-527.

Power settings were kept as

low as possible to prolong the lifetime of the sources, usually 30 milliamps output, with only increases in cases when high excitation energies
were needed to see any faint emissions.

Detection
Detection throughout the experiment was done with an EMI 6255S
photomultiplier tube.

The tube has a response out to 600 nm. and was

coated with sodium salicylate to make the tube responsive to the vacuum
ultraviolet.

For transmission measurements, the tube was coated with

the sodium salicylate, but excitation and emission measurements were
made with no coatings.

Emissions in all cases were.above 270 nm., for

which the tube needs no coating to be responsive.

The tube was coated to

a thickness of 1.5 g/cm2 by a method outlined by Allison, Bums, and
Tuzzilino (1964).

Sodium salicylate is stable

in a vacuum environment

and has the useful property of having a quantum efficiency about equal

Fig. 8 .

Sample in Entrance Slit Chamber.

to one over a broad spectral range.

This property makes it an ideal de

tector for radiation in the range from 600 to 3500 A°.

The fluorescent,

output is peaked at about 4200 A0 , where most photomultiplier tubes have
their peak response.
Sodium salicylate was also used as a standard for comparison of
excitation spectra.

Because its quantum efficiency is constant over the

vacuum ultraviolet range used in the experiment, excitation spectra were
compared with it.

Absolute quantum yields were not calculated as there

would be many problems encountered beyond the scope of this experiment.
More will be said later about the method of determining the excitation
spectra.
Output of the photomultiplier tube was recorded by a HewlettPackard model 320 dual channel DC amplifier and recorder.

This was e-

quipped with a manual marker that was used to mark the tape as the spec
trometer was scanned.

The Jarre11-Ash spectrometer has a visual dial

indicating the wavelength.

By coordinating visually the readout and

marker, a variance of less than 1 A° could be obtained.

Transmission Measurements
The sample was placed in front of the xenon tube for all trans
mission experiments.

The fundamental absorption band of fused silica

starts at about 165 nm., so the xenon, tube supplied output well beyond
this limit.
slit chamber.

Figure 8 .shows the position of the sample in the entrance
This position in the entrance slit chamber was selected

rather than the exit slit chamber because any luminescence excited by the
intense radiation would be blocked by the spectrometer.

In the exit

31
slit chamber any luminescence would be picked up by the photomultiplier
tube.

The chamber was made so the sample could be rotated out of the

beam so the difference in intensities could be taken with samples in the
beam and out of the beam.

By this method the transmission could be deter

mined by direct subtraction of two runs made almost simultaneously.
Transmission in the ultraviolet spectral region was made on a
Perkin-Elmer model 450 spectrophotometer, since there are no sources for
the Jarrell-Ash spectrometer in this region.

In actual practice, a

transmission of the sample was obtained on the Perkin-Elmer and then with
the Jarrell-Ash in the vacuum ultraviolet.

The time the sample was in

the xenon beam was recorded in case any photochemistry was observed.
The sample was then run again on the Perkin-Elmpr to check for any radia
tion damage.

Using this method an accuracy of a few percent was obtained.

The Perkin-Elmer is also accurate to a few percent.

The transmission

o
curves from each instrument were matched in the range 1850 to 1900 A .
This was attributed to low source intensity in this range and scattered
light entering the photomultiplier.

Excitation Spectra
The sample was positioned in the center of the exit slit chamber
with the photomultiplier tube at ninety degrees to the optical axis.
Fig „ 9, 10.

See

With the' sample in this configuration, any transmitted light,

either primary or stray, goes through the sample and is mainly absorbed
in the chamber.

Luminescence is emitted in all directions, and the photo

multiplier tube located at ninety degrees will pick up this light.

)
Cbamber.

fig.9.

S^einBxvtSU

Fig. 10.

Entrance and Exit Slit Chambers.
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Scattering in the sample, especially on the ground sides, is a problem.
To minimize the scattering of the exciting wavelengths and scattering
around the chamber of transmitted light, a filter was employed between
the sample and the photomultiplier tube.

The filter is to cut out the

vacuum ultraviolet light and let through visual and ultraviolet light.
Any good silicate glass if non-luminescing works well for this purpose.
Three different filters were tried.

Vycor was thought to be the best as

it transmitted down to about 2400 A°.

Vycor, however, has a strong blue

luminescence with high quantum efficiency when excited in the vacuum
ultraviolet region,

Vycor proved to be too luminescent as just scattered

light would result in an excitation spectrum of Vycor rather than the
sample.

