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Deuterium and Hydrogen Electrode Characteristics

of Lithia-Silica Glasses
Donald Hubbard and Given W. Cleek

The pH and pD responses of a series of lithin-silica glasses have been invesiigated and
eceompared with the hygroscopicity, deuteroscopicity, and chemieal durahbility of the glasses
in aqueous and deuterium oxide buffers. The curves for pH and pID) response as s function
of composition pass through an optimum electrode response that is limited on the low per-
centage of silica end by poor chemieal durability and a strong tendency to devitrify upon re-
heating the glasses for the purpose of blowing the electrodes. The optimum also falls off
on the high-silica end where opalescence appears and the hygro- and deuteroscopicities de-
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crease,

The pH and pD response, hygroscopicity, and deuferoseopicity, as well as the chemical

durability in a

eonus and deuterium oxide selutions, appear to reflect some of the critical

u
features of theqLi,O-SiO, phase equilibrium diagram, with the optimum electrode response
occeurring in the composition range in which tridymite is the primary phase,

Indices of refraction and expansion dats for these Liz0-8i0; glasses exhibit breaks at
the same ecompositions indieated by the physicochemical properties.

1. Introduction

Electrodes prepared from silicate glasses whose
compositions include substantial percentages of
Li,O have become commercially accepted in recent
years because of their fgvorable voltage response to
hydrogen-ion activity in aqueous solutions over an
extended range of pH, alkaline salt concentrations,
and temperature [1 to 4], Considerable confusion,
however, still prevails in the readily available litera-
ture concerning the use of Li;O in electrode glasses
[6 to 10]. The present investigation was undertaken
to ascertain whether a series of Li,0-Si0, glasses ex-
hibited any unususl features in regard to the normal
‘dependence of pH response upon the properties of
suitable chemical durability and adequate hygro-
scopicity (11 to 13), In addition, a study of the (%:, -
teroscopicity,” chemical * durability te deuterium
oxide solutions, and the electrode response (pD) of
these Li0-Si0; glasses to deuterium-ion sctivity
were undertaken,

The experimental procedures employed for de-
termining the deuteroscopicity, pD response, and the
chemical durability to deuterium buffers of this series
of glasses were similar to the procedures reported in
previous investigations on other glass'series for hygro-
scopicity, pH response, and chemical durability to
aqueous solutions [11 to 13).

2. Hygroscopicity and Deuteroscopicity

The hygroscopicity and deuteroscopicity values
listed in table 1 and plotted in figure 1 were obtained
‘on two series of L1;0-5i0, glasses. One of these
series () wasg that studied for density and reported
by Yo and his colleagues [14]. Their glasses had
been analyzed and carefully annealed by a cooling

1 Figures in brackets indicate the literature referenced at the end of this paper,

© 1" Denterosceplelty' s the expreasion applied to D30 sorption corresponding
to the term ‘*hygroscopicity."

220426—52——3

schedule designed to place each member of the series
in a comparable condition, The hygroscopicity and
deuteroscopicity composition curves for these glasses
demonstrated abrupt changes at the same composi-
tions indicated by the density composition curve [14]
and by other hygroscopicity composition data ob-
tained by a different procedure and reported in an
earlier publication {15]. Data for index of refrac-
tion  and expansion * obtained on this same series of
glasses are presented in table 2 and figure 2 because
they emphasize the same composition features shown
by the Bﬁgro_scopicity and deuteroscopicity curves.

For properties studied on this analyzed and
carefully annealed series of glasses, including the
amounts of H,OQ and D;0 retained upon reheating at
110° C after the completion of the hygroscopicity
and deuterescopicity experiments, distinet changes
in the slopes are indicated near 82 and 77 percent of
Si0Q;. The break at the higher percentage of Si0,
corresponds very closely to the eutectic composition
between the compounds L1,0.25i0, and tridymite,
while the other is approximately 2 percent lower in
8i0, than the transition point reported between
Li;0.510, and Li,0.25i0, [19].

