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REPLACEABLE MEMBRANE

FLUORIDE ION ELECTRODES
INSTRUCTION MANUAL

GENERAL | NSTRUCTI ONS

| nt roducti on

The Fluoride lon Electrodes are used to quickly, sinply,
accurately, and econonically nmeasure fluoride ions in aqueous
sol utions. The primary advantage of combination ion-selective
probes with replaceable sensing membranes is that when the
sensing membrane fails or loses performance for whatever cause,
it can be immediately replaced without discarding any other
portion of the combination electrode. This results in time and
cost savings.

Another distinct advantage of this replaceable membrane
design is that when the sensing membrane fails or loses
performance for whatever cause, membrane replacement has no
unfortunate side effects on the performance of the reference
electrode. There 1is no danger of reference electrolyte leakage
upon replacing the membrane. The membrane replacement assembly is
separated from the reference electrolyte/reference Jjunction so
that the membrane may be replaced without disturbing the reference
electrolyte solution.

Yet another advantage of these ISE probes is the option of
interchangeable sensing membranes, where one can select a membrane

for a particular analytical ion. A single combination ISE body
can be used to measure a variety of analytical ions by simple
replacement of the membrane cartridge. This offers benefits in

multiple ion analysis whereby an electrode kit containing wvarious
replaceable membranes can be made available for the analysis of
different ions done on an occasional basis.

Requi red Equi pnent

1. A pHnV neter or an ion neter, either line operated or
portabl e.



2. Sem -logarithmc 4-cycle graph paper for preparing
calibration curves when using the neter in the nV node.

3. A magnetic stirrer.

4. The Repl aceable Menbrane Fluoride Conbination 1on
El ectr ode.

Requi red Sol utions

1. Deionized or distilled water for solution and standard
prepar ati on.

2. Fl uoride Standard, 1000 ppm F1. To prepare this solution from
your own |aboratory stock, half fill a one liter volunetric
flask with distilled water and add 2.21 grans of reagent-
grade sodi um fluori de. Swirl the flask gently to dissolve
the solid. Fill the flask to the mark with distilled water,
cap, and upend several times to mx the solution.

3. Total lonic Strength Adjuster Buffer, TISAB 1(1 Gllon).
TISAB 1 is used to adjust the pH of the solution, de-conplex
fluoride and provide a constant background ionic strength.
To prepare this solution fromyour own |aboratory stock, half
fill a four liter beaker with distilled water. Pl ace the
beaker on a magnetic stirrer, add a large stirring bar, and
begin stirring. Slowy add 230 m of concentrated acetic
acid, 232 grans of reagent-grade sodium chloride, and 16
grans of reagent-grade CDTA. After the solids have
di ssolved, allow the solution to cool to room tenperature.
Slowy add 150 grans of reagent-grade sodium hydroxide.
After the solids have dissolved, allow the solution to cool
to roomtenperature. Calibrate a pH el ectrode and adjust the
pHto 5.25 with small addition of 5 MNaOH Fill to the mark
with distilled water.

GENERAL PREPARATI ON

El ectrode Preparation

Renove the black protective cap covering the electrode tip and
| ower the rubber insert covering the filling hole of the reference
chanber to expose the fill hole. Fill the conbination el ectrode



with the reference filling solution shipped with the electrode to
a level just below the fill hole. Gently shake the electrode
downward in the same manner as a clinical thermometer to remove
any air Dbubbles, which might be trapped behind the fluoride
membrane. Prior to first wusage, or after 1long-term storage,
immerse the fluoride electrode in fluoride standard for thirty
minutes. The electrode is now ready for use.

Connecting the Electrode to the Meter

Connect the electrode to the meter according to the meter
manufacturer's instructions. No external reference electrode is
required. To prevent air entrapment, mount the electrode at a 20°
angle from the vertical.

Electrode Slope Check (with standard pH/mV meter)

(check electrodes each day)
A small hole of any size around the membrane seal or breakage of
the membrane causes failure of the electrode. It is recommended
to check the membrane on every newly assembled electrode.

1. To a 150 m plastic beaker, add 50 ml of distilled water and
50 mM of TISAB. Place the beaker on a magnetic stirrer and
begin stirring at a constant rate. After assuring that the
neter is in the mllivolt node, |ower the electrode tips into
t he sol ution.

2. Using a pipet, add 1 m of 0.1M 1000 ppm or 100 ppm
fluoride standard to the beaker. Wen the reading has
stabilized, record the nV readi ng.

3. Using a pipet, add 10 ml of the same fluoride standard used
above to the beaker. Wen the reading has stabilized, record
t he nV reading.

