
O r i g i n a l P a p e r

EPR and voltammetric studies of iron-containing mixed alkali glasses
with the basic composition xNa20  · (16-χ)Κ2θ · 10CaO  · 74Si02
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Mixed s o d a - p o t a s s i u m - l i m e glasses conta in ing iron oxide in a concen t ra t ion ränge of 0.1 to 2 m o l % were s tudied by m e a n s of
E P R spectroscopy and voltammetry. A t low iron concentra t ions  a one-s tep reduc t ion of Fe"^ to F e " was observed. T h e values of
the Standard reaction enthalpy, AH^, and of the Standard reaction entropy, Δ^^, calculated from the t empera tu re dependence of the
Standard potentials show max ima if sod ium and potass ium concent ra t ions are approximately equal . E P R spectra of all glasses
investigated show two paramagnet ic signals at g  2.0 and g  4.3. T h e ra t io of the peak intensities, /2.0 /14 .3 , increases wi th the
Square of the tota l iron concentra t ion. Here, the intensity of the g 4.3 p e a k increases wi th increasing Na20 concen t ra t ion ; t he
behaviour of the mixed alkali glasses, however, canno t be explained as an addit ive effect.

EPR- und voltammetrische Untersuchungen an eisenhaltigen Mischalkaligläsern der Grundzusammensetzung
xNagO (16-χ )Κ2θ  10CaO  74Si02

Mischa lka l i -Kalks i l ica tg läser mit einem Stoffmengenanteil von 0,1 bis 2 % Eisen wurden mi t Hilfe der E P R - S p e k t r o s k o p i e u n d der
Voltammetr ic untersucht . Bei niedrigen Eisenkonzentra t ionen wurde eine einstufige R e d u k t i o n von Fe"^ zu F e " beobach te t . D ie aus
der Temperaturabhängigkei t der S tandardpoten t ia le ermit tel ten Werte für die S tandard-Reak t ionsen tha lp ie , Δ / / ° , u n d die S t a n d a r d -
Reakt ionsentropie , A^"^, wiesen jeweils ein M a x i m u m auf, wenn etwa gleiche N a t r i u m - u n d Ka l iumkonzen t r a t i onen vor lagen. D ie
EPR-Spek t ren aller untersuchten Gläser zeigten zwei unterschiedliche pa ramagne t i sche Signale bei g  2,0 u n d g  4,3. D a s
Verhältnis dieser Peakintensi täten, hßf steigt mit dem Quadra t der Gesamte i senkonzen t ra t ion an. Hierbei n i m m t die In tens i t ä t
des Peaks bei g  4,3 mit steigendem Na20-Gehal t zu, das Verhalten der Mischalkal igläser läßt sich j edoch n icht als addi t iver
Effekt erklären.

