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Nickel plating bath detail study

Cleaning solution

As mentioned under Materials and Methods section, For nickel loading commercial 
electrochemical bath was purchased from Grauer & Weil (India) Limited. Electrochemical commercial 
bath consisted of cleaning solution, mild etching solution, pre-activator, activator, Ni salt solution and 
reducing solution. 

Table T1: Commercial electrochemical bath preparation process solutions and methods. 

Sr. 
No. 

Name of the process 
solution

Commercial Name Preparation method

1. Cleaning solution Ginplate CC 50 Ginplate CC-50 = 50% by 
volume 
Distilled water = Balance 

2. Mild Etching Solution Ginplate AD 481 Ginplate AD-481 SP =100g/l in 
Distilled water
Sulphuric Acid, AR grade=1% by 
volume

3. Pre-activator Ginplate PC 236 Ginplate PC-236=150 g/L in 
Distilled water
Hydrochloric Acid, AR Grade 
(37%) = 2.5% by volume 

4. Activator Ginplate Activator 444 Deionized or distilled water 
=66% by volume 
Ginplate PC 236 = 150 g/l 
Hydrochloric Acid, AR Grade 
(37%) =1.5% by volume 
Ginplate Additive 443 =1% by 
volume 
Ginplate Activator 444 = 6.3% 
by volume

5. Post Activator Ginplate Post-Activator 
493

Ginplate PA 493 = 1 part by 
volume 
Distilled water = 5 parts by 
volume

6. Ni salt solution Ginplate 432A Ginplate Ni 432 A = 80 ml/lit.
7. Reducing solution Ginplate 432B Ginplate Ni 432 B = 150 ml/lit.

The above compositions are patented and the information provided above is as mentioned 
in their standard data sheet ( www.growel.com ). For the electroless Ni loading bath 
preparation above mentioned protocol is followed for the experiments in the present work.    
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Table T2. Steps involved in surface activation and electroless Ni loading process over TiO2 nanoparticles.

Sr. No. Solution Temperature 
(°C)

Time
(min)

Water washing time
(min)

1 Cleaning solution 60 10 1-2

2. Mild etching solution 27 4 1-2

3. Acid solution 27 2 1-2

4. Pre-activator 27 2 0

5. Activator 27 5 1-2

6. Post activator 27 5 1-2

7. Electroless Ni bath 85 15 5

XPS spectra of 0.1% Ni/TiO2 powder for carbon, C1s

Fig. S1 XPS spectra of 0.1% Ni/TiO2 powder corresponding to carbon, C1s.  
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FESEM images of 0.5%Ni/TiO2 nanopowders

Fig. S2 FESEM images of 0.5%Ni/TiO2 nanopowders at (a) low and (b) high magnification respectively.

FETEM images of 0.1%Ni/TiO2 nanopowders

Fig. S3 FETEM images of 0.1%Ni/TiO2 nanopowders. Yellow highlighted regions show nanoclusters (dotted circles) and 

nanofilms (irregular shapes) deposited over TiO2 surfaces.

 



FETEM images of 0.5 %Ni/TiO2 nanopowder 

Fig. S4 FETEM images of 0.5 %Ni/TiO2 nanopowder photocatalyst. 

Fig. S5 FETEM-STEM-EDS elemental mapping images of 0.5% Ni/TiO2 nanopowders: (a) EDS spectra (Inset: electron image of 

selected region and its quantitative EDS data) and its elemental mapping images for (b) their elemental mix (c) Ti, (d) O and 

(e) Ni. 



FETEM images of 0.1%Ni/TiO2 nanopowder photocatalyst after recycling

Fig. S6 FETEM images of recycled 0.1%Ni/TiO2 nanopowder photocatalyst.

Section S1: Apparent Quantum Efficiency (AQE) 

 The apparent quantum efficiency for a particular wavelength is calculated using equation (I)(57),(77)

𝐴𝑝𝑝𝑎𝑟𝑒𝑛𝑡 𝑄𝑢𝑎𝑛𝑡𝑢𝑚 𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 =
(𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝ℎ𝑜𝑡𝑜 𝐻𝑦𝑑𝑟𝑜𝑔𝑒𝑛 𝑚𝑜𝑙𝑒𝑐𝑢𝑙𝑒) 𝑥 2

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑖𝑛𝑐𝑖𝑑𝑒𝑛𝑡 𝑝ℎ𝑜𝑡𝑜𝑛𝑠
               (𝐼) 

The value of number of incident photons was obtained using the parameters of wavelength and intensity of incident light as 

well as irradiation area as given below:

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑖𝑛𝑐𝑖𝑑𝑒𝑛𝑡 𝑝ℎ𝑜𝑡𝑜𝑛𝑠 𝑝𝑒𝑟 𝑠𝑒𝑐𝑜𝑛𝑑 =
𝐿𝑖𝑔ℎ𝑡 𝑖𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦 𝑥 𝑖𝑟𝑟𝑎𝑑𝑖𝑎𝑡𝑖𝑜𝑛 𝑎𝑟𝑒𝑎 𝑥 𝑙𝑖𝑔ℎ𝑡𝑤𝑎𝑣𝑒𝑙𝑒𝑛𝑔𝑡ℎ

𝑃𝑙𝑎𝑛𝑐𝑘'𝑠 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 𝑥 𝑙𝑖𝑔ℎ𝑡 𝑠𝑝𝑒𝑒𝑑
       (𝐼𝐼)


