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INTRODUCTION : PH MEASUREMENTS IN THE NUCLEAR INDUSTRY

Advantages: 

❖ small and rather cheap device

❖ short time response

❖ real time and deported measurement

❖ no reference electrode

❖ electric isolation

❖ Immunity to electromagnetic interferences

❖ Biocompatible system 

❖Multiplexing

On line survey of nuclear waste disposal (Cigéo). Degradation of concrete.

Basic pH

pH measurement of ultrapure water in nuclear reactors, environmental and biological
applications. 

Neutral pH 

Control of pH in nuclear fuel reprocessing applications (La Hague)

Acid pH 

Why do we choose an optode (optical electrode) ?



STATE OF THE ART



STATE OF THE ART

Loss of 40 % of the signal after 40 days in HNO3 1M



Study of a commercial pH optode (PhD M. Fages, 2015)

« Ocean Optics » optode

Transmission measurement

pH BCG Trans dye in a thin sol-gel film.

pH range between pH 5 and 9.

Time response ~ 30s.
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USE OF COVALENT GRAFTING

Covalent grafting via two ways:

1) Redox grafting using the GraftfastTM process:

on a thin metallized glass plate (Cr + Au)

2) Electrochemistry (cyclic voltammetry for example)
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GENERAL METHODOLOGY FOR THE GRAFTING

Covalent grafting on thin metallized semi-transparent glass plates

1) Metallization of glass plates: ~ 5 nm (Cr) + 25 nm (Au) which are semi transparent.

2) Choice of a grafting process:  redox chemical way or electrochemical way.

3) Choice of the acid-base indicators according to the pH range of interest.

4) Solubilisation of the acid-base indicator dye (choice of the solvent).

5) Formation of the diazonium salt. 

6) Definition of grafting procedures (composition of the medium, concentrations of the 

reactants, ...).
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GENERAL METHODOLOGY FOR THE GRAFTING

7) Grafting reaction on the glass metallized plate.

8) Multi sequencing to increase the thickness of the layer.

9) Caracterisation of grafted layers (visual observation, FTIR and UV-Visible spectrometries, 

XPS, AFM, ….). 

18 DÉCEMBRE 2018 |  PAGE 8

0

0,05

0,1

0,15

0,2

0,25

0,3

0,35

0,4

0,45

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

A
b

so
rb

an
ce

Number of baths

Maximum absorbance vs number of baths



EXAMPLE OF NEUTRAL RED

- Neutral Red in aqueous solutions

- Color change between pH 6 and 8 

- Covalent grafting in HCl 0.1M using Graftfast™:
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CARACTERISATION OF GRAFTED LAYERS
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EXAMPLE OF NEUTRAL RED VIA ELECTROCHEMISTRY
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Cyclic voltammetry

Neutral red grafting with the following conditions:  [RN] = [NaNO2] = 7.10-3M, HCl 0.1M.

- Successfull grafting

- Increase of the thickness of the layer by increasing the number of voltammetry cathodic

cycles.

- Optical properties of the grafted film identical to those of the film obtained using

GraftFastTM process:



LOOKING FOR POTENTIAL CANDIDATES IN THE 

BASIC PH RANGE, RESULTS WITH GRAFTFAST™ 

18 DÉCEMBRE 2018 |  PAGE 12

Neutral Red: 

Alkali Blue :

Nile Blue Chloride :

Amine 

tested
solubilisation

Formation of 

Diazonium
grafting pH-sensitivity

6,8 - 8

OK in HCl 

0,1M
yes yes

Oui

pKa4,5

9,4 – 14,0

Poor in HCl

0,1M
No No -

9,4 – 11,0

Poor in HCl

0,1M
OK in HCl 37% No -

Primary aromatic amines 

acid-base indicators:
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Choice of a commercial acid-base indicator with a primary aromatic amine: the Neutral Red. 

Successful grafting using GraftFastTM, sensitivity to the pH of the grafted layer but variation of the pH 

range due to the removal of the amine fonction.

FIRST CONCLUSIONS 

6.5

4.5



FIRST CONCLUSIONS 
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• The number of commercial available acid-base indicators having a primary aromatic amine 
is limited.

• Redox grafting using Graftfast™ doesn’t work for all potential candidates.

• Search for acid base indicators commercially available or not, without primary aromatic
amine in the desired pH range. 

Our interest is basic pH range. 

→ Use of organic synthesis to modify the dye by addition of a primary amine fonction.

→ Tests (solubilisation, formation of the diazonium salt, grafting using GraftFastTM or cyclic voltammetry, 
pH sensitivity of the grafted layer)



INTEREST FOR BUILDING MATERIALS
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USE OF ALIZARIN DYES FOR BASIC PH
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- Alizarine yellow is an acid-base indicator in the basic range but has no primary aromatic

amine group.

 Use of organic synthesis to introduce the -NH2 group on the alizarin molecule
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ORGANIC SYNTHESIS STRATEGY
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 Initial choice of alizarine yellow GG for regioselectivity reasons

 NH2 introduction on the molecule
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NEW ALIZARIN YELLOW DYE CARACTERISATION
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The new alizarin yellow dye has been caracterized using NMR and HPLC-MS.

The diazonium salt of the new alizarin yellow dye has been isolated and 

caracterized by NMR.



SHORT TERM PERSPECTIVES (PHD A-S. PIRES DE ALMEIDA)
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Grafting of the modified yellow alizarin diazonium salt using Graftfast™ and

electrochemical ways on semi-transparent metallized plates.

Determination of the pH range sensitivity using buffer solutions.

Caracterisation of the layer using analytical methods.



CONCLUSIONS-PERSPECTIVES
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• Covalent grafting using Graftfast™ or electrochemical grafting has been 

demonstrated for the acid-base dye Neutral Red.

• Caracterisation of the layer has been realized using different analytical

techniques.

• The grafting via a diazonium salt requires a primary aromatic amine and 

leads to a pH sensitivity range change.

• For high values of pH, to extend the potential acid-base indicators choice, 

modification of the molecules using organic synthesis is proposed.

• First results on modified alizarin yellow GG dye have been described.

• This general methodology will be followed and extended. 


