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Chimica. — Luminescence of glasses o f system PbO—Si02—K20 . 
Nota di C a r l o  B e t t i n a l i 0 , G a s t o n e  F e r r a r e s s o  °  e  G i u s e p p e  

V ir t u o s o , presen tata^  dal Corrisp. G . S a r t o r i .

R iassunto. — È stata studiata remissione di luminescenza a 1200 K di vetri del sistema 
Pb0-Si02-K 20, eccitata con U. V. corto (2537 A). Tutti i campioni studiati presentano una 
banda di emissione, senza struttura fine, con un massimo tra 440 e 520 mp,. La lunghezza 
d onda del massimo di luminescenza varia in modo discontinuo spostandosi verso energie 
minori nei campioni più ricchi in Pb. L’intensità dell’emissione luminosa è funzione sia del 
contenuto in Pb che del contenuto in K. Le curve di dipendenza termica dell’intensità lumi­
nosa hanno mostrato l’esistenza di tre tipi di andamenti a seconda dal contenuto in Pb. In 
base ai dati sperimentali sono state fatte ipotesi sulla natura dei centri di luminescenza.

I n t r o d u c t io n .

Lum inescence of lead-containing glasses has been previously studied by  
several authors [1, 2]. These same authors have seen th a t some types 
of silicate glasses, w hen excited at room tem perature w ith short U V  rays, 
present a blue lum inescence. However, when the lead content by  weight 
surpasses 5 per cent, the lum inescence emissions decrease. This decrease 
seems to be due to concentration quenching and the spectral emission displaces 
itself to longer wavelengths. However, the role of lead in glass luminescence 
has not been well defined. Lead, in fact, can behave in different ways in 
different types of phosphors: a) as a Pb++ em itting ion, isoelectronic w ith 
T1+ [3]; b) as an em itting complex group such as PbC l^4, as seems to happen 
in KC1: Pb [4]; c) or as the oxyanionic group such as in the MeO : Pb oxi­
des [5]. Lead, besides being an activator, can act as a sensitizer of other 
em itting ions such as Mn++ as in the case of CaSi03 : M n : Pb [6] or can be 
the  sensitizer of the emission of the  host crystal as in the case of CaW04 : Pb [7]. 
In  some of its com pounds lead can act as the em itting radical [7].

The PbO— SÌO2K2O system  studied by the authors of this note consents 
to obtain glasses of a high lead content. P rim ary  experim ents carried out 
by the  authors at room  tem perature on the glasses of this system  showed th a t 
the lum inous in tensity  was strongly dependent on tem perature and was m uch 
m ore intense a t tem peratures below 230° K. I t  was for this reason th a t all 
experim ents were conducted at 1200 K.

(*) CNEN, Lab. Chimica delle Radiazioni e Chimica Nucleare Istituto di Chimica, 
Generale ed Inorganica dell’Università di Roma.

(**) Nella seduta del 9 dicembre 1967.
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E x p e r im e n t a l .

All samples were prepared w ith m aterials having a high degree of purity  
(M erck, C. E rba, F luka). In  order to evaluate the influence of the probable 
im purities in silica, several samples were prepared w ith silica of very high 
degree of purity . No differences were found between the samples prepared 
w ith the two types of SÌO2. The samples prepared w ith m aterials of different 
origins all gave the same results with an error in the range of 10 per cent, 
probably  due to the inevitable differences of therm al history. The samples 
were prepared by m elting the oxides in platinum -rodhium  (40 %) crucible 
in an electric furnace in an atm osphere of inert gasses. To elim inate pheno­
m ena of devetrification, the melts were cooled quickly in a m etal cup lined 
w ith a th in  layer of platinum  and held at dry-ice tem perature.

Fig. I.  — Luminescence spectra of samples of the Pb0-Si02 system at 1200 K.
Curve 1: 2 PbO—Si02; spectral maximum at 490 mfx. Curve 21 PbO—-Si02; spectral maximum at about 510 mp,. 
Curve 3: PbO— 2 Si02; spectral maximum at about 485 mjx. The exciting radiation were the 2537 and 3130 Â mercury lines.

