Application Bulletin 83/5 e

L2 Metrohm

Determination of sodium with the ion-selec-

tive electrode

Of interest to:

General analytical laboratories; Water analysis; Pharmaceutical industry; Food analysis

A1,2,4,7,12,16

Summary

The determination of sodium with the sodium ISE
represents a selective, rapid, accurate and favorably
priced method, which is described in this Bulletin.
Examples are used to show how determinations can
be carried out with the 692 pH/lon Meter using either
direct measurement or the standard addition tech-
nique. The sodium concentration has been determined
in standard solutions, water samples (tap water, min-
eral water, waste water), foodstuffs (spinach, baby
food) and urine.

The construction, working principles and areas of ap-
plication of the two Metrohm ion-selective sodium
electrodes — the 6.0501.100 glass membrane ISE and
the 6.0508.100 polymer membrane ISE — are ex-
plained in detail.

Theory

The activity of ions can be determined by means of
ion-selective electrodes. In very dilute solutions the
activity corresponds approximately to the concentration
of the respective ion.

The fact that in an ideal case ISEs only respond to a
particular type of ion means that it is possible to spec-
ify the present form of bonding of an ion and to deter-
mine it selectively (examples: selective determination
of a particular oxidation state of an element; deter-
mination of free metal ions in the presence of com-
plexly bound metal ions).

However, ion-selective electrodes that have no cross-
sensitivity towards ions that are chemically similar do
not exist. ISEs can therefore not be said to be specific.

The use of the two ion-selective sodium elec-
trodes

The measuring range of the glass membrane ISE lies
between 1 x 10 and 1 mol/L Na* (corresponds to
0.23 mg/L ... 22.99 g/L Na*). Even lower Na* concen-
trations can be determined with the polymer mem-
brane ISE: down to 5 x 107 mol/L (0.11 mg/L).

The 6.0501.100 glass membrane ISE is primarily used
for samples with a difficult matrix (fruit and vegetable
juice; samples containing chlorate, perchlorate and/or
chloroacetate ions).

The 6.0508.100 polymer membrane ISE is recom-
mended for the analysis of water samples (ultrapure,
rain, ground, surface and drinking water) and for acidic

samples containing fluoride, fluoroborate or fluorosili-
cate ions.

6.0501.100 glass membrane ISE

Construction of the electrode

The electrode shaft and membrane are made of glass.
The selectivity for Na* ions is determined by the com-
position of the glass membrane.

Composition and conditioning of the membrane

The glass membrane (composition: Li2O-Al,03-SiOy) is
immersed in water before use; this generates a gel-like
hydrated silicic acid layer.

Working principle

In aqueous solution, cations are removed from the
outer hydrated layer and replaced by Na* ions from the
sample. This creates a potential at the boundary layer
between the sample solution and the membrane that
depends on the activity of sodium.

ISA solutions

ISA is the abbreviation for lonic Strength Adjustor. This
is a solution with a high ionic strength that is used to
dilute the sample solutions while simultaneously «fix-
ing» their ionic strength. As a result of the almost con-
stant ionic strength, the activity coefficient ymeas. ion
remains virtually unchanged, even when measure-
ments are made in very different sample solutions.

Apart from fixing the ionic strength, ISA solutions can
also adjust the pH value at the same time. Such solu-
tions are known as TISAB: Total lonic Strength Ad-
justment Buffer.

In order to remove interfering ions, these sample-
conditioning solutions can additionally contain com-
plexing agents. It is thus possible to carry out highly
selective measurements even with an electrode that
has a relatively low selectivity.

The choice of one of these solutions depends on the
particular application. For sodium determinations with
the glass membrane ISE it is necessary to use a
TISAB solution that also buffers pH values above 9.
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6.0508.100 polymer membrane ISE

Construction of the electrode

The electrode consists of a plastic shaft (PVC), a
polymer membrane and an inner Ag/AgClI system. It is
filled with an internal buffer containing NaCl.

Composition and conditioning of the membrane

The membrane is made of PVC, plasticizer and iono-
phore + additive.

It is not necessary to immerse the PVC membrane in
water before use, i.e. the polymer membrane ISE is
immediately ready for use.

Working principle

The ionophore within the polymer membrane is re-
sponsible for the selectivity, i.e. it is able to take up Na"
ions selectively.

The molecular structure of the ionophore is adapted to
suit the coordination number and size of the sodium
ion. During the measurement, Na® ions diffuse from the
sample solution into the polymer membrane. This
results in a concentration gradient and therefore a
membrane potential.

The polymer has lipophilic properties, i.e. water or ions
with a hydration sphere cannot penetrate into the
membrane. In aqueous solution, sodium ions are also
surrounded by a hydration sphere. However, as a
result of the gain in energy this is removed upon inclu-
sion in the ionophore.

ISA solution

The addition of an ISA solution for «fixing» the ionic
strength or adjusting the pH value is not necessary if
the polymer membrane ISE is used in a concentration
range below 50 ppm Na*. At higher concentrations it is
the sample matrix that determines whether an ISA
solution is required. pH adjustment with a TISAB solu-
tion is not necessary. However, we recommend that
the polymer membrane ISE is chiefly used in a pH
range between 3 and 12, as longer periods of use
outside this range can shorten the service life of the
electrode.

Direct measurement with calibration

The ionic concentration of the sample is interpolated
using a calibration curve. This curve is obtained by
measuring standard solutions. The expected ionic
concentration should be approximately in the middle of
the concentration range of the standard solutions.