A blue C o m i n g filter was used but cut out a good deal of the

emitted light.
inescing.

This was used on only a few samples that were highly lum

Plexiglass was finally used in all of the experiments.

It has

transmission down to 3400 A0 and when excited by vacuum ultraviolet radi
ation has almost no luminescence.

It also had the advantage of being

easily made to fit into the chamber in a good location in contact with
the face of the photomultiplier tube.
The excitation spectra were compared with that of sodium sali
cylate as a standard.

Sodium salicylate has a constant quantum efficiency

about equal to one in the Vacuum ultraviolet region.

An excitation spec

trum was made of a microscope glass slide coated with sodium salicylate.
Excitation spectra of other samples were divided by that of sodium sali
cylate and normalized to a maximum height of one.
applied for both krypton and xenon excitation.

The same procedure was

Both were plotted on the

same graph and a resulting curve was obtained by accepting the curve for
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which the particular source was most.intense. In most cases, the results
were the same.
Changes in reflection of fused silica were not accounted for.
Sigel (1971) has shown the reflection of fused silica to be slowly in
creasing as wavelength decreases to a maximum reflection at 10.2 eV.
(121 nm.).

Throughout the range where fused silica was found to have

an excitation spectrum, the change in reflection was negligible.
Since no standard transparent luminescing solid was available
in the region we worked, the accuracy of the experiment cannot be deter
mined.

The precision, or repeatability of the results, can be determined.
■

i

.

As mentioned before, the Vycor filter was useless, and results obtained
with it did not agree with the results of any other filter.
and plexiglass filtered results were in quite good agreement.

The blue
The re

peatability of runs were dependent upon the quantum efficiency of the
sample.

Higher quantum efficiency results in a much stronger signal to

noise ratio.

Runs were repeatable to within a few percent with strongly

luminescing samples, but with weak luminescing samples repeatability was
off by as much as ten percent between runs.

Possible reasons for the

errors are sporadic changes in the output of the xenon tube. . Small
changes in sample orientation or filter orientation may account for some
error also.

Emission Spectra
■A different monochromator had to be used for the emission spec
tra experiments.

With the Jarrell-Ash spectrometer, the intensity of the

emission spectra is too small to be scanned with another monochromator,
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Attempts were made to put another monochromator on the exit slit assem
bly with the photomultiplier tube but with negative results.

An attempt

was made to photograph the emission; likewise, results were negative with
a 16 minute exposure on Tri-X film.

It was decided that another experi

mental arrangement with direct excitation of the sample with the full
beam from the xenon source was needed.

The resulting apparatus is dia

grammed in Figure 11.
The sample was placed in direct contact with the lithium fluoride
window to receive all the light from the source.

The detector was placed

in the 90°. position as is usually done with emission spectra experiments.
The light absorbed by the atmosphere is small in the few microns of air
between the sample and window of the xenon source.

A Jarrell-Ash mono

chromator of .25 meter length type 82-410 was used with the same photo
multiplier and chart recorder as before.

Calibration of the photomultip

lier and monochromator was made by multiplying the published calibrations
furnished by the manufacturer and measuring the calibration with a stan
dard source.

The calibration curve made with the standard tungsten source

was used in the red end of the spectral region because of its high output.
Poor results were obtained when this calibration was extended into the
blue and ultraviolet region because of a rapidly declining source inten
sity.

The manufacturer's data was used in the blue spectral region for

the calibration.

The two calibration curves' slopes were joined in the

middle of the visible region.

The resulting combination calibration was

checked by measuring the emission spectrum of sodium salicylate with the
apparatus.
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Microwave
Generator
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Fig. 11. Experimental Apparatus for Emission Spectra.
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The emission spectrum of sodium salicylate is fairly well-known,,
and our results were in accord with the published data.

It is assumed

that the resulting emission curves are accurate at least as far as peak
wavelength and general shape of the curve.

A comparison was also made

with a similar apparatus located at the Optical Sciences Annex located on
22nd Street in Tucson.

The results were in excellent agreement.

Due to a largevisual component of the xenon source, reduction
the data was complicated.

of

With strongly luminescing samples, small sub

tractions of the visual emission of the xenon source was easily made,
but with weakly emitting samples reduction of the data was hard or impos
sible.

In an attempt to improve results, excitation from a mercury source

with a 253.7 nm. interference filter was used.