1. Introduction

Various studies of the redox pair F e " / F e " ^ with respect
to its thermodynamics [1 to 17] and its incorporat ion [1,
18 to 31] within the glass melt have already been carried
out . The most structural studies have been made using
spectroscopic methods such as E P R [18 to 27], UVIS-
N I R [28 and 29] or JVIößbauer spectroscopy [30 and 31]
at room temperature. U p to now, only a few studies have
been published using spectroscopic methods at glass
melt temperatures. The thermodynamics of the F e " / F e " ^
redox pair has predominant ly been studied either with
the aid of equilibration experiments or using electro-
chemical measurements. Equil ibrat ion experiments have
been carried out by equilibrating  a glass melt with a gas
atmosphere of a well-known oxygen fugacity at high
temperature [1 to 9]. After some hours or days, the
samples are quenched and analyzed physically or chemi-
cally. Electrochemical experiments are carried out in-situ
directly in the glass melt at high temperatures. Using vol-
tammetr ic measurements [10 to 17], c u r r e n t - p o t e n t i a l
curves are recorded from which thermodynamic da ta
such as Standard potentials, Standard enthalpies and
Standard entropies as well as diffusion coefficients can
be calculated. In principle, vol tammetr ic methods may
also provide Information on the incorporat ion of the re
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dox species in to glass melts. In recent vo l tammetr ic s tud-
ies of i ron-containing a l k a l i - l i m e - s i l i c a glasses, the
type a n d concent ra t ion of a lkah oxide were varied sys-
tematically and the influence on the t h e r m o d y n a m i c be-
haviour was investigated [32]. E P R studies of the same
iron-conta ining glasses were also carried ou t [33]. Sys
tematic changes in the shape of the spectra were caused
by b o t h the iron concentra t ion and the type of alkaU
cation present . By contrast , the alkali concent ra t ion did
no t have significant influence on the shape of the spectra
within the investigated alkali concent ra t ion ränge of 10
to 25 mol%. Bo th the results of E P R spectroscopy a n d
those of the vol tammetr ic studies were explained by a 
s t ructura l model where Fe"^ occurs as a te t rahedral ly
coord ina ted complex forming an ion pair wi th the alkali
cat ion. A t higher iron concentra t ions the changes in the
E P R spectra and the occurrence of a two-step reduc t ion
process of Fe"^ were explained by the format ion of iron-
containing Clusters [32 and 33]. Tha t means tha t a new
model was in t roduced in which the t h e r m o d y n a m i c a n d
spectroscopic behaviour is n o m o r e explained by the t ra-
di t ional way where the iron occurs as ionic species or
complex (e.g., F e O l " ) in a po la r solvent (i.e.,  a dielectric
con t inuum) . It should be ment ioned that using the con-
t i nuum model bo th t he rmodynamic and spectroscopic
behaviour could no t be explained sufficiently wi th re-
spect t o the influence of the glass compos i t ion . In this
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F igure 1. Square-wave v o l t a m m o g r a m s recorded in a glass melt
wi th the basic compos i t ion (in mo l%) : 9.6Na20, 6.4K2O,
lOCaO, 74Si02, doped with different quant i t ies of F e 2 0 3 ;

curve 1: 0.5, curve 2: 2.0. Tempera tu re : 1200°C, step time,
τ: 10 ms, ampl i tude Δ ^ : 100 mV.

-400

F i g u r e 2. P e a k p o t e n t i a l s o f v o l t a m m o g r a m s r e c o r d e d i n a g l a s s

m e l t w i t h t h e b a s i c c o m p o s i t i o n ( i n m o r / o ) : 9.6Na20, 6.4K2O,
lOCaO, 74Si02, d o p e d w i t h d i f f e r e n t q u a n t i t i e s o f F e 2 0 3 , a s a 

f u n c t i o n o f t e m p e r a t u r e ; X : 2.0, O: 1.0, • : 0.5, 0.2, 0 .1.

paper, a study of vol tammetr ic as w^ell as of E P R spec-
troscopic propert ies of iron oxide in mixed alkali glasses
v^ith the basic composi t ion of x N a 2 0 (16 χ ) Κ 2 θ

• lOCaO  74Si02 is repor ted .

2 . E x p e r i m e n t a l

T h e experiments WQTQ carried out in glass melt and
glasses with the basic composi t ion (in mol%): x N a 2 0  

• ( 1 6 - J c ) K 2 0  lOCaO  74Si02 (x  0, 3.2, 6.4, 9.6,
1 2 . 8 , 16); 20Na2O  2 0 C a O  6 0 S i O 2 ; 2 0 N a 2 O  lOCaO  
• 70SiO2 and 20Na2O  8 0 S i O 2 . The glasses were doped
with 0 . 1 to 2 m o l % F e 2 0 3 . The glass melts were not
equil ibrated with air before the vol tammetr ic measure-
ments were carried out .

The E P R spectra were recorded in the χ band
(9.5 G H z ) with an E P R spectrometer of Bruker Spektra-
spin, model 414 (Bruker, Brüssels (Belgium)) at 25 °C.
Voltammetr ic measurements were carr ied ou t in an elec-
trically heated (SiC) furnace with a vertical a lumina
tube. In the middle of this tube, a p la t inum crucible con

taining the glass melt (around 60 g) was located. Three
electrodes dipped into the glass melt: a plat inum wire
(diameter: 0.5 mm) as the working electrode, the counter
electrode was a plat inum plate (area: 2 cm^) and the ref
erence electrode was a zirconia probe with air as refer-
ence gas, in detail described in [12 and 13].

