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Copper( l ) ions in a sili c;1 g l:lss upon irradi ;lli oll either wi th UV (4-5 eV ) or w ith high energy photons l ike y- r;l)' ;ll"e found til 

produ ce coppcr-rc!;.tcLi cicc ll'oll ddiciellt spec ies ill the matrix. In the case o f UV irradiati o ll. format ion of isol;ll ed di v; lI elll 

copper species il ;ls hcell clcarl y l·c\'Ca led. whi le ill the casc of y- irrad iat ioll , gcncralion of;1 cO Jlpcr rcl ;lI ed iOllized ccnter "f th e 

typc I A I O~ le u' + 1+ is ev ideil i. The d i ITerencc ohservcd in tile efkct o f pholons o f t \NO di ITerent ellerg ies 011 thc sys tclll ha.' heell 

asnihcd til t\\lO d ilTerent Illlllics of cicclronlllO VC l1lent inthc Illat ri x under the two dilTerellt enCl'geti c i r rad i ; lti on~ of thc g l;I.". 

T hl' il1lpmtallcc of l he phl'1l0l1lellOll \\' itilrck rcncl' 10 it s applications ill oplO-cl cctron ics ;lIld opt ical sCll sing h;1S heell di scussed. 

I ntrod lid ion 
G lassy si li ca is w idely used as :In ideal mater ial for 

v, triou s spec ial appli cati ons such as space opti cs, lase r 

opt ics, op t ical comll1un icat ion, lase r I it hograph y and 

Illetal ox idc sC ll1i conductor l
., structures , etc. for its good 

I J V t ran slll it tance and high t hermo-ll1echan ical st rength . 

Use of si I ica for any such appl ica t ions however, req u i rcs 

attention to the fact that ex posure of sili ca to deep UV 

and hi gh energy irradiations such as X-ray, y- ray, di s

plays defect centers w ithin it s structure which degrade 

it s opti c ti as we l l as upto-elec tronic properti es . In some 

cases tllOu gh, these defect centers makes the material 

usciu l for some oth er app li ca ti ons such as radiati on 

dos imetry <A and radiati on sensing-l . 
It is we ll know n')·11 th :l t in the case o f natural quartz 

or a sil ica glass containing small percentage of alu 

minium and alka li ca ti on, a major fracti on of its alu 

miniull1 impurit y cx it s in the structure as a network 

formcr(NWF) and occupies substituti onal sites for sili 

CO Il. Fur the alull1 iniulll ion, being a (l+)-cntit y in a 

(4+ )-s it e, Inca I charge cOlllpensat ion is aeh ieved w it h 

the location of anunipos iti ve modifier alka li cation at a 

nearhy position resultin g in defect unit s of the type 

IJ\ I()~ I M+ I", w here M = Lt, Na~ , K+, etc. 

Such monova lent ;tikali cati on cumpensated substitu 

ti onal A I impurit y center IA IO~/M+ I !l in a sil ica glass or 
ill quart z is known')·17 to ;Iet as progenitor to the genera 

tion oj aluminium ionized hoic centers l-l lik e 

IA I O)M ~ III, underthe influence or uv whi le in the case 

or hi gh energy irrad iat ions like X-ray or y- ray these 

derec t unit s transform into uncompensated or ll1onova

lent cati on cOlllpensated aluminiulll hole center or the 

type IA IO.tl° and IA IO.I IM+( , respecti ve ly')" ', depend

ing on the temperature of irradiation as we ll as the 

mobilit y o f the associ ated ca ti on (M+) of the progeni tor. 

Arter the first rep0rl " or di scovery of uncompensated 

aluminium hole center in casc of an X-ilT,ldiated quartz, 
[' \; 

various cat ion compensa tcd A I- Iw le centers - have 

becn report ed. 
One of the import ,tnt effects or rad iation induced 

gcnerat ion of stich non-equ iii brin ll s ~ ha rge carrier 1'0 1'

m;tti on in ca se of a g lass is thaI. these chargl' eaITi l' I '~ 

tinder suitable situation can exciwn gc electron s w ith the 

nearby interstitial modifier cati on, if suc h ions be pre

sent in the glass generating ions of di r fe rent oxidati on 

states or some cati on assoc iated comp lex of interes ting 

opt ical and opto-e lec tron ic propert ies . 
Here a theoret ical i nterpretat ion or ,I phenomenon or 

photon energy dependent irradiation effec t in case 01';1 

e u(I) ion containing silica glass obse rved ea rli er I y the 

author, has been presented and the illlPortance nr the 

phenomenon in respect or it s vari ou .; potent ial appl icct

tions has been discussed. 

