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ABSTRACT

The quenching of luminescence whick: occurs in barium aluminoborate glass
containing iron impurity was investigatted using EPR and TL measurements. The EPR
spectra-showed Fe?* at substitutional site of boron-atorns.in double tetrahedral B,0;
uni.fs..: The activation energy of electron ﬁntra.pping_ from the BEC was determined from
TL Iﬁea_surehlents*— using’ initial rise-to: be-about: 0.21 eV. The -TL measurements also
exhibited- an- equnentiai— decrease: of the TE- intensity in function of* Fe concentration.
The-iexgonenti-al correlation. between- the' TL intensity -and the Fe:! concentration was

explained: witl: the - support. of recent theories - about non-radiactive electron—hole

. recombination mechanism.




I. INTRODUCTION.

Irradiated-barium aluminoborate glass show red phosphorescence at temperatures

above 400"0 1. At room temperature EPR measurements show that BEC (boron electron -

centers) are-absent, réma_.ining only BOHC (boron oxygen hole centers). This observation
was. used: to- propose: a-model of hole—jon recombination luminescence, and show that
BOHC has low'mobi_lif.y at room and at lower temperatures. The fon could be Fe?+, which
is-found: in small amounts in- tﬁese glasses 2 . |

_ Phosphorescence at températures below the ambient, was also observed in barium

'a.lunnnoborate glags:? 3 4

electron—hole-.-_r'e_:combinatioh..-, Electrons released. from. BEC recombine. with. holes: at .

BO‘H'C','= with- the.excess of energy giving rise low temperature phosphorescence..

" The: killing;- .effect- of lummescenee due to impurities in crystals was subject of:

extenswe studies. - The first developed model was the competitive capture of free. elect.rons
at” two- different centers emitting at different wavelengths = 5,6 with a linear correlation
between: intensity of excitation and luminescence. However, experimentally this correlation

7*10, which was explained with a model of excitation and

i.s-.not always linear
recombmatlonl with different, cross section of capture of carriers 12 prom 1964, the
Iuminescence studies found a new focus, because the non—radiative recombination was
suggested: as: the origin of the enlargement, of the zone depletion at the p—o junction in
operating electronic devices during its degradation 13 The energy of captured electrons
are released as high localized phonons giving rise to a phonon quick which increases the
local temperature and causing the ddamage of p—n junction. The phonon—quick is followed
by a ccherent capture of a hole which by interaction with the electrons forms are very

instable exciton 14.

In this case the phosphorescence was - attributed to the:

In chalcogenid glasses it was observed a killing effect due to Fe?r 15_ The
non-radiative process was assumed, w1th the electron—hole recombmamon fermmg first an
exciton which cm:ples h!ghly wlth the lattlce phonons, deca,ymg in such a way which is
consistent with the phonon—qmck ' ' B

The subject of the present report is. the study of the killing effect. of Fe3* in barium
aluminoborate glass, complementing the study of similar effect of Fe2* in chalcogenide

glass, and so obtain a complete view of the killing effect of Fe in amorphous materials.

M. EXPERIMENTAL PROCEDURES

The barium aluminoborate glassés ‘were “obtained’ by melting a mixture of

.Ba(OH)z- , HyBO, and Al,0; in platinum crucibles at 1300°C for 2h. The samples were

annealed at 500°C for 24b. For this work we chose samples of 30BaO-50B,05-20A1,0;
(at %). Different concentrations of Fe were obtained by addition of Fe,O, and Fe,SO,

The sample - E, was furnished by A. Bishay; made in American- University, Cairo, Egypt;

in alumina crucibles at 1340°C for 24b; with 30BaO-60B,0;-10AL0, (at %). The

sample Aﬁ was obtained by annealing the sample A, in a reducing acethylen. flame for
4h. The. sample A‘ _ was obtained by exposure the sample Az’r . after a TL
measurement to 400 — w mercury lamp (unfiltered) for 1h at liquid nitrogen tempera.ture

Samples for EPR (2 by 2 by 6mm) and TL (5 by 10 by 1.5mm) were cut.

The EPR measurements were done: using a X—band Bruker spectrometer at room -

temperature,

The TL measurements were done using an apparatus asserbled in our laboratory.

