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For a number of commercial glasses with different chemical compositions the water contents were determined by nuclear reaction
analysis (NRA) measurements. These results were used to deduce practical extinction coefficients by comparison with the measured
IR absorbance values at 2.8 μm. For aluminosilicate and television glasses the practical molar extinction coefficients are given for
the first time. Practical extinction coefficients are dependent upon glass composition. With increasing basicity of the glasses studied
they decrease from 182 to 24 l/(mol cm).

Bestimmung der praktischen IR-Extinktionskoeffizienten für Wasser in kommerziellen Gläsern unter Verwendung der
Kernreaktionsanalyse

Für eine Anzahl kommerzieller Gläser mit unterschiedlichen chemischen Zusammensetzungen wurden die Wassergehalte unter
Verwendung der Kernreaktionsanalyse bestimmt. Diese Werte wurden benutzt, um durch Vergleich mit den gemessenen IR-Absor-
banzwerten bei 2.8 μm praktische molare Extinktionskoeffizienten abzuleiten. Für Alumosilicat- und Fernsehgläser werden sie zum
erstenmal angegeben. Die praktischen molaren Extinktionskoeffizienten hängen von der Glaszusammensetzung ab und verringern
sich mit zunehmender Basizität der untersuchten Gläser von 182 auf 24 l/(mol cm).

1 , Introduction
Commercia l glasses contain small a m o u n t s of water (up
to 500 wt -ppm in soda-lime-silica glasses [1]) in the form
of O H groups, which affect the structure and various
propert ies such as viscosity, index of refraction and heat
transfer [2 and 3]. Recently, owing to the rising use of
oxy-fuel burners in melting tanks, which leads to higher
water contents compared to the t radi t ional heating,
there is renewed interest in determining the water con-
tent of glasses [4 and 5]. For this purpose the fastest
and most convenient me thod used is IR spectroscopy,
by which the strength of the absorpt ion bands eaused by
O H groups is measured. As shown by Scholze there are
three bands at about 2.8, 3.6 and 4.3 p m which are attri-
buted to free, weakly bonded and strongly bonded hy
droxyl groups, respectively [ 1 , 6 and 7]. The water con-
tent CH20 of a glass can be calculated by using the for-
mula

Received 10 March, revised manuscript 30 August 1999.
Presented in parts in German at: 71'^ Annual Meedng of the

German Society of Glass Technology (DGG) in Bayreuth (Ger-
many) on 28 May 1997.

CH2O  ^ 2 . 8 / ^ 2 . 8  + ^ 3 . 6 / ^ 3 . 6  + ^ 4 . 3 / ^ 4 . 3 , (1 )

where the Af are the measured absorbances a n d the ε,- a re
the ext inct ion coefficients for the three bands . Because
of difficulties in measur ing the b a n d at 4.3 p m , Scholze
in t roduced the so-called two-band m e t h o d . T h e wa te r
con ten t is ob ta ined by using the formula

CH2O  ^ 2 . 8 / ^ 2 . 8 + 4/3 ^ 3 . 6 / ^ 3 . 6 (2 )

in which the factor 4/3 takes into accoun t the empi r ica l
rat io . 4 3 6 ^ 4 . 3  3. Evidently, the ε , have to be k n o w n
and , thus , the I R measurements have to rely o n o t h e r
measur ing techniques which deliver these pa rame te r s .

In a m o r e simplified procedure, suggested by Scholze
originally for soda-lime-silica glasses [6], a so-cal led
pract ical m o l a r extinct ion coefficient ß p r a c t is i n t roduced ,
which relates the tota l water con ten t to the a b s o r b a n c e
at the 2.8 p m band , given by the formula

ΓΗ2Ο  ^ 2 . 8 / £ p r a c t (3 )
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Aecord ing to this so-ealled single-band me thod , whieh
is e o m m o n l y used in the glass industry, the total water
eon t en t ean be ob ta ined by analysing only this part ieular
abso rbanee band . This m e t h o d has the advantage that it
e an be apphed also to glasses eonta in ing boren , for
which the B O b a n d near 3.6 p m masks the O H band at
this wavelength. Again , g p r a c t has to be k n o w n for calcu-
lat ing CH20 from the measured value of .42.8  

