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The EPR study o f  borate glasses, w i t h  30% o f  BaO and 5% moleof 
++ 

s i  l ver ,  X- i r rad ia ted a t  77O~, showed AgO and Ag centers. I n  add i t i on  

were detectea the boron e lec t ron  center (BEC) and the boron hole center. 

The s i l v e r  centers and BEC were studied i n  d e t a i l  and the sp in  Hamilto- 

n ian parameters are given. The d i f f e r e n t  AR O concentration~exertedonl~ 
2 3  + l i t t l e  inf luence on the tabulated constants. The Ag2 center  was not  ob- 

served, i nd i ca t i ng  tha t  the c o l l i s i o n s  between Ag atoms are notvery  f re -  

quent i n  these glasses, even dur ing the process o f  thermal bleaching.The 

h f s  o f  the boron e lec t ron  center suf feres severe v a r i a t i o n  as one compa- 

red the spectra o f  base glasses and those contain ing s i l v e r .  This i s  an 

evidence o f  the ac t i on  o f  s i l v e r  as a glass m o d i f  i e r  1 i k e  t h e  a l k a l i  

a toms . 

O estudo de EPR dos v idros com boratos, contendo 30% de BaO e 
O 5% mo1 de prata,  i r radiados com ra ios  X a ?7 K, revelou a presença dos 

centros AgO e Ag++. Foram também observados o centro do e lé t ron  do boro 

(BEc) e o centro de buraco do boro. Os centros de pra ta  e o BEC foram es- 

tudados em detalhe, sendo obtidos os parâmetros da Hami 1 toniana de spin.  

As d i fe rentes  concentrações de AR O exerceram apenas uma pequena i n f l u -  
2 3 

ência sobre as constantes expressas MS Tabelas. O centro de Ag+ não f o i  
2 

observado, indicando que as c01 isões ent re  os átomos de Ag não são mui to 

frequentes nestes v idros,  mesmo durante o processo de deca imento térmico. 

A constante de interação h i p e r f  ina do centro de e lé t ron  do boro sofreu 

acentuada variação quando da compa ração dos e s p e c t r o s  dos vidros-base 
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com os que contêm prata. Este f a t o  torna evidente a atuação da pra ta  co- 

m nmdif icadora do v,idro, 5 semelhança dos átomos a lca l inos .  

The study o f  atomic centers i n  glassy matrices has received 

increasing a t ten t i on  i n  the l a s t  decade. 

I n  t h i s  work, we intend t o  add more data about the s i l v e r  in -  

te rac t ions  i n  BaO; AX203; B,O, glasses. The s i l v e r  centers were already 

invest igated i n  severa1 amorphous matrices, being re la ted t o  the EPR 
+ 

spectra o f  A ~ O ,  ~ g *  and Ag2 centers. These centers were i nduced by X 

- i r r a d i a t i o n  a t  1 i qu id  n i t rogen temperature. During i r r ad ia t i on ,  e lectrons 

and holes are l i be ra ted  i n  the sample, both being trapped by theAg+ ion, 

which i s  pres'ent i n  the sample i n  i t s  o r i g i n a l  s ta te .  The product ion o f  

the centers i s  as fo l lows:  

~ g +  + e- -+ A ~ O  , 

Ag+ + hole + Ag++ , 
+ 

Ag+ + AgO -+ Ag2 . 

The paramagnetic resonance 1 ines o f  each center  are we l l  known. The Ag+ 

ion i s  not  paramagnetic. 

ces 

s i b  

The i n t e r e s t  o f  the study o f  these 

rests i n  the i n te rp re ta t i on  o f  the quant 

centers i n  d i f f e r e n t  mat r i -  

i t a t i v e  data, which are sen- 

l e  t o  the nature o f  the s i t e  where the s i  l v e r  ion i s  s tab i l i zed .  

I n  add i t ion ,  two more k inds o f  EPR l i nes  were detected: 

a) boron hole centers2 

b) boron e lec t ron  centers ( B E C ) ~ .  

+ 
The Ag centers were not  detected, even w i t h  subsequentthermal 

2 
bleaching. 