2 Experimental Details 
The copper(l ) ac tivated g lass used in these in vesti ga

tions is basica ll y a si li ca glass of compos it ion (wt (Ir SiO , 

=96- 97, A I ~O\ = 1-2 , NacO = 0.05-0.1 , res t 8 :0 , t(1 

which Cu+ ions was addeci. concentrat ion or e u+ = 4.2 
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x 10-' moles/ litre). The method of preparation of the 
I I b d· d I' I X I I) g ass las een Iscusse ear ler . . 

For UV irradiation, the fourth harmonic (266 nm) of 
a pulsed Nd Y AG laser (spectra physics DCR II) and 

t· . d" Wc or Y-Irra latlon a 0 y-source were used. 
All absorption spectra were measured with a Shi

madzu UV -VIS-IR absorption spectrophotometer. All 
EPR spectra were recorded at 300 K using microwa ve 
or frequenc y 9.439 GHz in a JEOL(RE-SERIES) X
band EPR spectrometer with a modulation frequency of 
I ()() kHz. The microwave power was set to 10 mw, 
considering that it would be sufficient enough to saturate 
the El' centers (if there be any), of the irradiated glass"o. 

3 Effect of UV Irradiation (4-5 eV) 

3.1 Chan~e in ahsorption characteristics of the glass 

Fig. I (a) shows the base glass corrected absorption 
spectrum of UV laser (4th harmonic of a Nd-Y AG laser, 
266 nm) irradiated coppcr(l) containing silica glass 
along with that of the un- irradiated glass . While the un 
irradiated glass does not show any absorption other than 
I -, 1111 -, 1')4 . ... I . t le .1C - .lC S Inter-conhguratlOna absorption bands 

of Cu+ ionl XI'J in the UV region, the UV irradiation of 
the glass causes to develop a set of new weak absorption 
bands in the VIS nSO nm, 600 nm) and NIR (780 nm) 
region, which are simi lar to the d-d absorption proper
ties 11 of divalent copper in such glass both in respect of 
energy and weakness of transition of the bands. 

t 
-~ 

2 

(b) 

302 

0.53 , " " ~ . ".\ ,!I· 

~j \ 
\ i 

Z' 
'iii 
c 
<II o 
o 

.~ 

, ' 
, I 
I . 
I I , , , . 
, I 

~ ~ 
\ I 

\ \ 
0. o 

\! 
\ 
I'. 

(0 ) 

O.Ox3 

I " " ---------------------------
0.0~--'-~-·-=· -~·::_-·--·-'--·--·_:-~·--7·--·....I-·~---·::_:-·~--:_·--A-J-

200 400 600 800 
')..(nm) 

307 312 317 
Magnetic field 

3.2 EPR properties hefore and aftcr irradiation 

In sharp contrast to the behaviour of the un-irradiated 
Cu+ (3d 10) containing glass which does not response to 
EPR, the glass after UV irradiation gives a reasonabl y 
strong EPR spectrum r shown in Fig. I (b) 1. The spectru m 
ex hibits two sets of resonances. each of which consists 
of four hyperfine lines. The principal mean g and the 
hyperfine tensors of the two sets of resonance:-- are 
determined"" respectively as C~ II = 2.14, gl = 2.(5) and 
( A II = - 6 I x I 0-4 C m - I . A I = - 2 I x IO-~ c 111 - I ). 

The g values and the hyperfine features of the spec
trum are found to correlate well with the know n va l
ues" l.2~ of the parallel and perpendicular g tensors and 
the hyperfine characteristics of divalent copper (I = 3/2) 
in such a glass. 

All the above results point to the fact that upon UV 
(266 nm) irradiation, the interstitial cuprous ions in the 
glass get slowl y oxidized to divalent copper - a ph t'
nomenon similar to that known in case of a copper 
containing sil ver halide photochromic glasses !~ . 

Calculations of the bonding parameters of the photo
generated di valent copper with the oxygen atoms of its 
coordination structure showed22 that the UV induced 
oxidation of the precursor cuprous ion has also brought 
about a change in its coordination from an elongated 
octahedron to a square planar structure. The irradiated 
glass on thermal annealing at 150-200 DC for half an 
hour in an inert atmosnhere reverts to its nre-irradiation 
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Fi~ . I - (;)) B;)se ~I "s s corrccted ;lhsorplion ~;pcCII'" or thc eu( I) containing silica glass at room tempcrature heforc (-o-n-()- ). and " ncr 

(- -1 . the UV I;)ser irradiatioll aloll~ wit h that or the h;)se gl;)ss (- - -). s;)mplc thick ness 1= 2.92 mm in all cases: (h ) EPR spectrum or 
(oppe l'( I) cOll laining ~Iass ancr laser irradi;)tioll (4.66 eV). Iv(MW) = 9.442 GHzl 
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stage and hence does neither show absorption in the VIS 
and NIR region nor it gives any EPR signal due to 
di valent copper. 