4. Determne the difference between the two readings. The
electrode is operating correctly if the mllivolt potenti al
has changed by 57+2nV, assumng the solution tenperature is
bet ween 20° and 25°C. See the TROUBLESHOOTI NG section if the
potential change is not within this range.

Slope is defined as the change in potential observed when the



concentration changes by a factor of 10.

El ectrode Sl ope Check (with ion neter)

(check el ectrodes each day)

A small hole of any size around the membrane seal or breakage of
the membrane causes failure of the electrode. It is recommended
to check the membrane on every newly assembled electrode.

1.

Prepare standard fluoride sol utions whose concentrations vary
by tenfold. Use either the 0.1M 1000 ppm or 100 ppm
fluoride standard. Use the serial dilution nethod for this
pr eparati on.

To a 150 ml beaker, add 50 mi of the |ower value standard and
50 mM of TISAB. Place the beaker on the magnetic stirrer and
begin stirring at a constant rate. Lower the electrode tips
into the solution. Assure that the neter is in the
concentrati on node.

Adjust the neter to the concentration of the standard and
fix the value in the nenory according to the neter
manuf acturer's instructions.

Rinse the electrodes wth distilled water and blot dry.

To another 150 m beaker, add 50 m of the higher value
standard and 50 m of TISAB. Place the beaker on the
magnetic stirrer and begin stirring at a constant rate. Lower
the electrode tips into the sol ution.

Adjust the nmeter to the concentration of the standard and fi x
the value in the nenory.

Read t he el ectrode sl ope accordi ng to the net er
manuf acturer's instructions. Correct electrode operation is
i ndicated by a slope of 90-100% See the TROUBLESHOOTI NG
section if the slope is not within this range.

Changing the Membrane Cartridge (when necessary)

1. Unscrew the bottom cap from the outer body. Remove

the old membrane cartridge from the bottom cap by pushing out
the cartridge with the tool provided with the electrode.

2. Insert the new membrane cartridge into the bottom cap



by pushing in the cartridge using the opposite end of the tool
until it seats.

3. Invert the outer body and check that there is inner
filling solution inside the center chamber. Using the syringe
provided, fill the center chamber with inner filling solution if
necessary.

4. Place the bottom cap onto the outer body threads and
screw the bottom cap onto the outer body until fingertight.
Check that the assembled cap is not leaking at the bottom of the
electrode or else repeat the above steps.

5. Gently shake the electrode downward in the same manner as a
clinical thermometer to remove any air bubbles which might be
trapped behind the fluoride membrane. Immerse the fluoride
electrode in fluoride standard for thirty minutes. The electrode
is now ready for use.

6. Connect the electrode to the meter and repeat the electrode
slope check

MEASUREMENT
Measuring Hints

Al'l samples and standards should be at the sane tenperature for
preci se measurenent. A difference of 1°C in tenperature wll
result in a 2% neasurenent error.

Constant, but not violent, stirring is necessary for accurate
nmeasur enent . Magnetic stirrers can generate sufficient heat to
change the solution tenperature. To counteract this effect, place
a piece of insulating material, such as a styrofoam sheet, between
the stirrer and the beaker.

Always rinse the electrodes with distilled water and blot dry
bet ween neasurenents. Use a clean, dry tissue to prevent cross-
cont am nati on.

For sanples with high ionic strength, prepare standards whose
conposition is simlar to the sanple.

Al ways check to see that the nenbrane is free from air bubbles
after inmrersion into standard or sanple.



Sanpl e Requi renents

Al'l sanples nust be aqueous and not contain organics that can
di ssolve the epoxy electrode body and/or the cenent bonding the

sensing crystal to the electrode body. I norganic solutions wll
not affect the electrode. I nfrequent neasurenents in solutions
contai ning methanol, acetone, or dioxane are permtted. H ghly

pol ar solvents, such as CHO s or DWF, should not be contained in
t he sanpl es.

The addition of TISAB to sanples and standards will adjust the pH
to 5.0-5.5. Sanples nmust be above pH 5 to avoid form ng conpl exes
with hydrogen ions and below pH 7 to avoid interference by
hydr oxi de i ons.

The tenperature of the standard solutions and of the sanple
sol utions should be the sane and bel ow 80°C.

The use of TISAB 1 also preferentially forns conplexes wth
alum num and with iron, breaking the conplexes that fluoride forns
with these ions. Wth 1 ppm fluoride present, up to 3-5 ppm
alum num or iron is conplexed. If higher levels of alumnum or
iron are present, use TISAB 3.

Units of Measurenent
Fluoride concentrations are neasured in units of ppm as fluoride,
noles per liter, or any other convenient concentration wunit.

Table 1 indicates sone concentration units and conversi on factors.