This made reduction eas

ier, as most visual emissions from the source were filtered out, but
second order reflections from the monochromator made the exciting wave
length appear near 510 nm.
Ideally the band width of exciting wavelengths should be rela
tively small (few A0) for experimental purposes.

In my case, the entire

xenon output was used, as there was no alternative with the apparatus
available.

It is assumed the emission is basically independent of the

exciting wavelength.

This is true only in part for most samples.

The

differences with fused silica were negligible, but the Vycor showed a
significant difference in the shape"of the emission bands, although peak
wavelength was the same.

CHAPTER 5

RESULTS

Non-luminescing Samples
In four samples no luminescence was observed.
Co ming 7940, Suprasil, and Suprasil-W.

These were Dynasil,

All are ultra-pure fused silicas

prepared by the vapor-phase hydrolysis of silicon tetrachloride.

These

glasses contain less than one part per million of metallic impurities.
The transmission curves are plotted in Figure 12.

Reflection losses were

computed with data for the index of refraction obtained from Malitson
(1965).

All non-luminescing samples had their transmission go to zero

at 7.6 eV. (163 nm.) except Suprasil-W which went to zero at 7.4 eV. (170.
nm.).

As mentioned before, Suprasil-W has a smaller OH content than the

other fused, silicas.in this group.

The removal of the OH content results

in a loss in vacuum ultraviolet transmission.

Dynasil has a small de

crease in transmission in the vacuum ultraviolet extending into the ultra
violet compared to the other non-luminescing pure fused silicas.
may be due to a slightly larger metallic content.

This

The purity of Dynasil

was not available from the manufacturer.
If these four samples exhibit luminescence to a small degree, de
tection was beyond the capabilities of measurement.

Attempts were made

to observe an excitation spectrum by increasing the light output of the
sources and increasing the photomultiplier tube voltage.

However, scat

tered light from the sample and chamber, even when filtered by the
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plexiglass filter was quite high.

Raw data looked very similar with the

samples both in and out of the chamber.

Any differences in scattered

light spectra and possible luminescence were too small to determine.
Thus the only conclusion that can be stated is that these samples, if
they do luminesce, do so at an extremely low level undetectable with the
apparatus and techniques used.

The samples are also not known to lumi

nesce when short ultraviolet radiation is exciting them.

However, Supra-

sil-W exhibited considerable photochemistry, to be described later.

Luminescing Samples
The samples manufactured by Amersil with quartz crystals melted
in a flame or in a neutral atmosphere all exhibit luminescence.
samples are Optosil, Ultrasil, and Infrasil.

These

Figures 13, 14, and 15

show the excitation spectra and transmission spectra.
The transmission of these samples is somewhat worse in the ultra
violet region than the previous non-luminescing samplesr transmission.
This is due to a higher metallic impurity content.

Transmission of the

luminescing samples goes to zero about 7.7 eV. (160 nm.).

The metallic

impurities, however, reduce the transmission in a broad band from the
fundamental absorption edge out to about 4.8 eV. (269 nm.). Transmission
is shown inverted in the graphs to show the relation to the excitation
spectra. . Optosil shows an absorption band at 240 nm. as already men
tioned.

This has been reported to be associated with emissions at 290

nm. and 390 nm. as was also mentioned.
hibit a similar absorption band.

Neither Infrasil nor Ultrasil ex
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Excitation spectra are plotted on the same graph.
malized to a maximum height of one.

These are nor

Excitation spectra are plotted in

the vacuum ultraviolet range where they were measured with the Jarrells
Ash spectrometer.

All of the three luminescing samples have similar ex

citation spectra in the respect that the spectra all fall to zero at
8.5 eV. (146 nm.).

This might represent some absorption edge of the spe

cies causing the emissions.
The excitation spectra do not go to zero at the upper end of the
vacuum ultraviolet.

Measurements stop at 190 nm. as this is as far as

the xenon source can cause excitations that produce measurable emissions.
Absorptions are present that produce emissions up as far as 253.7 nm. as
evidenced by the emissions when excited by the mercury emission line at
that wavelength.

These samples luminesce with enough intensity to be

visible to the eye with the mercury excitation.

This is a good example

of how efficient luminescence is as a detector of absorptions in solids.
The transmission loss in these samples at 250 nm. due to absorption is
almost negligible, but their emission when excited by this wavelength is
quite high.

(Chemists use this technique a good deal to detect and meas

ure small impurity contents in their work.)
Small amounts of structure are present in the excitation spectra
of Infrasil and Ultrasil.