2. EXPERIMENTAL 

The samples were X- i r rad ia ted a t  7 7 ' ~  dur ing 8 hours, w i t h  45 

KV and 35 rriA beam using a Phi I1 ips uni ty, type 1008/65, wi t h  tungsten 

ta rget  . 
T'he glass samples were given by A. Bishay dur ing  hispermanence 

i n  the I n s t i t u t o  de F Ís ica  o f  Un i ve rs i t y  o f  São Paulo. The d e t a i l s  o f  

sample FI-oduction are  given i n  Ref. 3. A11 the glasses studied contain 

30% o f  BaO and s i l v e r  enters i n  the composition w i t h  5% mole. The A!L203 

and B203 camtent i s  va r i ab le  from sample t o  sample, as ind ica ted i n  the 

tables . 
The EPR spectra were obta i  ned w i  t h  X-band r e f  l e c t i o n  hornodine 

spectrometer, using rectangular c a v i t y  which operates i n  the H l O 2  mode. 

The temperature con t ro l  was done using a Varian un i t y ,  model V-4540. 

3. TYPICAL SPECTRUM OF BaO; Ai20,; B,O, GLASSES CONTAINING SILVER 

I n  Fig.1 there i s  a t y p i c a l  spectrum o f  atomic centers o f  s i l -  

ver induced by rad ia t ion .  Care was taken, dur ing the t rans fe r  o f  the sam- 

p l e  t o  the spectrometer, t o  prevent temperature ra i s i ng ,  avo id ing the re- 

combination o f  the more unstable centers. 

The assignment o f  the l i nes  located respect ive ly  in2920 Oe and 

3500 Oe t o  centers needs a care fu l  v e r i f  i c a t i o n  on account of the s i -  
+ 

m i l a r i t y  i n  p o s i t i o n  and shape w i t h  the EPR l i nes  o f  the Ag2 center d i s -  

coved by Mel'nikov et U Z . ~  i n  glassy B203 contain ing s i l v e r  impur i ty .  

The A ~ + +  center presents EPR l ines wi t h  not iceable loca l  aniso- 

t ropy ve r i  f ied by means o f  the separate values o f  g l l  and g of the spl  i t- I 
t i n g  fac to r .  To each an iso t rop ic  g- fac to r  component corresponds a non- 

-resolved doublet, t h e i r  pos i t ions  being i n  agreement w i t h  those studied 

by sh ie lds5 i n  X- i r rad ia ted frozen s i l v e r  s a l t s .  I n  Fig. 1 t h e g  doublet I 
corresponds near l  y  t o  the values between 3080 Oe and 31 00 Oe. Thegll dou- 

b l e t  i s  s i tua ted i n  the region o f  2800 Oe. 





I n 3.2 kOe a superposi t i o n  o f  EPR 1 ines appears whose centers 

are not  a t t r i b u t a b l e  t o  s i l v e r  ions. These centers were i d e n t i f i e d  res- 

pec t i ve l y  as boron hole center and boron e lec t ron  center. 

4. ATOMIC CENTER OF AgO 

There are two types o f  s i l v e r  isotopes w i t h  almost thesame re- 

l a t i v e  abundance. Both isotopes, 48.1% o f  lo7Ag and 51.9% o f  lo9Ag, have 

the nuclear spin I = 1/2, g i v i ng  a doublet o f  each o f  them.Both doublets 

are observable i n  a l o t  o f  mater ia ls  contain ing s i l v e r ,  g i v i ng  four re- 

solved EPR 1 ines. The interna1 p a i r  i s  re la ted t o  1 0 7 ~ g  isotope and the 

externa1 t o  lo9Ag. 

l'he energy leve ls  (see Fig.2) are ca lcu la ted using the B r e i t -  

-Rabi formula6 which, appl ied  t o  AgO, i s  

whe re  

A = hAv ; 

nuclear magnetic moment i n  nuclear magnetons; 

nuclear magneton ; 

Bohr magneton ; 

appl ied magnetic f i e l d  i n  Oe; 

The constants u i(BN), gJ, B0 and B are found i n  tables o f  Ref  . 7. The N 
t rans i  t i ons  corresponding t o  the observed AgO 1 ines i n the spectra are 

respect ively (F = 1 ,  m = 1 )  -+ (F = O, m = 0) and (F = 1, m = O) -+ ( f = l ,  

m = + l ) .  



