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A series of Nag-3i0y glasses was studied for dursbility, hygroacopicity, ploss slestsode

function, snd appacent responsg to [Nat),

These glasses show thres diatinet rogions of

durakility characteriaties at pH 4.6: Below Bl percent of 2i0s, where the glass is carried
into solutioa: between Bl and 895 percent of 8iCy, where differential solution of the coneti-
tuentas of the gless leaves a wollen silioa-rich layer; and a region in which greatly redueced
attack was indicsted. Glass electrodes of Jow alllea content having poor chemical dure-
bility and high hygroscopicity exhibited large voltage departures approsching the valiues of

a “punctured” mercury-filled electrode and a calomel half eeli,

The sappareit rmaponse to

[Ma*] ranged from 9 fo 339 millivelts per pNe for the glasses of 82.6 and 56.4 percent of

Bith, respectively.

I. Introduction

For a glass to function satisfactorily as n glass
electrode, it must have uniform durability over an
extended pH range as well a3 adequate hygroseopi-
city, It has been shown that where the glass is
attacked excessively [1, 2, 3], or where the glass
has inadequate hygroseopicity [4, 5], departures
from the Nernst equation occur. These departures
st times have becn attributed to specific enuili-
brative responses to ions other than hydrogen
[6]. Teo obtain more extensive deta on these
subjects, o series of glasses of the aoda-silica sys-
tem wase studied in continuation of the work dene
on the potash-silica glasses [5]. The portion of the
latter system investigated was found to have some
very hygroscopic glasses, but because of their
limited durability, these glasses were unsuitable
for use as glase electrodes. Accordingly, in the
present investigation both durability and hygre-
scopicity were studied ih an attempt to determine
which glasaes of the sods-silica system would make
satisfactory electrodes.

II. Experimental Procedure

Ten glasses of the soda-silica system wers pre-
paxcd in & platinum crucible from raw materials

1 Fjgurea I bradiets ndlcate the Hierature rofortnees ot bhe <pd of this
LATHE
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of the high quality used in the production of
optical glass. The batches were prepared to
provide & series varying in steps of about 4 percent
in the range from 53 to 91 percont of silica.
Glasses of higher silica content were not obtained,
becauze the feld of practical glassmaking ia
limited by the tendeney of plasses to devitrify,
their high liquidus temperatures, or their high
viscosity, To insuce hemogeneity, the plasses
were atirred with a platinum  sticrer.  Since
volatilization of soda cecurs during melting, the
compositions of thesa glasses were determined
from index of reffaction measurements [7, 8].

Hygroscopicity measurements were made on
samples of glass that passed through a standord
150-mesh sieva. These weighed samples (ap-
proximately 1.5 g) were subjected to the high
{approximately 989 humidity maintained by a
saturated solution of CaS0,-2H.O at 25° C, in
accordance with a previously deseribed method
(4, 5. The values are reported in milligrams of
waber sorbed per cubie centimeter of glass exposad,
to compensate for differencesz in density of the
glasses.

Durability messurements were mode on the
glass by partially immersing polished optical Hats
in Britton-Robinson Universal bhuffer mixture
{pH 1.9 to 11.9) [9] at %0°4:02° C for 6 hr and
measuring the change in thickness of the exposed
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portion of the eample by an interferomgater methoed
[1, 3]. These values are reported na fringes of
attack or swelling, ag the cass may be.
Determinations of tho clectrede function of the
various glasses were made by measuring at room
tempersture the emi of a cell, consisting of an
experimental glass electrode and & well-conditionex]
Beckman glass electrode, with a Beckman pH

meter, Laboratory Model G, The cxperimental

electrodes were made by blowing a buib on the
end of tubing? drawn from the experimental
glasses and filling the bulb with mercury for the
inner eonnection (10, 11]. The pH response of the
oloctrodes in a solution of pH 1.9 was taken as
the zero voltage departure, and the departures
over the range of pH 1.9 to 11.9 were noted.
Punctured eloctrodes were prapared by blowing
a bulb of Corning 015 glass [12, 13] on the end of

* Tablng waa drawn frem bhe exporicenial gliages by Leomardn Testa of
thi gletbbywing shop st the Netlons] Fumsel of Shaadands,
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T Mo plocirmies mede of these glasien.
a I¥, Detentable; M I3, ot dateatatde.
h Dievebped oo defnkte sleetvode foneklon,
FWolinge doprttcy walued obibaioed for 4 puoctured Hg fled electrode

of Coraitg 016 glass,

! Theorntkal voltags deparfure of ihe glass elacirods and calramal reder.

e plectrods,
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Pyrex borosilicate tubing, with the result that
hair cracks were formed on cocling due fo the
difference in expansion of the two plasses.

[II. Results and Discussion
1. Hygroscopicity

The data for the water sorbed Ly this series of
glarses after 1- and 2-hr exposure are given in
table 1 and plotted in figure 1. Bccause of the
limited datz obtained, the results are represented
by a smooth curve. However, if lines are drawn
through the individual points {dashed Iines, fig, 13,
breaks in the slope occur near eritical compositions
of the phase diagram.

