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Abstract: Borosilicate glass possess natural advantage using as a scintillating material for detection field. To en-
rich the application requirements, the Ce™* ions doped borosilicate glass scintillation material 60B,05-6Si0,-3A1,0;-
5Ba0-15Na,0-10La,05-15Sb,0; was prepared. The structure was discussed based on density and FT-IR spectra indi-
cating that the Ce’ ions exist as network modifiers. The ultraviolet(UV) absorption boundary was lower than 400 nm
and the optical band gap was shorted to 2. 93 eV. All these factors are conducive to the luminescent properties of Ce™
ions. The best emission spectrum was obtained at 372 nm with a 306 nm pumping. The optical basicity was in-
creased with the concentration of Ce’ ions(0. 539 2-0. 541 7), which resulted in a light red shift of emission spec-

tra. The fluorescence lifetime was as short as 24. 39 ns, which shows obvious advantages compared with other Ce™

ions doped scintillation glass. These results provided a new material choice for the development of the detection field.
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1 Introduction

With the rapid development of industrial explo-
ration, high-energy physics research, medical imag-
ing and other technologies, the demand for scintilla-
tion materials was continuing increasing and the hot
of scintillation materials had last a long time"™
Scintillation materials can emit UV or visible light
under the radiation of X-ray, y-ray and other high-

energy particles™®.

It can conjunct with different
photodetectors to realize the detection and analysis
of high-energy rays or high-energy particles”. Scin-
tillation crystals and scintillation glass were the most
widely studied®™. Although the scintillation glass
was short of light yield compared with scintillation
crystal, but its advantage of shorter decay time was

. . pe 10
also significant™.

In addition, scintillation glass al-
so had the advantages of simple preparation process,
easy adjustment of components, low cost, high pro-
duction efficiency, and large size materials, which is
expected to become the preferred material to replace
scintillation crystal in the civil field",

In the study of scintillation glass, Ce™ was the
most popular activator and it had already been stud-
ied in several research"™”. Because Ce™ ([Xel4f')
had an allowed parity transition between 4f and 5d

. . . 17
electronic configurations'”.

It had a strong absorp-
tion in the UV region and gave a strong and broad
emission in visible range. The fast decays in the
UV and visible range are about 20-50 ng™”'"'""¥,
Therefore, the interest of scintillation glass research
was focused on the scintillation properties study of
the Ce” ions doped in different glass matrix™®'">",
Among all optical glasses, silicate glass had good
thermal stability, low optical loss and greater advan-
tages in strength and hardness because of the main

. <y [18-20 .
composition of Si0,"**” However, the luminescence

efficiency of doped rare earth ions was weakened by

the high melting temperature of silicate glass™'.

The introduction of B,0; in silicate glass will lower
the melting temperature. It will also increase the re-
fractive index, concentration of Ce’* ions and trans-
mittance in the UV and visible range which will
benefit the scintillation properties of Ce’ ions™.
The most important effects of B,0; are its high resis-
tance to radiation and the possibility of scintillating

" And the scintillation mate-

in low density matrix"™
rials prepared in this work were mainly used in the
field of UV excitation, and lower density is condu-
cive to excitation in the field of UV light. There-
fore, the choice of borosilicate glass is more appro-
priate.

Based on the advantages of the borosilicate
glass and the good scintillation properties of Ce™
ions, the physical and optical properties of B,0s-
Si0,-A1,05-Ba0-Na,0-La,0; (BSA-BNL) were cho-
sen as the substrate. Sh,03; was used as a reducing
agent and Ce™ was introduced in the form of CeO,.
Firstly, the corresponding molar volume was calcu-
lated using the density of samples as well as the Ce’
ion concentration and ion spacing per unit volume
were evaluated by molar volume. Secondly, the
structure of the glass samples was investigated using
FT-IR. Meanwhile, the UV-visible transmission
spectra and fluorescence lifetimes were also tested.
Finally, the relationship among fluorescence spectra,
optical basicity and optical band gap was discussed
to explore the application prospects of this scintilla-

tion material in the field of detection.