Fig.2 - Sketch o f  cen te r  energy l e v e l s  c a l c u l a t e d  from the formula 

o f    rei t - ~ a b i  6. 

For these t rans i t i ons ,  

1 = -Av (T (1  + 3:) /2 

1 
v = -Av (T (1 

x:) 
1/2 

using the formula o f  Breit-Rabi, we get  

where v i s  the k l y s t r o n  f requency. 

The values of and which s a t i s f y  simul taneously the equa- - 
tions (4.2) and (4.3) (using the constant u I ( BN) equal t o  the a r i  thmetic 

mean between the respect ive values o f  nuclear magnetic moment o f  reach 

s i  l v e r  isotope) are expressed i n  Table 1, where the l ine  w id th  o f  each 

t r a n s i t i o n  i s  included. 



Table 1 

Sample 
Line width, Oe 

(I,-l)+(O,O) ( l ,O)+( l  , I )  

(a) Repeti t i on  o f  the measure 2 days a f t e r ,  i n  the same conditions. (b) Sample produced i n  ox id iz ing condi- 

t ions.  Very pure A!L203 content . (a. t .) Measured a t  ambient temperature. 



The spectrum i n  Fig. 1 i s  very s i m i l a r  t o  the spectrum o f  Ag; obtained by 

Mel 'n ikov et aZ.4, mainly because o f  the overlapping of the cen t ra l  1 ine 
+ 

o f  Ag2 t r i p l e t  w i t h  a l o t  o f  1 ines o r i g ina ted  from boron centers. 

i n  order t o  e l im inate  the doubt whether the l i n e  located i n  

2920 Oe and 3500 Oe are associated t o  Ag; centers, we observe i n  detai  1 

the cent ra l  region located i n  the range o f  3080 Oe t o  3220 Oe (see Fig. 

3 ) .  There i s  a superposi t ion o f  the spectra o f  the BaO (30%); B203 (70%) 

glass contain ing 5% mole o f  s i l v e r  and o f  the respect ive base glass.  The 

1 ines s i  tuated i n  the cent ra l  p a r t  are due t o  the boron ho le  center. I n  

the spectrum o f  glass contain ing s i l v e r  the on ly  add i t iona l  l i n e s  aredue 

t o  the ACJ* center and the boron e lec t ron  center assigned as e;. I n  base 

:I 
> < 

BoO(30OJo) ; BZO3(70O/o) 

I I 

- - E-9 5 
--- E-8 - 1/2 hour 0t + 250 OC 

HíKBe) 

3.06 3.08 3.10 3.12 3.14 6 3.18 3.k0 3.22 3.24 3.26 3.28 3.30 3.32 
I 1 1 l 1 1  l l l l l l b l l l l ~ l l l l ~ ~ l ~ l ~  

Fig.3 - Central region viewed in detail of the EPR spectra of thesamples 
E-8 and E-9 of Ba0(30%); B203(70%) glasses put together in order to com- 

pare X-irradiated sample containing silver with base glass.Allthe lines 

present were identified being evidenciated the absence of the third line 

of ~~z center which might be present. 



glass the l ine corresponding t o  e- by boron atom were bleached out .  I t i s  t 
evident, therefore, the absence o f  any possib le EPR l i n e  a t t r i b u t a b l e  t o  

+ 
Ag2 center i n  the cent ra l  p a r t  o f  the spectrum. 

The fac tors  governing the w id th  and tbe separat ion o f  the A ~ O  

EPR 1 i nes are; 

a) concentrat ion o f  the a l ka l  i mod i f i e r  

b) concentration o f  s i  l v e r  impur i ty  

The values o f  the Table 1 are i n  exce l len t  agreement w i t h  the resu l t s  o f  

Asabghy e t  d.*, who p l o t t e d  the h f s  constants and the l ine w i  d t h s  i n  

f unc t i on  o f  the concentrat ion o f  a l k a l i  ox ide i n  the composition o f  bo- 

ra te  glasses contain ing sodium oxide. 

