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Application Note AN-I-034
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Using ion-selective electrodes to monitor free ion activity in

a precursor solution

Controlling the nucleation processes of a
material can improve the quality of the final
product and size distribution of its particles. As
material properties can vary depending on the
particle sizes (cf. quantum confinement),
understanding and monitoring the formation
process is beneficial for manufacturers. Using an
automated titrator allows deeper insight into
some of these events, helping to gain more
control over a complex process which affects the
properties of the finished material.
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The monitored graph is related to the LaMer
model, a kinetically controlled formation from a
supersaturated precursor solution which
undergoes nuclei formation. It is possible to
monitor the solubility product, nucleation
events, and crystal growth. Metrohm provides
the required sensors and dosing components to
investigate the ideal conditions for investigation,
synthesis, and process control purposes. This
Application Note covers the formation of
calcium carbonate from solution.
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SAMPLE AND SAMPLE PREPARATION

It is recommended to already have the solution
and one component of the precursor prepared
and to add the measured ion via a Metrohm

EXPERIMENTAL

Sensors and titrant solutions are used
accordingly depending on the material and
conditions to be investigated. As an example,
the formation of calcium carbonate was
examined. An OMNIS titrator was used in
combination with OMNIS dosing modules
(Figure 1) and a 902 Titrando. A carbonate
solution was placed in a titration beaker and the
pH was adjusted to 11 with a SET pH titration.
After pH 11 was reached, a calcium chloride
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dosing device. Sensor calibration and
preconditioning depends on the system used for
the investigation.

solution was added while the free Ca’*
concentration was measured in a MET U
titration. Concurrently, a MEAS U with the
Optrode was executed to monitor the
qualitative transmittance of the solution. The pH
of the solution was held at a static level with the
STAT pH command executed via the 902
Titrando. For screening and optimizing
parameters, a sample robot can be applied to
increase sample throughput.

Figure 1. OMNIS Titrator with an OMNIS Dosing Module and an OMNIS sample robot S.
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RESULTS

The observation of calcium carbonate formation
is shown in Figure 2. At the beginning, the
potential without any calcium ions is displayed.
Calcium is added at defined intervals into the
carbonate-containing solution while the Ca®*
ion potential is monitored. The obtained U/t
resp. U/V curve is related to the LaMer diagram
with its different stages. At the beginning, an
undersaturated solution is present without any
solid phase formed (). The potential increases
due to added calcium ions, continuing to

increase until nucleation takes place (Il) and
CaCOgq forms. The transmittance (shown in
orange) decreases dramatically once enough
stable particles are formed. After the formation
of stable particles, the calcium ion concentration
in the solution decreases due to particle growth
(Il1) and settles into a potential plateau. The
potential at the plateau corresponds to a
defined calcium ion concentration. This
concentration equals the solubility product of
CaCOgs at the defined reaction conditions.

Potential

Figure 2. Example curve for calcium carbonate formation. In green is the potential of the free calcium ions measured with the
combined Ca ion-selective electrode, and in orange, the potential measured with the Optrode. The experiment was carried
out at pH 11. The colored phases describe the prenucleation phase (1), nucleation (I1), and particle growth (Il).

Both curves, calcium potential and transmittance
potential, can be fused together with the

www.metrohm.com

COLLECT command and can be displayed in one
graph.
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CONCLUSION

Metrohm instruments provide superior geology). Different ion-selective electrodes can
performance for investigation of nucleation be applied including calcium, lead, copper, and
processes in various fields (e.g., materials much more.

science, biomineralization, pharmaceuticals, and
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CONFIGURATION

907 Titrando
RFERNEEDOM Dosino M&RTTA 2 A ZE 1K
TE A ERLLIEE
- %MME 800 Dosino &%
- (DET). F=(MET)H = @E(SET), A pH-STAT
EE(STAT). RBEEFEE(KFT)
- 8" iTrode”
- ERAFHEE(MEAS CONQ)
- R IIRINEE, LQH
- AFEMHESRIIIRERAITED MSB #0
- USB #0
-/ OMNIS-Software. tiamo-f43% Touch
Control
-WNRFEZE E GMP/GLP 1 FDA ZE3K, kgl 21
CFRZE 11 25
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https://www.metrohm.com/products/2/9070/29070020.html
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906 Titrando
RAFER 2 M EROMASINRSEBMUITEENRE
REERBENSIHEE,

- NERIN&RES

- (DET). HE(MET)M < EHE (SET),# pH-

STAT HRE(STAT). -REEE(KFT)

- ERFHEE(MEAS CONQ)

- RRINRTH AR, IR E 1L RIRIR

-4 MSB #0O

2 NES RAVERDO

- USB 0O

- A OMNIS-Software. tiamo 3% Touch

Control

-NRFE,E GMP/GLP #1 FDA Z:3K, tban 21

CFRZ 11 &%

902 Titrando
BFBE—1P 20 8EME(SET) &M pH-STAT J#E
(STAT)BIRLEE,

- %% 800 Dosino hiR%

- ¥RR9INAEINEE, LQH A& MR

- AT MR SINRER RN MSB #0

- UEANEREND

- USB 0O

- A OMNIS-Software. tiamo-143% Touch

Control

-NRFZE,E GMP/GLP #1 FDA 23K, tban 21

CFRZ 11 &%
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https://www.metrohm.com/products/2/9060/29060020.html
https://www.metrohm.com/products/2/9020/29020010.html
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OMNIS Titrator
. BXAIH M OMNIS Titrator JEBE, FIRILITER
£ OMNIS HEZRBIZOTTHIT, HTFXEA 3S #hEc
B EBECFRREE, TUERERMEETEHE
BHE A EFTER—oHEE. ATRATRNHGINEE
7, E AT A B AR EEXFThEE.

- BEMN AR 2R

- AT E M A S B A RIME N T EAR S HIRIE

- BRhEiF R S

- AR EX/NEE S, 10,0 20 3 50 mL

- XA 3S MR R BT M B EBNER

R EUE

B4
- RIERE:"Basic” Thagw]
- BANE L SUEE(—/):"Advanced” ThaER
- RAFHROBE(—/) SEFITHE
"Professional” Thag ]

dCa-ISE
FF OMNIS 8%, &304,
ISE AT
- KRR F Ca2+ FREE(1*10-7 £ 1
mol/L)
- BIRE()EE (BN EKIEE)

SRTE/ SENRAELRTN S FER B r 2L
AR SRS,

YES M, HAER T c(KCl) =3 mol/L,

dTrodes AITE OMNIS Titratoren 1M,

Pb
BB &R,
ISE B EESH{ER FEAT:
- Pb2+ H9F=(10-6 £ 0.1 mol/L)
- IR FE(RIVERE 1 mm)

- TE (BI40: RIHER E HRER)
FITF EP MEE/ NSRRI LBEAT, B2g 7] LUK R

= BN .
ARt B, AT B B R E.
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https://www.metrohm.com/products/2/1001/210010020.html
https://www.metrohm.com/products/6/0050/600502300.html
https://www.metrohm.com/products/6/0502/60502170.html

Unitrode
BT pH BENSE pH. EfRSAT:
- TERY. REMESESRSIT pHIERE
OREASHER
& £ & O PR Bk
Ztb:.c(KC) =3 mol / LEEEAS,
BRAET>80° C WEERSLLER F1E Idrolyt
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