TABLE 1: Concentration Unit Conversion Factors

ppm F! nol es/liter
190.0 1.0X10-2M
19.0 1. 0X10-3M
1.9 1. 0X10-4M

MEASURENMENT PROCEDURE
D rect Measurenent
Direct neasurenent is a sinple procedure for neasuring a |arge

nunber of sanples. A single neter reading is all that is required
for each sanple. The ionic strength of sanples and standards



shoul d be nade the sane by adjustnment with TISAB for all fluoride
sol utions. The tenperature of both sanple solution and standard
solution should be nade the sane.

Direct Measurenent of Fluoride (using a pH nmV neter)

1

By serial dilution, prepare three standard solutions fromthe
0.1M 1000 ppm or the 100 ppm stock standard. The resultant
concentrations should be 10-2M 10-3M and 10-“M or 100, 10
and 1 ppm Add 50 M of TISAB 1 or TISAB 3 to each 50 m of
standard. When calibrating, assume that the added Tl SAB has
no effect on the standard concentration.

Place the nost dilute solution on the nmagnetic stirrer and
begin stirring at a constant rate. After assuring that the
neter is in the nV node, lower the electrode tips into the
sol uti on. After the reading has stabilized, record the nV
readi ng.

Place the md-range solution on the nagnetic stirrer and
begin stirring. After rinsing the electrodes with distilled
water, blot dry, and inmerse the electrodes in the sol ution.
When the reading has stabilized, record the nV val ue.

Pl ace the nobst concentrated solution on the nmagnetic stirrer
and begin stirring. After rinsing the electrodes wth
distilled water, blot dry, and imerse the electrodes in the
solution. Wen the nV reading has stabilized, record the nV
val ue.

Using the sem -logarithmc graph paper, plot the nV reading
(linear axis) against the concentration (log axis).
Extrapol ate the curve down to about 1.0X1-5M A typica
calibration curve can be found in Figure 1

To a clean, dry, 150 m plastic beaker, add 50 m of sanple
and 50 m of TISAB 1 or TISAB 3. Pl ace the beaker on the
magnetic stirrer and begin stirring. Rinse the electrodes
with distilled water, blot dry, and |ower the electrode tips
into the solution. Wen the reading has stabilized, record
the nV reading. Using the calibration curve, determne the
sanpl e concentration

The calibration should be checked every 1-2 hours. Assum ng
no change in anbient tenperature, place the electrode tips in



the m d-range standard. After the reading has stabilized
conpare it to the original reading recorded in Step 3 above.
A reading differing by nore than 0.5 nV or a change in the
anbi ent tenperature will necessitate the repetition of Steps
2-5 above. A new calibration curve should be prepared daily.

Direct Measurenent of Fluoride (using an ion neter)

1

By serial dilution of the 0.1M 1000 ppm or 100 ppm fl uoride
standard, prepare two fluoride standards whose concentration
Is near the expected sanple concentration. Add 50 m of
TISAB 1 or TISAB 3, to each 50 nml of standard. When
calibrating, assume that the added TI SAB has no effect on the
standard concentrati on.

Place the nore dilute solution on the nmagnetic stirrer and
begin stirring at a constant rate. Assure that the neter is
In the concentration node.

Lower the electrode tips into the sol ution.

Adjust the meter to the concentration of the fluoride
standard and fix the value in the nenory according to the
meter manufacturer's instructions after stabilization of the
readi ng.

Rinse the el ectrodes with distilled water and bl ot dry.

Pl ace the nore concentrated solution on the nmagnetic stirrer
and begin stirring at a constant rate.

Lower the electrode tips into the sol ution.

Adjust the neter to the concentration of the fluoride
standard and fix the value in the nmenory according to the
manuf acturer's instructions after stabilization of the
r eadi ng.

For low |[evel nmeasur enent s, place the rinsed, dried
electrodes into a solution containing equal volunmes of
distilled water and TISAB 1 or TISAB 3 (or add 10 m of
TISAB-2 to each 100 m of distilled water). Af ter
stabilization, fix the blank value in the neter according to
the nmeter manufacturer's instructions.



10. After rinsing the electrodes and blotting dry, place the
electrode tips into the sanple diluted wth an equal vol une
of TISAB 1 or TISAB 3. After stabilization, read the
concentration directly fromthe neter display.

11. The calibration should be checked every 1-2 hours. Assuni ng
no change in anbient tenperature, place the electrode tips in
the first fluoride standard. After the reading has
stabilized, conpare it to the original reading in Step 4
above. A reading differing by nore than 0.5 nV or a change
in anbient tenperature wll necessitate repetition of Steps
2-8 (2-9) above. The neter should be re-calibrated daily.