3.3 Prohahle mechanism of formation of divalent copper 

Observed phenomenon of UV light induced oxida
ti on of Cu(I) in the glass into divalent copper suggests 
that there must exist some sort of centers in the neigh
bourin g site ofCu(l) ions in the system which can act as 
an acceptor of the electrons re leased from the copper(I) 
ions by the action or UV photons . Leyderman e / Ct/ .

14 

recently observed that UV irradiation of quartz or silica 
containing substitutional tetrahed ral aluminium in their 
network as rAIO~/M+ 1 1l defect center (where M+ = Na+, 
Li+, etc.), causes ionization of the latter GeneratinG alu-b b 

minium related charged center of the type [AI04/M+r . 
The glass under study is basically a silica glass con

taining small percentage of aluminium and alkali , e.g. 
Na+. So it is very much likely that the glass does have 
defect units like IAIO;j/Na+11l in its structure. AccordinG b 

to Leyderman e{ (fl. UV irradiation of this glass should 
generate ionized center of the type IAIOJNa+I+. from its 
precursor defect unit IAIO;j/Na+lo. These ionized alu 
minium centers should act as a potential electron ac
ceptor in the system under favourabl e situation. In the 
case of Cu(l) activated sample, the glass contains cu
prous ions in its interstitial. These ions of the glass are 
also ex pected to be simultaneously photo exc ited at the 
time of UV irradiation , because the cuprous ions are 
known to absorb in the UV region (4-5 eV) because or 
. '} II Il I) .. It s (.1( -t 3d 4s) transition. 

In the present ex periment the Clt - containing glass 
was irrad iated with the 4th harmonic or aNd Y AG laser, 
i.e. with a light or energy 4.66 eV . So under such 
irradiation, the cuprous ion of the glass are also excited. 
The exc ited cuprous ion (3e1

I

) 4s) thus formed should be 
more vulnerable to donate its outermost electron to an 
electron acceptor if such species be available nearby . As 
mentioned earlier. the UV irradiation of the glass gen
erates ionized center IAIO~/N~tr+ in the glass structure. 
A phenomenon like the excited cuprous ion of the glass, 
the moment it is fonned, donates its outermost electron 
to a neighbouring IAI04/Na+r+ center. Oxidizing itself 
to di valent ion ' therefore seems to be the most probable 
thin g to occur. 

The sequential steps or the reaction may be written 
as: 

IAIO;j INa+t' uv IAIO~ INa+r + e 
- > 

T (unidentifi ed trar) + e -t IT+e l 

Cu(J) Uv Cu( 1)* 
- > 

Cu(l)*+ LAIOJNa+r -t Cu(II) IAI04lNa+lo 
The phenomenon of complete electron transfer from 

copper(I) to the nearby rAI04/Na +1+ ionized centre in the 
present case is facilitated by the UV induced excitation 
of cuprous ions . 

On thermal annealing of the glass, the traps which are 
not very deep in this case, release the ir electrons to the 
matrix which in turn, are immediatel y captured by the 
irradiation generated metastable di valent copper, revert
ing themselves to their monovalent state . No thermolu
minescence phenomenon is however, observed in this 
annealing process of the glass. 

4 Effect of y-irradiation 

4.1 Ahsorption properties 

Both the base glass (i .e. glass devoid of copper) and 
the copper(l) activated glass attain a purple colouration 

upon y-irradiation; but the absorption characteristics of 
the irradiated copper(l) containing glass differs from 
that of the irradiated base glass . These are shown in 
Fig. 2 along with the absorption spectra of both the 
un-irradiated base glass and the Cu(l) containing glass. 

A study of the spectrum of the irradiated base glass 
vis a vis that of the un-irradiated glass reveal s that the 

y- irradiation causes to develop two distinct new absorp
tion bands in the rrlass one around 295 nm (4.2 eV) and 
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Fig. 2 - Base g lass cO,rrected ahsorplion spectra: (--). 

y-irradimed Cu(l) containing g lass : (-.- .- .J. y-irrad iated hasc 

g lass: (----- J. un-irradi ated Cu(l) containing g lass and 1----"- j 

. un-irradiated base glass. I sample thick ness 1= 2.XO mm in all 

casesl 
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the other around 5()() nlll (2. :n eV). In the case of 

co pper(\) containing gla ss , y- irradiati on however, pro
duces a complex spectrum. where in addition to the 
ahove ment ioned two bands two more new ad sorptions. 
nne as a broad band around 39()-400 nlll and the other 
as an ab .~o rpti o n profil e coverin g the region 600-S00 nm 
~ Ire noted . The absorption band at 244 nm (due to J d ll'

_ 

3d ! 4s I tran sit ion) of Cu( I) ions of the glass also suffe rs 
~ I signifi cant loss in intensit y. 

Observati on of 295 nm and 50() nm bands in both the 
cases of irradiat ed base glass and the copper(l) contain
in g glass is quit e in agree ment with the earli er re

po rt sl ~ . 1 7 on the absorpti on properties of y-irradiated 
sili ca, containing trace alumina and alkali as impurities. 