2 Experiment

2.1 Sample Preparation

This experiment was prepared by the melt
quenching method with the chemical composition of
(60-x)B,03-6S5i0,-3A1,05-5Ba0-15Na,0-10La,0;-
1Sb,05-2Ce0, (x=0, 0.3, 0.4, 0.5, 0.6, 0.7), and
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named CO-C5. Experiments were conducted in us-
ing high purity reagents (H;BO; (99.9%), SiO,
(99.9%), A1,05(99.9%), BaC05(99. 9% ), Na,CO;
(99.9%), La,05(99.9%), Sh,0;(99. 9%), and CeO,
(99.9%) ). Among them, Sh,0; was used to pro-
vide a reducing atmosphere. The raw materials of
each sample are weighed (10 g), mixed, and
ground. The powder was melted in a corundum cru-
cible at 1 300 C for 1 h. Then it was cast on an iron
plate preheated at 200 “C and annealed at 50 ‘C for
2 h immediately. After that, it was cooled to room
temperature at a rate of 1 ‘C/min. The samples were
cut and polished for physical and optical test. The
shape of optical test samples was 10 mmX10 mmX2
mm. The powder samples were used for FT-IR spec-
tra test.
2.2 Characterizations

The density of the glass samples was tested by
Archimedes drainage method using an MD-2014
density tester at room temperature. Each glass sam-
ple was measured three times and averaged. Infra-
red absorption spectra were tested using a Fourier
transform infrared spectroscopy manufactured by
Perkin Elmer. Absorption and transmittance in UV
and visible range were tested by a Perkin Elmer
Lambda 950 in the range of 200-800 nm. Excita-
tion and emission spectra were measured using a Shi-
madzu RF-5301PC type fluorescence spectrometer
from Japan. Fluorescence lifetime was measured us-
ing a Fluo Time 300 fluorescence lifetime spectrome-
ter. XPS spectra tests were performed using Thermo-

Fisher Nexsa’s XPS equipment.
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3 Results and Discussion

3.1 Physical Properties

In this experiment, the physical properties of
CO-CS5 glass samples were listed in Tab. 1, which in-
cludes density (p), molar volume (V,,), ion concen-
tration per unit volume of Ce (N,), and average Ce-
Ce inter-core distance (r;). The values of N; and r,
were calculated by p and V,, the specific values in
Tab. 1 were obtained by Formulas (1) and (2)%",

where C represents CeO, doping concentration :

C*NA
N, =

(1)

=(}V) (2)

The trend of density, molar volume, ion concen-
tration, and inter-core distance of CO-C5 glass sam-
ples(the value listed in Tab. 1) were plotted accord-
ing to the increase of CeO, ions, as shown in Fig. 1.
First, this borosilicate glass has low density com-

pared with other scintillating materials™'”,

It can be
found that the density and molar volume of CO-C5
glass samples gradually increased gently with the in-

crease of CeO, content. At the same time, V; of Ce

Tab.1 Relevant physical parameters of C0-C5 glass

samples
ol v/ N/ v/
Nun]ber -3 3 -1 19 -3 -10
geem™)  (em’-mol™)  (10"em™) (10"'m)
Co 2.986 33.784 — —
Cl 3.010 34.536 5.231 2.674
Cc2 3.015 34.819 6.918 2.436
C3 3.025 35.042 8.592 2.266
C4 3.028 35.356 10. 219 2.138
C5 3.048 35.455 11.889 2.034
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Fig.1 (a)Density(p) and molar volume(V,) trends of glass samples, inset table shows the linear fit slope of density and molar

volume. (b)Ion concentration(N;) and inter-core distance(r;) trends of glass samples
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increases continuously with the increase of CeO,
content, as well as the r; decreases continuously.
The change in density can be attributed to the in-
creased CeO, by replacing B,0;of the glass compo-
nent, which has larger relative molecular mass of
Ce0, (172. 11 g/mol) compared with that of B,0;
(69. 62 g/mol). Additionally, based on the Pauling’
s rules in crystal chemistry for the ionic structure ar-