Direct Measurenment of Fluoride in Water (ASTM D1179, METHCD B)

The procedure is used to determne total fluoride concentration in
water in ppm TISAB is added to standards and to sanples in order
to break fluoride conplexes of iron and al um num adjust the pH,
and provide a constant ionic strength. Fl uoride sanple
concentration is determned, using this nethod, independent of the
| evel or nature of dissolved mnerals.

Prepare 2, 1, and 0.5 ppmfluoride standards by serial dilution of
the 100 ppm fluoride standard. To each 50 ml of standard, add 50
m of TISAB 1 or TISAB 3. Calibrate the neter as previously
described by wusing the 2, 1, and 0.5 ppm standards. The
calibration curve should be drawn on sem-logarithmc 2-cycle
graph paper or use an ion neter.

Direct Measurenent of Fluoride in Acid Sol utions

Hydrogen ion conplexes a portion of the fluoride ion in solutions
with a pH below 5, formng HF or HF>1, which cannot be detected by
t he el ectrodes. Adjustnment to weakly acidic/wakly basic range
before making the fluoride determnation is necessary, but not
with strongly basic solutions. The use of sodium acetate buffers
the pH above 5 and helps fix the total ionic strength of standards
and sanples to the sane | evel.

1. Di ssol ve reagent grade sodium acetate (CHsCOONa) in distilled
water to prepare a 15% solution. Prepare a sufficient
quantity to dilute all standards and sanpl es.



2. Prepare a blank solution containing all conponents of the
sanpl e except fluoride. This solution will be used to prepare
st andar ds.

3. Add fluoride to the blank solution to prepare standards in
the concentration range of the unknown solutions. |[If using a
standard pH W neter, prepare three standards and a
calibration curve as previously described. If an ion neter
Is used, only two standards are necessary. Add 9 parts of
sodium acetate to each 1 part of standard. Fresh standards
shoul d be prepared every two weeks if the standard contains
| ess than 10 ppm fl uori de.

4. Calibrate the electrodes as described in the section
El ectrode Sl ope Check.

5. After diluting each unknown sanple 10:1 with sodium acetate
(as in 3 above), neasure the nV potential and determ ne the
fluoride concentration.

Direct Measurenent of Fluoride in Al kaline Solutions

Hydroxide ions interfere with fluoride neasurenents in basic
solutions with a low fluoride content. At a fluoride concentration
|l ess than 1.0X10-4M and at a pH of 9.5 or above, the electrode
potential reading, caused by the concentration of both hydroxide
and fluoride ions, is higher than it would be if fluoride alone
were present. (See section entitled pH Effects.)

Using a 4M buffered potassi um acetate solution to adjust the pHto
between 5 and 6 elimnates hydroxide ion error and raises the
total ionic strength of both standards and sanples to the sane
value. The fluoride ion concentration can be determned in the
usual manner after both standards and sanples are diluted 10:1
with the buffer solution.

1. To prepare a 4M buffered potassi um acetate sol ution, add one
part of distilled water, slowy, to two parts of 6M acetic
acid, CHCOOH, in a |large beaker surrounded by a water bath.
Slowy add 50% KOH solution to the acetic acid mxture, with
constant stirring, until a pH of 5 is reached. Prepare
enough buffer to dilute all standards and sanples 10: 1.



2. Followwng the directions given in the preceding section

(Determ nation of Fluoride in Acid Solutions), prepare
standards, calibrate the electrodes and neasure the unknown
sanpl es.

Low Level Fluoride Measurenents (using a pH nV neter)

Use the following |ow | evel fluoride measurenment procedure in the
non-linear portion of the calibration curve. (See Figure 1.)
This procedure is used for fluoride sanples containing |ess than
2X10-5M or 0.4 ppm fluoride and containing no fluoride conplexing
agents. Use low level TISAB 2 for both sanples and standards. A
| onger response tinme should be expected for low level fluoride
nmeasur enent s.

1. By serial dilution, prepare a 1.0X10-3M or 10 ppm fluoride
standard by diluting the 0.1M 1000 ppm or 100 ppm standard
solution. Add 50 ml low level TISAB 2 to 50 ml of standard
sol uti on.

2. Using a 150 m beaker, add 50 ml of distilled water and 50 ni
of low level TISAB 2. Pl ace the beaker on the nagnetic
stirrer and begin stirring at a constant rate. Lower the
el ectrode tips into the solution. Assure that the neter is
in the nV node.

3. Increments of the standard should be added to the beaker
according to the steps outlined in Table 2 below. After the
readi ng stabilizes, record the nV reading for each addition.