Ext inct ion coefficients have been de te rmined in the
p a s t most ly by using h o t ext ract ion m e t h o d s and also
by using nuclear magnet ic resonance ( N M R ) . Recently,
nuclear react ion analysis ( N R A ) was in t roduced as a 
fur ther m e t h o d for measur ing absolute water concen-
t ra t ion values [8]. By using the N R A m e t h o d the hydro-
gen concent ra t ion  CH of a sample is measured . For low
water conten ts of a glass (< 1000 w t - p p m H2O), when
water is dissolved as O H and the presence of molecular
water normal ly is excluded [9], is equivalent to the
O H concent ra t ion .

In the present study, this m e t h o d was applied to a 
n u m b e r of mul t i - componen t technical a n d optical
glasses with a large ränge of different chemical compo-
sitions. T h e results were combined with those from IR
spectroscopy to deduce pract ical ext inct ion coefficients
for these glasses.

2 . Experimental

2.1 Glasses and sample preparation

Main ly p rodue t ion- type glasses  opt ical a n d technical
glasses  were investigated. They are listed in table 1,
which shows for each glass the producer/supplier , the
t r ad e mark/ type , the code n u m b e r a n d the m a i n compo-
nents . Also listed are the basicity num^bers B , calculated
accord ing to the glass compos i t ion [10], which will be
used in section 3. They have uneer ta in t ies u p to 10% for
soda-lime-silica glasses a n d u p to 2 0 % for aluminosih-
cate and lead-silicate glasses as u n k n o w n fractions of
ne twork formers, in termediates and modif iers in differ-
ent coord ina t ion number s influence the specific basicity
weight ing factors of oxides, a n d thus the basicity of the
glass. T h e Β value of the lead-bora te glass is not given
because its uncer ta in ty is t o o large. T h e samples were
p repa red in the form of thin plates wi th polished sur
faces. T h e thicknesses varied be tween 0.5 a n d 2 mm.

2.2 NRA measurements

T h e N R A measuremen t s were per formed using the ^^N
technique. This technique is based on the resonant
nuclear react ion ^H(^^N,a7)^^C a n d measures the hydro-
gen concent ra t ion in a mater ia l i ndependen t of the type
of chemical bond ing . T h e hydrogen concent ra t ion versus
d e p t h (hydrogen dep th profile) in a sample is obtained
by measur ing the yield of the character is t ic y-rays
(Εγ  4.43 MeV) versus the ^^N ion b e a m energy, which
is increased stepwise, beginning at the resonance energy
(6.385 MeV) .

The measur ing set-up used for the present study pro
vides a sensitivity of about lOa t . -ppm hydrogen [11]. Α
polymer foil of known hydrogen conten t (Kapton®) was
used as reference Standard for determining the detection
efficiency of the set-up. As known from previous experi-
ments, some materials, in part ieular polymers, lose hy
drogen under ^^N bombardment . Therefore, to obtain
the true yield it was necessary to do repeated measure-
ments on the reference with small ion doses and to ex
trapolate the measured signal yield to dose zero. The be
haviour of the y-ray yield under ion b o m b a r d m e n t was
also examined for the glass samples, and it was found
that no hydrogen loss oecured.

The beam energy ränge covered in the profiling
measurements was in most cases between 6.4 and
10 MeV, corresponding to a depth ränge of about 2 pm.
The conversion from beam energy to dep th varies some-
what from glass to glass, depending on the eomposi t ion
and on the density of the glass. Α representative hydro-
gen depth profile is shown in figure 1. N e a r the surface
some high-lying data points are indicative of a hydration
layer, otherwise the profile is basically flat, as expected
for a uniform hydrogen concentrat ion in the bulk. The
scatter of the data points is due to count ing statistics.