The temperature was controlled with a home made cryostat in which a cold finger at IMPA

(107 torr) was heated through an electrical resistor. The temperature was measured with
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a ChrommelAlumel thermocouple. The TL light was obseerved through a glass window,
and detected with & Hamamatsy R910 photomultiplier and amplified with a home made
electrometer (OP Int.ers:l ICH 8508/ACTV) The. samples were X irradiated at 77K (My;
40 kV; 20 mA) through an aluminium: thin sheet window..

The. optical...absorption: ‘mea_.g.urements' were:.done .using. a. Carl—Zeiss DMR 21

spectrophotometer.. -

WL EPR RESULTS'

A typica.l ‘EPR: spectrum of 3OBa.0 603203 ll]Alzo3 . glass: (B,) ls shown. in
figurel The charactenstlc EPR lmes 1617 of - Fe3* Cin the glass: network -are easily

. Inse:ﬁ,,Eigure- I

_1dentiﬁed The resonance at g= 4 3 13 assocnated to the rhombic dlstortions of the crystai
ﬁeld at: & tetra.hedra.l or oeta.hed:al site 18 wﬂ:h E/D 1[3 The Kra.mers shift a.nses a

stmng line at. g=4.3" mdependent of the a.xiai direction and several lines dependmg on
the axial dn:ection in: glass the sum over afl dlrecr.ions cancel all the axial dependent lines
resulting in: & single-line at g=4.3. The D values are estimated using the Aasa !
diagram, given values: armind 1.5and 3 cm“ The small resonance at g =2 is associated
to: Fedt, at substxtutlonal octahedra,l 51te 2“ The. small resonance at g = 10 is associated
tointerstitial Fed: i ioms. 16, . o

._C_'oncentrations- of Fe3*. with g= 4 3 were determined from EPR spectra

calculatmg the area, under the absorptlon turve, normalrzed by mass and the measuring

amplification.. For standa,rd :t was, used samples By _and Bz,_ th_e l:nggest Fe dopgd

samples. The relation between the areas of g = 4.3 lines of samples B, and B, gives.

1.6 as expected from the doping concentrations of Fe. The error in the integration of the

EPR signal as well as the loss of Fe EPR signal due to the convertion of 5%. of doped

sample in Fe?* was estimated to be about 7%. Then error of about 7% was assumed 10 all

determinations of Fe* coricentrations. _

The concentrations of Fed+ as'compared to doping are given in table I. In low

'Inser't T:ible 1

doped. samnples, bigger concentrations of Fe3+ wére found, due tl:o Fe impurities in the

mdterials used in the preparation of glasses. . 7
Small concentrations of FeZ* in the present. glasses. was shown. bjoptical

absorption spectroscopy. Only samblés A. B, énd B,, the biggest doped samples

showed a large and asymmetric absorption around 9500 em? (f gure 2) This- is an

mdica,tmn —
'_Insert Figure 2

that Fe2* are subjel:t to & distribution of ma;gnitudes of axial fields.-

Samples D, and G, were doped with the same at % concentration- of : Fe.
Howe#'er, the 'mea,sured concentration .of -Fe3* iz smallest in Gy ‘sample.. ‘Thus, the
Fe,50, doped G, glass has bigger Fe?* concentration than D, sample.” This is becauss

Fe,50, doped the glass with Fer ions, and the time at which the glass was mantained at

1300°C (2h) was not enough t6 reach ferric—~ferr0us equilibrium (at 5% ‘Fe?*). The

equilibrium. ferric—ferrous is expected to reach at longer times, as in s:llcate glasses it was

found to be 20h at.1400°C 21




IV. TL RESULTS:

TL emission: at-temperatures between T7TK and room temperature were observed in
samples A,, Ay, Di, Dy, Ey, Ey, Fy and G,. Samples Ay, By and B, does

not sliow meésura.ble_TL.errﬁssion. An example of TL curve is shown in figure 3.