chitecture the Ce™ should be six-coordinated by 0>

(Re3*Ro> =0. 649<0. 732)%". In other words, the
introduced Ce™ ions will enter the network gap but
not destroy the glass network structure. It also gave
a possibility of increased density obviously (2. 07%),
which exceed the change of CeO, concentration
(0.7%). Considering the error, the range of density
change indicates that the influence of introduced
Ce0; on glass structure is mild. And it can be also
observed from Fig. 1 that the molar volume also rises
slightly (4. 95% ) which can be ascribed to the in-
creased CeO,. As we all know that the Ce* ions
have larger atomic number (Z=58) and the Ce* ions
enter the space of network, thus the introduced CeO,
will lead to an increase in density. The molar vol-
ume and the density are proportionally increased.
But the slope of density is larger than the molar vol-
ume. It predicts a slightly loose glass structure, like-
ly due to the introduced CeO,. This phenomenon
can be identified by the FT-IR spectra.

In the borosilicate glass system, CeO, exists as
network modifier and the Ce—0 bond has strong ion-
icity and the oxygen ion is easy to be separated from
the cation™. Tt was a free oxygen provider. Secondly,
because of the large ionic radius of Ce’ ions the in-
troduced Ce’ ions will also play the role of breaking
the network. Meanwhile, the increase of CeO, content
will decrease the optical band gap which can be
confirmed by the changed absorption band™. The
smallest r; is about 0. 2 nm, which is larger than the
cation radius of Ce’ (0. 091 nm), predicting an en-
hanced spectra properties and less probability of
cluster.

3.2 XRD Spectra

XRD is an important means to analyze the crys-

tal field structure in the study of amorphous glass
materials. In our work , the peaks of CO-C5 glass
samples in XRD tests were basically the same. Com-
bined with the analysis of emission spectra in 3.7
part, the C4 glass sample has the highest luminous
intensity. Therefore, XRD spectrum of C4 glass sam-
ple was selected for analysis(as shown in Fig. 2). As
can be seen from the Fig. 2, there was “steamed bun
peak” and no sharp objects were found. It showed ob-
vious amorphous characteristics, which confirm the
existence of amorphous properties and long-range
structure disorder in the glass. The borosilicate glass

system doped with CeO, showed an ideal glassy state.
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Fig.2  XRD spectrum of C4 glass sample

3.3 FT-IR Spectra

The network structure of the glass samples was
investigated using FT-IR. The composition of
Ce0, was the mainly change in our work which exists
as a network modifier and has less effect on the net-
work structure in the glass samples. So, the infrared
absorption spectra of CO and C4 glass samples were
selected for comparative analysis as shown in Fig.

3(a) and (b) were the infrared absorption spectra of
CO glass sample (Cc.0,=0%) and C4 glass sample

(Cceofo- 6% ), respectively.

From Fig. 3 we can found that both CO and C4
glass samples contain nine absorption peaks labeled
in the figure. The vibration corresponding to each
peak was listed in Tab. 2. All peaks in Fig. 3 had been
normalizing using Gaussian fitting to distinguish po-
sition of the peaks. Based on the comparation of
Fig. 3(a) and (b), it was found that the peak posi-

tion of the glass has no obvious change, indicating
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(a)Infrared absorption spectra of CO glass sample. (b)Infrared absorption spectra of C4 glass sample.