The compositions for the members of the new series
of Li,(O-5i0, glasses whose hygroscopieity and deuter-
oscopicity are plotted {4} in figure 1 were calculated
from the batch compositions. No definite schedule
had been observed in cooling through the snnealing

range. .

wﬁa exaggerated difference in the two series of
glasses can probably be ascribed to the extent of the

eparture from randomness of the silica network.
This is strongly supported by the fact that the lithia-
silica glasses show a marked tendency to crystallize
in the composition ranges in which Li,0.Si0, and
810, are the primary phases, :

1 These [ndex of refraction values were obtalned by C. A. Falck, using an {m-
merslon method [16, 17). :

4 Thess expanajon date were taken by L. H, Maxwell, usﬁ:lg the Saanders”
modifled Fizesu interferometric procedurs {18].
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Frcumre 2. Indices of refraction and expansion characleristics

of a series of Lig0-8i0 glasses.

TanLe 2. Index of refraction (Na A=05880) and erpansion
characleristics of a series of Liy0-8i0: glaases

Figure 1. Hygroscopicify and deuteroscopicity af two series of
Liy0-8i0; glasses.
{0}, glasses annealed and analyzed [14]: (+), glasses having no definite annealing
schedule and whose compositions were ¢aleylated from batch compositions.

TasLE 1. Hygroscopicity and deutersscopicity of two series of
Li;0—-8i0, glasses

A. Annealed and snalyzed glasses of Young, Glaze, Faick, and Finn [14]

Qlasser Water (Hz0) Denterlom oxide (D0}
L0 | 8i0, | Bgrped | Borbed | popyineq| Sorbed | Sorbed ) Be.
% mgfemd | mglem? | mglems | mgfem? | mgfem? | mgfem?
26.13 | 78.87 35 i 8.8 % [} 9.7
2318 | 78.82 2 0 8.4 27 a0 46
2,20 | 9780 21 42 8.5 2% 4 7.7
2L08 | 78.9F 22 43 6.7 % 4 7.0
1873 | 8L 2 45 5.5 25 46 6.1
18.11 | 8.8 2 43 5.2 2 a8 50
17.065 | 82.95 24 46 6.0 2% a0 5.0
1512 | s4.88 21 40 5.8 Pl 41 50
Fused Bi0s 11 12 0 N U R

B. Glasses whoss compositions were caleulsted from the bateh compesition

3.9 78. 1 26 53 11.0 2 57 6.0
21.8 78.2 2 44 7.4 23 43 4,3
0.0 80. 0 2 37 6.3 22 an 3.4
17.8 82.2 2 33 5.4 21 39 2.5
i6.1 83.9 20 33 6.9 21 38 3.1
12.9 87.1 10 -] 4.2 21 Ei) 2.3
Corning 015 = 14 168 | .oo-.. ———- OREU

v 4 commercial electrode glass included for comparizon.

Glasses Expansion
. Oritieal Soften. Index of
100° | 100° TIDET- | femper- rag

: : 100° | 100° || ature tion

Liz0 | 8iQz to to ature
200°C |ao0e | CT *| BT®

T o || mlem | pfem | ufem | afem ogr o
26,13 | 78.87 || 201 | 426 | 80.7| 60.7| 445 475 | 1.5616
24,81 | 75,18 || 25.9 | 40.7) 480 | 580 445 475 | 1.5480
2318 | 76.82 || 25.1 | 8.7 48.7| BT 450 475 1. 5443
22,20 | 77.80 || 24.5| 38.6 ] 48.5| 56.0) 460 485 1. 5423
2L.00 | 78.91 || 23.8 | .31 46.2 | 67| 460 490 | L5392
2006 | 70.94 || 2.1 | 36.53| a50| 0| 480 400 1. 5367
18.73 | 8L.27 || 221 | 34.7| 44.1 | 486 | 485 480 | L5307
18.11 | 81.80 || 21.4 | 33.5| 428 | 40.8( 485 405 1. 5260
17.05 | 82,08 || 20.5 | 38| 30.7| 47.7| 455 480 | 15342
1512 | 84.88 || 8.6 | 202 36.7| 43.2| 4e0 400 | L5165
Fused 8102 ||vnenn.. 1. 4567