Insert Figure 3

Activation energy of the TL process.wete. determined for the samples Eq and E,

using;_t_he:- method: of initial tise-22. The: correlation. between the I of the TL intensity -

‘and 1/ ‘used in:the initial rise is shown in figure 4. The activation enerrgy was

Insert: Figure 4 .

determined’ acdofdi’ﬁgly Wit.ﬁ the apprbxixﬁatidn: :
I = —AE/KT In(sn®)

where i't..w'zm assumed a b-th. order kmet.;c pmcessr s is the frequency factor and n is
the pop_ulaﬁon:_of CAITiers. The values of AE . are (0. 21 £0.05)%V for E, and
(0.22:x 0:05)eV:. for- -E'_“ .

Tﬁe..chemical composition of the sample. E, and E, are different. However, the

activation energy obtained for these samples. are almost. the same. Then we conclude that

the activation epeergy is not. changéd by changing the chemical composition of the samples

by about 10-at % .

The TL curves.area.are shown im _tabie 2.:'- :'Ifhé; -.'T__L area decreases as

Insért_ ’fable 2

Fed+ concentration increases, as shown in figure 5. The correlation show that the TL area

Insert Figure 5

has roughly an inversé. exbonentia.l dependence on the Fes* concentration,. '

The TL intensity of E, is about 1/3 of the sample E, with similar concentration
of Fe3*. As E, was prepared from available materials without. doping at 1340°C for
2th, the concentration of. Fe?* is probably the same of E, . Then, the d:fference between
the interisities of. Ky, and E, must be a.Ssiguedi to the differenc&-m,the glass compos_xtxon,
which changed from 30Ba0 -60B,0;: 10AL,0, ‘to 30Ba0:50B,05-20A1,0;4 {at %).

The samples. D, and G, were prepared with the same: at.% concentration. of Fe,

- but the. former were doped with:. Fe3* ions (Fe,03) and the !a,tter- with Fe?* jons

(Fe2SO4) Thus concentration of Fed* in ‘D, ‘could be bigger tha.n in Gy ““The TL area
of D, i different from TL area of G, within the limit of the expenmental error. This is
explained i we assume that Fe2* also kill the T, emission. . -

The concentration of Fe3* in Dy is 6.1 x 10'% atoms/em®. - Assuming that 5at %
of Fe is in Fer state, there is 0.3 x 10° atomasfem®  of Fer, and
6.4 = 10'® atoms/em® of iron. The samé at % of Fe ~ atoms were added in the
preparation of D, and G, . Also, the materials with which the samples were prepa.red
are from the sames sources (bottles). Then, probably, there is- 6.4 = 10% atomc:/cm of
iron in G,. As 43x 108 atoms/cm®  of Fe¥* was found in G, there is
2.1 x 1018 atoms/cm oE Fe?* . Assuming that the “dependerice of T.L- area on the
concentrations of Feii'+ and Fed* is exponentlal and assuming aat% of Fe2* in-all

samples but G, , we fit an expression:

<
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. showu in ta.ble 2:

A= 55.x10° A min exp{ 0.32N(Fes) — 958N(Fe2*)} (2)

: where:- N(Fei*#)-: and:N(Fe?*). are the concentrations of Fed+ and Fe?*, respectively, and

A Is:the: area; :under; the TL:curve:- - The:calculated values of TL area using equa.tlon (2) are

V. DISCUSSSIONS. - . -

If "Fed¥* jong. aocupy the mterstltlai positions in the glass network, the EPR spectra;
cannot.-show.. the sharp and: well defined: hnes at. g=43 18 g &-tetrahedral unit has a

uon—-bndgmg Oxygem 1t att.ra,cts & seconcl positive: ion:. In the. present, glasses, the

mterst:txals a:e occupled by Ba2*" ions.: The Ba?* single 1011 around: a. non=hridging

Oxygen: has. not. symmetry to produce a: g 4.3 line. But if two. of: these. tetrahedrals -

loined ea.ch other; withi twa- Ba2*. iens attracted by. the two. non—-bndgmg oxygens situated
at the opposxte edge& of the double. tetra.hedrou it results in a symmetry. compatible with

g= 4.3 The structure of doulble. tetrahedron  By0; is the structure of lower energy of

. fefmatzurr 23 Thus: the most probable structure for Fe3* ion site is at double tetrahedron
substltutmg B.. In-barium aluminoborate glasses it is supposed that almost ail AlR* jons.

occupy. _substx_t_utmnal sites.. In figure 6 we show a sketch of, the site of Fed+,