In order to obtain the bulk hydrogen concentrat ion
value  CH of a given glass, the data points of the profile
were averaged, excluding those of the hydration layer.
M o s t of the samples were profiled two or three times in
order to improve the Statistical accuraey. This was neces-
sary in part icular when the samples showed a rather
wide hydrat ion layer (sometimes extending to several
100 nm) which reduced the useful dep th ränge.

For several of the glasses eontaining boron or lith
ium, the energy ränge (and hence the dep th ränge) for
averaging did not extend to 10 M e V because of back-
ground  7-radiation from nuclear reactions between the
^^N projectiles and boron or h th ium target nuclei. Ow
ing to the energy dependence of the cross section of
these reactions, the background yield increases roughly
exponentially with the ^^N beam energy. Therefore, it
may become much larger above a certain energy than the
y-ray yield from hydrogen, depending on the hydrogen
content and the boron or l i thium content of the glass.

This effect is illustrated by the hydrogen depth profile
in figure 2. There is a flat region useful for averaging
which extends only from about 300 to about 1000 nm.
The width of this region can be increased to a depth of
abou t 1600 n m by a background correction procedure.
For higher energies the Statistical error of corrected da ta
points becomes too large. By repeated profiling measure-
ments it was possible to compensate for the limitation in
accuraey caused by the background effect.

The  CH values obta ined have typical errors between
10 and 2 0 % . They arise in par t from the c o m m o n error
of the efficiency calibration (8%) and in pa r t from the
Statistical error of the average over da ta points in the
profiles of the individual glasses.
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Table 1. Investigated glasses

producer/ trade mark/ code main components in wt% (rounded) basicity
supplier glass type no. number"^^

Heraeus Suprasil 1 100 SiO. 13
Suprasil 2 100 S I 0 2 13
Suprasil 311 100 S I 0 2 13
Herasil 100 S I 0 2 13

Schott Suprax 8486 79 SI02 , 13 B 2 O 3 ,  3 A I 2 O 3 ,  2 BaO, 1 CaO 15
Duran 8330 81 SI02 , 13  B . O 3 ,  3 N a , 0 ,  1 K2O, 2 A I 2 O 3 15
Duran 8329 81 SIO. , 13 B 2 O 3 ,  2 N A 2 0 ,  2 A I 2 O 3 14
Fiolax klar 8412 75 SI02 , 10 B 2 O 3 ,  7 NasO,  5 A I 2 O 3 ,  1 CaO 20
Ceran 85750 64 SI02 , 23 A I 2 O 3 ,  4 L I 2 0 ,  2 BaO,  2 ZnO,  2 Z R 0 2 ,  2 T I 0 2 25
AF45 50 SI02 , 14 B 2 O 3 , 12 A I 2 O 3 , 24 BaO 21
H4 8252 60 S I C , 4 B 2 O 3 , 14 A I 2 O 3 , 9 BaO, 10 CaO, 2 MgO 29
TV glass 8055 61 SI02 ,  8 Na.O,  8 K2O, 9 SrO, 10 BaO,  2 A I 2 O 3 ,  1 Z R 0 2 35
TV glass 8056 60 S I C ,  8 N A 2 0 ,  7 K2O, 9 SrO, 10 BaO, 4 A I 2 O 3 ,  1 Z R 0 2 35
B K 7 70 SI02 , 11 B 2 O 3 , 10 N A 2 0 ,  6 K2O, 2 BaO 25
SF 1 30 S I02 ,  8 N A 2 0 , 5 K2O, 57 PbO 26
LF 5 52 S I02 ,  6 N A 2 0 , 8 K2O, 34 PbO 25
KzFS 1 53 B 2 O 3 , 15 A I 2 O 3 , 32 PbO