T he fluorescence m easurem ents were effectuated by  a spectrophotofluo- 
rim eter for solids, described in previous papers [9]. A  cryostat was built 
in which the  sam ple reaches 120°K and can be tested  at this tem perature. 
The pressure w ithin the cryostat was lowered slightly to avoid the form ation 
of ice on the surface of the sample. The tem perature dependence of luminous 
in tensity  was obtained using the sam e cryostat whose therm al rod had a 
calibrated electrical resistance. The lum inous source consisted of a 9 w att 
low pressure “ M ineralight ” m ercury lam p, supplied w ith a highly stabilized
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current. The light was filtered by W ood and Backstrom  filters [io]. In  this 
w ay the w avelength of light consisted of 2537 and 3130Â  m ercury lines.

The detection of the luminescence was carried out by an E M I 6256 B 
photom ultiplier with a photocathode having a diam eter of 1 cm. The aperture 
of the slits of the m onocrom ator was kept at a low value (10/100 m m ) to perm it 
viewing of an eventual fine structure.

The spectra obtained were corrected according to the spectral response 
of the photom ultiplier.

R e s u l t s .

Fig. I shows the lum inescence spectra conducted at 1200 K of a series 
of com pounds of the PbO — SÌO2— K 2O system. The spectra of glasses of 
composition 2 PbO — SÌO2, PbO — SÌO2 and PbO— 2 SÌO2 present m axim a 
at 490, 510 and 485 m n respectively.

Fig. 2 presents the luminescence spectra conducted at 1200 K of some 
glasses having a constant SÌO2/K 2O ratio — 6 but w ith increasing quantities

Fig. f2. “ Luminescence spectra of samples of the PbO—SÌO2—K2O system having a 
constant SÌO2/K2O ratio (=  6) and having variable quantities of PbO.

Curve r. K20—SiOa; spectral maximum at 474 mp,. Curve 2: K20—Si02—0.16% mol PbO; spectral maximum a; 
442 mfx. Curve 3: KaO—Si02—1.5% mol PbO; spectral maximum 442 mjx. Curve 4: KaO—Si02-io .7  mol PbO; 

spectral maximum at 451 mu. Curve 5: K20—Si02—20% mol PbO; spectral maximum at 467 mjx.
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of PbO. The m axim a of these emissions vary  between 474 m n for the 
K2O—SÌO2 sam ple and 442 mp, for the com pounds containing 0.16 and 1.5 
mol of PbO. In the sam ples having a PbO content of 12 and 22 per cent, 
the m axim a of spectral emissions occurred at 451 and 467 mfJ1 respectively.

Fig. 3. -  Luminescence spectra of samples of the system PbO—Si02—K20 system 
having a constant Si.02/Pb0 ratio ( — 2) and having variable quantities of K20. 

The spectral maximum is quasi-constant for the examined samples.
Curve i:  2 Si0 2—PbO; Curve 2: 2 Si0 2—PbO—5.3 % mol K20 ; Curve 3: 2 Si0 2—PbO—10.7 % mol K20 ;

Curve 4: 2 Si0 2—PbO—14.5% mol KaO; Curve 5: 2 SiOa—PbO— 25 % mol K20 .

One should note th a t these glasses present spectra whose m axim a occur at 
higher wavelengths when the PbO content is increased.

T he spectra of luminescence of the sam ples having a constant Si02/PbO 
ratio  =  2 are shown in fig. 3. These samples have increasing contents 
of K 20. T he sam ples reported  contain O, 0.16, 0.33, 0.50 and 1.0 per cent 
mol of K 20: the w avelength m axim a are respectively 485, 480, 484 and 
498 mfji.
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Fig. 4 shows the lum inous intensities of the samples of the P b 0 -S i0 2  
system. One can see an increase of lum inous in tensity  when the S i02 /P b0  
ratio  increases.

Fig. 5 shows the behaviour of the lum inous intensity  of the samples 
having a SÌO2/K 2O ratio =  6 and an increasing PbO content. T he luminous 
intensity  in these cases increases rapidly  for com pounds containing 0.16  
and 1.5 mol of PbO and decreases for all samples of g reater content than  
1.5 m ol.

Fig. 6 shows the behaviour of the lum inous intensity  of sam ples having 
a constant ratio of S i0 2/PbO  and increasing K20  content. T he increase in 
intensity  appears in this case to be a function of the K 20  content.

Fig. 4. -  Luminous intensities of the spectral maximum of the individual 
samples of the PbO—SÌO2 system (see fig. 1) in function of the SÌO2 content.