Standard addition

For the standard addition technique, a known sample
volume is spiked with a defined quantity of the ion to
be determined (possibly in several steps). The ionic
concentration of the sample is then calculated auto-
matically from the resulting potential differences be-
tween the sample solution alone and the spiked solu-
tions.

The volume of the added standard solution should not
exceed 25% of the sample volume. The concentration
of the standard solution should be as high as possible
(so that dilution effects can be neglected).

There are three types of standard addition: manual,
auto dos and auto. The quickest method is the auto-
matic standard addition auto. However, please note
that in order to obtain accurate results, the chosen
potential difference AU must be at least 12 mV per
addition and that at least three standard additions must
be performed (AUotal at least 30 mV). If exactly defined
volumes of the standard additions are required but
maximum ease of operation is also desirable, choose
auto dos and enter the individual volumes (see Instruc-
tions for use).

Instruments and accessories

2.692.0010 pH/lon Meter

2.765.0030 Dosimat Titration Stand
6.3014.213 10 mL Exchange Unit
6.2138.010 Connection cable 692-765

6.0501.100 Sodium-selective glass membrane elec-
trode

6.0508.100 Sodium-selective polymer membrane
electrode

6.2104.020 Cable for Na ISE

6.0726.100 Double-junction Ag/AgCl reference elec-
trode (for measurements with the glass
membrane ISE)

Inner electrolyte:
Bridge electrolyte:
(see reagents)

6.0733.100 LL Ag/AgCl reference electrode (for
measurements with the polymer mem-
brane ISE)

Reference electrolyte: ¢(KCl) = 3 mol/L
6.2106.020 Cable for reference electrode
6.1110.100 Pt 1000 temperature sensor
6.2104.080 Cable for temperature sensor
6.1415.220 Titration vessel
6.1414.010 Titration vessel lid
6.2125.060 Connection cable 692—-PC
6.2125.010 Adapter cable
6.6008.500 VESUV 3.0 Metrodata software

c(KCI) = 3 mol/L
TISAB solution
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Reagents

a) Measurements with the glass membrane ISE

Standard solution B(Na") = 2000 mg/L

TISAB solution c(tris(hydroxymethyl)-
aminomethane) = 1 mol/L;
pH value adjusted to 8 ... 10
with ¢(HNO3) = 2 mol/L.

Conditioning solution | c(NaCl) = 1 mol/L

b) Measurements with the polymer membrane ISE

Standard solution 1 B(Na®) = 2106.9 mg/L

Standard solution 2 B(Na") = 207.42 mg/L

ISA solution (depend- | c(CaCl,) = 1 mol/L

ing on application)

Electrode handling

The following points must be observed in order to
achieve optimal results.

a) Glass membrane ISE

We recommend that the electrode is shaken like a
clinical thermometer prior to the first measurement.

The glass membrane ISE should be stored dry if it
is out of use for longer periods of time. For short-
term storage ¢(NaCl) = 0.1 mol/L is suitable.

Before being used for the first time, and after
longer periods out of use, the glass membrane
must be activated/conditioned by overnight immer-
sion in c(NaCl) = 1 mol/L.

With the reference electrode care should be taken
that the internal parts are well wetted. Any air bub-
bles formed when the electrolyte is filled in must be
removed.

After each measurement the electrode must be
thoroughly rinsed with dist. water and wiped off
with a slightly moist tissue.

Potassium interferes if present in 500-fold excess
compared to sodium.

As under acidic conditions this Na ISE responds to
H;0" ions like a pH glass electrode, measurements
must be carried out under alkaline conditions (pH =
8...10).

Other ions that interfere are listed in the Instruc-
tions for use of the electrode.

b) Polymer membrane ISE

It is not necessary to shake the polymer membrane
ISE before it is used for the first time; the electrode
can be used immediately.

If the electrode is not to be used for some time it
should be stored dry.

A long conditioning period for the membrane before
use is not necessary with this Na ISE. Briefly rins-
ing the electrode with dist. water and drying it with

a soft paper tissue prior to the measurement is
completely adequate.

e Avoid touching the polymer membrane with your
fingers.

e In contrast to the glass membrane ISE it is not
necessary to work with a double-junction reference
electrode. A bridge electrolyte (TISAB solution for
the glass membrane ISE) is not required. ¢c(KCl) =
3 mol/L as reference electrolyte yields excellent re-
sults as regards accuracy and precision.

e There must be no air bubbles on the membrane
surface before and during the measurements.

e The polymer membrane ISE should neither be
cleaned with nor stored in organic solvents (ace-
tone, ethanol).

e Use at increased temperatures (>30 °C) should be
avoided if possible.

e The electrode should not be used for longer peri-
ods of time at extreme pH values, as solutions
whose pH value is not between 3 and 12 shorten
the service life of the polymer membrane ISE.

e |If a series of determinations is to be carried out
then the electrode should be stored in dist. water
between the measurements instead of just rinsing
and drying it. In this way any Na® ions that may
have diffused into the membrane during the previ-
ous determination can be rinsed out of it again. The
working procedure described yields better results
with regard to accuracy and precision.