Such glass upon y-irradiat ion at roo m temperature is 
kn own to generate hole center of the type IAIO~ I " , from 
the precursor defect unit I A IO~/N a+ l + of the glass. Thi s 
hole ce nter absorbs ':)-' 7 around 3()() nm and 50()-55() 
nm . 

The energies and the we;lk tran siti on probabilities of 
the two additi onal absorption bands around 390-4()() nm 
and 6()()-X()() nm of the irradiated copper( l) containing 
glass on the other hand . indicate that the elec tronic 
tran siti ons assoc iated with these bands are most like ly 
d--d in nature and are co mparabl e to those of di valent 

. . ) I )) 
co pper Ion s In such glass- '-- . 

Moreove r. since the ph enomenon of dec rease in In
tensity of the 244 nm band of Cu(l) and the appearance 
of the additi ona l two VI S and IR absorpti on bands 

occ ur simultaneou sly as a result of y- irradiation, it seems 
reasonable that the two new adsorptions obse rved exc lu
sive ly in the case o rthe irr~ldiat ed copper acti vated glass 
arc assoc iated with so me hi gher val ent copper re lated 
:;pec ies which are generat ed in the glass at the cos t of its 

CU(l ) ions. by the acti on o f y- ray. 

-t2 Site sensitive thcrnlOlulllinescelH:e properties 

The eolollr centers that ;Ire generat ed in both the cases 

uf the y- irradiated base glass and the Cu(l) acti vat ed 
g\;J ss are b le~ lc hab le ~:i~(' by annealing in the temperature 

rangL' gO-3()( ) °C or above. Such bleaching in the case of 
C II ( I) act i va tcd g las '. is accompan ied by a st rong blue 
gree n th ermolumi nescence( TL). wh i Ie no such e mi .~s i o n 

i" ubserved in t he case of anneal i ng of t he irradiat ed base 
glass. The glo'vv curve of the as-irradiated Cu(l) contain 
in g glass ex hibit s.:':) thermal peaks at 4 14 .5 K and 530 K 
and ;1 shoulder at around 450 K. Thi s is shown in Fig . 3 
al nng with the glow cllrves 3(b) and 3(c) , obtained 
res pect i ve ly for sampl es rrom wh ich sel ec t i ve l y fi rst and 
hoth first and second low temperature traps had pre-

viously been bl eached Oll!. The glow curve parameters 
and the acti vati on energies E calculated for difre rellt 
thermal peaks are given in Table I. 

The thermoluminescence emi ss ion spec trum corre
sponding to the selec ti ve re lease of each of these therma l 
traps of the irradiated glass recorded by using previou'. ly 
se lect ive l y bl eached diffe rent samp les are shoW Il in 
Fig.4 where TL emi ss ion spectrum of the as- irrad iated 
samp le is al so show n. 

Although the spectral palle rn of the g low of e~ l c h o J' 
such samp les vari es from that of the other, all the oh
served spectra are very much simil ar to the k nown "~7 
ph oto-luminescence spectra of cuprous ions of clilTerellt 
sites of the glass. 

It is therefore, ev ident from the above results th at the 
luminescence cente rs in vo lved in a ll the cases of ob
served TL are in fact, the cuprou'. ions or diffe rent "itl's 
ex isting in the glass and these ions are se lec ti ve ly ex-
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Paramelcrs 

4 14.5 K -I5() K 

W idlh. low IClllpcr;lIu rc 52.5 
side T(K ) 

Ac ti v;ll ion Encrgy I:'(cV ) OA:l () 74 1.11 
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the ot her around 5(H) nlll (2.:n eV). In the case or 

co pper(l) containing gla ss , y- irradiati on however, pro
duces a complex spectrum, where in addit ion to the 
above ment ioned two bands two more new adsorpt ions, 
one as a hroad hand around 39()-400 nm and the other 
as an absorplion profil e covering the region 60()-80() nm 
arc noted. The absorption hand at 244 nm (due to 3d 1lJ

_ 

:k l') 4s I transiti on) or Cu( I) ions or the glass also suffe rs 
;t significant loss in intensil Y. 

Observation of295 ntTt and 500 nlll bands in both the 
cases or irradiat ed base glass and the copper(l) contain
in g glass is quite in agreelllent with the earlier re

port s l
" . 17 on the absorption properti es or y-irradiated 

sili ca, containing trace alumina and alka li as impurities . 

