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Thickness of Inhibiting Films Dﬁ Glass Electrode Surfaces

By Donald Hubbard and Gerald F. Bynders

The thickness of voltage-inhibiting Glns produced on plas surfaces by heat treatmant

after leaching has been stuadied by means of the glass electrode and the interferometer pro-
coditirg previpusly sed for determining thoe chemical durshility of glesses,

The glsss

electrode gave comspicuons voltage departures (errors) and alterations (swelling) of the
arface that wars just detestable by the interferometer.  This comresponds to approximately
041 fringe, or four times the unit cell dimension for cristobalite. The inhibiting effect of
filma of eleetric conductors, such ag maetpllis silver, has been gualitatively oompared with the
inhibiting effect of filme propared from eleotrie noneconduetors, #uch am petrolatom aod

silicone stopcack groass.
I. Introduction

Considerable interest in the general subject of
glass surfnces has been arouvsed by many industrial
and secientific problems involving glass solution
interfaces. Examples of these problems include
the commercial practice of improving the chemical
durability of inferior glasses by various surface
treatments, the application of nonreflecting films
te the surfaces of optical eloments, and the effect
of nonhygroseopic flms on the hydrogen-alectrode
function of the glass electrode.

Frbin earlier work it is obvicus that the glass
alectrode is an extremely sensitive indicator capa-
bla of dstecting tha presence of inhibiting films
thinnar than 63 10~* cm, and the interfarometer
can readily detect alterations of an optically flat
surfuce of lass than ome-tenth this value, The
voltages of glass electrodes {1, 2, 3] ! prapared from
Corning 015 [4] or other glasses of adequate
hypgroscopicity [5, 6, 7] and satisfactory chemigal
durability [7, 8] follow approximately the straight-
line relation of the Nernst equation [9] over an
extended tange of hydrogen-ion activities [10].
Normally, the glass electrode exhibits voltage da-
pertures from the theoreticsl in the extreme acid
[11, 12] and alkaline ranges [3, 13]. However,
under special eonditions of annegling or other con-
trollad heat trestinents after aging (leaching m
acid solutions) the electrodes develop very large
voltage departures (errors] over the entire pH
range [14, 13, 18]

In extreme casse the hydrogen-slectrode fune-
tion {pH response) of the glasa disappears almeat
completely, and the electrodes bebhave similarly to
eloctrodes prepared from glasses of low hygro-
scopicity [6, 17]. This loss of pH response is
brought about by the formation over the entire
surface of the elecirode bulb of a thin, nonhy-
groscopic, silica-rich layer [16]. With the inter-
farometer method previeusly used for the deter-
mination of the chemical durability of glasses [7,
18, 19, 20], the maximum thickness of these in-
hibiting layers was estimated to be approximataly
62 107% ¢, [16].

Tha present investization was undertaken to
determine what further information concerning the
thickness of theee filme might be obtained from the
comhined use of the glass electrode &nd the
interferometar,

II. Experimental Procedure

A geries of mercury-fillad plase electrodes (6, 21,
22] prepored from Corning 015 glass waa leached
in Britton-Robingon universal huffer [23] at pH 4.6
for various periods of time at 80° C. With the
mercury reinoved, these leached ¢lectrodes were
heated to 550% O, held 10 minutes and ecoled
slowly to 400° ), then ccoled more rapidly to
roomn temperature [16]). This series was prepared
in order to ascertain the time of leaching necessary
0 develop an inhibiting film sofficiently thick to

| Figures in brockets ndlonbe the ketaliars rebreres ab the end of this
paper. :
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bring sbout detectahle voltaga departures, Other
glass electrodes, without previous Jeaching or an-
pealing, were coated with inhibiting films of non-
hygroscopic materials, such as gilicone stopeock
greaze, petrolaturn, and metallic silver.

The hydrogen-electrode function of all experi-
mental alectrodes was determined with a Beckman
pH mater model , using & well-conditioned glass
eloctrode as the reference electrode. The voltage-
departure mesasurements |16] were confined to &
pH range over which the glass electrode is known
te give rehable readings.