General information

o All solutions must be stored in plastic vessels.

e All standard additions must be performed with
stirring (stirrer parameter 692: ON or control.).
Take care that the stirrer is switched on and that
there is a stirrer bar in the titration vessel. Additions
without stirring result in incorrect measurements!

e Method selection:

Standard addition is a rapid and reliable method,
particularly for an undefined sample matrix. A direct
measurement is advisable whenever many deter-
minations have to be carried out one after another
in similar solutions with a defined and unproblem-
atic sample matrix.

e The addition of TISAB solution before measure-
ments with the glass membrane ISE has the effect
that the ionic strength and the pH value of the
sample solutions remain constant.

e |f the automatic standard addition auto is used for
solutions with low ionic strength, the obtained po-
tential steps can slightly differ from the defined pa-
rameter delta U. However, this does not affect the
accuracy of the analytical results.

e Choice of the standard concentration:

In order to ensure a correct evaluation of the stan-
dard addition by the 692 pH/lon Meter, the stan-
dard concentrations csig for the different buret vol-
umes Vpuret Must be chosen as a function of the
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sample concentration csmp according to the follow- Parameters
ing table:
692 pH/Ion Meter ON1/109 892.0020
. date 96-03-13 time 08:52:54
Vouret/mL Cstd & Csmpl parameter
meas.type: direct
5 40 : 1 >measuring parameters
10 20 - 1 ion type: Na(+1)
. conc.unit: mg/ 1l
meas. input: 1
20 10 :1 electr.id: 0501.100
drift 0.5 mV/min
50 5:1 temperature 25.0 C
method id NA
delta measurement: OFF
. X stirrer: control
If the sample has been greatly diluted with ISA or prestir pause 10 =
TISAB solution this ratio must be taken into ac- stir time 90 s
t poststir pause 20 s
count. >calculation parameters
smpl size 20.0 ml
Example: V total 40.0 ml
. factor 1.0
Sample concentration Csmpl 5 mg/L smpl size unit: ml
Buret volume Vpyret 10 mL >calibration parameters . .
Sample volume 10 mL Eiringgrature za.g mV/min
Volume ISA/TISAB 10 mL report: full
Total volume Vigtal 20 mL no.of standards A
Factor csid : Csmpi from the table 20 min.conc. 50.0 mg/1
max.conc. 300.0 mg/l
This yields a sample concentration of 2.5 mg/L in V init ) 40.0 ml
h . L Th ti | trati £ no.of Exchange Units 1
the titration yesse. e optimal concentration o conc. 1 2000.0 mg/1
the standard is therefore 2.5 mg/L x 20 = 50 mg/L. V Exchange Unit 1: 10 ml
. i X >analog output
Please note that this only provides a rough guide- select: Conc
line for the standard concentration. Accurate >1Si;?§z:00nc OFF
measurements are also possible if the above rec- state: OFF
ommendations are not strictly adhered to. >l'§:-‘;‘gi.T OFF
e The equations for calculating the results are ex- >plot parameters
lained in the Inst ti f f the 692 pH/I left mar. 0.0E+00 mg/1
plained in the Instructions for use of the pH/lon right mar. 1.0E+30 masl
Meter in paragraphs 3.1 and 3.2. left marg.T 20 C
. . right marg.T 30 C
e Low sodium concentrations: >preselections
. . . . req. ident: QFF
In this case the response time is distinctly longer. req.smpl size: value
The blank values of the reagents used mustbe  —=====—=—————-
taken into account.
Configuration
692 pH/Ion Meter ON1/109 692.0020
date 96-03-13 time 08:52:24
config
a) Measurements with the glass membrane "Pﬁl‘te" ISE Na
ISE id2 AR Nr. 83/4
print header: always
character set: Epson
Direct measurement >print meas.value
print crit: drift
Please observe the information given in the Instruc- | date&time: O
. >auxiliaries
tions for use of the 692 pH/lon Meter. last digit: ON
. . L dialog: lish
The following calibration is an example of a sample e E gomeatts
with an unproblematic matrix. time 08:52:25
temp.unit: C
. : H run number Q
Sample: Na+CI solution with 230 mg/L Pag e R
Na device label
) program 692.0020
Sample volume: 20 mL SRS232 setbtings
Volume of TISAB: 20 mL baud rate: 9608
Standard: 2000 mg/L Na* in 10 mL Ex- Sm?tbiti 1
. paricy: none
change Unit handshake : HWs
RS control: ON

Concentration range:

50 ... 300 mg/L Na*

No. of calibration points: 6
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Calibration

ON1/108 692.0020
16:37:52 31

892 pH/Ion Meter
date 98-03-12 time

Standard addition

Please observe the information given in the Instruc-

tions for use of the 692 pH/lon Meter.

Conc NA electr.id 0501.100
conc.calibration Example of determining the concentration by standard
meas. input: 1 addition:
ion type Na(+1} '
tem man. 25.0 ¢C . .
e e a12 16247 Sample: NaCl solution with 57.5 mg/L Na*
conc/mg/l U/mv decone/% Sample volume: 20 mL
std. 1 5.00E+01 109.5 0.0 .
std. 2 7.15E+01 118.7 -Q.1 Volume of TISAB: 20 mL .
std. 3 1.02E+02  127.8 0.0 Standard: 2000 mg/L Na" in 10 mL Exchange
std. 4 1.47E+02 137.1 0.0 Unit
std. B 2.10E+02 146.2 0.1
stad. 6 3.00E+02 1585.5 -0.1 No. of additions: 5
Lot
166
! Parameters
. 8592 pH/Ion Meter ON1/109 682.0020
date 96-03~11 time 15:18:24
parameter
s meas.type: std.add
>measuring parameters
ion type: Na(+1)
s » conc.unit: mg/1l
¥ meas. input: 1
electr.id: 0501.100
E drift 0.5 mV/min
xaer i temperature 25.0 C
’ method id NA
; stirrer: control
i ki 7 prestir pause 10 s
L E stir time 90 =
PR poststir pause 20 s
et b J >calculation parameters
) - smpl size 20.0 ml
variance 0.001 %agzgil 42:8 ml
E}S%’e 53(1) m\\;’ smpl size unit: ml
N L m >standard addition
""""""""""""" type: add
conc.satd. 2000.0 mg/1
report: full
Results addition: auto
delta U 12 mV
682 pH/Ion Meter ON1/108 682.0020 dos.rate: medium
date 98-03-12 time 16:50:38 no.of additions 5
Conc NA electr.id 0501.100 V Exchange Unit: 10
idi ISE Na activate pulse: OFF
id2 AB Nr. 83/4 stop V 10.0 ml
smpl size 5.0 mi >preselections
#35 231 mg/1 Na(+1) req. ident: OFF
96-03-12 16:50:38 req.smpl size: value