Such glass upon y- irradiat ion at roo m temperature is 
known to generat e hole center or the type I AIO~ 1°, from 
the precursor defec t unil I A IO~/N a+ 1+ o f the glass, This 
hule center absorbs ls.17 around 300 nm and 500-55() 
nl1l ' 

The energies and the we;tk tran siti on probabilities of 
the Iwo additiona l absorption bands around 390-4()0 nm 
and ()OO-KOO nll1 or the irradiated copper( l) containing 
glass on the other han(!, indi cate that the e lec tronic 
transitions assoc iated with these bands are most like ly 
d--d in nature and are co mparabl e to those of di va lent 

. , I ' I l) copper Ion s In suc 1 glass- '-- , 
Moreo ve r. since the ph enomenon or decrease in in

lensity of the 244 nl11 band or Cu(l) and the appearance 
or Ihe additi on;ti two VIS and IR absorption bands 

occur simullaneously as a result ory-i rradiation , it seems 
re;tsonable thai t he I wo new adsorpt ions obse rved exc lu
sive ly in the case of the irr;tdiat ed copper activated glass 
arc ;t ssociated with sO llle hi gher val ent co pper re lated 
spec ies which arc generat ed in the glass at the cost or it s 

Cu(l ) ions. by the action o r y- ray. 

~ . 2 Site sensiti ve therlllolulllinesrem:e properties 

The colour centers that ;tre generated in both the cases 

ur Ihe y- irradiated base gla ss and the Cu(l ) acti va ted 
g l<t ss are bleac hable ·>s2(, by annealing in the tem perature 

range SO-30() "C or above, Such bleaching in the case or 
Cu(l) acti vated g lass is accompanied by a strong blue 
gree n t herm()lumi nescence( Tl) . wh i Ie no such emi ,ssion 
is ubserved in t he case of anneal i ng or t he irradiat ed base 
glass. The glmv curve or the as- irradial ed Cu(l) co ntain 
in g g l<t ss ex hibit s25 therl11al peaks al 4 14 .5 K and 530 K 
and ;t shuulder at around 450 K. This is shown in Fig. 3 
alon g with the glow curves 3(b) and 3(c), obtained 
respec t i ve ly for samples from wh ich se lec t i ve l y fi rst and 
hoth rirst and seco nd lo w temperature traps had pre-

viou,sly been bl eached out. The glow curve parameters 
and the activation energi es E ca lcu lated 1'0 1' dillerelit 
therl11al peaks are given in Table I, 

The thermoluminescence e l11i ss ion spec trul11 corre
sponding to the selective re lease of each of these therl11al 
traps or the irradiated glass recorded by using previou ~ l y 

se lec ti vely bleached diffe rent samples are show n in 
Fig,4 where TL e l11ission spectrum or the as- irradiated 
sample is al so show n. 

Alt hough the spect ral patte rn of the g low or e;tch ul' 
such samples varies I'rolll that or the other, all the ob
served spectra are very much similar to the known t ~27 
photo-luminescence spectra of cuprous ions or ditTt.: reIII 
sites of the glass . 

It is therefore, ev ident 1'1'0 111 the above result s that the 
luminescence cente rs in vo lved in a ll the cases o r oh
served TL are in fact, the cuprous ions of different sites 
ex isting in the glass and these ions are selec ti ve ly ex-
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Tahl e I - TLIP paramcters or thc thc l'ln;d pC~ lb o r glow Cur\TS or 

thc tu ( I)-activated s il ica gl;lss 

Paramc tCl's 

4 14.5 K -I')() K 

Width . lo w tcmpcrature 52.') 3-1 
side T( K) 

Ac ti v; i1ion Energy /:'(cV) 0.4:1 (),74 1.1 I 
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cited ~ I S a result o f" selec ti ve recombination o f the ther

mall y released traps "vith their holes. It is also c lea r f"rom 

th e emission stud y that the cuprous ions themselves arc 

not t he holes. becau se in that ca .~e recombination o f the 

traps would have gi ve n rise to exc ited copper atoms and 
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~1;lss: t; l l. ;IS irr;ldiat cd saillple . (h). tlie s; lInp lc rrolll w hi ch rirst 

111\1 telllpcr; i1U re tr;lp or -II -L:i K liad prc viously selec ti ve ly hcc il 

L'ic; llled IlUt ;lIld (ci . the '-.; II11 plc 1r<\1ll w hich hoth the rirst ;1I1d the 

'eco lld \< \\\. temperalure traps had prcv iouslv heelll'lcalled out 

-3/2 -1/2 +1/2 

316 321 326 

ble ways by w hich cuprous ions in the gla ss can get 

exci ted due to recombinati on of" the trap" w ith the holL:" 

are: 

( I ) through tran sfer o f" the recombination-cnergy to 

the neighbouring cuprous ions through phonon or snnw 

othcr channel ; 

(2) through direct receipt o f"the recombi nat ion ener~y 

as a result o f as:.;ociation o f the cuprous ions wi th the 

hole sites. 