Insert Figure 6

In- tetrahedral site, there is a strong interaction of the external orbitals of . Fe3+

with- the p—orbital of the neighbour oxygens forming molecular 'orbieals 24. Thts promotes._

a-considerable delocalization of the exterrna] orbitals of Fe3+ 2%,

10

The TL emission is killed by doping with Fe¥ at concentrations bigger than 0.1
at %. Assuming an: uniform distribution of Fe for 0.7 at % and that the principal source
of TL.killing is - Fe3* , we calculate the volume of killing as being V =6.7x 107 cm3,
Considering a spherical volume it, corresponds to a radius of about 254.

The fraction of tetracoordinated B atoms. for the present molar fraction of BaQ js
calculated to be 0.36 using the formula at the reference 25. Multiplying this valye with
VFe. and we obtain the number. of tetrahedra,ls localized around the radius of action of

Fe* as being 460 tetrahedrals.

The above: observations suggests: that the antibonding orbitals have energy: closer to.

the conduction band and the- mixing of the  Fed* antibonding orbitals and. the extended
0xygen p  orbitals of oxygen extend- the. Fed+ -antibonding orbitals- over the 460
tetrahedrals and radius 254. _ _ _

It wag -suggested 14 that the non-radioactive recombination at deep levels
introduced by defects or impurities in semiconductors oceur . through the multiphonon
emission- at the. neighbour of the defect. - In this model the ruitiphonon emission ig
promoted a.fter the capture of an electron ~or- hole: The huge locahzed v1bra,tlons
stimulated coherent capture of 2 ca.rner of oppos:te signal of the first one, resu]tmg ina
non——radloactlve electron—hole recombmatxon thh 2 new huge emission of phouous The

effi c:eucy, Y » of capture of a majority carrier after a capture of a minority carrier is given

- by:

Y = l—exp[ U(ny/n, T)(an/w)] , 3)

wheére v is the number of times that the systems acquire an energetic configuration good
for capture, n, is thedeumty of free majority carriers; N, is the effective density of
states for free majority carriers; f, is the scape frequency by the ma;onty ca.rmeer and.

wf2r lS the lattice vibrational frequeney
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In the: present. case, = Dy is the density of sites under the action of Fe,

Dy —-N(Feﬁ*)-i-N(Fez‘) , if for each non-radioactive recombination there is a hole

(BOHC) _w:thm, the:range of action. of Fe. Being Y the efficiency of non—radioactive:

capture 0{ an: electromn; the luminescence.efficiency,.Z ; is the complementar factor. Then;

© considering two killing species; Fe?* and:Fe3", weobtain-

- leplaNFe)+bFERY , o @

" where a. and- b arethe fa.ctor-(N/n J(2nfy/w) for' Fed and Fed*. Then;. A =A,Z,"
where | Ay s the Juminescence without quenching.. As = &=0.58x 0¥ em?  and

| b= 0232 ¢ 1078 cm?; with Ay = 54, the quenching effect. is-bigger for Fe2™.

e figure 7, we: show & sketch- of the processes of non—radicactiove electron—hole

nsert Figuze-7

recombmatmn, through extended annbondmg orb1ta,ls of Fe. The relaxation of captured:

electron through multlphonon emiigsion: release hole from BOHC, which is attracted by this
eiectron forrmng & very short hfet.lme excnt.on Thls exciton is anmhrlated through another
mulmphonon ermsswn. . '

In figure 8, we show a sketch of the glass network with Fe3* ion site and an

Tnsert Figure 8

ele(:tron—hole recombination through multiphonon process.

The- TL emission of. E, is about. 1/4 of ‘Ey, although the Fe concentrafion is

-almost - the same:- magmtude. The former sample have the chemical composition

12

30Ba0-60B,0;+ 10AL,0; and the latter 30Ba0- 50B,05:20AL,0;. 1t was shown 2 that -

the increasing concertrations of BaO andfor  ALO, increases the concentration of -

tetracoordinated Fe3+. Thus increasing the amount of ALO;". produces bigger amounts

of double coordinated B,0; units, and as consequence larger: amdunté of precursor—.:_defécts

"of BEC and BOHC.  Therefore, irradiation produces ia,rger::concent'rati'ons;-,:of___trapped '

carriers in Ej , which is consistent with the observation of bigger luminescence in:. Eq -

3

[}
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CONCLISIONS: .