TABLE 2: Low Level Measurenent Calibration Curve

ADDED CONCENTRATI ON
STEP PIPETTE VOLUME () ppm M
1 A 0.1 0.01 1. 0X10-¢
2 A 0.1 0.02 2. 0X10-8
3 A 0.2 0. 04 4. 0X10-6
4 A 0.2 0. 06 6. 0X10-6
5 A 0.4 0. 10 1. 0X10-5
6 B 2.0 0. 29 2. 9X10-5
7 B 2.0 0. 48 4. 8X10-5

Pi pet A
Pi pet B

1 m graduated pipet
2 m pipet



Solutions: additions of standard/ TISAB 2 to 50 m of distilled
water and 50 i of low |l evel TISAB 2.

4. On sem-logarithmc graph paper, plot the concentration (I og
axis) against the mllivolt reading (linear axis) as in
Figure 1. Keep the final solution for checking the el ectrode
cal i brati on.

5. To a 150 m plastic beaker, add 50 m of sanple and 50 m of
| ow | evel TISAB 2. Pl ace the beaker on a nmgnetic stirrer
and begin stirring. After rinsing the electrodes and
blotting dry, place the electrode tips into the solution.
After stabilization of the reading, read the nV potential and
determne the concentration from the calibration curve. A
new low level calibration curve should be prepared daily
usi ng fresh standards.

Low Level Fluoride Determnation (using an ion neter)

Follow the previous procedure for fluoride nmeasurenments with an
ion neter, except use low level TISAB 2 instead of TISAB 1 or
TI SAB 3. Always use the blank correction.

Titration

Titration is a very accurate determnation of fluoride. The
Fluoride lon Electrode can be used as highly sensitive endpoint
detectors for titrations of a fluoride-containing sanple. Though
titrations are nore time consumng than direct ion neasurenents,
the results are nore accurate and reproducible. Titrations
accurate to +0.2% of the total fluoride concentration of the
sanple can be perfornmed using |lanthanum nitrate as the titrant.
Total fluoride concentration should be at Ieast 1.0X10-3M for
endpoi nt det ecti on. Low results are given if alumnum iron, or
trivalent chromumis present at a |level of 1% or higher.

Special titration procedures for alum num lithium |anthanum and
thorium al so nmakes use of the fluoride electrode as an endpoint
I ndi cat or.

Titration Procedure for Fluoride Determni nation
1. Dissolve 43.3 grans of reagent grade |anthanum nitrate,

La(NG) 36H0O, in about 500 m distilled water in a 1 liter
volunetric plastic flask. Fill to the mark with distilled



wat er . This 0.1M | ant hanum solution will be used for al
titrations.

Using the 0.1M fluoride standard, standardize the |anthanum

nitrate by titration. To a 150 m plastic beaker, add
approximately 9.0 m of fluoride standard (accurately
nmeasured) and about 50 m of distilled water. Pl ace the

beaker on the magnetic stirrer and begin stirring. Lower the
el ectrode tips into the solution

Using a 10 m plastic burette, add the La(N3)s titrant in
0.5-1.0 m increnents. Record the nV reading against the

volume of titrant added. As the nmV potential change
i ncreases, add smaller increnents, down to 0.1-0.2 ni
I ncrenent s. Continue to add titrant and record the nV
potential against the volume until little change is noted in

the nV readi ng even when adding 0.5-1.0 m increnents.

Using linear graph paper, plot the nV readings (y-axis)
agai nst the volune (x-axis). The end-point is determ ned as
the steepest slope on the titration curve. Record the
endpoi nt .

[o]

Vi

To a 150 nm plastic beaker, add approximately 9.0 m of
sanple solution (accurately neasured) and about 50 m of
distilled water. Place the beaker on a nagnetic stirrer and
begin stirring. Lower the rinsed, dried electrode tips in
t he sol ution.

Titrate the sanple as in step 3 above. The endpoint is
denoted as «
Vi

Cal cul ate the sanple concentration, G

Vi Vi

x
o

Vi Vi



wher e:

concentration of sanple

fluoride standard concentration (0.1M

xpo px

Vi = volunme of titrant added to achieve the
0 endpoi nt of unknown sanpl e

Vi = volune of titrant added to achieve the
endpoi nt in standardi zati on

X

Vi = volune of sanple used in sanple titration
[e]
Vi = volunme of standard used in standardization
titration.

A typical titration curve is shown in Figure 2.

ELECTRODE CHARACTERI STI CS
Reproduci bility

El ectrode neasurenents reproducible to +2% can be obtained if the
el ectrode is calibrated every hour. Factors such as tenperature
fluctuations, drift, noise, and variations in illumnation limt
reproduci bility. Reproduci bility is independent of concentration
within the el ectrode's operating range.

| nterferences

The hydroxide ion, OH!, is an electrode interference. Anions that
make the sanple nore basic, such as COs2 or POy3 would increase
the OH! interference, but do not interfere with direct electrode
operati on. O her anions commonly associated with fluoride, such
as G-t Br-t |-, SO/2, HCOs:, NO 1, and acetate, do not interfere
with correct electrode operation. Most cations do not interfere
with the response of the fluoride electrode to fluoride ion.