692 pH/Ion Meter

date 896-03~-12

ON1/10Q 692,0020

time 16:50:50

Conc NA electr.id 0501.100

idi ISE Na

id2 AB Nr. 83/4

smpl size 5.0 ml

#36 231 mg/1 Na(+1)
96-03-12

692 pH/Ion Meter

date 898-03-12

ON1/10¢  692.0020

time 16:51:06

Conc NA electr.id 0501.100

idi ISE Na

id2 AB Nr. 83/4

smpl size 5.0 ml

#37 231 mg/l Na(+1)
96-03-12 18:51:06

Result of a threefold determination:

Mean value: 231 mg/L Na*

Sabs:
Srel-

1 mg/L Na*
0.4%
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Result

ON1/109 692.0020
14:17:56 27

592 pH/Ion Meter
date 96-03~11 time

Conc NA electr.id 0501.100
idl ISE Na
id2 AB Nr. 83/4
addition/subtraction method
meas. type: std.add
meas.input: 1
temperature man. 25.0 C
conc.std 2000.0 mg/1
V total 40.0 ml
initial voltage 93.5 mV
smpl size 20.0 ml
av/ml U/mV dU/mV
std.incr. 1 0.349 105.4 11.9
std.incr. 2 0.569 117.3 11.9
std.incr. 3 0.935 129.2 11.9
std.incr. 4 1.483 140.5 11.3
gtd.incr. 5 2.552 152.2 11.7
U ey
1668
1am | Jﬁ
| j 4
ize |- ‘f‘( -
b
/ |
168 - './"/‘ : .
4""“
QU L [ I.
=] 3
variance 0.001
slope 60.0 mV
E0) 5.1 mV
Na(+1) §9.4 mg/1
Result:

59.4 mg/L Na*
57.5 mg/L Na*
1.9 mg/L Na*
3.3%

Measured value:
Theoretical value:
Absolute deviation:
Relative deviation:

tog o

b) Measurements with the polymer membrane
ISE
Direct measurement

The following calibration is an example of a sample
with an unproblematic matrix.

Sample: solution with 207.42 mg/L Na*

Sample volume: 40 mL

Standard: 2106.9 mg/L Na* in 10 mL Ex-
change Unit

Concentration range: 50 ... 300 mg/L Na*
No. of calibration points: 6

Parameters
892 FHoTon Motor 692 .08821
date 2BH1-B5-22 time B8:58:12
Pavamet gy
maas. tusre: direct
smeasur lng Parameters
ion tupe: Na {+1)
conc.unit: PR
maas. inPut. 3
electy.id: B5Bg. 19
drift g.1 mrmin
method id XM NN
dal ta measurement: OFF
Stirver: contvol
Frestily pausao iB s
stir time 5@ s
Foststiy Pause 2% s
?calculation Pavameters
=nwpl size 468 ml
Y total 468.8 ml
factor 1.4
smel size units ml
scalibration parameters
drift A.5 mrmin
rerort full
cal.linterual OFF h
no.of standards =3
addition: auto
min.conc. E#.# ppm
max.conc. 36A.28 pPm
Y oinit 489 ml
mz.of Exchange Units H
cone._ 1 2186.9 pPpm
¥ Exchanae Unit 11 18 ml
ranaloa outpui
szlect: Cone
state: ON
B omv oat 1.BBE-383 ppPm
1 ¥ vange I1BE_HB pPm
>limits Conc
state! OFF
»limits T
state: OFF
>rlot rarametevs
left mar. 8.8E+E8 rPm
right mav. 1.8E4+38 eem
laft mavra.T 28 *C
vight mara.T a8 "o
»proselections
req. 1dent: OFF
voa.smrl size: OFF
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Configuration U/my
30
£92 etl/fon Meter £92. 9821
date 2001-85-11 time 14:47:09
conf ig 2@
Yerinter
idl Na ISE/ Polumer o
id? #B Wr. 835
print header: aluays
calibration veport: N el
chavacter set: Geiko
yerint meas.value
. pe - 18}
print crit drift
datedtime: N
tye e log e
Yauxiliaries -zel 5 15
last disit. N ‘
. . . _var iance 8.841
dialog: enal ish slope 58.2 mV
date 2081-85-11 E{@) -115.8 mv
time e TTTTTTTTTTTTTT
temp, unit: ¢ Results
run numhoy 9 ’
e e 692 pPH/Ilon Meter 692 .6821
Dosinat: 663 date 2081-85-22 time @9:86:56
device label £92-1 Conc  %%xxx%xx  olectr.id g508. 108
PYOGYam £92.0621 idil Na ISE/ Polumer
i id2 AB Nv. B35
523 SQH}nQS . smpl size 48.8 ml
baud rate: 9600 #2 206 pem 23.5 °C Na{+1}
data bit: 1
stop hit: { 692 FrHsIon Meter 5%5’@@21
carityl aven gate 222;;33;52 tlime B9:18:50
) onc electyr. id B588. 1008
handshake: His id1 Na ISE- Polumer
RS contral: ] id2 AB Nv. 83/5
I, smPl size 40.8 ml
#3 209 ppm - 23.3 °C Na{+1}
Calibration 2081-85-22 89:16:50
692 pHrsIon Meter 692 .8821
date 2881-85-22 time ©8:59:17 1 692 BHslan Met
Conc  30e0kxX  electr.id 6508108 date 2001-85-22 time 9:15:«15692'%21
conc.ca}ibra’fion Conc EARRKKKK electy.id v5B8.166
meas. inPut: L id1 Na ISE- Polumer
ion tupe Na{+1) id? AB Nv. 895
temperature 23.6 °C ampl size ) 40.8 mi
c.dat.  20081-85-22 ©8:35 4 218 pem 23.8 °C  Na(+l}
conc/pPrPm Urmy dconcs% 2881_85_22__9?i£?if?____
std. 1 5.@BE+81 -16.4 .e T/
std. 2 7.15E+B1 -7.1 8.8
std. 3 1.82E+82 2.2 -1.8 L
std. 4 1.46E+82 11.2 -8.6 Result of a sevenfold determination:
std. 5 2.18E+82 28.09 8.1 ) +
—td. & 3. GPE+B2 59 .9 8.7 Mean value: 210.43 mg/L Na