FK 3 55 S I 0 2 , 18 B 2 O 3 ,  3 N A 2 0 ,  7 A I 2 O 3 , 10 K2O, 6 F2 20

T N 0 2 ) C o n t a i n e r glass Α 72 SI02 , 14 Na.O, 14 (CaO, MgO) 35
C o n t a i n e r glass Β 73 SI02 , 14 NasO, 13 (CaO, MgO) 35

Saint S.G clear glass 71 SiOs, 14 N A 2 0 , 10 CaO,  4 MgO 37
Gobain^) S.G amber glass 71 S I02 , 14 N A 2 0 , 11 CaO, 4 MgO 36

DGG Standard glass II 72 S I 0 2 , 14 N A 2 0 , 10 CaO, 3 MgO 36

unknown supplier float glass 71 S I02 , 15 N A 2 0 , 10 CaO, 4 MgO 37

2^ Round robin test samples TC14 of ICG delivered by TNO Institute of Applied Physics.
Round robin test samples TC14 of ICG delivered by Saint Gobain Recherche.
According to [10], with an acid value of 90 for A I 2 O 3 .
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Figure 1. Hydrogen depth profile of the glass 8055. The line
indicates the depth ränge that was used for averaging.
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Figure 2. Hydrogen depth profile of the glass BK 7, before ( · )
and after ( O ) correction for boron background. The line indi-
cates the depth ränge that was used for averaging.

2.3 IR spectroscopy measurements

The IR spectroscopy measurements were performed
using  a Perkin Elmer spectrometer (Mod . 682). The
spectra covered the wave number ränge 4000 to
2000 cm~ .̂ As examples, in figure 3 the spectra of a sil-
ica glass (Suprasil 1), of an optical lead silicate glass
(SF 1), of a technical borosilicate glass (8330) and of a 
technical soda-lime-silica glass (float glass) are shown.

C o m p a r i s o n of the spectra of samples wi th different
thicknesses from  a given glass showed tha t water ab-
sorbed at the sample surface or in a hydra ted layer h a d
no influence on measured absorbance values. F o r each
spec t rum two t ransmi t t ance values, Γ2.5 a n d Γ2.8, were
de te rmined from which ^2 .8 was deduced acco rd ing t o

^2 .8 1 8 ( ^ 2 . 5 / 7 ^ 2 . 8 ) / ^ , (4)
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Figure 3. Infrared spectral transmittance of different glass
types; spectrum 1: vitreous silica (Suprasil 1); spectrum 2: op-
tical glass (SF 1); spectrum 3: borosilicate glass (Duran no.
8330); spectrum 4: soda-lime-silica glass (float glass).

where  d is the sample thiekness, Γ2.5 is the value at
λ = 2.5 pm, where absorp t ion due to O H groups does
n o t take plaee, a n d 7 2.8 is the value at the absorpt ion
m i n i m u m arising from the 2.8 pm b a n d . In reality, the
Posi t ion of the m i n i m u m is no t exaetly 2.8 p m and varies
somewhat from glass to glass. T h e aeeuraey of the ab
sorbance values is wi th in 5 % compr i s ing errors from
thiekness and t ransmi t t ance measurements . It should be
not ieed tha t the accuraey of the abso rbance will be re-
duced in the rare case of a high i ron-conta in ing glass
( F e O  > 5000 wt -ppm) because the spectral t ransmit tance
in the ränge between 2.5 and 3.6 p m is affected by the
tail of the b r o a d b a n d near I R absorp t ion of ferrous
i ron [12].

3. Results and discussion
T h e results of the N R A measu remen t s are listed I N the
second co lumn O F table 2 as hydrogen C O N C E N T R A T I O N val-
ues C H in U N I T S O F a t . -ppm. Thus , C H deno tes the number
of hydrogen a toms a m o n g 10^ a t o m s of all the elements
forming the glass. For example, 800 a t . -ppm hydrogen in
Si02 m e a n s 800 hydrogen a toms a n d 999200 Silicon and
oxygen a toms. T h e co r respond ing H2O weight fractions,
I N U N I T S of w t -ppm, are G I V E N I N c o l u m n 3. Using the
respective density values of the glasses, they were con-
ver ted in to the values for the water concentra t ion I N
U N I T S O F m m o l H2O/I, listed I N c o l u m n 4.