I n the case o f situat ion ( I ). there shou!d not arise any 

se lec ti v ity in the process of exc itati on of cuprous iOlls 

of diffe rent sitcs because, surrounding a ho le. C UJ1r<Ht~ 

ions o r all types of coordin ati on may 'x ist and the 

transfer of recombinati on energy to each of the sur

rounding copper sites is equall y possible . As the ex per i

mental result shows that the cuprous ions o f a pai·ticular 

site are exc ited for a particubr type o f' hole trap recolll 

bination,the proposition (2) seems to he the most I'C<I

sonahle, i.e. the cuprou" ion" are directl y related to tilL' 

holes. It is therefore, concluded that the cuprous ion" tn 

the glass become assoc iated w ith the holes th ~ lt ~ lrL' 

generated in the glass when it is irradiated w ith y- ray. 

4.3 EPR properties 

Roth the base glass and the C lI (1) con l<tinin g gbss do 

not show an y electron paramagnet ic re son~tneC(EPR ) 

spectrum berore y- irradiati on but do so aft er irradia ti on. 

The EPR spectrum of the y-irracl iated ha~,e glass a ndth ~1l 

of the y-irradiated CuO ) containing glas" ~ll l O() K <t rl' 

shown in Fi!!. 5. The snect I'll III of the base g lass ( i .e. gl<i-" 

+312 

\ II I 
\ /1/ 

'v-;;' 'v 
1 0 0 

331 336 341 
Maqnetic Field H (mTl 

I:i),. :'i - I : P I ~ , p~l' t rulllllr y- irr; ldi;i1 e d ClI ( l ) l'llllt ;lillillg glass or l eu + = ~ . ~ II X I () Illo les/ l itre ;1I(lfl), with th;11 or th e ilTadi alcd UIl -;JL· tl \ ;i1cLi 

~ 1;l ss ;11 .\ ()() K I v ( M W ) = 'JAY) GII /.I 
1 .. . .. illdic; lt cs L'Oppcr Il yperrill c lillc Jl"siti(lIiS a III I " . " illdicatcs AI-hy pcrrinc liJ1c positioll sl 



DEBNATH: IRRADIATON EFFECTS IN ( lI(I ) :I I 

devo id of co pper ) ex hibit s;1 resonance o f mean g tcnsor 

= l. ()()t) w ith a six line hy pcrfine feature o f an average 

se paration o f (UN mT. The observed values o f g, the 

hyperfin c charac teri sti cs and the total w idth ( llH rull = 
'44 T . '!·II -to m ) 01 the spectrum suggest that the resonance 

owes it s ori g in to a substituti onal aluminium impurit y 

I I . 0 II ' 7 
10 e center 01 the ty pe IA I ~ I r A I, 100 % abundance 

and it s nuc le;II' moment 1=51'2 ). 
The spectrum o f C u( l ) containing g lass on the other 

hand, ex hibit resonances w herein additi on to the reso

nance due to the aluminium ho le center IAIO~ t , two 

fresh sets of resonance arc observed, o f w hich one 

;lj1pears in the fi eld region overlappin g w ith that of 

I A I O~ I II center ;lIld the other at a relati ve ly lower fi eld . 

In the case o f th e set o f lower fi eld. a four- line hy perfine 

feature o f the resonance i .~ c learl y revealed, while in the 

e lsc of the set that occurs overlappin g w ith those of 

I A IO~ I " lines. on ly two lines arc di stin guishable. The 

fo ll OW ing ~Ire al so observed in another EPR study 2x : ( I ) 

W ith the incorporati on o f cuprous ions in the g la ss the 

;d umi n i Ulll ho le conce ntrat ion dcc reases. More the C u( I ) 

ion conce ntrati on in the g lass, more is the dec rease o f 

the hole conce ntratiun. ('2) The two sets o f new reso

n;1I1ces t hat are observed unl y in the casc o f C u(l ) 

;Ic ti vat cd g lasses but not in the case of the g lass devo id 

ufcopper( I ). become more and more prominent w ith the 

gr~lclual increase o f C u( l ) ions in the g lass. 

A ll the above result s therefo re, suggest that the ob

se rved new two sets of reson;lIlce o f thc y-irradiat ed 

C u( I ) containing g lass arc related to sOllle paramagnetic 

co pper specics and represent the parall el and the perpen

di cular cOll1ponent o f the resonance of the latter. 

Sincc thc generation o f thi s paramagneti c copper 

spec ies occll rs w ith the sillluitaneous annihilati on o f the 

ailiminiulll ho le center,it seems ev ident that such speci cs 

;Irt~ formeci as a result o f capturing o f the I AIO II" ho les 

o f the y- irr;lcliated g lass by the interstitial C uO ) ions. 