Sabs: 2.37 mg/L Na*
Srel: 1.13%
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Standard addition Configuration
Example of determining the concentration by standard 692 pHslon Meter £92. 2821
addition: date 2001-85-11 time 11357:24
Sample: solution with 46 mg/L Na* conf ig
Sample volume: 40 mL Yerinter
Standard: 2106.9 mg/L Na’ in 10 mL Ex- idl N ISE/ Pol uner
change Unit id? AB Nr. 835
No. of additions: 5 print header: aluass
calibvation vorort:  OFF
Parameters character set: Seiko
Jerint meas.value
692 pil/Ion Meter 692. 0621 print crit, imediate
date 2081-05-11 time 11:57:26 datobtine: N
Faranater Yauxil iaries. ,
maas. tup! std.add last digit: N
)mgasuv ing .Parameters dialgs: enalish
ion tup?.. Naftl) date 2001-85-11
cﬂﬂﬂ-{mt;_ FP';' tine 11:57:24
Weas. input. teme.unit: ¢
glectr.id: ihag, 1 6g run nusber 6
drift . 8.1 a¥/min Dosimat: 665
':ﬁ*r‘::v id t"al3 dovice label 6921
il Comro Prosvan 692. 8821
::?Si :r False ég 5 6232 settings
ir time 5 .
ba ;
poststiv pause Bs dal:: ;::e 9692
Jealculation parameters stop bit! 1
ane] size 40.8 nl parity: even
‘f’;::l ‘“l’g ol bandshake! s
swe] size unit: nl s cantol: e (.) ?
Ystandard addition
tupe: add Result
cong.std. 2186.9 vpm
report: full 692 pHlon Meter 692,862
addition: artg date 2001-85-11 time 89:03:29 2
delta U 12 Conc Mad electr.id  §508.180
dos.rate: nedim idl  Na ISE/ Polumer
no.of additions 5 ’1d2_ . e Rr: b5
V Exchange nit: r addition/subtvaction method
activate pulse: OFF mm%ypg:, std.add
stop ¥ 18.8 nl meas. InPut: :
Yoreselact ions temeerature 48 C
req. ident’ OF cone.std 2186.9 pem
req.swp] size: value V %ofal 8.9l
_______ - initial voltage -33.0 WV
sl size 40.8 ml
dml UV dly
std.iner. 1 8,408 -23.9 9.1
std.incr. 2 0582 -14.8 9.1
std.incr. 3 0915 -5.3 9.5
std.incr. 4 1472 44 9.7
std.incr. 5 2393 142 9.8
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H Y

18}

—-28

log o
_4B i i g

var lance R,

slore 5.3V
(B -128.1
Na{+l) 45.7 oPm

Result of a tenfold determination:

Mean value: 45.66 mg/L Na*
Sabs: 0.66 mg/L Na*
Srel: 1.45%

Practical examples

1. Sodium in the inlet of a waste water treatment
plant using automatic standard addition
Electrode: glass membrane ISE

Sample preparation: Sample is diluted 1 : 4 with dist.
water (— factor = 4).

Analysis: 20 mL sample solution and
20 mL TISAB solution are pipet-
ted into the titration vessel.