Optosil has jixst one peak in the vacuum ultra

violet excitation spectrum at about 165 nm.
have peaks at 160 and 180 nm.

Ultrasil and Infrasil both

These peaks resemble the peaks in the

excitation spectra that can be expected when two absorption species are
competing for the energy.

The excitation spectra from Ultrasil and Infra

sil closely resemble this condition with emission intensities associated
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with the excitation peaks reversed in intensities.

Considering the

experimental error possible in the apparatus, it appears all three sam
ples have an excitation peak in their spectrum near 162 nm.

This is a

rough estimate, as the measurable excitation yield from Ultrasil and Infrasil was quite low.
All of the emission spectra were made with the xenon source for
excitation.

The emission spectra have been normalized for peak intensity

equal to one.

Relative intensities were given in the sample explanation

section and are manufacturers' data.

The shapes and positions of the peak,

intensities from the Ultrasil and Optosil samples have been confirmed by
mercury 253.7 nm. excitation.

The shapes and peak wavelengths of these

two samples can be considered to be accurate.

The Infrasil, however, has

an emission intensity about a factor of four less than the Ultrasil sam
ple and was unable to give emissions strong with mercury excitation to
be measurable with the present apparatus.

The resulting excitation curve

is a result of an average of two runs with xenon excitation.

In both of

these cases, the visual scattered xenon component was about equal to the
emission.
doubt.

The exact nature of the shape and peak of this emission is in

All that could be found about the emission from the manufacturer

was that it has a faint yellow-green emission.
observed results.

This corresponds with the

See Fig. 16, 17, 18 for emission spectra. .

There appear to be relationships existing between the excitation
spectra peaks and the emission spectra peaks.

Optosil has an excitation

spectra peak corresponding to the 240 nm. absorption band.
are peaked at 290 and 390 nm.
at 290 nm.

The emissions

No other sample exhibited an emission peak

This might possibly be due to an undetectable emission caused
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by too little intensity or no emission at all.

If no emission is ever

found, one may assume the 290 nm. emission is associated with the 240 nm.
absorption, as has been shown (Turner and Lee 1965)..
The 390 nm. emission seen in Optosil appears to be exhibited in
the Ultrasil and Infrasil samples.

As mentioned previously, the exact

shape of Ultrasil and especially the Infrasil spectrum is in some doubt.
Emission spectra usually assume a shape like a gaussian.

The emission of

Ultrasil and Infrasil appear to be anything but gaussians in shape, but
if one assumes they, are the sum of two gaussians of ..different intensities,
smoothed over by data reductions, one could obtain an emission curve
somewhat similar to the observed.

Thus it seems that Ultrasil and Infra

sil may have an emission band at 390 nm.

Both Infrasil and Ultrasil have

a definite emission peak at about 510 nm.
Relations between the emission and excitation spectra peaks are
explained in the following manner.

Optosil has a definite excitation

peak at 162 nm. with an associated emission at 390 nm.

Ultrasil and In

frasil also have excitation peaks Of differing yields at 162 nm. and as
sociated emission peaks of differing magnitudes at 390 nm.

Both Ultrasil

and Infrasil have excitation peaks at 180 nm. of differing yields and
both samples have an emission band at 510 nm.

The main factor tying to

gether the two excitation and emission peaks is the relative intensities
of each compared with the relative excitation yields.

Ultrasil has a

larger excitation yield associated with the 180 nm. peak than the 162 nm.
excitation peak.
390 emission peak.

Ultrasil also has a larger emission at 510 nm. than the
Infrasil has the situation somewhat reversed.

Infra

sil has a larger excitation yield at 162 nm. compared with the peak at
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180 run. and the corresponding emission peaks have a much longer 390 nm.
emission to 510 emission than Ultrasil.

Thus it appears qualitatively

that the emission peak at 180 nm. is associated with the'510 nm. emission
and the 162 nm. excitation peak is associated with 390 nm. emission.

Any

more direct evidence would demand a smaller excitation savelength range
located at each peak, combined with the associated emission spectra.
Correlation between observed luminescence and manufacturing, pro
cess appears slight.
the most luminescence.

Optosil has the most impurities and also exhibits
However, Ultrasil is manufactured with a similar

process and has different excitation peaks and emission peaks.

Infrasil

has more metallic impurities than Ultrasil but has less luminescing in
tensities and yields associated with each peak.
Both Vycor samples (7905, 7910) have a strong emission peak at
390 nm. and a similar excitation spectrum.