The d i p - i n length of the w o r k i n g electrode i n t o the
glass melt was adjusted by measuring the ac conductivity
between working and counter electrode according to the
procedure described in [13]. The electronics were self-
c o n s t r u c t e d , the m a i n p a r t w a s  a p o t e n t i o s t a t connected
to a microcomputer via analogue/digital and digital/ana-
logue C o n v e r t e r so that any p o t e n t i a l - t i m e dependence
can be supplied and the c u r r e n t - p o t e n t i a l curve re
corded. The p o t e n t i a l - t i m e dependence of the square-
wave vol tammetry is a staircase r a m p superimposed by
a rectangular wave of comparably high frequency (5 to
500 s'O and ampHtude (100 mV). The potential is held
at 0 m V and then shifted to cathodic values in the ränge
of 8 0 0 to - 1 0 0 0 mV. The current is measured at the
end of every half-wave and then differentiated. The the
ory of the square-wave vol tammetry is reported in füll
in [34 and 35]. Both, the experimental equipment and
the procedure are in detail described in [12 and 13].

3 . R e s u l t s

In figure 1, square-wave vol tammograms of a glass melt
with the basic composi t ion (in mol%): 9 . 6 N a 2 0

• 6 . 4 K 2 O  lOCaO  7 4 S i 0 2 doped with 0.5 and 2 F e 2 0 3

are shown. The vol tammograms were recorded at
1200°C using an ampli tude of 100 m V and a step time
of 10 ms. Curve 1 shows a vo l tammogram of the glass
melt containing 0 . 5 m o l % F e 2 0 3 . The graph shows a 
peak at  500 mV which is at tr ibuted to the reduction of
F e ^ " ^ to F e ^ ^ . The shape of this peak is fairly similar
to the theoretically calculated c u r r e n t - p o t e n t i a l curve,
however, notably influenced by background currents.
The current increase at potentials lower than - 8 0 0 mV
is due to the decomposit ion of the glass matrix and the
formation of elementary Silicon or platinum silicide,
while the increase at potentials above  50 m V is caused
by the formation of gaseous oxygen. Curve 2 in figure 1 
shows a vo l t ammogram of the same glass melt doped
with 2 m o l % F e 2 0 3 . By contrast to curve 1, the curve
shows two distinct maxima at - 4 6 0 and 6 4 0 mV.

F i g u r e  2 p r e s e n t s the p e a k p o t e n t i a l s m e a s u r e d a s a 

function of temperature in a glass with the same b a s i c

composi t ions doped with 0.1, 0.2, 0.5, 1 and 2 m o l %

F e 2 0 3 . A t a concentrat ion of 0.5 mo l% and below, peak
S p l i t t i n g d o e s no t occur. In t h i s c o n c e n t r a t i o n r ä n g e , t h e

p e a k p o t e n t i a l s depend, w i t h i n t h e r ä n g e i n v e s t i g a t e d ,

l i n e a r l y on t e m p e r a t u r e . By c o n t r a s t , at a n F e 2 0 3 con-
centrat ion of 2 m o l % peak S p l i t t i n g o c c u r s at tempera-
t u r e s b e l o w 1350°C. At a n F e 2 0 3 c o n c e n t r a t i o n of
1 mol%, peak S p l i t t i n g i s observed at temperatures b e l o w