Standard: B(Na") = 2000 mg/L

No. of additions: 5

Parameters

692 pH/Ion Meter ON1/10¢ 892,0020

date 96-03-13 time 08:18:20
parameter
meas.type: std.add
>measuring parameters
ion type: Na(+1)
conc.unit: mg/1
meas.input: 1
electr.id: 0501.100
drift 0.5 mV/min
temperature 25.0 ¢
method id NA
stirrer: control
prestir pause 10 s
stir time 90 s
poststir pause 20 s
>calculation parameters
smpl size 20.0 ml
V total 40.0 ml
factor 4.0
smpl size unit: ml
>standard addition
type: add
conc.std. 2000.0 mg/l
report: full
addition: auto
delta U 12 mV
dos.rate: medium
no.of additions
V Exchange Unit: 10
activate pulse: QFF
stop V 10.0 ml
>preselections
regq.ident: OFF
reg.smpl size: value

Result

ON1/109 692.0020
17:08:31 34

692 pH/Ion Meter
date 96-03-11 time

Cone NA electr.id 0501.100
id1 ISE Na
idz ARA in
addition/subtraction method
meas.type: std.add
meas. input: 1
temperature man. 25.0 C
conc.std 2000.0 mg/1
V total 40.0 ml
initial voltage 96.8 mV
smpl size 5.0 ml
dv,/ml U/mV du/mv
std.incr. 1 0.415 108.8 12.0
std.incr. 2 0.875 120.8 12.0
std.incr. 3 1.035 132.2 11.4
std.incr. 4 1.750 143.7 11.5
std.incr. 5 2.957 155.1 11.4
14 bl
162 . e : - ey
r
;
P2l / —
‘.//’ ]
"'
izZ@ - 1‘; ’;
% d
iom “,u" _
Lou o
aa
L2 2 “a
variance 0.001
slope 60.5 mV
E(0) 3.4 mV
Na(+1) 280 mg/1
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Result of a fourfold determination:

Mean value: 285 mg/L Na*

ON1/109  822.0020
. + time 10:50:00 8
Sabs: 5 mg/L Na electr.id 0501.100
. ISE Na
Srel: 1.7% idz ARA out
addition/subtraction method
meas. type: std.add
meas. input: 1
temperature man. 25.0 C
conc.std 2000.0 mg/1
V total 40.0 ml
: . initial voltage 98.8 mV
2. Sodium in the outlet of a waste water treatment smpl sSize s 15.0 ml
plant using automatic standard addition
dvV/ml U/mV Al /mvV
Electrode: glass membrane ISE std.iner. 1 0.406  110.5 11.9
. . gtd.incr. 2 0.6860 122.4 11.9
Sample preparation: not required std.incr. 3 1.092 134.1 11.7
. std.incr. 4 1.885 145.8 11.7
Analysis: 15 mL sample and 25 mL TISAB std.incr. 5  3.298 157.4 11.6
solution are pipetted into the titra-
tion vessel.
Standard: B(Na*) = 2000 mg/L /
No. of additions: 5 i
V@ ;
Parameters L
892 pH/Ion Meter ON1/109 £82.0020 2@ |
date 96-03-12 time 13:16:22 ;
paramater £
meas.typ2: std.add /
>measuring parameters cwe L / |
ion type: Na(+1) 7
cone.unit: mg/1l
meas. input: 1
electr.id: 0501.100 iog o
drift 0.5 mV/min #o - N
temperature 25.0 C
method id NA .
atirrer: control V?ilance 0%9,08 -
prestir pause 10 s slope ol
i E(0) 11.0 mV
atir time 90 s Na(+1) 86.3 ma/1
roststir pause 20 s e ——mmee
>calculation parameters T
ampl size 15.0 ml
V total 40.0 ml
factor \ 1.0 Result of fivefold determination:
smpl size unit: ml
>standard addition . +
type: add Mean value: 87.3 mg/L Na
conc.std. 2000.0 mg/1 . +
report: full Sabs: 0.7 mg/L Na
addition: auto Srel’ 0.8%
delta U 12 mV
dos.rate: medium
no.of additions 5
V Exchange Unit: 10
activate pulse: QFF
stop V 10.0 ml
>preselections
req.ident: OFF 3. Sodium in spinach (salted cream spinach) using
req.smpl size: value

automatic standard addition

Electrode: glass membrane ISE

Sample preparation: Approx. 10 g sample (package
information: 1% NaCl) is stirred
for 15 min with 100 mL dist. wa-
ter. The sample is filtered and the
filtrate made up to 200 mL.

Analysis: 10 mL sample solution (— factor
= 20), 10 mL dist. water and
20 mL TISAB solution are pipet-
ted into the titration vessel.