F r o m these concent ra t ion values a n d the absorbance
values, given in c o l u m n 5, the pract ical m o l a r extinction
coefficients O F the glasses (co lumn 6) were calculated ac-
cord ing to equa t ion 3. Thei r e r rors are mainly deter-
mined by the errors of the C H values, since the errors of
the Α values are comparat ively small .

F u r t h e r m o r e , in table 3 the water contents and
ext inct ion coefficients are listed separately for the differ-
ent glass types. T h e values of SPRACT be tween 44 and
55 l/(mol cm) for i m p o r t a n t indus t r ia l soda-lime-silica

glasses agree reasonably well with the corresponding lit
erature values [13]. Also the extinction coefficients for
vitreous silica between 137 and 182 l/(mol cm) are in ac
cordance with  a recent compilat ion [14] taking into ac-
count that εΗ2θ ^ 2 Β Ο Η  In contras t to this the values
found by Wilhams et al. [13] for vitreous silica and for
technical borosilicate glasses are by a factor ~ 2 smaller
than those cited in [14] and those of the present paper.
For technical aluminosilicate and television glasses no
extinction coefficients are known until now. Therefore,
the present values (table 3) may be regarded as keystones
for determining the water content of these glasses by
IR measurements .

3.1 Water con ten t

As can be seen in table 2 the water contents of the vari-
ous glasses differ considerably, ranging from about 5 to
200 mmol/1. In general it will be difficult to isolate the
different parameters influeneing the water content.
However, the Observation that, under usual melting con-
ditions, the lead-borate and boro-silica glasses have the
highest water content , see tables 2 and 3, can probably
be at t r ibuted to the ability of boron to form water-rieh
Compounds.

Also the influence of the melting conditions, which
are now Coming into interest when using oxy-fuel bur
ners for melt ing product ion glasses, can be clearly seen.
For instance, in spite of the same glass composi t ion, the
oxy-fuel melted C O N T A I N E R glass Α has a water content
5 0 % higher than that of the air-fuel melted Container
glass B. This is due to the higher water content of the
gas a tmosphere in the melting tank when oxy-fuel fired.
Ano the r example is provided by glass type 8329 which
has nearly the same composi t ion as glass type 8330 but,
in contras t to that , is melted under low pressure. There-
fore, it is to a large extent degassed and has a water
content more than one decade lower compared with
glass type 8330. The differences between various kinds
O F silica glass can also be unders tood as a result of dif-
ferent melting condit ions [15].

3.2 Pract ical molar ext inct ion coeff icient

As ment ioned above, Scholze introduced two methods
to deduce the water content from IR t ransmit tance
measurements , the two-band method and the single-
band method . With regard to the two-band method the
mola r extinction coefficients were determined by
Scholze as £ 2 . 8 ^0 l/(mol cm) and £ 3 5  150 l/(mol cm)
for  a ränge of soda-hme-silica glasses, and these values
were widely accepted subsequently. Tha t is why I C G
technical commit tee TC14 "Gases in Glass" adopted his
me thod and with  a specific evaluation of the transmit-
tance curves gave  a recommended procedure for the I R
spectroscopic determinat ion of water in soda-lime-silica
glasses [16]. Recently, similar values were obtained by
H ä r d e r et al. [17] for soda-lime-, potassium-lime- and
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Table 2. NRA and IR results and deduced practical extinction coefficient of the different glasses

glass type/trade
mark/code no.