1250 C. Thus, at higher iron concentrat ions two
branches occur which are attr ibuted to two different
peak Potentials. They are approximately equal for 1 and
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2 m o l % F e 2 0 3 a t t e m p e r a t u r e s b e l o w 1150°C. F a i r l y

s i m i l a r b e h a v i o u r w a s a l s o o b s e r v e d a t t h e o t h e r g l a s s

m e l t c o m p o s i t i o n s i n v e s t i g a t e d . A t a n y o f t h e s e c o m p o -
s i t i o n s , p e a k S p l i t t i n g o c c u r r e d a t c o n c e n t r a t i o n s o f 1 
a n d  2 m o l % F e 2 0 3 , w h i l e a t c o n c e n t r a t i o n s i n t h e r ä n g e
o f 0.1 t o 0 . 5 m o l % p e a k Sp l i t t i ng w a s n o t o b s e r v e d .
F r o m t h e l i n e a r t e m p e r a t u r e d e p e n d e n c e o f t h e p e a k p o -

t e n t i a l s , w h i c h a r e e q u a l t o t h e S t a n d a r d p o t e n t i a l s , t h e
S t a n d a r d e n t h a l p y , A / / ^ , a n d t h e S t a n d a r d e n t r o p y , AS^, 

c a n b e c a l c u l a t e d . F i g u r e 3 s h o w s t h e s e S t a n d a r d v a l u e s
for m i x e d a l k a l i g l a s s e s a s a f u n c t i o n o f t h e g l a s s m e l t

c o m p o s i t i o n . T h e AFf v a l u e s a r e i n t h e r ä n g e o f 102 t o

112 k J m o l ~ ^ w h i l e A . S ^ p o s s e s s e s v a l u e s b e t w e e n 3 3 a n d
3 9 J - K ~ ^ m o r ^ B o t h g r a p h s e x h i b i t m a x i m a a t a p

p r o x i m a t e l y e q u a l c o n c e n t r a t i o n s o f N a 2 0 a n d K 2 O . I t

s h o u l d b e n o t e d t h a t t h e t o t a l c o n c e n t r a t i o n o f a l k a l i
Oxides w a s a l w a y s 16 m o l % . A l t h o u g h t h i s effect i s f a i r l y

s m a l l , i t i s c l e a r l y w i t h i n t h e e r r o r l i m i t s o f ± 1 k J m o l ~ ^

for A i ^ a n d ± 2 J  K - i m o r ^ for A S ^ .
F i g u r e  4 s h o w s E P R s p e c t r a r e c o r d e d i n a g l a s s

m e l t w i t h t h e b a s i c c o m p o s i t i o n ( in m o l % ) : 9 . 6 N a 2 0 ,

6 . 4 K 2 O , lOCaO a n d 7 4 S i 0 2 d o p e d w i t h v a r i o u s q u a n t i -
t ies o f F e 2 0 3 . I n e a c h s p e c t r u m t w o d i f f e r en t p a r a m a g -

n e t i c s i g n a l s c a n b e s e e n :  a r e l a t ive ly s h a r p s i g n a l a t
a r o u n d 0.15 V s m " ^ w h i c h c o r r e s p o n d s t o a g v a l u e o f
4 . 3 , a n d a b r o a d s i g n a l a t a r o u n d 0 . 3 3 V s m ^ a t t r i b u t e d

t o g  2.0. W h i l e for a n F e 2 0 3 c o n c e n t r a t i o n o f

0.1 m o l % , t h e p e a k a t g  2.0 p o s s e s s e s o n l y s m a l l p e a k -

t o - p e a k i n t e n s i t y , t h e p e a k a t g  4 . 3 i s o f f a i r l y h i g h

i n t e n s i t y . W i t h i n c r e a s i n g q u a n t i t y o f F e 2 0 3 p r e s e n t , t h e

i n t e n s i t i e s c h a n g e n o t a b l y a n d a t c o n c e n t r a t i o n s o f 1 a n d

2 m o l % F e 2 0 3 , t h e g 2.0 p e a k s p o s s e s s h i g h e r i n t e n s i t y
t h a n t h o s e a t g = 4 . 3 . I n f i g u r e 5 , t h e i n f l u e n c e o f t h e
g l a s s c o m p o s i t i o n o f m i x e d a l k a l i g l a s s e s o n t h e s h a p e
o f t h e E P R s p e c t r a is s h o w n . A l l g l a s s e s w e r e d o p e d
w i t h t h e s a m e q u a n t i t y o f i r o n ( 0 . 5 m o l % ) . W h i l e t h e