Fig. 7 shows the tem perature dependence of lum inous intensity at the 
w avelength of the m axim a of the spectra. The b inary  glasses of the PbO —  
- SÌQ2 system  have such a weak luminous emission th a t it was impossible 
to objtain a sufficiently significant curve, except for the PbO— Si02 sample 
whose curve is shown. Observing the figure it is possible to see th a t three 
distinct types of behaviour exist: the A  type consists of a p rim ary  path  
which is alm ost constant, a pronounced m axim um  at about 230° K  followed
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by a rap id  decrease between th a t m axim um  and 300° K. The B type presents 
a pronounced bend at about 230° K and decreases constantly  between 120 and 
300° K . T he C type presents decreasing behaviour between 120 and 300° K 
w ithout showing any outline of a possible m axim um . One can thus observe 
a g radual variation from the type A  to the type C in function of the increas­
ing am ount of PbO.

Fig. 5. -  Luminous intensities of the spectral maximum of the individual samples of the 
Pbo—Si02—-K2O having a SÌO2/K2O ratio =  6 (see fig. 2) in function of the PbO content.

D is c u s s io n .

All the com pounds th a t were studied were found to be lum inous if excited 
by short U V  rays at low tem peratures. T he individual emission spectra 
consist of a large band between 650 and 300 mp,. I t was found th a t both 
the m axim um  of the band and its w idth are dependant on the composition 
of the samples. T he m axim um  of the spectrum  varies, as can be seen from 
figs. I ,  2, and 3 from a m inim um  of 440 mp, for the sam ple w ith a PbO 
content less th an  10 per cent to a m axim um  of 510 m n for samples rich in 
PbO. Values have been found quite close to the above values for samples 
activated w ith Pb, as BaO : Pb and ZnS : Pb [5, 11].

In  order to establish w hether lum inous emission is due to center contain­
ing lead, to anionic centers, or to im purities sensitized by lead, let us consider 
the spectra of K2O— SÌO2 and K2O— SÌO2—-0.5 PbO shown in fig. 2. As one
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can see, the typical m axim um  of the spectral emission of K 2O—SÌO2 [ 1 2 ]  

is displaced from 4 7 0  to 4 4 0  m(j1 by the introduction of 0 . 1 6  per cent of PbO, 
while the intensity  does not seem to have been modified. This fact perm its 
one to speculate th a t the em itting group contains Pb but this does not perm it 
one to establish w hether the luminous emission is due to the transition 
3Pi -̂So of the  P b ++ ion [1] or to a complex group of the type PbC>6 or

Fig. 6. -  Luminous intensities of the individual samples of the PbO—SÌO2—K2O 
system having a constant Si02/Pb0  ratio and a variable K2O content (see fig. 3). 

The light emission increases with increasing K2O content.

PbC>4 which are known to exist in glasses [13, 14]. Since concentration quench- 
gin appears only for am ounts of PbO which are m uch elevated (20 %) it seems 
onlyt slightly probable th a t the luminous emission of the com pounds having 
fractions of PbO which are slightly less th an  20 per cent be due to isolated 
centers. In  the case of T 1+ (isolated center), the concentration quenching 
appears in fact for concentration in the range of io -3 mol per cent [15].
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Fig. 7. -  Thermal quenching of the luminous intensity of the three types of samples:
7 a: In this figure are reported the thermal quencing curves related to the samples of fig. 2. The curves can be 
divided in three portions: the first has a quasi—constant luminous intensity; the second has a maximum at about 

230° K; the third presents a rapid decrease of luminous intensity.

7 b: the luminous intensity of the curves are constantly decreasing, but a flex is present at about 230— 240° K.
These curves are related to the samples of fig. 3.

7 c: The luminous intensity is pratically always decreasing, beginning at the low temperature. This curve is
related to the PbO—Si02 sample.

In  our case, the elevated value of the concentration which gives the  quenching 
perm its one to believe th a t the  luminous emission be due to well-screened 
groups as the uranile group. It seems perm issable then to a ttribu te  luminous 
emission to the PbOô or PbC>4 groups.