Tab.2 FT-IR absorption peaks of C4 glass samples and the corresponding vibrational modes

Wavenumber/cm™ Vibration mode
400-470 Bending vibration of Si—0—Si, Si—0—A1"®
470-600 In-plane bending vibration of the [BO ] unit'?
680-720 Bending vibration of the B—0—B bonds of the [BO ] unit'?®
750-800 Bending vibration of the AI—0 bond in the [AIO 1 unit (26-27]
900-1 000 Stretching vibration of the B—0 bond in the [BO ] unit?”?
1020-1 100 Asymmetric stretching vibration of Si—0—Si ¥’
1200-1 300 Stretching vibration of the B—0 bond in the [ BO,] unit"***"
1 300-1 400 Asymmetric stretching vibration of the B—0 bond in the [ BO, ] unit "
1 420-1 550 B—O vibrations in borate networks'*"’

that the addition of CeO, has no obvious influence
on the network structure of borosilicate glass. It can
be concluded that the main structures in this borosil-
icate glass were [BO;], [BO4] and [SiO,] units®™™.
The introduced CeO,did not generate new detect-
able vibrations in the samples. One of the reasons
that CeO, exists as a network modifier in the sam-
ples. The other reason is low concentration of intro-
duced CeO,; in all samples. These results were con-
sistent with the above inferences about p, V., N,
and r;.
3.4 XPS Spectra

XPS tests were performed to investigate the oxi-
dation distribution of Ce and the attribution of fluo-
rescence emission. Combined with the analysis of
photoluminescence spectra in the following 3. 7 part,
C4 samples were selected for XPS spectra analysis
of complex Ce 3d, and the results were shown in

Fig. 4.

Among them, Fig. 4 (a) showed the main ele-
ments contained in the C4 sample and valence
states. In all samples, Ce exists in the form of Ce™

and Ce" oxidation states. In order to further explore
the relative concentrations of Ce’/Ce*, a local mag-
nification diagram was drawn(as shown in Fig. 4 (b)).
It can be seen from Fig. 4(b) that the binding ener-

and Ce™ are 886.7 eV

[32-33]

gies corresponding to Ce"
and 903. 7 eV, respectively

The relative concentration of Ce™"* and (Ce™+
Ce") in Ce ions can be calculated by the ratio of the

3+ 4+

peak area (ACe ) to all the peak areas (ACe™+
Ace4+ )[34]‘
Tab. 3,

tration of Ce™/Ce" in C4 sample is 1. 283. It can be

From the analysis of fitting results in

it can be calculated that the relative concen-

shown that Ce in the sample mainly exists in the
form of Ce™. Combined with the emission spectra
analysis in 3. 7 part, it was further demonstrated that

. . .
Ce” is the main ion of fluorescence luminescence.
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Fig.4 (a)XPS spectrum of C4 glass samples. (b)Locally enlarged image(Ce 3d).

Tab.3 Ce 3d track XPS test fitting results

lon species Binding energy/eV Peak area(A)

Ce 3d,,(Ce*) 886. 7

52

6 547. 65

Ce 3d,,(Ce™) 903. 7 8 396. 58

3/2

3.5 Transmission Spectra

The UV-Vis transmission spectra of CO-C5
glass samples with different CeO, contents were
shown in Fig. 5(a). The inset figure of Fig. 5(a) is
the photo of annealed glass of C4 sample. It was
clear that all the samples had good transmission
(above 75%). A broad absorption band can be ob-
served in Fig. 5(a), which is due to the electronic
With the in-

crease of CeQO,, there were a clear red-shift of the

transition of the 4f-5d orbital of Ce™.

UV absorption edge. To illustrate it the UV absorp-
tion edge part of Fig. 5(a) were enlarged in Fig.
5(b). The UV absorption edge of matrix glass (COo)

(a) 100

Ie

60

40

Transmittance/%

20

v/

_ 1 1 1
200 30 400 500 600 700 800
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is 320 nm. While that of C1-C5 samples was 331,
343, 347, 349, 353 nm, respectively. All of them
were less than 400 nm which can effectively reduce
the generation of self-absorption and is beneficial to
the sensitivity of high-energy ray or high-energy par-
ticle detection. It was known that the absorption
band of Ce" ions is caused by the charge transfer
state from O” to Ce™. The charge transfer band of
Ce" ions in oxide glasses was wider than that of Ce™
ions. It can be extended from the far-UV region to
the visible region, even up to about 500 nm"™. With
the increase of CeQ,, the concentration of Ce* ions
will be increased gradually. It will cause a red shift

in the samples™.