CH in at.-ppm C H 2 0 in wt-ppm C H 2 0 in mmol
H2O/I

^ in cm ^ ^pract in l/(mol cm)

Suprasil 1 860 385 47 8.2 175 ± 17
Suprasil 2 800 360 44 8.0 182 ± 18
Suprasil 311 300 140 17 2.7 156 ± 20
Herasil 240 106 13 1.8 137 ± 21
Suprax 700 318 41 3.5 85 ± 17
Duran 8330 1300 616 76 7 93 ± 14
Duran 8329 80 36 4.6 0.5 120 ± 24
Fiolax klar 1270 580 77 5.9 76 ± 9 
Ceran^) 800 355 49 3.6 74 ± 15
Ceran^) 600 270 37 2.7 72 ± 14
AF 45 830 330 50 3.9 80 ± 10
H4 510 212 31 2.4 77 ± 9 
TV glass 8055 810 305 47 1.5 31 ± 5 
TV glass 8056 830 310 48 1.4 30 ± 5 
B K 7 1100 475 66 3.5 50 ± 8 
SF 1 810 186 46 2.3 50 ± 6 
L F 5 640 202 36 0.9 24 ± 3 
KzFS 1 2600 1150 200 17.6 88 ± 13
F K 3 730 246 31 4.5 106 ± 21
Container glass Α 1200 518 72 3.2 45 ± 5 
Container glass Β 800 346 48 2.1 44 ± 5 
S.G. clear glass 620 266 37 2 55 ± 7 
S.G. amber glass 540 240 33 1.7 50 ± 6 
DGG Standard glass II 630 275 38 1.8 48 ± 6 
float glass 560 242 33 1.9 55 ± 7 

Produced on different days.

Table 3. Water content and practical extinction coefficient of
different glass types

glass type
(conventionally
produced)

water content
in mmol/1

practical extinction
coefficient in
l/(mol cm)

lead-borate glass 200 88
borosilicate glass 41 to 77 76 to 93
television glass 47 to 48 30 to 31
aluminosilicate glass 31 to 50 72 to 80
soda-lime-silica glass 33 to 48 44 to 55
silica glass 13 to 47 137 to 182

caesium-lime-sihcate model glasses (I6R2O  lOCaO
74Si02), with values of £2.8 ^ 76 l/(mol cm) and 
164 l/(mol cm).

Concerning the single-band method , Scholze pro-
posed  a pracdcal mola r extinction coefficient of 411/
(mol cm), valid only for simple soda-lime-sihca glasses.
In later years this value, or sometimes 40 l/(mol cm), was
applied in the glass industry for all types of glass, al-
though there is no justification. According to Scholze's
results for model glasses, £ p r a c t should depend at least
u p o n the alkali and alkaline ear th content of the glasses
since it influences the relative amoun t s of free, weakly
bonded and strongly bonded O H groups, and one might
expeet that addit ional factors play  a role. Indeed, as was
repor ted in [13] the extinction coefficient for the 2.8 pm
b a n d of eight glasses varied distinctly with the glass

Table 4. Ratio of absorbances for the 2.8 and 3.6 μτη bands and
fipract values for some of the glasses studied

glass ^ 2 . 8 / ^ 3 . 6 ^prac t

LF 5 0.32 24
TV glass 8055 0.47 31
TV glass 8056 0.49 30
SF 1 0.74 50
D G G Standard glass II 0.84 48
S.G clear glass 0.94 55
S.G amber glass 0.95 50
float glass 0.98 55
Container glass Α 1.08 45
Container glass Β 1.02 44

compos i t ion . T h e large variabihty of e p r a c t is con f i rmed
by the present results with values between 24 a n d 182 1/
(mol cm).