(Fig. 19, 20, 21)

The ultra

violet excitation spectra were performed at the 22nd Street Optical Sci
ence Annex by Turner (1973).

The shape of the peak in the ultraviolet is

almost exactly the same for the two Vycors.

The shape in the vacuum

ultraviolet is slightly different, with the 7910 having a slightly less
intense emission.

A gap in the data between the two apparatuses for de

termining the excitation spectra exists.

This gap was filled in for the

7905 glass as the extrapolation looked obvious.
for the 7910.

This was not the case

The excitation yield in the ultraviolet region might be

different in the 7905 glass which might account for the slopes not lining
up.

The excitation spectra look like the general case of two absorbing

species, both of which are associated with luminescence.
at 162 and 230 nm. are seen.

Definite peaks

The emission spectra look almost exactly
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-alike also, with emission peaked at 390 nm. for both glasses.
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It appears

these glasses can be compared with the Optosil sample, both having an
excitation spectra peak at 162 nm. and emission at 390 nm.
was noted at 290 nm. in the Vycors.
96% SiOg.

No emission

Vycor is a high purity glass, or

Not all of the impurities are metallic but are mainly other

glass-forming constituents as

or Na^O.

Thus the impurity content is

similar to that of Optosil.
Similar excitation spectra have been observed in base glasses re
ported irf the thesis in progress by Terry Jones at the University of Ari
zona.

Associated emissions at 390 nm. are not observed, however.

Photochemistry
Suprasil-W was the only sample showing any observable photochem
istry effects.

Figure 22 shows the decline in intensity as a function of

time the sample was in the xenon source beam.

The transmission loss is

rapid and a 260 nm. absorption band, with continued transmission loss
down to the cutoff wavelength, is produced.

The absorption band and con

tinued absorption down to the cutoff could be bleached out by excitation
with the 253.7 nm. emission line of mercury over a period of 24 hours.
No spontaneous bleaching was noticed nor was any phosphorescence or lu
minescence observed during the bleaching.

Nicoletta and Eubanks (1972)

have shown a similar transmission loss in Suprasil-W with exposure to
electrons.

A transmission loss from 200 to 400 nm. was observed with

ultraviolet exposure.

Also, the transmission loss reported by Nicoletta

et al. is significantly less than the loss observed in my work.

Possible

explanations for the discrepancy are that the source used in my work was
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- much more intense than that used by Nicoletta and that my source may have
its spectral output at different wavelengths.

No data was published as

to the exciting spectrum for the Nicoletta work, so a comparison cannot
be made.

Another factor is that my excitation was in the region of the

absorption edge of fused silica so more of the energy was absorbed.

A

better chance thus exists for some of it to go into producing the meta
stable states responsible for this type of transmission loss.

Nicoletta

might have also been simultaneously producing and bleaching the states
with a broad band source.

Nicoletta also observed similar transmission

losses with Dynasil, Coming 7940, and Infrasil.

No observable effect

was recorded with my apparatus and source.
A rough estimate of the factors involved yields a .03 probability
of creating a metastable state in Suprasil-W.

No knowledge of the abso

lute source intensity is known, but a comparison with another manufac
turer’s source was made to yield an output of 1015 photons per second.
Taking the transmission and beam size into effect, about 1014 photons are
absorbed per second.

Using the sample left in the beam for 37 minutes as

an example, about 2 X 10

4*4

photons were absorbed by the sample.

If one

assumes the induced absorption has an oscillator strength equal to one,
one can obtain a rough estimate of the number of states produced.

The

Smakula equation was used:
it e2 h
n
V f a {£} dE
1 '= fe = ------ • — r-----%—
1
g m c
(n - 2) N
The number N/V is the number of states created per volume.

The integral

is the sum of the absorptivity vs. energy integrated over the absorption
band.

The remainder are constants.

Completing the integration

numerically, the number of states produced equals 6 X 1015.

Dividing

this by the number of incident photons yields a minimum efficiency of
producing a state per incident photon of .03.

This represents a minimum

as the induced absorption mechanism was assumed to have an oscillator
strength equal to one at the start and may be much less than one.

The

calculation shows the process to be very efficient.
In Suprasil, with similar composition other than the OH content,
no transmission loss was observed.

An apparent connection with the OH

content and the ability to radiation damage seems to exist.