& O, eritical temperaure,

b AT, softening temperature,

3. Chemical Durability

The chemical durabilities of the Li;0-5i0, glasses
over an extended pH range are listed in table 3 and
plotted in figure 3. These durability data, obtained
by an interferometer procedure [20, 21], Hlustrate the
familiar swelling in the acid range (represented as
negative attack in the figure), and the usual solution
of the glass in the alkaline buffers, These durability
features are characteristic of many silicate glasses
exposed to the Britton-Robinson universal buffer
mixtures at 80° C [11 to 13].



Tasur 8. Chemical durability and pH response of L

1:0-8i10; glzsses in Britton-Robinson universal buffers

Glagses = Chemical darability (8 hr, 80° C) at pH PH response, L1 to 8.2
8568 . £m arability { Jatp after sosking Weeking
characteristics
Liz0 | Bi0s 2.0 41 6.0 8.2 10,2 1.8 15min | 6hr 24 hr
% % Fringes Frin Fringes Fringes Fringes Fringes
2.8 | 761 || 308well...__ 30 swell. .. __ 30swell..__ 24 awell._ .. Wattack ..} 2attack. .. Devitrifed.
.8 8.2 || 9swall____._ Oswell _____ swell _____| Sawell ____. Battack_____ 21 attack____ Blight devitrification.
20.0 80.0 [ 13 sewll....| 1%swell._..| 134 swell.._ .| 2— swell. .. _| 114 attack. ..| 7 attack___.. ) e 14.0 Cleat.
17.8 | 82.2 || 1—swell. )7 12 swell 2. swelt_ [ 16+ swell || 8Gd.___ . 2attack | 58.5 54 ¢ 4.5 0,
161 | 839 | viowen. ... ﬁ swell.. . 3 swell. .| Moswall .| BC 4 . 1. 1% attack___|| 57.5 57.5 57,5 | Stight opal.
12.9 87.1 Lo+ swell_ | Yo+ swell..| ¥o--gwell | D eawell ___| 8C 4 ______ L+attack. || .oeooa 56. 6 65.5 Opal,
Fused 8i0: || ND®..__.. NDb_____ | NDb5 .. NDb_____.. NDb__.___. 15 attack ) 0] 6
» Series B of table 1. b N D, not detectabie. * D, detectable, d 30, surface cut. » Devitrified. t No deftnite pH responge.
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Fraure 8. Chemical durability of Li;0-3i0; glasses. | ) ]
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4. Relation Between pH Response,_ _Hygro- 70 T 90 100
scopicity, and Chemical Durability % 8i0s
. Fiaune 4. Comparison of the pH response, the hygroscopicity
An over-gll picture of the dependence of pH and the chemical durability af pH 2 and 11.8 of a series of
response of the Li0-Si0; glasses on their chemical Liz0-8i0, giasses.
durabﬂlty and hy gl'o?'mp}mty 18 ShO“{Il m ﬁgure 1. The approximate compositions at which a new R‘l;i phase aj 78 in the
The pronounced decline in the chemical dursebilit; equilibrum dlagram are mlated by vertioal lincs.  Hygrosmoplelty values
B . - : : . -hr ) BX * T3,
for members of this series having increased Liy Dossible cuirves aro drawn through the resulting samposite data, —
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content, a3 indicated by the curves for attack and
swelling at pH 11.8 and pH 2, respectively, is asso-
ciated with an equally pronounced failure in the
pH response of electrodes prepared from these glasses.
Although the composition range over which success-
ful electrodes can be prepared is restricted by the
a¥)}l)earance of coarse devitrification for the glasses
ol lower percentages of Si0. upon reheating for the
purpose of blowing the electrode bulbs, and by the
appearance of opals in the higher SiQ; members, the
pH respense—composition curve obviously indicates
an optimum similar to those found for all other series
of glasses previously investigated [11, 12, 13].