T he m echanism  by  m eans of which this group produces lum inous emis­
sions has not been clarified. In  general it is necessary th a t one of the oxygens 
be attached to a cation or to a different oxyanionic group. Therefore it seems 
proven by  fact th a t very pure silica does not produce any lum inous emission, 
even if irradiated  w ith light having wavelengths corresponding to the m axi­
m um  of optical absorption, whereas the  introduction of a sm all quan tity  of 
alkalies or germ anium  give rise to a luminous emission [16]. In  Ca m etasi­
licate, the luminous in tensity  of the Si04 group is increased by  introduction 
of T i02 [17]. In  the  lead glasses studied by the authors, the introduction of 
K20 in m odest quantities gives rise to a considerable increase in lum inous 
in tensity  w ithout altering the spectral composition.
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From  the exposed facts a probable hypothesis concerning luminous 
emission could be th a t they  m ay be connected to the levels of the ligand 
field of P b ++ in the 6 or 4 coordination, analogous to w hat seems to happen 
w ith M n ++ [18]. In fact, the introduction of K2O modifies the ligand field 
because an O of the coordination would be non-bridging and thus non­
equivalent.

- 0 / ,0 - K
•  Pb

- 0 0 -

0

T he weak luminescence emission of lead glasses w ithout alkali can be explain­
ed by  im agining th a t the Pb could act as the developer of a m odest am ount 
of non-bridging oxygen.

0

- 0 - P b -
•  Pb

0 -

0

R egarding the behaviour o f the therm al dépendance of the  lum inous emis­
sion m any  various interpretations have been given from which we shall 
record the two m ost accepted. The first, by M ott and Seitz [19, 20], starts 
from the  hypothesis th a t the configuration coordinates of the excited state 
be closer to the configuration coordinates of the fundam ental state. W hen 
the tem peratu re of the solid increases, the transitions occur between the 
v ibrational levels of greatest energy and thus increase the probability  of non- 
radiative transitions. W hen the v ibrational levels are very close to  the energetic 
level of the tem perature break point, the probability  of non-radiative tran s­
itions is m axim um . The activation energy of the process is connected to a 
luminous efficiency by the relation:

___  I
71 —  I +  C exp (— E/AT) '

The second theory, by  Moeglish and Rom pe [21], starts from  the hypothesis 
th a t a sim ultaneous emission could occur consisting of m any  phonons and
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thus producing a non-radiative transition between band and band. In  such 
a case the efficiency of the lum inous process becomes.

71 I +  CTg

where g  =  Egap/(W/2 iz)w  and Egap is the wavelength of the em itted phonons. 
T he g  obtained experim entally  is m uch inferior to th a t obtained theoretically

120 140 160 180 200 220 240 260 280 300
-------------^  0 K

Fig. 8. -  Theoretical thermal quencing curves of luminous intensity calculated with 
arbitrary values of E and C, according to Mott and Seitz (curve i) and Moeglish 
and Rompe (curve 2) theories. Curves a, b and c were constructed assuming the 

contemporaneous presence of the two laws.
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(deduced for an ideal crystal) where the lattice defects introduce new levels 
and thus decrease the energy of the gap. Since the m aterials under study 
were glasses it was possible to foresee a very low value for g. In  fig. 8 
curves are reported relative to the two theories and calculated by m eans of 
a rb itra ry  values. Curve i corresponds to M ott and Seitz’s theory  while curve 2 
corresponds to th a t of M oeglish and Rom pe. Supposing th a t there be a con­
tem poraneous presence of the two phenom ena, one would obtain curves of 
the types a, b, and c. From  the figure it is possible to see th a t curve 2 is 
som ewhat sim ilar to the curve of type C (fig. 7) which is typical of glasses 
of high lead content. The curves of fig. 7 a and 7 b seem to be more or less 
a com bination of the two phenom ena (curves a , b, and c of fig. 8). These 
are not sufficiently complete proofs to establish w hether such behaviours 
are due to the different ways of non-radiative emission of the same center 
or if th ey  are due to the presence of distinct centers having different properties.

C o n c lu sio n .

All the exam ined glasses of the PbO— SiC2— K20 system  presented 
lum inous emissions if excited at 1200 K w ith short U V  light (2537 Â). The 
spectral composition of the light em itted, due to lead, varied as the PbO 
content was varied: the m axim um  of the spectrum  displaced itself from the 
440 to 510 m n as to  Pb content increased. The samples having a constant 
Si02/PbO  ratio showed an increase in luminous intensity  as the K20 content 
was increased. The shape of the intensity  vs. tem perature curve varied 
according to the chemical composition of the sample. Three types of tem per­
ature dépendance of luminous intensity were thus ascertained in function 
of the lead content.
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