Additionally, the increased CeO,
will enlarge the crystal field strength of the glass net-
work structure. Then the energy gap between the 5d
and 4f orbits of Ce’ became smaller and it made an

easier electrons transition between the 4f and 5d

(bh)
12f
10f
- s
El)
= |
oL
0 £ .

300 320 340 360
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Fig.5 (a)UV-Vis’s transmission spectra of CO-C5 glass samples (Inset: diagram of annealed C4 sample). (b) Local enlarged

view.
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. It also predicts an increased emission spec-
trum.
3.6 Optical Band Gap

Optical band gap (E,) is an important parame-
ter for predicting the electronic states of crystalline
and amorphous solids. The level of E, can character-
ize the size of the band gap of materials, which val-
ues the possibility of material as a luminescent host
material. The E, value can be calculated by the ex-

pression derived independently by Tauc and Mott-
Davis™. The expression is shown in Formula (3):
(ahv)m=B(hv—Eg), (3)
where « is the absorption coefficient, h is the plank
constant, v is the frequency of the incident photon
and the parameter B is the trailing parameter, calcu-
lated from the slope of (ahv) relative to (hv—E,). m
is an exponential value describing the transition
type, which is allowed indirectly when m=1/2; when
m=1/3, it means indirect prohibition; when m=2, in-
dicates direct permission; when m=3, it means direct
prohibition. In this experiment, the prepared glass
sample is an amorphous solid, which should be se-
lected indirectly, corresponding to m =1/2. The opti-
cal band gap of CO-C5 glass samples was calculated
and plotted by absorption spectroscopy. The indi-
rect band gap was represented by (ahv)', as shown
in Fig. 6. The specific optical band gap E, values
were listed in Tab. 4.
Combining the specific values of E, in Tab. 4
with the variation trend in Fig. 6, it can be obtained

that the indirect band gap of CO-C5 glass samples

(ahv)™/(eVeem™H)'"?

0.1 1 1

1
2.00 2.50 3.00 3.50 4.00

hvleV
Fig.6  Optical band gap values of CO-C5 glass samples

Tab.4 Optical band gap values of C0-C5 glass samples

Number E/eV
Cco 3.22
Cl 3.12
C2 3.08
C3 3.05
C4 3.01
C5 2.93

gradually decreases from 3.22 eV to 2. 93 eV with
the increase of CeO, content. It was beneficial to the
emission of Ce0,"™.

Additionally, we all know that the decrease of
the optical band gap means an increase in the num-

ber of non-bridging oxygen”.

The increase in the
amount of non-bridging oxygen leads to an increase
in the negative load around the Ce ion, thus improv-
ing the optical basicity. The bonding strength of non-
bridged oxygen is less than that of bridged oxygen
with excited electrons, which results in less transi-
tion energy through optical band gap. In addition,
since the optical band gap of the glass system de-
creases with the increase of the average atomic num-
ber, the atomic number of Ce® is higher than that of
B*, and the outermost electrons of Ce’ are more ac-
tive and less bound than those of B*, thus making
the glass system more active and more beneficial to
the occurrence of optical band gap transition.

But the FT-IR spectra did not show an obvious
change on the spectra of non-bridging oxygen. In
our opinion, these results can be ascribed to the low
concentration of CeO,. And the introduced CeO,
will provide free oxygen. So, the values of F,were
decreased by the increase of CeO,.