This was

mentioned previously by Weeks and Lell (1964).
Any usage of Suprasil-W, where ultraviolet transmission is neces
sary and vacuum ultraviolet radiation or higher energy radiations are
present, must be carefully considered after the previous results.

CHAPTER 6

CONCLUSIONS

The purpose of this thesis was to determine whether any fused
silicas would luminesce with vacuum ultraviolet excitation, and if any
fused silicas do luminesce, to characterize the luminescence.

It was . .

found the ultra-pure fused silicas Dynasil, Corning 7940, Suprasil-W,'and
Spprasil have no observable luminescence when vacuum ultraviolet excited.
The less pure fused silicas Optosil, Infrasil, and Ultrasil do exhibit
luminescence when vacuum ultraviolet excited.

Vycor, which is 96% silica,

also exhibits a strong luminescence when vacuum ultraviolet excited.
Photochemistry was observed in only the Suprasil-W sample.

This

radiation damage was extensive in the ultraviolet region and rapidly pro
duced.

Table 2

is a summary of the results of the experiments on the

fused silicas and silicate glasses measured.

Suggestions for Further Research
The work done in this thesis was of an exploratory nature, and as
such has opened many areas for further research.

The same set of samples

should be excited in a more complete region of the whole spectrum. . A gap
between 190 and 220 nm. exists between the work done by the Author and
that of Warren Turner, also of the Optical Science Center.

A hydrogen

source whose emission is located in this gap is needed for complete

Table 2.

■SAMPLE

Optosil

MANUFACTURER

Amersil

METALLIC
IMPURITY

Table of Results.

OH CONTENT

RADIATION . EXCITATION
DAMAGE
PEAK

Low

130 ppm

None

162 hm.

EMISSION,
PEAK

290 § 390 nm.

Ultrasil

!!

100 ppm

130 ppm

If

162 § 180 nm: 390 8 510 nm.

Infrasil

' "

100 ppm

5 ppm

It

162 8 180 nm. 390 a 510 nm.

Suprasil

t!

. 1 ppm

. 1200 ppm

If

None

None

Suprasil-W

It

1 ppm

5 ppm

.260'nm Abs

II

II

Coming 7940

Coming

1 ppm

1200 ppm

None

II

It

Coming 7905

it

4 %

-

it

162 nm.

390 nm.

Coming 7910

"

4, % ;

--

ii

162 nm.

390 nm.

Dynasil

1 ppm

1200 ppm

it

None

None

Dynasil

Ntine refers to detectable quantities with
the apparatus described in this thesis.
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excitation spectra data.

The work should be done to discover any possible

luminescing bands or radiation damage effects in these glasses.
The fused silicas that did exhibit luminescence all had their ex
citation spectra drop to zero at about 150 nm.

Excitations at shorter

wavelengths are needed to see if any excitation band exists between the
wavelengths used in this work and X-Ray excitations.

Excitations of

luminescence in glasses has been reported.in the X-Ray region.

Excita

tions should be done in the region between the vacuum ultraviolet and
X-Ray excitation.

No work has been done in this region, probably due to

the availability of sources.
With the research reported in this thesis, luminescence has been
observed in at least three types of fused silicas.
now should be determined for these three.

Quantum efficiencies

Experiments of this nature,

especially in the vacuum ultraviolet, are quite complicated and require
a more sophisticated apparatus than used in this research.
Several peaks in the excitation spectra exist and are probably
related to emissions.

An experiment conducted with filtered sources

would provide selected excitations necessary to isolate emissions from
various excitation peaks.

Along with this, possible composition measure

ments should be done to determine if the excitation peaks change with
composition.

If possible, the species responsible for the excitation

peak should be identified.
Excitations at much higher intensities should be made on the sam
ples that had no observable luminescence with the apparatus used.

No

emissions were observed with the excitation intensities involved in this

experiment.

This, however, does not mean the samples are non-luminescent,

only that the luminescence was too low to measure.
Significant radiation damage was observed in one sample only and
should be investigated further.

The species responsible for the state

induced or populated should be identified positively.

More careful and

longer exposure times to the vacuum ultraviolet are necessary to determine
if any damage is present in the other samples.

Nicoletta and Eubanks

(1972) have reported radiation damage in other samples used in this Author*
research.

The possibility of thermally bleaching the induced absorption

band should also be investigated.
Any possible thermal effects should be investigated in the.lu
minescing samples.

Temperature should have an effect on the quantum

efficiencies involved.
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