Standard: B(Na) = 2000 mg/L; this corre-

sponds to w(NaCl) = 0.508%
No. of additions: 4
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Parameters Result of a fourfold determination:
892 pH/Ion Meter ON1/108  892.0020 Mean value: 0.952% NaCl
date 96-03-13 time 08:34:44 .
parameter Sabs: 0.049% NaCl
meas.type: std.add . o,
>measuring parameters Srel: 4.9%
ion type: Na(+1)
conc.unit: %
meas. input: 1
electr.id: 0501.100
drift 0.5 mV/min
temperature 25,0 C
method id NA B : - : : :
Stirpop: control 4. S_odlum in urine using automatic standard addi-
prestir pause 10 s tion
atir time 90 s
poststir pause 20 s Electrode: glass membrane ISE
>¢calculation parameters . . i . i
empl size 9.35 g Sample preparation: Sample is diluted 1 : 40 with dist.
V total 40.0 ml —
factor 200 water (— factor = 40).
N impé Sézedgr}itﬁ g Analysis: 20 mL sample solution and
standard addition . .
type - add 20 mL TISAB splutlon are pipet-
conc.std. 0.508 % ted into the titration vessel.
report: full .
addition: auto Standard: B(Na") = 2000 mg/L
delta U 12 mV .
dos.rate: medium No. of additions: 4
no.of additions 4
V Exchange Unit: 10
activate pulse: OFF
atop v 10.0 ml Parameters
>preselections
req.ident: OFF 692 pH/Ion Meter ) ON1/108 692.0020
req.smpl size: value date 96-03~14 time 13:39:58
______________ parameter
meas.type: std.add
>measuring parameters
Result ion typg: Na(+1)
conc.unit: g/l
.1 t: 1
892 pH/Ton Meter ON1/109 692.0020 P 0501. 100
date 96-03-12 time 18:12:58 44 Adrift 0.5 mV/min
Cone NA electr.id 0501.100 temperature 25.0 C -
idi ~ ISE Na method id NA
idz Spinat NaCl stirrer: control
addition/subtraction method prestir pause 10 s
meas. type: std.add atir time 90 s
meas. input: 1 poststir pause 20 s
temperature man. 25.0 C >calculation parameters
conc.std 0.508 % smpl size 20.0 ml
V total 40.0 ml V total 40.0 ml
initial voltage 104.9 mV fantor 40.0
factor 20.0 smpl size unit: ml
smpl size 9.35 g >gtandard addition
type: add
dV/ml U/mv du/mv conc.std. 2.0 g/1
std.incr. 1 0.532 116.9 12.0 report: full
std.incr. 2 0.888 128.9 1z2.0 addition: auto
std.incr. 3 1.418 140.8 11.7 delta U 12 mV
std.incr. 4 2.398 152.2 11.6 dos.rate: medium
no.of additions
e V Exchange Unit: 10
Le@ - activate pulse: OFF
stop V 10.0 ml
>preselections
sue L o . req.ident: OFF
‘ req.smpl size: value
L. ¥
LG
sz .
o+
IRt
i Mo o
160 o
variance 0.001
slope 60.1 mV
E(0) 222.3 mV
Na(+1) 0.958 %
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Result 5. Sodium in tap water using automatic standard
addition
692 pH/Ion Meter ~ ON1/109 692.0020
Siii 96_03_%114% 2?22@%?&05:410501_10% Electrode: polymer membrane ISE
id1 ISE Na Sample preparation: not required
el\gsition/subtractiogrnllgthod Analysis: 40 mL tap water (taken at 25 °C
meas. type: std.add after 1 min flow time) is pipetted
’Eiiieiﬁiﬁie man. 25.%) c into the titration vessel.
gone. std a0 Bt Standard: B(Na") = 207.42 mg/L
%222331 voltage 1%:% mV No. of additions: 5
ampl size 20.0 ml
dv/ml U/mV - dU/mV Parameters
std.iner. 1  0.545 119.3 12.2
S i UEn iasa e 692 oH/Ton Meter 692.0021
std.incr. 4 2.602 155.1 11.7 date 2001-05-89 time 15:48:%9
. parameter
es ; meas. tupe: std.add
measuring parametors
ion tua: hal+l)
conc.units PP
T meas, input: |
electr.id: @5e8. 100
drift 8.1 m¥/min
mathod id Natrium
stirrer: control
. prestir pause 1#s
o stir tine 9% s
oa b poststir pause Ms
- " realculation parametors
variance 0.001 suel size 40.8 nl
Score 1876 mv V total 40.0n]
Na(el) et factor 1.9
swl size unit: nl
Result of a fivefold determination: )stand?rd addition
tupe: add
Mean value: 3.44 g/L Na* conc.skd. 0749 pom
Sabs: 0.03 g/L Na* report: full
Srel: 1.0% addition: auto
doita 12 oV
dos.rate: medium
no.of additions 5
V Exchanse Unit: i
activate pulse: (FF
stop ¥ 10.8 ml
Ypreselect ions
roq, ident: (FF

rea, el sizes

value
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Configuration
diml Ul diV
692 pti/lon Meter 632.0021 stdincr. 1 0415 979 9.4
date 2081-05-89 time 15:49:58 std.incr. 7 0648 -8B 9.8
confia std.incr. 3 8.9 -T6 9.5
Yerinter std.incr. 4 1,370 -69.4 9.2
idl Ne 15E/ Polumer std.inr. 5 2,116 603 9.
id fB Nr. 83/5
print header: alwaus
calibration verort:  OFF o
chavacter set: Seike -G
yprint meas.value
print erits inmediate
datobtime: ] -6BL
Yauxil faries
last digit: 0N
dialoe: enal ish —78
date 26018599
tima 15:49:51
tewp,unit: ¢ —8e;
run number {
Dosimat: 665
dovice label 6921 —ver
program 692. 0021
Y5202 settings
baud rate: %08 1ea;
data bit: 7
stop bit: ! —118 . Jos ©
parity: evan e 1 2
;ngzﬁtii . Hg; var iance f.760
______ — slore 9.6 m¥
E® -147.6 W
Result NalH) 4.74 pem
692 pH/lon Meter 6920821
gz;z 233;3?-"2 } ;lms;ceztv{?f&a?ﬁﬁﬂs.iﬂg Result of an eightfold determination:
idl M ISE/ Polumer Mean value: 4.74 mg/L Na*
id? AB Wr. 83/5 Sabs: 0.04 mg/L Na*
addition/subtraction method Srel’ 0.86%
meas. type: std.add
meas. input: 1
temperature M8 C
cone. std 207.42 pem
¥ total 40.9 ml