E P R s p e c t r u m o f t h e g l a s s s o l e l y c o n t a i n i n g s o d i u m ,

s h o w s a c o m p a r a b l y l o w i n t e n s i t y g 2.0 p e a k , i n t h e

E P R s p e c t r u m o f t h e so l e ly p o t a s s i u m c o n t a i n i n g g l a s s
t h e g  2.0 p e a k p o s s e s s e s n e a r l y t h e s a m e i n t e n s i t y a s

t h e g  4 . 3 p e a k . T h e g  2.0 p e a k i n t e n s i t i e s o f t h e

m i x e d a l k a l i g l a s s e s a r e i n b e t w e e n . F i g u r e 6 s h o w s t h e

r a t i o o f t h e p e a k i n t e n s i t i e s ( /2 .0 /A .3 ) a s a f u n c t i o n o f t h e

i r o n c o n c e n t r a t i o n . S i n c e i n f o r m e r s t u d i e s [ 3 3 ] , a l i n e a r

d e p e n d e n c e o f t h i s r e l a t i v e i n t e n s i t y o n t h e S q u a r e o f t h e

t o t a l i r o n c o n c e n t r a t i o n w a s o b s e r v e d , t h e S q u a r e r o o t
o f t h e r a t i o {h.Jh.^) i s d r a w n a g a i n s t t h e i r o n c o n c e n -
t r a t i o n . T h e r e l a t i v e i n t e n s i t y { h . J h . z ) for s o l e l y p o t a s -

s i u m a n d s o l e l y s o d i u m c o n t a i n i n g g l a s s e s i s i l l u s t r a t e d

b y t h e l i nes 1 a n d 6, r e spec t ive ly . A l s o i n t h e m i x e d a l k a l i
g la s ses ,  a l i n e a r d e p e n d e n c e o f t h e S q u a r e r o o t o f t h e
r e l a t i v e i n t e n s i t y o n t h e t o t a l i r o n c o n c e n t r a t i o n i s o b

s e r v e d . T h e s l o p e i s h i g h e s t fo r t h e g l a s s c o n t a i n i n g s o -

l e l y p o t a s s i u m a n d t h e n d e c r e a s e s w i t h d e c r e a s i n g q u a n -

t i t y o f p o t a s s i u m p r e s e n t . T h e l o w e s t s l o p e i s o b t a i n e d

i f so le ly s o d i u m c o n t a i n i n g g l a s s e s h a v e b e e n s t u d i e d .
F i g u r e  7 s h o w s t h e S q u a r e r o o t o f t h e r e l a t i v e i n t e n s i t y

i h . o ^ h . s ) a s a f u n c t i o n o f t h e t o t a l i r o n c o n c e n t r a t i o n

for g l a s s e s w i t h t h e b a s i c c o m p o s i t i o n ( in m o l % ) :

3.2 6 Λ 9.6 12.8

- [ N Q 2 0 ] i n m o l %

F i g u r e 3. AH^, AS^ o f t h e [FQ^^]J[FQ^^] r e d o x r e a c t i o n a s a 

f u n c t i o n o f t h e g l a s s m e l t c o m p o s i t i o n .

M a g n e t i c i n d u c t i o n i n V s m " ^ 

F i g u r e 4. E P R s p e c t r a r e c o r d e d i n a g l a s s m e l t w i t h t h e b a s i c

c o m p o s i t i o n ( i n m o r / o ) : 9.6Na20, 6.4K2O, 74Si02 a s a f u n c -

t i o n o f t h e i r o n c o n c e n t r a t i o n ( F e 2 0 3 i n m o l % ) ; c u r v e 1: 0 .1 ,

c u r v e 2: 0.2, c u r v e 3: 0.5, c u r v e 4: 1.0, c u r v e 5: 2.0.

