PH Reference Section
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Figure 2

-hydrogaen ion activity in the solution may
be temperature dependent. Temperature
comy does not correct for this,
and is not desirable, because an
accurate pH measurement is desired at

_ that particular temperature. Temperature

conpensation only corrects for the
change in the output of the electrode,
gﬁ_ for the change in the actuatl solution
Temperature will also affect the glass .
membrane’s impedance. For each §° .
below 25°C, the specified Impedance
approximately doubles. Dapending on
the original impedance of the glass
membrane, the meter will have to handie
a higher impedance at a lower
temperature. g

Written by: OMEGA ENGINEERING, INC.

Measurement of pH

The measurement of pH is one of the
fmost common analytical techniques
used in chemistry laboratories today.

measurements often
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- PHMEASUREMENT SYSTEM
. A pH measurement system always
conﬂstsoﬂoorpans:a’g:sensi
e
o ¢ user can
read, a reference electrode, and the
sample being measured. Each part of
the system plays a critical role in the
measurement process.’ o
A glass electrode is actually a smali
battery (technically, a transducer). This
battery displays a varying voltage,
depending upon the pH of the solution in
which itis immersed. A reasonable
representation of that voltage Is i
Figum.thepotmotmegxag:em
electrode is a function of the agctivity of

the free-hydrogen ions and a value
which is supposed to be the 0 orresEt°

potential of the system. This is actually
tr:yooltagedmesystemwhen the -
pHisO.

The reference electrode is also a
battery, howevet, unfike the pH
slectrods, its voitage does not vary with
the activity of hydrogen jon or any other

ion solution, but is a function only of the

value E; or the rest potential.

There are nine actual voltages in the
system. Inside the body of the electrode
is a wire -— normally a silver wire coated

with silver chioride. On that wire is some

matrix that should presernt a

. 3 constant
voltage to the wire. At the interface of the

wire and solution is a voltage which we
can call E,. Between the and the

inner surface of the glass is another

voltage, on the innef surface of the glass
‘savoltagaﬁ?)'.eaﬁwmmeglas‘
membrane is a voitage (E,), which
is calied the asymmetry potential. There
is a voitage on the outer sustace of the
slectrods, a voltage between the pH

electrode and the reference electrode;
anothervdtagq.rdemcbasmeliqqk:

junction or

atthe posim where mem ’
the reference electrode contacts the

sample (E,); a voltage between the inner
surface of the reference electrode and
the metal wire that connects the inner
filling solution of the reference electrode
to the lead wire, and, of course, another
voltage on the surface of the connecling
wire (Eg). . : '

Figure 1. Flow chart of selection pmcessloé
reference electrodss.

When making a pi4 measurement, one
asst;fmes that all of those

remain constant except the vol on
the outer surface of the pH etec?gn?ie. i
that assumption is correct, legitimate pH
measurements can be made; if not, then
incorrect pH measurements will
certainly result. In other words, itis

assumed that the pH electrode delivers’
a varying voltage to the pH meter, while
the reference electrode defiversa -
constant voltage tothe meter. <1 -

THE REFERENCE ELECTRODE ™~
The reference dlectrode is the most -
complicated part of a pH measurement
s -stem. When application problems -

2 ise, they normally devoive to the

16 ference electrode. When difficulties in
pH measurements are encountered, the
source of the problem is typically the
reference electrode. In our experience
the refarence electrode accounts for
0% of the problems that arise in the pH
measuring process. . -

A reference electrode consists of three

¢ ‘incipal parts: an internal element,

v vich is normally either a silver wire
coated with silver chioride or a pfatinum
wire covered with a mixture of caiomet

‘(Hg,Cl,), some filling solution, and a

permeable junction through which the
filling solution escapes the electrode
(called the fluid junction or liquid
junction). The liquid junction can come
in several forms, but its principal
fanction is to allow small quantities of
te glectrode’s filiing solution
1 slowly leak or migrate into the sample
being measured. There are three
common forms of this junction: 1)
ceramic or other frit material, 2) a fibrous
material {the best of which is quariz
fibar) or 3} a sleeve junction.