For some of the glasses s tudied for which t he 2.8 a n d
3.6 p m b a n d s were dist inguishable in the I R spect ra , the
rat io ^ 2 . 8 / ^ 3 . 6  lg(7^2.5/7^2.8)/lg(7^2.5/7^3.6) c o u l d be de-
duced. This rat io is a measure for the relative a m o u n t s
of free a n d weakly b o n d e d O H groups p rov ided tha t ^ 2 . 8
a n d £ 3 5 a re universal for Silicate glasses ( c o m p a r e e q u a -
t ion (1)), see also [18]. Table  4 shows this ra t io toge the r
wi th the fipract values of these glasses. A s c a n be seen
there is a fair correla t ion between these quan t i t i e s : ß p r a c t

decreases wi th decreasing rat io A2,sl^2_e- T h i s m e a n s
that , unde r the above assumpt ion , the decrease of e p r a c t

indicates  a decreasing fraction of free O H groups . I t a p -
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Figure 4. Plot of the practical extinction coefTicient versus the
sum of alkali and alkaline earth oxides.
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Figure 5. Plot of the practical extinction coefficient versus the
basicity number. The solid line (middle) is described by the
function ε{Β)  2660 B'^^^ l/(mol cm); the dashed lines are
given by the functions ε{Β) ± 35 %.

pea r s likely that also for o ther glasses the Spract value is
de te rmined at least par t ly by the fraction of free O H
groups .

It v^ould be mos t useful for the indust r ia l practice
if a simple dependence of £prac t on an easily accessible
Pa rame te r could be found so tha t the £prac t values of
fur ther glasses could be es t imated. As such a parameter
the sum of the alkali a n d alkal ine ea r th components
comes in to quest ion. It can be seen in figure 4 that there
is indeed a t rend of ep rac t decreasing w^ith increasing
a m o u n t of these componen t s ; however, the da ta points
show a large scatter.

A n o t h e r pa rame te r to be considered is the basicity
of the glasses which should in pr inciple be a better pa
rameter . As discussed by Scholze the po r t i on of dis-
solved water a t t r ibuted to the 2.8 p m b a n d depends on
the type of ne twork modifiers [7]. T h u s ep^act should be
a funct ion of the basicity n u m b e r Β which takes into
a c c o u n t b o t h the concent ra t ions a n d the field strengths

Table 5. Practical extinction coefficient and basicity number of
different model glasses

glass type fipract in basicity
l/(mol cm) number

soda-lime-silica 38 ± 3 34
potassium-lime-silicate 23 ± 2 35
caesium-lime-silicate 21 ± 2 36

of the modifiers, intermediates and network formers
[10]. Therefore, in figure 5 the Spract values of this study
are plot ted against B. One recognizes a distinct depen-
dence a l though the scatter of the da ta poin ts is similar
to that in figure 4. Still, based on the da ta in figure 5 it
can be stated that , in general, the higher the basicity of
the glass, the lower the practical extinction coefficient.
The following empirical relation between the extinction
coefficients and the Β values is obta ined by least-
squares fit

ε(Β)  2660  ^ - ^ ^ ^ / ( m o l c m ) . ( 5 )

All determined Spract values, with exception of the value
for glass L F 5, are lying within a band described by ε{Β)
± 3 5 % . Fur thermore , the values of Wilhams et al. [13]
for soda-lime-silica glass and those for silica glass [14]
are within this band . This also holds approximately for
the above ment ioned model glasses [8 and 17] as seen in
table 5. Thus, one can use relation (5) to estimate the
practical extinction coefficient of other commercial
glasses from their basicity numbers.

4 . Conclusion
Practical mola r extinction coefficients ^pract have been
determined for 25 commercial glasses by combining IR
spectroscopy with nuclear reaction analysis. For soda-
lime-silica glasses and vitreous silica the values found
here agree reasonably well with literature da ta but dis-
agree for boron-silicate glasses; for aluminosilicate and
television glasses the Spract values are given for the first
time. The values found vary by almost an order of mag
nitude. With increasing contents of alkali and a lkahne
ear th componen t s and with increasing basicity, Spract de-
creases from 182 to 24 l/(mol cm). A n equat ion for esti-
mat ing ε^^αοί for other glasses from the basicity number
is given. Wi th the assumpt ion that the extinction coef-
ficients for the two bands at 2.8 and 3.6 p m are universal
for Silicate glasses, the decrease of Spract ment ioned can
be at t r ibuted in par t to a decrease of the fraction of free
O H groups.
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