3.7 Photoluminescence Spectra

The excitation and emission spectra of the glass
samples were tested and the spectra of C4 sample
with 0. 6% doped CeO, were selected for showing in
Fig. 7 for example. The excitation spectra of Ce™ was
composed of an asymmetric broadband. At the mea-
suring wavelength of 370 nm, the maximum excita-
tion spectra were 306 nm corresponding to the 4{—
5d transition of Ce™. A strong broadband lumines-
cence of Ce’ was also shown in the emission spectra

corresponding to the transition from 5d state to 4f
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ground state under 306 nm UV excitation. The maxi-
mum emission wavelength was about 370 nm, and
the Stokes shift was 64 nm. It can be evaluated that
the Ce™ in our samples has a [Xe] 4f' electronic con-
figuration with a large full width of half maximum
(FWHM) of emission peak(about 68.28 nm). It in-
dicated that environment of the crystal field has a
significant effect on the electronic configuration of
the Ce™ 5d energy level. It resulted to a relatively
wide energy level splitting. So, the emission spectra
of Ce’ can be observed to be non-uniform broaden-

ing from Fig. 7.
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Fig.7 Excitation and emission spectra of C4 glass sample

The nonlinear curve fitting of emission spectra
is carried out by Gauss model. It can be observed
that the emission of Ce’* came from two transitions,
namely *D3,—"F5, transition and *D3,—°F,, transi-
tion, respectively. They can be ascribed to the corre-
sponding emission peaks at 360 nm and 393 nm, re-
spectively”. The ground state of the Ce™ ion is a
doublet (°Fs;, and *F,;,) as diagrammatically shown
in Fig. 8. The double characteristics of the emission
bands may be due to the lack of specific symmetries
or long-range periodicity in the glass, causing the ac-
tive ions to experience a random distribution of local
fields. This results in a large random variation in the
position occupied by a single 4f ion, which is also
one of the reasons for the uneven broadening of the
emission spectra of Ce™.

To evaluate the effect on emission spectra
caused by the increased CeQ,, the emission spectra

of C1-C5 glass samples were shown in Fig. 9 with an

307
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Fig.8 Ce™ energy level transition diagram

excitation wavelength at 306 nm. The dotted line in
the upper right corner of Fig. 9 showed the change of
luminescence intensity with CeO; content. It can be
observed that the luminescence intensity gradually
increases with the increase of CeO, content until the
concentration of CeO, is 0. 6% (C4). When the dop-
ing concentration of CeO, is 0. 6% (C4), the lumi-
nescence intensity was the highest. When the con-
tent of CeO, continued to increase, the luminescence
intensity was decreased. There are two main rea-
sons. Firstly, with the increase of CeO, content the
concentration of Ce™and Ce™ ions increased at the
same time with the constant concentration of
Sb,05. The content of Sb,0; is certain in our sam-
ple. With the continuous increase of CeO, content,
Sbh,03 cannot satisfy the need for reducibility. More
CeO, will be exist in the form of Ce* ions with non-lu-
minescent. As we all know that the exist of Ce" ions
were harm to the emission of Ce* ions™. So, the
emission of CeO, doped glass sample will not vary
linearly with the increase of CeO,. It can be identi-
fied by the inner figure of Fig. 9. Secondly, accord-
ing to the principle of interaction between electric di-
poles, the cross-relaxation probability is inversely
proportional to the distance between adjacent activat-
ed ions. According to the study of Ce ion concentra-
tion and Ce-Ce ion spacing in unit volume in 3.1
part, it can be found that when the content of CeO,
increased gradually, the concentration of Ce ions in
unit volume was increased gradually. The distance
between adjacent Ce ions was decreased resulting a
stronger effect on Ce™ ions by Ce* ions. Therefore,

the best concentration of CeO, in this borosilicate
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glass was 0. 6%.

It can also be observed from Fig. 9 that the
emission peak center was in the range of 354-378
nm, which is mainly caused by the 5d—4f transition
of Ce™ions. The emission peak showed an obvious
red shift. Combined with the analysis of the optical
band gap in 3.6 part, the non-bridged oxygen will
provide negative charges which were located be-
tween the inner core of Ce’™ and the 4f orbit. These
gap negative charges can shield the electrostatic at-
traction between the nucleus and the 4f orbit and
short the energy gap of 4f-5d. Therefore, with the in-
crease of CeO, content, the emission spectra of Ce™
under the 5d—4f transition gradually releases pho-
tons with longer wavelengths™'".