20Na2O  x C a O  ( 8 0 - J c ) S i 0 2 for j c 0, 10 and 20. Al
t h o u g h the effect of the type of alkali cat ion on the rela
tive intensities is much stronger, the quant i ty of ca lc ium
oxide present also influences the relative intensities n o
tably. The slope decreases with the quant i ty of l ime pres-
ent by a round 20 % .
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Figure 5. E P R spectra of glasses wi th the bas ic composi t ion
(in mo l%) : ;cNa20  ( 1 6 - x ) K 2 0  lOCaO  74Si02, doped with
0.5Fe2O3; curve 1: χ  0, curve 2: χ  3.2, curve 3: χ = 6.4,
curve 4: X  9.6, curve 5: χ = 16.0.

Figure 6. Squa re roo t of the rat io of the p e a k intensities at
g  2.0 a n d g  4.3, h.olh.?,, of glasses wi th the basic com-
posi t ion (in mo l%) : xNa20 ( 1 6 - χ ) Κ 2 θ  lOCaO  74Si02 as
a funct ion of the quan t i ty of Fe203 added; line 1: χ = 0 [33],
line  l\x  3.2, line 3: χ = 6.4, line 4: χ = 9.6, line 5: λ:  12.8,
line  6:x= 16.0 [33].

1.5

1.0

^ 0.5

1 1

-[Fe2 03]inmol%

Figure 7. Square root of the ratio of the peak intensities at
g  2.0 and g  4.3, h.o/h.s^ of glasses with the basic c o m p o -
sition (in mol%): 20Na2O  x C a O  (80-x)S iO2 as a function
of the quant i ty of Fe203 added; line l: χ = 0, line 2: χ = 10.0,
line 3: JC  20.0.

4. Discussion

The linear dependences of the Standard potentials on
temperature at low iron concentrat ion allow the calcu-
lation of the Standard enthalpy, AH^, and the Standard
entropy, AS^. The dependence of these Standard values
as shown in figure 3 cannot be described as a function
of the optical basicity of the melt. This basicity, which
can be calculated from the glass composi t ion according
to Duffy [36], increases hnearly with the potassium con-
tent from  a value of 0.57 for the s o d a - l i m e glass to 0.59
for the p o t a s s i u m - l i m e glass, while bo th and AS^ 
exhibit max ima as shown in figure 3. In [32], Δ ^ ^ and
Δ.^^ values are given as a function of the alkali concen-
trat ion of s o d a - l i m e and p o t a s s i u m - l i m e - s i l i c a
glasses. But also in these cases, the thermodynamic val-
ues did not montonously depend on basicity. At high
iron concentrat ions peak Splitting, i.e. two peaks at two
different Standard potentials, is observed, which must be
attributable to two different electroactive species. This
behaviour canno t be explained by the occurrence of Fe"^
in octahedral and tetrahedral coordinat ion, because this
should lead to very different mobihties and hence dif-
fusion coefficients. Therefore, for that case, very different
peak currents for the reduction of these differently coor-
dinated iron species should be observed. However, in the
experimentally measured vol tammograms the peak cur
rents of these two Steps are approximately equal and the
ratio of the peak currents neither depends on the Fe203
concentrat ion (if > 1 mol%) nor on the temperature. It
should be noted that the same behaviour has also been
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-(K2O] in mol%-

9.6 6Λ

3.2 6.4 9.6 12.8

ΙΝα2θ] in mol % 

16

Figure 8. Rat io of the peak intensities at g  2.0 and g 4 .3 ,
h.o/h.3y of mixed a lkah glasses doped with 2 m o l % Fe203.

observed for s o d a - l i m e and p o t a s s i u m - l i m e - s i l i c a
glasses, and obviously, this fact does no t change notably
if mixed alkali glasses are investigated.