initial voltace -187.3 ¥
epl size 48.9 ml
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6. Sodium in mineral water using automatic stan- Configuration
dard addition -
: £92 el/lon Meter 892,
o eorade: i pOlymer.membrane 'SE date 7091-85-83 time 15:49:50
Sample preparation: not required "
Analysis: 40 mL mineral water (without ;::irl\:ev
carbon dioxide) is pipetted into )
the titration vessel. idl Ma ISE/ Palumer
Standard: B(Na") = 207.42 mg/L id2 B “"-133/5
No. of additions: 4 print he"fdg"' | ales
calibration report:  OFF
chavactor set: Seike
Parameters Yerint meas.value
£92 pii/Ton Meter £92.8821 print ff“f- imediate
date 2081-85-89 time [5:40:59 datedtine: o
parameter Yauxiliaries
meas, bupe: std.add last digits .ON
measuring parameters dialog: enal ish
ion tupe: Nal+) date 2881:95:39
conc.unit: PPl time . 15:49:51
meas. input: | temp.unit: ¢
electr.id: £503. 160 run_nunber !
drift 8.1 m¥/min Dosfmat! A
method id Natvium device label 892-1
stirvey: control PYOO¥an (92,8821
prestir rause 185 Y232 settings
stir time % s baud ra.tel 5608
poststir pause Ms data hit: 7
Yealeulation parameters StDFf bit: 1
amel size 48.8 ml pavite: even
V total 48.8 ml handshake: s
factor 1.8 15 control: 0N
sl size wnit: Y -
Ystandard addition Result
tupe. add
conc.std. 207.42 pem 692 pHrlon Meter £92.8071
report: full date 2001-05-2 time 15:14:20
addition: auto Conc Mad  electr.id  9996.109
deita U 12 m¥ idl Y ISE/ Polwmer
dos.rate: medium id2 fB . 83/5
no.of additions 5 addition/subtraction method
V Exchanee Unit: 1] meas, tupe: std.add
activate pulse: (FF meas. input: !
stop ¥ 18.8 ml temperature 4.4
Yereselections conc.std 207.42 pem
req. ident. OFF V total 9.0 nl
rea, sl size: value initial voltage -bd.1 mV
sl size 48.8 ml
diml  UmV dim¥
std.incv. 1 8799 538 18.3
std.iner. 2 1215 -43.6 8.2
std.incr. 3 1,964 -33.4 10.2
std.incr. 4 3,716 -23.3  16.1
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Parameters
H/ mU .

—2@- 692 pit/Ion Meter 692.8621
date Z001-05-10 time 15:11:08
parameter

meas. tupe: std.add
—3ar : ymeasuring pavameters

ion ture: Nalt)

conc.unit- PRI

—-48 | meas. input: |

electr.id: {588,180
drift 8.1 mmin
method id Na2

—5@r stirver: control

prestir rause 185
stir time % s
—cal poststiv rause Bs
’ calculation parameters
smpl size 18.8 nl
log o ¥ total 48.0 ml
—7a 2 "1 ' Ig factor 1.0
el size unit: ml
var iance g.000 Ystandard addition
slope 5.2 m¥ tupe: add
ED -116.9 w¥ £onc. Std. 2196.9 pr
Nai+) 7.82 pem . ' report: full
, ===s===s=====s addition: auto
delta U 12 m¥
Result of a ninefold determination: dus.ratei. . tedium
. no.of additions 5
Mean value: 7.83 mg/L Na ¥ Exchange Unit: 18
Sabs: 0.15 mg/L Na" activate pulse: OFF
Srel! 1.95% stop ¥ 18.8 nl
Yereselections
yeq. ident: (FF
req.supl size: value
7. Sodium in baby food (milk powder) using auto-
matic standard addition Configuration
Electrode: polymer membrane ISE £92 pli/lon Meter £92.0021
Sample preparation: 75.407 g baby food (package date 7001-95-19 time 1501623
information: 0.04 g Na* / 15 g confis
milk powd(+er; .this.correspo.nds to Serinter
0.27% Na") is dissolved in 1 L
warm dist. water. idl Na 1SE/ Polumer
Analysis: 10 mL sample solution and id? AB Wr. B/
30 mL dist. water are pipetted print header: aluays
into the titration vessel. calibvation rerort:  OFF
Standard: B(Na") = 2106.9 mg/L character set: Seiko
No. of additions: 5 Yerint meas.value
print erit: immediate

datedtime: O
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Yauxil iar ies :
last disit: N “,:: )
dialog: enalish
date 2001-95-18
time 15:10:24 (-] 8
temp. init: ¢
yun nusber 1
Dosimat: 665 1er
device label 892-1
Progyan £92.8021 2@}
YR5232 settings
baud rate: 9660 _3el
data bit: 7
stop bit: ! .
parity: aven ~ a4
handshake: s
TS control: N -sal
Result -8 1 leg e
1 2 3
692 plizlen Meter 692,021
date 2061-05-13 time 18:04:32 4 var iance 2.005
Conc Na2 electr.id  B508.108 slore 58.6 my
idl  Na [SE/ Polumer E(8} -148.2 m¥
id2 fB Nr. 835 Nal+l} 143 pem
addition/subtraction method =S===zsszz=s=c=
meas, tupe: std.add
meas. input L Result of a tenfold determination:
temporature 28 C
cone. sk 2186.9 prm Sodium concentration in the sample solution:
V total 40.0 ml Mean value: 149.20 mg/L Na*
initial voltase -40.8 W Sabs: 1.99 mg/L Na*
el size 10.0 ml Srel: 1.33%
dml UV daV Sodium concentration in the original sample (milk
stdiner, I BT 3.6 104 powder): .
stdinor, 2 0.562 212 104 Mean value: 0.20% Na
std.incr. 3 0.863 -16.9 10.3
std.iner. 4 1.JM4 6.6 183
stdiner. 5 2,292 3.8 164
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