In addition, the change of optical basicity is al-
so one of the important factors affecting the red shift

40,42-43]

of emission spectra' The optical basicity of

;aNAA(AOn

) + ;bNBA(BOb) + -+ + cN.A(CF,)+ dN,A(DF,) + ---
2

(95)
Q2
=3
=
2

Intensity/a. u.

1
354 nm—*—1

0.‘3 O4I4 0.‘5 0}6 O4I7
Concentration of Ce0,/%
—Cl1
—C2
—C3
—C4
C5

Intensity/a. u.

1
400 450 500
Alnm

Fig.9 Emission spectra of C1-C5 glass samples

glass refers to the ability of oxygen atoms to contrib-
ute electrons, which is a characterization method of
the electron cloud expansion effect. It can reflect its
optical properties and chemical structure. The cal-
culation of the theoretical optical basicity can be ob-

43]

tained by the following Formula (4)".

Ay =

1 1
EaNA + EbNﬂ + e

among them, AO,, and BO,,, represent single oxides,
CF,. and DF, represent fluorides; a, b, ¢, d are the
charge of cation A, B, C, D respectively; Ny, Ny, N¢,
Ny represent molar ratios. The parameter y and the
single oxide alkalinity A were adjusted and the elec-
tronegativity y of the element A was estimated using

the following Formula (5) :

S =y(AO“)= 1.36(x-0.26), (5)
A(Ao,,) :
2

the electronegativity of B, Si, Al, Ba, Na, Sh, Ce and
La are 2.04, 1.9, 1.61, 0.89, 0.93, 2.05, 1.12
and 1.1, respectively. It can be seen from Fig. 10
that the optical basicity of C1-C5 glass samples var-
ies linearly from 0.539 2 to 0.541 7 with the in-
crease of CeO, contents, which is consistent with the
trend of the optical basicity resulted by the in-
creased mnon-bridge oxygen in 3.6 part. The in-
creased optical basicity indicated that oxygen atoms
possess a strong ability of giving electrons and a
strong ionicity. It will short the energy gap of 4f-5d

further. It will contribute to the red shift in the emis-

, (4)
c¢cN,+ dN, + -

0.5416 o

AN

0.5412

0.5408

0.5404 o
0.5400 /

0.5396

Optical basicity

\

0.5392| ©®
1 1

1 1 1
0.3 0.4 0.5 0.6 0.7
Concentration of Ce0,/%

Fig.10 Variation trend of optical basicity under different

CeO, contents

. [44]
sion spectra” .

3.8 Fluorescence Lifetime

Fluorescence lifetime is one of the most impor-
tant parameters to judge the scintillation properties
of materials. In this experiment, the fluorescence
lifetime of C1-C5 glass samples doped with different
CeO, contents was tested and shown in Fig. 11.

From the excitation spectra of Fig. 7, the excitation
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Fig.11  Fluorescence lifetime of C1-C5 glass samples

peak was located at 306 nm. Therefore, the closest
320 nm pumping source was selected as the excita-
tion source to test the fluorescence lifetime of the
emission peak at 370 nm. The attenuation curve can
be well fitted by the double exponential function.
The expression is shown in Formula (6):

I(t)=1,+Aexp(-tit, )+ Aexp(-tir,), (6)
among them, I;, A, and A, are represented as the fit-
ting parameter values, ¢ is the time, 7, and 7, are ex-
pressed as the decay time of each exponential com-
ponent. The very short decay time of 7; belongs to
the photon pulse of the diode laser source less than 2
ns, and 7, corresponds to the fast luminescence of
Ce™. The specific average decay time of the glass
sample can be calculated by Formula (7):

7. = (A, 22+ A,22) (A7, + A,z,), (7)
based on the above Formulas (6) and (7), the spe-
cific decay time parameters for C1-C5 glass samples
in Tab. 5 can be obtained. The nanosecond scale
shows that the 5d-4f transition of Ce™ has a very
short fluorescence lifetime. It can be ascribed to the