4.4. Possihl e structure of the y-gcncrated center 
TIll' ahsllrptiun and thc EPR spec tra o f the irradiated 

g l ; l s~ show that thl" hole cc nter w hich arc gencrated in 

thi s gh ss as ~I resull of y- irr;lciiation arc A I-ho le cente rs 

or thc tyPl" I A IO~ I ". 
Thl" phennmenun of annihilation of thi s ho le ce nters 

w ith th l' incorporati on o f C u+ ions in thc g lass suggest 

th ;lt the C II(I ) ion captures the hu le, or in othcr wo rd s, 

ncutrali zes the ho le by shirting onc o f it s outermost 

elec tron tnwa rcis the ho lc . 

The thermo luminescence result s described ;Ibovc 

also points to the v iew that copper ion is direc tl y asso

c iated with the AI hole cc nter o f the irradiated g lass. 

Association o f a Cu(l ) ion w ith an AI-hole of the ty pe 

menti oned above may lead to eit her o f the fo llowing two 

structures IAIO~/Cu+( or I A I O~/C u ++ ( . Considerin g 

t he absorpti on and the EPR characteri sti cs of such ce nt er 

which show the presence of higher va lcnt copper ion in 

the system, the reasonabl e structure o f the copper asso

c iated A I-center obse r ved in th e y-irradiat cd g l ,,~s 

should be IAIO~/Cu++ l + . 

Theoreti call y, the EPR spectrum of such an ioni zc:cl 

center should exhibit hyperfine interacti ons, both from 

the copper and the aluminium nucleus. But the ex peri 

mental spectrum of the center shows no detec tab le hy

perfine coupling to the aluminium nucleus of the center. 

The result indicates that after the capture o f the hole by 

the C u+ ion, the hole becomes neutrali zed by sharing an 

elec tron from the copper and consequentl y enforci ng on 

the latter a partial divalent character. 

Account ing t he observed t wn se ts of resonance o f till" 

co pper related center for the ani sotropy o f the Leeman 

and thc hyperfine term s o f thc ox idi zed copper. the 

magneti c parameters o f the ce nter call roughl y he es ti 

mated from the experimental line positions and usi ng an 

approximate spin Hamilt onian . 

H =!i ~S Pi +liS I ..( I ) 

where nuclear moment I onl y fo r the copper nuc leu~ 

(3/2) has been taken int o co nsideration . 

Such an estimation of the paralllde r~ c nrre~p()nding 

to the low fi eld resonancc o f the spectrull1 Yield, g il = 

'2 .061 and C"A Ii =-25.7'2 x IO--I CIll I. 

The observed unusuall y low values o f .t: and the 

hy perfine ten sor o f the resonance suggest th ~ lt thc 

paramagneti c copper spec ies w hich is gencrated in the 

glass duc to the capture of the hole differs greatl ) in ih 

spin dcnsity from that of an iso lated di val cnt co pper I()n 
. " 1 n In such glass- ._-

5 Action of UV and y-photons 
The observed dilTercnce bet \.vee n the nature or inll"r

acti on of y- radi at ion anel that o f the U V rad iat ioll O il t hl" 

co pper(l ) cont ~linin g g lass is note w orth y. W hile y
irradiati on o f the coppe r( I )-co nt ~ linin g g lass resu lts in 

the generati on of ;1 copper assoc iated alumini ulll 1l(1 iL

ce nter o f the ty pe I AIO~/Cu++ I + , irradiati on ()f the ~arne 

g lass by the 266 nm UV li ght generates iso lated divalenl 

copper Ion. 
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Tn understand the reason for such d i ITerence o f act ion 

or photons or cI i tlercnt energies. one has to fi rst look int o 

the structure or Ihe glass contain ing cuprous ions in it s 

interstit ial and A I+\ in the substituti onal sili con sites . 

The concen trati on o f the Cu( l ) ions in the glass is 

() .()O.'l-O.OI2.'l %. i.e. almost ten tinll:s less than that of 

N,,( I ) ions (0.05-0. 1 %). The rati o o f silicon atoms to 

aluminium atoms in the glass network is also very very 

high. So Cu( I ) ions o f t he glass inmost cases, are 

ex pected to a i.'! <I S charge compensat or to the non

hridging oxygen of si licon atoms rather than to those o j" 

~" llllliniun l at ollls. Aga in the gla ss being a nearl y pure 

si li ca , majority or the oxygen atollls or the network is 

hridgi ng ox ygen. Nnw, i I' one assu Illes that at least one 

or thc six surrounding oxygen atoms of the oc tahedral 

Cu( l ) ions or the glass lxn is l inked w ith an aluminiulll 

ion, the chemica l picture orsucll an oc taheclral Cu( I ) site 

in the glass before UV or y- irradiati on w ill be similar to 

the one shown in Fig. 6. 
UV irradiati on of this g lass generates compensated 

aluminium ionized center I A IO-l/Na+(. ,," hile y- irracli a-
. <)- 11 

li on at room temperature generates uncompen.,atcc! 

aluminium hole center [AIO-l II ), by dislodging both Ihe 

non-bonding elec tron on oxygen as we ll ,is the compen

saling cati on ( the Na+ ion in Ihe presen t case) or the 

precursor defeci unil I A I O~/Na+ 1" 
The UV generatedlAIO-l INa+1 cenler does not ~" I nw 

the hole 10 move away from the N a+ cation site. bUI ill 

Ihe case of y-generated I A IO.I I
I
) hole center, the hole is 

free to move over the four oxygen atoms o f I he tetrahc

dra. 