5. ATOMIC (CENTER OF Ag++ 

+ 
The A ~ + +  centers are formed by hole t rapping o f  Ag ions. The 

++ 
in terac t ions  o f  Ag ions are studied by means o f  the sp in  Hamiltonian 

w i t h  ax ia l  symnetry5'"n f i r s t  approximation 

H - q l l R  H S  + g 6 (H S + X S )  + AIzSz + B( lXsz+  I S )  (5.1) 
0 2 2  L 0  2 2  Y Y  Y Y  

where A and B are the hfs constants, gz - gy = g l  and gZ = 811 . 

Taking 9 as the angle between the loca l  symmetry ax is  and the 

d i r e c t i o n  o f  appl ied magnetic f i e l d  and go = (gl l  + 2g ) /3,  i t  fo l lows:  1 

where H = 1zv/g B . 
O o o 

Ttie A ~ + +  EPR l i nes  o f  borate glass contain ing 30% BaO and 5% 

mole o f  s i l v e r  are indicated i n  Fig.1, corresponding t o  non-resolved dou- 

1 and gll . I n  F ig .  4 the doublet corresponding t o  g i i s  b l e t s  f o r  eech g I I 

101 





p a r t i a l  l y  resolved. The se t  o f  resolved EPR l ines o f  were obtained 

by sh ie lds5 uising frozen 020 matr ix .  The same t rans i  t ions  were observed 

by Yokota e t  aZ. a f t e r  thermal bleaching i n  L i  - A i -  rnetaphosphate glass 

contain ing Pb and Ag. I n  the l a s t  case the reso lu t ion  o f  doubletswasnot 
++ achieved on account of the m u l t i p l i c i t y  o f  types o f  Ag s i t e s  i n  the 

giass s t ruc ture .  

The p a r t i a l  reso lu t ion  o f  the doublet o f  g i n  Fig. 4 i s  very I I 
unstable and readi l y  disappears a t  a temperature o f  about - 1 0 0 ~ ~  dur ing 

10 minutes. I t  was not  poss ib le  t o  evaluate the h f s  constants A and B of 

sp in  Hamiltonian because o f  the lack o f  reso lu t i on  o f  these doublets.The 

values o f  911 and gl could evaluated w r i t i n g  the equations (5.2) and (5. 

3) i n  the reduced form: 

where H O l l z n d  HOlcorrespond t o  the mean p o s i t i o n  o f  the cent ra l  pos i t -  

ions o f  Ag doublets. 

The values o f  g and g l  evaluated f o r  the samples are  l i s t e d  

i n  Table 2. 

Table 2 

Samp 1 e %Ag2O3 %B203 



The separation o f  the l i n e s  o f  the g doublet o f  Fig.  4 gives I I 
an estimate o f  h f s  constant A which i s  o f  the order o f  

6. BORON ELECTRON CENTER /BEC) 

The EPR 1 ines re la ted  wi t h  e lectrons trapped e; by boron atoms 

are ind ica ted i n  Figures 1, 4 and 5. These centers were f i r s t  described 

by ~ r i s c o m l  i n  recent work using EPR study o f  borate glass wi t h  potassium 

oxide. The observed l i nes  are p a r t  o f  4 t r ans i t i ons  from the i n te rac t i on  

between l l ~  nucleus, more abundant, wi t h  the trapped electron.  The l l ~  

nucleus has the sp in  I = 3/2 and the equal separation be tween  adjacent 

1 ines gives the h f s  constant A.  