The shape of the E P R spectra strongly depends on
the iron concentrat ion and the empirically found relation
[33, equat ion (4)] is also valid

4.3

for mixed alkali glasses. In [33], it was pointed out that
the slope Α (see figure 6) is not a function of the optical
basicity, because Α for lithium, sodium, potass ium and
cesium lime glasses did not depend on the quant i ty of
alkah (for [1VI20]  > 10mol%) , but solely on the type of
alkali present. This was interpreted as a stabilization of
the structure causing the g  4.3 peak predominant ly by
small alkali cations and the structural model suggested
was: Fe"^ is tetrahedrally coordinated with oxygen form-
ing F e - O - S i groups and therefore, iron possesses  a for-
mal Charge of - 1 . To achieve electroneutrality, the par-
ticipation of alkali or in principle also of calcium cations
is necessary. To obta in  a  g value of 4.3, the C2V sym-
metry of the paramagnet ic species is necessary and
hence, the alkali cation is assumed to be coordinated
with two oxygens of the Fe"^ te t rahedron. If this cation
is small, the stabilization of this structure is more advan-
tageous, due to higher electrostatic forces and to b o n d
angles closer to that of 90° required for an octahedral
coordinat ion of the alkali cation. If more than one type
of alkali cation is present, the Situation is more compli-
cated, because the C2V symmetry of tetrahedrally coor-
dinated Fe"^ can be achieved in the present case by so-
dium, potass ium and in principle also by calcium. Fig-
ure  8 illustrates the relative intensities (/2.0/A.3) as a 
function of the sodium content of mixed alkali glasses.
If the probabili ty of the sodium and the potass ium ions
to form the C2V structure were equal , then the depend-
ence on the sodium concentrat ion described by the

straight füll Hne in figure  8 would result. T h e effect of
the Substitution of one fifth the quantity of sodium for
potass ium on the relative intensities, however, is m u c h
stronger. A t a sod ium concentra t ion of 3 .2mo l%, the
relative intensity h.olU.?, is only 6 0 % of tha t value which
corresponds to the füll line in figure 8. Therefore, it can
be concluded that p redominant ly sod ium occurs within
the C2V s t ructure formed in the mixed alkali glass. H o w
ever, as pointed ou t in [33], in s o d a - l i m e glasses,

does no t depend on the Na20 concent ra t ion
within the ränge of 10 to 25 mol%, a n d hence /2.0/A.3 is
lower in a glass conta in ing 1 0 m o l % sod ium oxide t h a n
in  a glass conta in ing 9.6 or 12.8 m o l % Na20 a n d
addit ionally K2O. Thus , po tass ium oxide added to a 
s o d a - l i m e - s i l i c a glass destabilizes the C2V s t ruc ture
and promotes the format ion of Clusters. This c a n n o t be
explained by either the s t ructural model described above
no r by the E P R behaviour of s o d a - l i m e and p o t a s -
s i u m - l i m e - s i l i c a glasses. Therefore, it has to be con-
sidered as a non-addi t ive effect and hence  a t rue mixed
alkali effect.

The dependence of h.Jh.?, on the lime concent ra t ion
shown in figure 7, a l though comparably small, is clearly
significant and points ou t tha t higher quant i t ies of l ime
contr ibute to the stabilization of the C2V s tructure. T h e
ratio /2.0/A.3 is highest in absence of C a O and lowest at
a concentra t ion of 20 m o l % C a O .

(1) 5. Conclusion

This paper describes the E P R spectroscopic as well as
the vol tammetr ic behaviour of soda -po ta s s ium—lime—
-s i l i c a glasses. Two non-addi t ive effects are observed:
A E P and AiS^ possess m a x i m u m values if po tass ium a n d
sodium concentra t ions are approximately equal . T h e
second effect is the stabilization of the C2V symmetry of
tetrahedral ly coordina ted F e " ^ Here no t only s o d i u m
but also po tass ium a n d calcium influence the stabili-
zat ion. Bo th effects are considered to be t rue mixed al-
k a h effects which canno t be explained by a supe r impo-
sition of effects observed in glasses conta in ing solely one
type of alkali. By contras t to the well-known mixed al-
kali effects concerning electric conductivi ty and diffus-
ivity nei ther of the effects described above is a kinetic ef-
fect.
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