5d-4f transition of Ce’ jons which is an allowed

Tab.5 Decay time of each index component and the av-

erage decay time of C1-C5 glass samples

Number 7,/ns 7,/ns 7,../ns
C1 29.72 29.53 29.51
Cc2 16.29 36. 89 28.01
Cc3 12. 16 37.06 25.94
C4 11.32 34. 85 25.55
C5 13.75 32.71 24.39

electric dipole transition. With the increase of CeO,
content, the decay time of the glass sample gradually
decreases. Considering the structural changes of our
samples with the increase of CeQ,, the shorted life-
time can be ascribed to the decreased r; and in-
creased optical basicity.

In Tab. 6, the relative literature on cerium-doped
borosilicate glass is described in detail, in which the
glass composition, decay time(7,,7,,7,.) and refer-
ence sources are described in detail. Compared with
the decay time of C1-C5 glass sample (7, 75, 7,,.)
in Tab. 5, it can be concluded that the glass sample
prepared in this experiment has ultra short decay
time.

Fig. 11 showed that the lifetime reached a rela-
tively identical value in C3, C4 and C5 samples with
the increase of the CeO, concentration. Combined
with the analysis of excitation and emission spectra
of glass samples in 3. 7 part, the luminescence inten-
sity of C4 glass samples is the strongest. Extra CeO,
will decrease the luminescence intensity which will
reduce its application value. In brief, this cerium
doped borosilicate glass shows strong potential in

high sensitivity detection.

Tab. 6 Literature review on cerium-doped borosilicate glasses: glass composition, decay time and respective refer-

ence sources

Glass composition 7, 7, Tave Ref.
478i0,-28B,0,-14Na,0-10. 8Mg0-0. 1Ce0,-0. 1(Sh,0/Sn0,/P,0.) 36-40 ns 145-259 ns — [45]
208i0,-(28-38)B,0,-15BaF,-(10-20)Lu,0,-(10-20) Gd,0,-2CeF, — — 33-41 ns [46]

25Gd,0,-10Ca0-108i0 -(55-x)B,0,-xCeF, — — 36-49 ns [47]
(30. 5-2)8i0,-24B,0,-3BaC0,-9AL 0,-30Gd,0,-3P,0 -0. 55b 0 -xCe, 0, 45-90 ns 0.9-4 s - (7]
158i0,-30B,0,-25A1,0,-30Gd,0,+1 CeO,(%) 40 ns 136 ns — [41]
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4  Conclusion

In this work, a series of (60—x)B,03-6S10,-3A1,0;-
5Ba0-15Na,0-0La,03-1Sh,05-2Ce0,(x = 0, 0. 3, 0. 4,
0.5,0.6,0.7) glass samples were prepared by melt
quenching method. The physical and optical proper-
ties were studied.

Firstly, their physical properties were ana-
lyzed. Tt was found that the density and molar vol-
ume of the glass samples increased gradually with
the increase of CeO, content. At the same time, the
ion concentration of Ce in unit volume was also in-
creased, which was negatively correlated with the Ce-
Ce ion spacing. Secondly, the FT-IR spectra indicat-
ed that the main structure of glass did not change by
the introduced CeO,. But the optical band gap cal-

culated by the absorption spectra indicated an in-

crease of non-bridge oxygen, which is coincide with
the analysis of optical basicity. All these changes of
structure gave provides to the increased emission
spectra. Finally, the transmittance of sample was
higher than 75%, and the UV absorption edge moves
toward the long wavelength less than 400 nm. The
excitation and emission spectra of the glass samples
determined that the optimal doping amount of CeO,
is 0.6% (C4) which has the highest luminescence
intensity with a short lifetime (25.55 ns). In sum-
mary, this Ce™ doped borosilicate glass material was
expected to be the matrix material for the high sensi-

tivity detection.

Response Letter is available for this paper at: http://
cjl. lightpublishing. cn/thesisDetails#10. 37188/CJL.
20230209.
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