I ~~ IN~ ----®. __ J_.Q \ No+ ~.--jiJ \ ~ 

~1 ~x 
~ U.V -irradiation ~ 'Ii -irradiation 

O~---~" ~~-~, 
\ (;Cu+) ,\", ~ 
\ ® \: ® 

--t---q 
~ 

~ __ ~-O 
Q'--- --"'~~+:;-' !1 

(b) 

0::: Oxygen III = Copper 0=Nonbondl ng 
electron 

0= Silicon 

®= Electron 

Qi) = Hole e=Aluminium 

I:it'. h - Pn'p<"cti Illoliel 01' eleclron dyn;1I11ies (;1) in the case or lIV iIT;ldi;llioll . (h) i ll the case or y- irradialiollur the t'la~ ~ 
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T hus in the case of y- irradiation, once the uncompen

~~Il ed hole is generated on the alulllinium tetrahedra 

(A I O~ ) , it start s hoppi ng from one ox ygen to the other. 

In thi s proces<;, th e moment the hole reaches the oxygen 

ato lll neares t to the Cu+, it gets captured by the cati on 

receiving a share or an electron of the latter. The net 

result is a virtual ox idation or the Cu( l ) ion. However, 

because of the ract that the elec tron donated by the Cu(l) 

ion is not totall y transrerredto the I A I O~ II)-hole but only 

remains shirted toward s one of the oxygens of the 

(A I O~ ) t e trah cdr~ l . the Cu( l ) ion can not become abso

lutely rree or thi s elec tron and hence altains a character 

in between monovalent and di va lent state showing un

usuall y low values or g and hyperfine tensor. The struc

ture of such a compos ite spec ies should be I A lnJCu++r. 

The related exc ited stat e dynamics of the process of the 

hole capturing process is shown in Fig. 6(b). 
In thc case or 266 nm U V irradiation, an additiona l 

effect of exc itat ion or th e cuprous ions of the glass 

occurs simu ltaneously w ith the creati on or ioni zed alu

minium center or the type I A I O~/Nctr . This ionized 

aluminium center being alread y compensated by sodium 

cat ion is not ex pec ted to capture rurther any other cati on, 

but is very much ex pected to capture an electron when

ever a va i lable from some source nearby . An exc ited 

cuprous ion (Cu) '" on the other hand. bein!! more vul ner-

1500 

1000 
u 
::::l.. 
c .-

=' 
CL 

=' 0 

-.J 500 -
f-

• 

able to give up an electron than the ground state ion. in 

a situati on where both the I A IO)N,tr ioni zed ce nt c r~ 
and the exc ited cuprous ion (Cu r' are generated side by 
side, a complete transfer o f elec tron from copper 10 

aluminium ioni zed center becomes possible resulting in 

the formati on of divalent copper. The related dynamic. 
of electron movement is shown in Fig . 6(a). 

6 Practical Applications of the Phenomenon 
T he observed phenomenon of photon energy depend

ent formati on or different copper-related ox idati,) 11 

products can succes.<;full y be appl ied to vari ous use rul 

technologies. For example, since the monova lent copper 
(3d 'o) is diamagnetic and di valent copper Dd '») is param

agnetic, the phenomenon of UV light induced ox idati on 

of copper in the glass can be detected quantitati ve ly by 
EPR or by absorption measurements and hence can be 
used in UV radi ometry29 Again since the UV induced 

generati on or di va lent copper gives a photochromic 
effect in the glass, it can be success fu l ly used as an LV 
sensol)O 

Similarly, thermoluminescence properti es of the X

or y- irradiated glass can be lIsed respecti ve ly in X- or 

y-ray dos imetr/u2
. Fig. 7 shows a y-ray dose versus TL 

intensity pl ot of such glass. It is seen from the curve that 

the glass gives a l inear response to the y-ray dose up to 

400 Gv and can s~ns.e..rudiation dose as low as) Gy. The 

Fig. 7 - A plnl or Iher1l1n luIllinescence inlens il y versus y-ray dose or Ihe Cu+ - cOnlaining sili ca glass 
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ohsc rved valucs or trap depth or thc traps or the y- in-a
diat ed g l<l ss S h llW ~5 that thcse traps are stimulable by 
near IR radiati on or energy 1.2 cV. The glass therc
forc .could a lso bc success rull y used 1'0 1' IR sensing and 

I wO- dimcnsional X-ray or y- ray imaging using appro
priatc lR laser for stilllulating the traps. 
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