The correspondence between the departures of the
PH response—composition curve and some of the
critical compositions of the phase equilibrium dia-
gram is rather striking, with the optimum perform-
ance appearing in the composition range in which
tridymite is the primary phase {19].

Perhaps the most interesting and possibly the most
significant feature of these data is the fact that the
optimum pH response for the Li,0-Si0, glasses
oceurs at much lower values of hygroscopicity than
do the optima for Na,0-3i0, ami( %r{g -é;Oa glasses
[13]. ether this has any significant bearing on an
ultimate acceptable theory for the glass electrode can
only be ascertained in ]jgit of much additional data
on other series of glasses,

8. Comparison of pD Response and pH
Response of Li,0-SiO, Glasses

In an effort to obtain some information concerning
the response of silicate glasses to deuterium ions, the
difference in potential %or slectrodes prepared from
the glasses of the Li0-Si0, series was determined
between two solutions of lunited buffer capacity
prepared from D;O by the use of P,O; and CaQ?
These materials were chosen because they did not
introduce hydrogen ions, and at the same time they
produced buffers, from inexpensive compounds,
having a wide pD interval. The apparent values
{cbtained with a calibrated glass electrode) of the
resulting buffers were pD 0.65 for the D;PO, and
pD 12.4 for Ca(0OD),.

The results obtained for pD response and chemical
durability of the Li,0-8i0, glasses in these deuterium
oxide buffers are given in table 4 and plotted (O) in
figure 5. A comparison of these results with the
datg obtained with the Britton-Robinson universal
buffers (fig. 4) indicates that the response to deu-
terium ions is superior o the response to hydrogen
ions. However, a glance at the respective durability
curves reveals that there is a marked superiority in
durability of the glasses, especially at high alkalinity,
in the special deuterium buffers over the aqueous
Britton-Robinson buffers.

In order to obtain a more rigorous comparison, a
set of parallel experimments were performed using
water buffers prepared with the same constituents
and of equal concentration as the deuterium oxide

* The deuterium oxide having a cervifled paricy of 99.8 t of Dy0 was
obtained from gtock available in the Bureau’s Minersl Prodiets Division, orlgi-

nally purchased from the Sturat Oxygen Co. of S8an Franciseo, Calif. by perm:;
sion of the Atomic Energy Commission. e
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Froumre 5. Performence of Liy0-8i0; glasses ¢n D20 solulions
compared with the performance in Hy0 solutions.

{0}, the BD response and chemical qurabllity in denferium oxide solutions of—
POy, 0.66; and saturated Ca(0OD)s;, pD 12.4 (+), the pH response and
chamwa{' durability in aqueons solations of HiPOy, pH 0.65 and saturated
Ca(OH);, pH 12.3.

solutions (Data listed in table 4 and plotted (4) in
fig. 5.). When this was done, no significant differ-
ences in pH and pD response were detected. How-
ever, the impression remained that the electrode
performances were slightly steadier in the deuterium
oxide than in the aqueous solutions. In accordance
with this, the amount of swelling observed in the
acid deuterium oxide was less than in the correspond-
ing aqueous solutions. It is also interesting to note
that three of the glasses showed swelling in the
saturated solution of Ca(OH); above pH 12, while
only one of them did so in the saturated solution of
Ca(OD).. It should also be pointed out that the
saturated solution of Ca{0D); had an apparent pD
approximately 0.1 of a unit higher than the pH of
the Ca(OH),.
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TasLe 4. pH and pD response, hygroscopicity, and deuleroscopicily, chemical durability in aqueous and deuterium oxide buffers
prepared from P05 and CaOQ, of e series of Liy0-8i0, glasses