Conpl exati on

Hydrogen ion, as well as some other nultival ent cations, alum num
silicon, iron+3, wll form conplexes with fluoride. The tota
ionic strength of the solution, the pH of the solution, the tota
fluoride concentration, and the concentration of the conplexing
agent all contribute to the degree of conplexation. TISAB 1 and
TISAB 2 conplex about 5 ppm alumnumor iron in a 1 ppm fluoride
solution. TISAB 3 conpl exes higher levels of iron and al um num

Tenperature | nfluences

Sanpl es and standards should be within +1°C of each other, since
el ectrode potentials are influenced by changes in tenperature.
Because of solubility equilibria on which the el ectrode depends,
the absolute potential of the reference electrode changes slowy
with tenperature. The slope of the electrode, as indicated by the
factor "S" in the Nernst equation, also varies with tenperature.
Table 3 gives values for the "S" factor in the Nernst equation for
the fluoride ion.

TABLE 3: Tenperature vs. Values for the El ectrode Sl ope

Te °C 'St

0 54. 20

10 56. 18

20 58. 18

25 59. 16

30 60. 15

40 62. 13

50 64. 11
The tenperature range for the Fluoride lon Electrode is 0° - 80°C,
provided that tenperature equilibrium has occurred. Only
intermttent use is recommended at tenperatures from 80°-100°C. |f

the tenperature varies substantially from room tenperature
equilibriumtines up to one hour are reconmended.

El ect rode Response

Plotting the electrode nV potential against the fluoride
concentration on sem-logarithm c paper results in a straight l|ine
with a slope of about 57 nV per decade. (Refer to Figure 1.)



The tine needed to reach 99% of the stable electrode potential
reading, the electrode response tine, varies from one mnute or
less in highly concentrated solutions to several mnutes near the
detection limt. (Refer to Figure 3.)

A drifting potential reading or a decrease in electrode slope may
nmean that the el ectrode nenbrane needs poli shing.

To polish the nenbrane:

1. I f using polishing paper, cut off a 1-2" piece and place it
face up on the |ab bench.

2. Put a few drops of distilled or deionized water in the
center of the paper.

3. Unscrew the bottom cap from the outer body. Remove the
membrane cartridge from the bottom cap by pushing out the
cartridge with the tool provided with the electrode.
Holding the paper (cotton) steady with one hand, bring the
membrane of the electrode down perpendicular to the paper
and, with a slight swirling motion, gently polish the tip
of the electrode against the surface of the polishing paper
(cotton) for a few seconds.

4. Insert the membrane cartridge into the bottom cap by pushing
in the cartridge using the opposite end of the tool until it
seats. Place the bottom cap onto the outer body threads and
screw the bottom cap onto the outer body until fingertight.
Rinse the electrode surface with distilled or deionized water
and soak the electrode tip in standard solution for about
five mnutes before use.

5. If using jeweler’s rouge, place a cotton ball on the table
top and flatten it using the bottomof a beaker.

6. Put 1-2 drops of distilled or deionized water in the center
of the cotton pad.

7. Add a small anount of jeweler’s rouge to the danp cotton

8. Continue with Steps 3 and 4 above.



Limts of Detection

Fl uoride concentration down to 1.0X10-5M (0.02 ppm fluoride can be
nmeasured in neutral solutions. Since sanple contam nation can be
a factor in low level fluoride neasurenents, care must be taken in
maki ng determ nations below 1.0X10-5M The upper Iimt of
detection is a saturated fluoride solution.

pH Effects

Hydrogen conpl exes a portion of fluoride in solution, formng the
un-di ssociated acid HF and the ion HF! in acid solutions with a
pH below 5. The proportion of free fluoride ion in acid solutions
I's shown in Figure 4.

When the level of hydroxide is greater than one-tenth the |evel of
fluoride ion present, hydroxide ion interferes with electrode
response to fluoride. As an exanple, no hydroxide interference
with fluoride mnmeasurenments take place at pH 7 when the hydroxide

concentration is 1.0X107 or |ess. As the pH increases, the
hydroxi de interference becones appreciable. At pH 10, the
hydroxi de ion concentration is 1.0X10-4M and no error is found in
measurenents of 1.0X10-2M fl uori de. At the sanme hydroxide ion
concentration and a fluoride concentration of 1.0X10-M about a
10% neasurement error appears. At a fluoride concentration of

1. 0X10-5M consi derable error exists in a pH 10 solution. Figure 5
Illustrates these errors.