The h f s  constant o f  BEC i s  very sens i t i ve  t o  the loca l  dimen- 

s ion  of the s i t e  where the e lec t ron  was trapped. I n  Table 3 i s  apparent 

the d i f fe rence between the in terac t ions  i n  glasses conta in ing  about 5% 

mole of s i l v e r  and the base glass. We conclude tha t  the presence o f  s i l -  

ver impur i ty  a t m s  exer ts  great  in f luence on the glass s t ruc ture ,  whose 

boron and oxigen chains are  destroyed, g i v i ng  o r i g i n  t o  greater  r ings,  

where the e lec t ron  center  su f fe rs  a smal ler  i n te rac t i on .  

Table 3 

Samp 1 e % A ~ ~ o  %B20 3 %&I 
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Looking a t  the Table 3, i t  i s  apparent t ha t  the concentrat ion 

o f  AI? O exerts on ly  a weak in f luence on the BEC. 
2 3 

The evaluat ion o f  the mean value o f  h f s  constant<A>ofBEC was 

done measuring the separation o f  the l i nes  corresponding t o  m =-1/2 and I 
m = +1/2 i n  the glasses contain ing Ag and between the l i nes  correspond- I 
ing t o  m I =  -3/2 and m 1 =  +3/2 i n  the base glasses. 

The comparatively greater  value o f  < A >  f o r  thebaseglasses i n -  

d icates tha t  the boron-oxygen r ings  have respect ive ly  smaller s ize .  

7. DISCUSSION 

The r e l a t i v e l y  h igh concentrations o f  a l k a l i o x i d e ( 3 0 %  o f  Ba0) 

and Ag (5% mole) favours the formation o f  an A ~ O  center wi t h  great l i n e  

width and w i  thout i so top ic  reso lu t ion .  Asabghy e t  aZ.8 designated t h i s  

center as 14~: and showed tha t  the l i n e  w id th  i s  associated t o  the non- 

-br idging oxygen content i n  the mat r ix .  

The occurence o f  the A ~ N  center  and the increment o f  i t s  con- 

cent ra t ion  i s  near ly proport ional  t o  the s i l v e r  content i n  the sample as 

shown by these authors, who .proposed tha t  the center  resul  t s  f rom the 

associat ion o f  A ~ O  wi t h  a metal atom t o  form a binary compound. 

+ 
Since the Ag2 centers are absent i n  the sarnples w i t h  r e l a t i v e -  

l y  h igh concentrat ion o f  a l k a l i  ox ide and s i l v e r ,  i t i s  t o  be a l so  expec- 

ted the absence o f  A ~ O ,  because i n  both cases c o l l i s i o n s  must occur bet-  
2 

ween s i l v e r  atoms. This would be possib le on ly  i n  favorable condi t ions 

f o r  the migra t ion  o f  s i l v e r  atoms o r  ions i n  these mater ia ls .  So we con- 

clude tha t  i n  these samples the migra t ion  o f  s i l v e r  atoms, i f  any, i s  

very reduced. 

The reduced inf luence o f  At2O3 concentrat ion on the spin Ha- 

m i l t on ian  parameters i s  due probably t o  the l i t t l e  i o n i c  radius o f  a lu -  

minium. 

++ 
The observed Ag centers gave parameters i n  good agreement 

w i t h  the values found i n  l i t e r a t u r e ,  re la ted  t o  d i f f e r e n t  matrices. 



The d r a s t i c  v a r i a t i o n  o f  h f s  constant o f  boron e lec t ron  center  

showed tha t  the glass s t ruc tu re  was a f fec ted  severely by the presence o f  

5% mole o f  s i l v e r ,  possib ly by the cracking o f  the boron-oxygen r ings  i n  

the mat r ix  chain, opening greater  places i n  s i m i l a r  fashion a s t h e  e f f e c t  

o f  the add i t i on  o f  a l k a l i  ox ide mod i f i e r .  

The authors are g ra te fu l  t o  Prof .  A. Bishay f o r  i n t r o d u c i  ng  

them t o  the study o f  glass du r i ng 'h i s  permanence i n  the I n s t i t u t o  de FÍ- 

s i ca  o f  the Un ive rs i t y  o f  São Paulo. We acknowledge a l so  he lp fu l  discus- 

sions w i t h  Prof .  C .  Quadros and M.L. de Siqueira.  , 
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