Glasses (B} table 1, except for plazs containing 73.87 percent of 8i0;
Glasses Vapor sorbed 1hy || lectrade response Chemical Gurabllity (attack)
: pH 0.85 pD 0.65 D:PQu Apparent Ca{QDy) Apparent

L0 | 8i0s H,0 D0 ndtes | shales || HiPO«PHO0.85 oD 086 Ca(OH) pH 123 | U8( pB 24

@ e myfem? myfem? mopH | meppD Fringes
26.13 3. 87 a5 a8 E-} ________________________
2.9 76.1 25 28 > T R, 1o swell.
2.8 8.2 »n 23 [ T I, 34 attack.
20 80 22 22 50 49 14— attack.
17.8 82.2 20 21 587 BT 249 attack,
161 8.9 20 N 59 59 g attack,
12.9 87.1 19 21 58 58 Ko— attack,
Fused 8i0s. _ - 11 | ceeaoa [Q)] () Yo} nttack,
Carning 015... 104 111 8.4 541 Soswell.._.___ %o attack,

s Devitrified while blowing electrodes, b Slight devitrifcation.

6. Lithium Ion Response of Electrodes Pre-
pared From Li,O-5i0; Glasses

The question is often raised concerning the equi-
libritive response of glass electrodes to positive ions
other than hydrogen, especially to ions common to
both the solution and to the glass. In the present
case the response to lithium ions of an electrode pre-
]Smred from the lithium silicate glass (1i,0, 12.9%;

i), 87.1%) was determined over the range plLi 1
to 3 in solutions containing LiNQ; to which 1 m] of
glacial acetic acid per 50 ﬁi of solution was added to
maintain a constant pH during the observations.
If one assumes that all of the voltage change observed
between the glass electrode and the saturated calo-
mel reference cell over this pLi range can be attribut-
ed to the response of the glass electrode to Lit ions,
the pLi response of the Li;0-SiO; glass was less than
1 mv per pLi. For all practical purposes it can be
stated that a pLi response of electrodes prepared
from this LigS-SiOg glass is essentially absent,
whereas a full pH and pD response is present,

It would be interesting to extend these investiga-
tions to a study of the response of the glass electrode
to tritium ions. .

7. Summary

The pH and pD response of electrodes prepared
from a series of Li;0-Si0, glasses have been compared
with the hygroscopicity, dueteroscopicity, and chemi-
cal durability of the glasses in aqueous and deuterium
oxide buffers, The curves for pH and pD response
as a function of composition passed through an
optimum electrode response that was limited on the
low-silica end by poor chemical durability and a
strong tendency toward devitrification of the glasses
while the electrodes were being blown. The opti-
mum also fell off on the high-silica end where
opalescence appeared and the hygroscopicities and
deuternscopicities decreased. The optimum elec-
trode performance was attained by those glasses
that most nearly approximated the properties of

¢ No definits electrode reaponse, 4D, detectable,

+ N1, not detectable.

Corning 015. However, this optimum appeared at
lower sorption values than were found for Corning
015 and other glass systems previously investigated.

Eloctrodes prepared from the I1.i,0-Si0; %asses
apparently respond to deuterium ions as readily as -
to hydrogen ions.

In the present experiments the Li,0-Si0, glasses
showed detectably more swelling in the acid gaueous
than in the acid deuterium oxide solutions. Inter-
esting examples of swelling in alkaline buffers above
pH end pD values of 12 were observed. The
apparent pD values for saturated Ca (0OD), were
:i;)ligf;mly higher than for the corresponding Ca (OH},

ulrer.

The pH and pD response, hygroscopicity, and
deuteroscopicity, as well as the chemical durabilities
in aqueous and deuterim oxide solutions, appear to
reflect some of the critical features of the Li,0-5i0;
phase-equilibrium diagram with the optimum elee-
trode response occurring in the composition range
in which tridymite is the primary phase,
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