In order to determine the alterations of the elee-
trode surface during the period of leaching, piteh-
polished, eptically flat specimens (approximately
2.5 by 1.5 em) of Corning 015 glase were partially
immersed in the same buffer as the electredes and
given identical treatment. The surface of the
buffer was coverad with a thin layer of liquid pet-
rolaturm t¢ prevent evaporation of the solution
during the pericd of exposure. The magnitude
of the swelling of the glass surface was determined
by observing the displacement of the interference
fringes when the specimens were placed under an
optical flat of fused silica [7, 20]. This displace-
ment was converted to centitneters by the formula

Swelling in centimetera= gx 5,876 > 1074,

where N is the number of orders {fringes), and
5,876 angetroms is the wavelength of the principal
heliym line.

The thickness of the silver layers deposited on
the elecirodes was determined by the interferom-
ater on optital fats of Coraing 015 glass coated
simultaneously along with the glass electrodes.
A small area of silver wns stripped from these
silver-coated flats hy the use of chromie acid, and
the displacement of interference fringes was ob-
gerved. No satisfactory method was developed
for determining the thickness of the peirolatum
anh gilicone layers. :

III. Results and Discussion

1. Films Formed by Leaching and Amnealing

The date listed in table I and plotted in figure 1
show the voltage departuree brought about by
heat treating at 550° C a series of Cornmg 015
glase electrodes previously lenched at pH 4.6 for
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Freuce | Voltage departtres of glase electrodes. lexched
for various periods of lime in Drifton-Robinsen universel
puffer (pH 4.8 af 80% ) and then haoled for 10 minutes
at SH0° {7,
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Fiourk 2. Effect of leaching (pH 4.8 ot 80° O and sub-
sequent heak trentment wf 550° O on the pH responze of
glass elecirodes, compared with the alteck {swelling) ac-
companying the leaching.

8,1, 2, 4, and 8 hours at 80° C. The most con-
spicnpus feature of this saries is the murked in-
creace in the voltage departures that appears
between the electrodes given 1- and 2-hour leach-
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ing periods. Although there is scine overlapping
of the voltage-departure curvea for the electrodes
given 2-, 4-, and &-hour leaching, it iz obvicus
that most of the affective inhibiting layer is formed
within 2 hours, Converting the voltage depar-
tures between pH 2.1 and pH 4.6 to pH response
{millivoits per pH) gives the value for the depar-

TaerLk 1.

ture curve plotted for 550° Cin figure 2. From this
curve the loss in hydrogen-electrode funetion with
inereasing duration of leaching treatment can be
compared directly with the amount of swelling of
the glass (listed in table 1 and plotted as negative
valups in figure 2) brought about by the same
period of leaching.

Vieliage departurs and pH respones of sleciroder v poluficns of tortows pH vafues ofter leacheng in o solufion of

pH 4.8 for various times at 80  and hea! treating at 5500 ©

ITha atkask {Foeleg) exbibited by the glas under these condltions of leaching s glven]
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_ Figure 3, n:vhmh was also plnj;ted from the data o 0 ﬁ pi- S
in table 1, pives an over-all picture of the effect a 1 | | I I T
of thickness of the inhibiting film on the pH -
response of these glass electrodes. From this sgi L Hows ]
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curve, it is obvious that the major portion of the
inhibiting effact takes place for film thicknesses
between 0.20% 107% and 2.05% 1077 cm.

If the edge of the unit cell of criastobalite
{(7.0°%%107? cm, [24]) is used as a reference scale,
the thickness of tha inhibiting layer after 1 hour
of leaching iz 20.03107%7.0%10"%=4.1 unit
cells. That some of this swollen layer does not
contribute to the effective woltage-inhbiting
layer was shown in the earlier work [16] by the
hygroscopicity of the annesled leached film.
In that investigation the outer layer waz found to
he strongly water absorbent, ghowing that the
nonhygroscopic, voltage-inhibiting film was con-
fined to a layer formed by reaction between the
hase glass and the lower level of the silica-rich
layer. Just what portion of thiz swollen surface
contributes to the inbibiting layer is meraly
conjecture, but the evidence indicates that a
layer thinner than four unit celis of e¢ristobalita
was readily detecied by the glass electrode in the
present investigation,