In the: present work we. stuched the qt:enchmg of the thermolurmn&cence by Fe ions
in: alurmueborate gIass The quenchmg ls total, in. the llrmt of the observation of our
eqmpment from conoentratmns above 0.1 at % of Fe.:

o 'I‘he a.etwatlon energyr was: shown to: be a.bout AE = 0 21 ev for samp!es with 10 at

. %-of difference in: 3203 a.nd AIZO;, v meamng that the activation energy. is not sensitive

" to.small changes im: the: conceutrat.lons of these: components. This effect suggests that the

electron trapsare far: apa.rt euough to: prevent interaction between them.
Othexwme, the TL:- mtensaty is blgger for the sample with: bigger. A1203
concentration.:. TIus -effet: is:: probably: the . consequence- of the increasing  of double

coordinated:: 3203 units:in sa.mples of. blgger amounts of AIZO3 The B203 units are the

_source: of precursor centem ot‘ BEE and BQHC

The: TL.: ,eﬁiclency-- was: -obsenved:-_ to- decrease’ exponentially with increasing

concentration. of Fe Assuming that:the quenching is due to-the coherent capture of holes

due to the multiphonon emission after the capture of an electron at. Fe3* or Fe?t ions, we

were:able-to-fit the TL intensity usmg the Sumi's exponential expression. Then the fitted.

pama.meters show-that: the quenchmg effect of Fe?* jon is bigger than of Fe3* ion.

14
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‘Table 1. Area of EPR lines 2t g= 4.3 and concentrations of Fed* |

L3
Sample Feo%;t;g%) .o Area, N. (10 spins/cm?) .

By, - 0444003  1.13+0.08.
Ay o TxI0Pe o 0TTE 005 2L # 020

D, . 2x10%  080£006.  29%02

A2 N 1'.x.'10.:'2’='-':'“' "'.::"1.'.9_=-£:0:I;',.;.;- ':;‘.'4';3_;&.0:3'.

Dy 2wt 24x02 6106

CgAE03 L Ale08 T 4

CLT0; 4303

;'.;,5_'.;_';:.:;104 J15EL

'1:1:1.3'815:'"—3. Rt 96 £:90 o
B, 08 . 6Le4 5010

E, - C= T 04520003 1.1+ 0.08

*All samples were. doped with Fe203 . except sample: G, which was
doped with Fe,50, . :

e}
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o | - FIGURE CAPTIONS
Table 2. TL emission compared to Fe* concentration. - Figure 1. EPR spectrum of = 30Ba0:60B,05-10AL0, (at %) glass B, at room
7 TE: COAE N(Fe3*) N(Fe2+)s* C temperature. ' ' ) ’
Sample  (107% & min} ;(lo’loi‘kmih.z) \ (10'® spins/cm®) (10'® spins/cm®) Figure 2. Optical absorption spectra of glass samples Ay, A,, B, and B,. -
B, Cmosas 363 o 132008 b.d6 Figure 3.. TL curve of glass sample Aj. _
o S - Figure 4. = Natural logarithm of the initial raise TL intensity versus. reciprocal of the
Ay L BT 0SS . 259 2102 ooen . : S
o B Y o e : T absolute temperature of samples (a)E, and (b)E,.
Dy 1902 Qi5 P 195 ' 29402 _ 0.15 Figure 5. Relation between the TL intensity versus Fe3* concentration.
Ay 120405 101 48:03 0.24 Figure 6. Sketchof the Fe3* ion sitein glass network.
3 b, N -6:‘5-'*.0;5{_ - o . 6;_1:. roe . : | 6.31 : Figuré 7., Sketch of non—raclioéctivéi_elect.ron.—hole recombinatipn.
3 - Lo S S Figuze 8. Sketch of coherent electron—hole capture.
LRy 19405 R O T 1108 . 055 L
Gy o 41205 - &k 4303 210
*CﬂCﬂated&omequaMQn % o
- **Estimated values with - [Fe2*} =0.05 [Fel; [Fe] = [Fe?"] + [Fe>).
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