The addition of TISAB 1 or TISAB 2 to all fluoride sanples and
standards buffers the pH between 5.0-5.5 to help avoid hydroxide
interferences or the formation of hydrogen conpl exes of fluoride.
TISAB 3 adjusts the pH to about 8.5 and should not be used for
very |l ow | evel neasurenents.



El ectrode Life

The fluoride electrode will last six nonths in normal |aboratory
use. On-line nmeasurenments m ght shorten operational lifetine to
several nonths. In tinme, the response tinme will increase and the
calibration slope wll decrease to the point calibration is
difficult and el ectrode replacenent is required.

El ectrode Storage

The fluoride electrode may be stored for short periods of tinme in
1.0X10-2M fl uori de solution with TlISAB added. For | onger storage
(longer than two weeks), rinse and dry the sensing pellet and
cover the nmenbrane tip with any protective cap shipped with the
el ectrode. The reference portion of the conbination el ectrode (or
t he outer chanber of the reference el ectrode) should be drained of
filling solution, if refillable, and the rubber insert placed over
the filling hole. The fluoride electrode should never be stored
in distilled water.

ELECTRODE THEORY
El ectrode Operation
The Fluoride lon Electrode consist of a single crystal of

| ant hanum fluoride as the nenbrane, bonded into a glass or an
epoxy body. Only fluoride ions are nobile in the ionic conductor

crystal . When the nmenbrane cones in contact with a solution
containing fluoride 1ions, a potential develops across the
menbr ane. This potential is measured against an external (or

internal) constant reference potential with a standard pH nV neter
or an ion neter and depends on the level of free fluoride ions in
the solution. The Nernst equation describes the |evel of fluoride
ions in the solution corresponding to the neasured potenti al :

E = E- Slog X
where: E = neasured el ectrode potenti al
Eo. = reference potential (a constant)
S = -electrode slope (-57 nV/ decade)
X = level of fluoride ions in solution



The activity, X, represents the effective concentration of free
fluoride ions in the solution. Total fluoride concentration,
may i nclude sone bound as well as free fluoride ions. Since the
electrode only responds to free ions, the concentration of the
free ions, Cf, is found by:

c = - O

where Cb represents the concentration of all bound or conpl exed
fluoride ions.

The activity is related to the free ion concentration, C, by the
activity coefficient, & by:

X = aG

Activity coefficients vary, depending on total ionic strength, I,
defined as:
I = 1/2 @ CiZy2

wher e: Cc = concentration of ion X
Z, = charge of ion X

O = sumof all of the types of ions in
t he sol ution

In the case of high and constant ionic strength relative to the
sensed ion concentration, the activity coefficient, & 1is constant
and the activity, X is directly proportional to the
concentrati on.

Al'l sanples and standards containing fluoride ions have TISAB
added so that the background ionic strength is high and constant
relative to variable concentrations of fluoride. The recomended
| SA for the fluoride electrode is TISAB though simlar solutions
can be used as long as they do not contain ions that would
interfere with the el ectrode's response to fluoride.

The reference electrode nust also be considered. When two
solutions of different conposition are brought into contact wth
one anot her, liquid junction potentials arise. MIllivolt
potentials occur from the inter-diffusion of ions in the two
solutions. Electrode charge will be carried unequally across the
solution boundary resulting in a potential difference between the
two solutions, since ions diffuse at different rates. Wen making
measurenents, it is inportant to remenber that this potential be
the sane when the reference is in the standardizing solution as



well as in the sanple solution or the change in liquid junction

potential wll appear as an error in the neasured electrode
potenti al .

The conposition of the liquid junction filling solution in the
reference electrode is nost inportant. The speed with which the
positive and negative ions in the filling solution diffuse into
the sanple should be equitransferent. No junction potential can

result if the rate at which positive and negative charge carried
into the sanple is equal

TROUBLESHOOTI NG GUI DE

The goal of troubleshooting is the isolation of a problem through
checking each of the system conponents in turn: the neter, the

plastic-ware, the electrodes, the standards & reagents, the
sanpl e, and the technique.

Met er

The nmeter may be checked by follow ng the check-out procedure in
the instrunent instruction nanual .

Pl astic-ware

Clean plastic-ware is essential for good neasurenent. Be sure to
wash the plastic-ware well with a mld detergent and rinse very
well with distilled or deionized water.

El ect r odes

The el ectrodes may be checked by using the procedure found in the
sections entitled El ectrode Sl ope Check.

1. Be sure to use distilled or deionized water when follow ng
t he procedures given in El ectrode Sl ope Check.

2. If the electrode fails to respond as expected, see the
sections Measuring H nts and El ectrode Response. Repeat the
sl ope check.