An interesting feature of these data is that the
glass of approximately 86 percent of silica hea the
same Liygroscopicity as Corning C15.
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" Fraore 2. Attack an NegO-8i0g plosses expored for £ he
o 80° C o Brition-Robingon buffer mizfere of pH 4.8,
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2. Durability

Examination of the durahility data, table 1 and
fignre 2, for the 6-hr exposurc of the specimens in
a solution of pH 4.6 indieates that the more dur-
able glasses for this system occur in the range
above Bl percent of silica, Those plasses helow
4.8 percent of silica were deliquescent and failed
to maintain polished surfaces when exposed to air,
so thet durebility measurements by the inter-
ferometer method were impossible. (Glasses hav-
ing n composition of 70.6 and 73.3 percent of silica
were lege soluble, and resylts were caleulated [1]
from & 15-min exposurs. Above B0 percent of
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Ficure 8. Veoliege depariures (ervars) of elecfrodes prepared
frem o series qf NagO-010; plosees aond Corning 015 glose,
by waing the Beckmon glos electrode g fhe referonce
alecirads,

For ovmparlscn, thi dats ara plotted for the theoretleal voltage departure
of & glase slsotrods from & catomet refereros oall In addition b roltage depar-
fures ehown by 8 pungtored eleatnode of Corning 015 ghass,

278




gilicn the durability of the glasscs improved, and
the plasses resisted solution and tended to swell.
The tendency to swell decreased with increasing
gilica coutent until it became barely detectable at
8% percent of giliea. It iz only in the region of
swelling, impreved durability, and adequate
hygroscopicity that one would expeet to find
succesaful electrodes. The values of hygrosco-
picity and durability of the glass of 86 percent of
silica are eimilar to the values obtained on Corning
014 (sea table I).

3. Electroda Function
(a} Voltage departura

The data given in table I and plotted in figures
3 and 4 show the trends of voltage dapartures in
millivolts for glasses of increased silicn content in
gelutions of varions pH valucs, The poor durg-
bility of glasses below 82.6 percent of silica was
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FioukE 4. Vaftoge depariures {errors) af variowa pH rajues
for elcetrodes from NegO-Si0y glasees,

‘Tha dashed lines are the roltage departura valuey obhiakied or & “pone-
Lared* alagbrcde.
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Fiouse 5. Change #4 roliage deporfure over ¢ period of § hr
of an elecirode prepared from o gigtr of {54 pereend of
Na;O and 58,8 pereent of 810y,

nccompanied by large voitage departures, and the
electrode response of these plaspes was erratic.
These values tended to drift, ns 1= shown in tabls 2
and figure 5 for an electrode of 56.6 percent of
gilica. At the end of 6 hr, the electrode failed
hecause of hydrelysis of the glass in the huffer
golution. Voltage departures of electrodes from
glasses of decreasing percentages of silica ap-
proached thosze of & punciured electrode, as shown
in figpure 3. These values in turn were similar to
those obtained from a calomel hall cell. It is
obvious thet an electrode prepared from a glass
absorbing a suflicient amount of water would
necezsarily be a punctured electrode.

The responee of an elecirode prepared from the
glass of 82.6 percent of silica approached that of
the Corning 015, A maximum departute was
obtained at pH 4.6, which remained copstant
until pH 10 and teturned toward zero departure
ot pH 11.9. This latter effect could be atiributed
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either to improved durability of the glass or to
deviation of the reference electrode in this pH
Tange.

TaeLe 2. Voliage deporturer (errara) of varfous fims infer-
wily for an elecirode prepored from g plose confaining §3.4
prereenit of Nag) and 588 pereest of Bich,
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The values of durability and hygroscopicity for
some of the glasses above 82.6 percent of silics
indicated that they would produce serviceabls
electrodes. Extrapolation of the woltage de-
parture curves in figure 4 also indicated that this
would be true. Unfortnnately, these glasses have
high liquidus tetnperatures and tend to devitrify:
hence suecessful electrodes were not made.

4, Apparent Response to Sodium Ion Activity

Voltage depariures from the streight-line rela-
tivnship exhibited by glass electrodes have pen-
erally beep interpreted as an equilibrative re-
sponse to ions other then hydrogen [6]. The
data, given in the last columin of table 1 and plotted
ir figure 6, indicate that over the range of pH 1.9
to 10.1 for whith & change of pNa of 1.25 units *
takeas place, only a pglass of appromimately 75
. percent of Si0: would provide the correct response
of 50 mv/pNa, This glass would have poor dura-
bility. At compositions where the durability
has improved, the response to pNa is too low,
whereas glasses of lower silica content have ap-
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Figure 6. .Apparent response lo [Na*] of slectrodea pre-
pored from NegS-310; plorecs.
The valued we ¢rleulstad om vodtage departures snd [Ma+] for dha by Ter
Arlutions wk pB 1.9 aod 11,

apparent pNa responses that are too high. 1t is
apparent that voltage departures for electrodea
prepared from these soda-silica plasses cannot be
attributod to response to the sodinum ion activity
of the buffar solutions.

IV. Summary and Conclusions

A series of glasses in the soda-silica system
ranging from 51 percent to near 100 percent of
gilica were prepsred and the durability, hydro-
seopicity, and electrode function studied. In
accordance with the statement that the require-
ments for a govd elecirode glass were uniform
durability over a long pH range snd adequate
hygroscopicity, it waa pradicted that & glass cotn-
posed of 86 percent of silice and 14 percent of
goda would function well as & hydrogen electrode.
Unfortunately, this glass has a high liguiduos
temperature and tends to devitrify, so that satia-
factory electrodes were not made, These glasses
wera hygroscepic, and it 13 of interest that the

217




hydroscopicity data can be plotted in such a
manner that changes in slope cceur &t points that
are significant in the phese disgram of the soda-
gilica syatem. The glasses could be grouped into
three durahility classea: Those that were readily
goluble, those that had & tendency to swell in acid
golutions, and those above @) percent of silica
in which grently reduced attack was indicated.
The voliage departures of electrodes prepared
from the glasees of very high hygroscopicity and
poor durability were similar to those of punctured
elactrodes, which in turn appreached the values of
a calomel half cell. The large departures of these
electrodes could be attributed cither to poor
durakility or to infinite hygroacopicity but not to
8 pINa responss, 45 it was shown that the departures
were not compatible with this latter interpretation.
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