Fritted matenat; are-us::!:ty ic\w“i":‘sto and
are composed of small es pressed
cosely together. The filling solution -
t1aks th the opan cefis between
considerably

‘in size, the flow rate across
the surface is quite variable. in some
areas, there is aimost no net cutward
flow of filing sotution. At those points the
junction is considered tobe a “diffusion
junction.” In the areas where the net
outward migration of filling solution Is
“apid, the slectrode is considered to

1ava a flowing junction.
Fiber references come in two types:
woven fibers and straight fibers. Woven
fibars, such as asbestos fiber, have colls
of varying size because of the structure
of the woven material. Some of these
cells are very small and tightly packed
together; at those thereisa
diffusion junction. Where the fibess are

" oosely packed, the flow rate is high and

1 flowing junction exists.
The quariz fiber reference electrode
consists of straight fibers of quartz laid

- next to each other with straight channels

of filling solution passing between them.
This junction is considered to
have no diffusion properties and fo be
strictly a flowing junction.

_ The steave junction feference elecirode

is constructed by putting a hole in the
side of a glass or-plastic tube, grinding
the surface around that tube, and -
covering it with a lapered glass or plastic
sleevﬁ.ggchaiunct;:tnissmﬁtarin its
overali function to a frit junction inthat
tightly and

"certain areas are

other areas are nof, so that both

diffusion and flowing junctions exist. A -

sleeve junction electrode is much faster
flowing and much easier to clean than
the others. T

Reterence electrdtfes are available in a
variety of types to accommodate many
types of samples. Certain samples -
require reference.electrodes that flow
very slowly, whereas other samples .
require reference electrodes that are
easy to clean. The flow chart in Figure 2
shouid serve as a guide in selecting the
reference elgctrode most appropriate for
the application. -

The best way to understand the purpose
of a reference electrode is to imagine
measuring the voltage on a battery with
a voitmeter. A voltage measurement -
cannot be made if only ons end of the
battery Is connected to the meter. If,
however, two leads are plugged into the
voltmater and both ends of the battery
.are touched, a reading is possible. -
A pH slectrode can be compared to the
battery in this example. The wire inside
the pH electrode serves the same
purpose as the first fead from the
woltmeter. The reference electrode can
be compared to the second lead, which
completes the circuit and enables the
measurement of the voitage, or voltage
changes, at the pH electrode.

in reality, the pH and reference
electrodes are immersed in the same
solution with the filfing solution of the
reference electrode flowing into the .
sampie and completing the circuit with
the pH electrode. if the :

reference
elactrode is not immersed in the sample,

a legitimate measurement is n0t
possible. if the reference electrode
immersad in the sample is completely
dry, no reading would be forthcoming. if
it were fillad with filling solution but
completely occluded, then it would not
establish good consistent electrical
connection with the sample, and the
readings wouild vary. A reference
Pl fan 1o migate i
allows t jonstom into
the junction of the electrode and set up
new potentials: voltages that are
measurad by the system and interpreted
as changing pH readings. Thisis the’
mast commeon source of problems ina
pH measuring system.

" time is caused by sither
incomp:

* there is a reference electrode

" The first indication of difficully in the
* reference slectrode
{ong stabilization time. This can be

usually is a very
caused by changes in temperature, by -

reactionstakggplaeehmsolmion.or
",%ypick of CO, from the atmosphere. -
i eneralug,hmr..a

lo%’seabﬂxzabon :

atibility of the reference
alectrode with the sample being -
measured or by a faulty reference

-electrode. . )
- it is usually possible to differentiate

between drift caused by a faulty -
electrode and drift caused by other
factors (incompatibility between
electrode and sample, temperature .

changes, o reaction within the sample} »

by maving a hand quickly toward and

then away from the electrode. If the

reading on the pH meter changes

significantly in to the hand
ment,

the hand, then it woukd be very safeto
assume that the reference slectiode is
either up or otherwise defective.
if the drift continues undisturbed by the

the time. : -
There are other ways fo check for
imprope reference
electrodes. The most pasitive checies are
pedonnedudncamwm _
« it stirring 2 sampie spems to cause an
unstable reading; tum the stirrer off_{f

the reading changes
oneonwggtemhsofa unit).ﬁne(:y ’
problem

« I, while stirring, there is a fair amount
of noise {variation in the reading), and
turning the stirring motor down to a
slower roduces the amount 0‘ ’
noise, it is gafe to assume that thereis 2

if the reforence elactrode is so dirty that
it is completely occluded. it may be just
like an open circu it. it this is the case, it
exhibits the typical slow, never-ending
drift. There are a number of other

 sourcas of this same probiem (including

the electroda’s not being plugged into
the metert), such as: broken Wires within
the pH or reference electrode; a broken
jead wire from the pH ot reference
electrode; or an open circuit within thgw