These inhibiting films were removed by im-
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Fiause 3. pH response af annealed, lrached gluss eleetrodes
aed the gecompanying limiting thickness of the tnbibitng
Iayer on the surface of the gloss drought about by learhing
al & C.
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mersing the elecirodes for a few scconds in 1:1
hydrofluoric acid, thereby restoring the electrodes
to their correct pH response [16].
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2. Films of Petrolatum and Silicone

Other examples of nonhygroseopic films [25]
that inhibit the pH response of the glass electrode
are given in table 2 and fipure 4. Curve 4 gives
the voltage performsnce of the electrodes before
the films of the electric nonconductors, silicone
{stopeock grease), and petrolatum, were applied
and also after these flms were removed. The
extent of the departures iz not an indicator of the
relative inhibiting capacity of the matarialz, a8 no
method of film-thickness control waz availeble.
The petrolatum eoatings often rendered the
electrode so insensitive thot no readings could be
obtained with the electrometer.

Figuee 4. Vollzge depariures of the plear electrode brought
ahont by films af siticone siopeock greose, pefrolatum, and
silper compared with the volfage responie of electrodes haﬁ.ﬂg
Hifle or 7o hydropen-electrode Tuncliom.

The voltage departures brought about by a
filrn of metallic silver are included in figure 4 to
emphesize that films of electric conductors are
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also effective in destroying the hiydrogen-electrode
function of glass electrodes.

Tarwe 2. Vellage deporfvres of gloss elecirodes brought
ahout by Ihin Bl of nenbygroscopte materiole, sompored
with the wollage performonce of the solwraied colowre!
holf-cell and puncinred, mereury-gitled jlags electrode.
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[t is nteresting to observe that the wvoltage
departures of these electrodes with inhibiting
flims approach the voltage departures observed
for punctured glass electrodes (mercury filled)
and the saturated calomel half-cell, figure 4.
The limiting departure seems to be that dictated
by an electrode baving no response to hydrogen ion
activity.

3. Films of Metallic Silver

The data plotted in figure § from table 3 show
the voltage departures brought about by metallic
silver films of different thicknesses. The voltage
departures for these silver-coated eleetrodes,
especially for the thinner silver coatings, demon-
steated w tendeney to Jeift tewsrd zero departure
prior to the recorded observations, particularly
in the acid huffers.  This jeature was attributed
to the presence of pinholes in the silver coatings.
Hence the severe bow shown by two of the curves
in figure 5 is believed to be spurions,

The inhibiting effect of silver films of different
thicknesses on the pH reeponse of glass electrodes
is shown by the data given in table 3 and plotted
in figure 6. The effect of the electrically conduct-
ing silver films applied to the outer surface of
these electrodes is qualitatively similar to that
for the silica-rich nonhygroscopic films obtained
by leaching and annealing, and is also similar
to the waler-repellent coatings of petrolatum and
silicone stoprock grease.
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FravaRe 6. fahibiltng effect aof sifver films of differend
thiekneasea on the pH funetion of glass electrades.

4, Voltage Departure with Relerence to Sodium-
Ion Concentration

Voltage departures exhibited by glass clectrodes
have frequently been accredited to an equilibrative
responss to ions other than hydrogen [26] such as
Nat. In the present mvestigation, there iz no
theoretical reason for atiributing the woltage de-
partures of the glass electrode brought about by
the inhibiting films to a response of the electrodes
to [Nat] of the buffers wsed. Howaver, it is ohvi-
ous that a thickness for any of the inhibiting films
conld be selected that would prasent a pseudo-
correct Tesponse ta the [Natl

IV, Conclusions

The glass electrode readily deteets the presence
of.cerinin volinge-inhibiting fllms &1 thin as 30
angstroms. -This sensitivity approaches the prac-
tical limits of resolution of the electron microscope
and the interferometer, Films of electrical con-
ductors, such as eilver, and electrieal nonconduce-
tors, such ns petrolatum, when applied to the
outer surface, appear to be egually effoctive in
inhibiting the pH function of the glass electrode.
A study of the nature of these films may lead to
a more sstisfactory picture of the mechanizm of
the gless electrode.
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