3. If the electrodes still fail to respond as expected, replace



the membrane cartridge outlined in the section Changing the
Membrane Cartridge.

4. If the problem persists, the reagent may be of poor quality,
interferences in the sanple may be present or the technique
may be faulty. (See Standards & Reagents, Sanple, and
Techni que sections bel ow. )

5. Revi ew the instruction manual and be sure to:

- Clean and rinse the el ectrodes thoroughly.

- Prepare the el ectrodes properly.

- Use the proper filling solution

- Adjust the pH and the ionic strength of the solution by t he
use of the proper TISAB

- Measure correctly and accurately.

- Revi ew TROUBLESHOOTI NG HI NTS.

St andards & Reagents

Whenever problens arise with the neasuring procedure that has been
used successfully in the past, be sure to check the standard and
reagent sol utions. If in doubt about the credibility of any of
the solutions, prepare them again. Errors may result from
contam nation of the TISAB, incorrect dilution of standards, poor
quality distilled/deionized water, or a sinple nmathematica

m scal cul ati on

Sanpl e

Look for possible interferences, conplexing agents, or substances
which could affect the response or physically danmage the sensing
electrode (or the reference electrode) if the electrodes work
perfectly in the standard, but not in the sanple.

Try to determne the conposition of the sanples prior to testing
to elimnate a problem before it starts. (See Measuring Hints,
Sanpl e Requirenents, and Interferences.)

Techni que
Be sure that the electrode's limt of detection has not been

exceeded. Be sure that the analysis nmethod is clearly understood
and is conpatible wth the sanple.



Refer to the instructi on nanual

agai n.

and ELECTRODE CHARACTERI STI CS.

TROUBLESHOOTI NG HI NTS
Synpt om

Qut of Range
Readi ng

Noi sy or Unstabl e
Readi ngs (readi ngs
conti nuously or
rapi dly changi ng)

Possi bl e Causes

defective neter

def ecti ve
el ectrode

el ectrodes not
pl ugged in properly

ref erence el ectrode
not filled

air bubbl e on
menbr ane

el ect rodes not
in solution

defecti ve neter

air bubbl e on
menbr ane

Tl SAB not used

meter or stirrer
not grounded

defecti ve el ectrode

el ectrode exposed
to interferences

Rer ead CGENERAL PREPARATI ON

Next Step

check nmeter with
shorting strap
(see neter

i nstruction manual )

repl ace nmenbrane
cartridge

unpl ug el ectrodes
and reseat

be sure reference
electrode is filled

renove bubbl e by
re-di ppi ng el ectrode

put el ectrodes
in solution

check nmeter with
shorting strap
renove bubbl e by
re-di ppi ng el ectrode

use recomended TI SAB

ground neter or
stirrer

repl ace nmenbrane
cartridge

soak electrode in
fl uori de standard
w th added Tl SAB



Drift (reading
sl owl y changi ng
in one direction)

Low Sl ope or
No Sl ope

"I ncorrect Answer"”
(but calibration
curve i s good)

sanpl es and standards
at different
t enper at ur es

el ectrode exposed
to conpl exi ng

agent s
i ncorrect reference
filling solution

st andar ds cont am n-
ated or incorrectly
made

Tl SAB not used

standard used as
Tl SAB

el ectrode exposed
to conpl exi ng
agents

air bubbl e on
menbr ane

i ncorrect scaling
of sem -1 o0g paper

i ncorrect sign

i ncorrect standards

al l ow solutions to
cone to roomtenper-
ature before

nmeasur enent

check section
entitled
Conpl exat i on

use recomended
filling solution

prepare fresh
st andar ds

use recomended TI SAB

use Tl SAB

check section
entitled
Conpl exat i on

renove bubbl e by
re-di ppi ng probe

plot mllivolts on
the linear axis. n
the log axis, be

sure concentration
nunbers within each
decade are increasing
wi th increasing
concentration

be sure to note sign
of mllivolt nunber
correctly

prepare fresh
st andar ds



wong units used apply correct
conversion factor:
10-3M = 19 ppmas F -t

conpl exi ng agents check section
in sanple entitled
Conpl exat i on

SPECI FI CATI ONS

Concentration Range: saturated solutions to 1.0X10-¢M
(saturated solutions to 0.02 ppn)

pH Range: 5to 7 at 1.0X100°M Ft (0. 02 ppm F1)
5to 11 at 1.0X10-*M F1 (1900 ppm F1)
Tenper at ure Range: 0° to 80°C
(80° to 100°C intermttent use)
Resi st ance: 150- 200 kohm
Reproduci bility: +2%
Si ze: 110 mm | ength

12 mm di anet er
1 m cable length

St or age: in fluoride standard with TI SAB added
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