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1. Synthesis of AuNPs 

 

 

   

        Tea extract 1%  AuNPs 1% tea 

   

        Tea extract 5%  AuNPs 5% tea 

   

       Tea extract 10%  AuNPs 10% tea 

 

Figure S1 - Gold nanoparticles (AuNPs 1% tea, AuNPs 5% tea and AuNPs 10% tea) 

prepared by addition of [HAuCl4.3H2O] = 1.0x10-1 M to black tea extracts with 

different concentrations (1, 5 or 10 %).   
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2 . Characterization of AuNPS 

 

Peaks for Cu and C are from the grid used, and the peaks for K, Mg and O correspond 

to the capping over the AuNPs (Figures S2a and S2b) for all the tested tea extracts. A 

sample of the tea stock solution was also studied and it was confirmed that the observed 

extra peaks are derived from the dried tea (Figure S2c). 

 AuNPs1% tea  

a) 

  

 
 

AuNPs10% tea 

b) 

  

 Tea solution 

c) 

  

Figure S2 – EDS image and spectrum corresponding to a selected area for (a) 

AuNPs1% tea and (b) AuNPs 10% tea; (c) EDS image and spectrum corresponding to a 

selected area for tea extract. The white square is to show the target area for each 

analysis. 



 

 

 

 

 

 

 

 

 

Figure S3 - FTIRS of (a) 1% tea stock solution; (b) AuNPs1% tea. 

 

 

 

 

 

 

 

 

 

 

 

 

 

a) 

b) 



3 . UV studies for AuNPS 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S4 – UV-Vis spectra for the reduction of 4-NP to 4-AP with variable 

concentrations of AuNPs. Reaction conditions: [4-NP] = 3.810-5 M and [NaBH4] = 

1.610-3 M.  
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Figure S5 - Sucessive UV-Vis spectra for the reduction of 4-nitrophenol (4-NP) by 

AuNPs1% tea with different concentrations of reducing agent [NaBH4]. 
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Figure S6 - Reduction of 4-NP to 4-AP with variable concentrations of NaBH4.  -  

[NaBH4] = 310-4 M;  - [NaBH4] = 510-4 M; ◊ - [NaBH4] = 810-4 M;  - [NaBH4] = 

1.210-3 M;  - [NaBH4] = 1.610-3 M.  

 

 

 

 

 

 



0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

210 310 410 510 610

A
b
so

rb
an

ce

Wavelength (nm)

2-NP 2-nitrophenolate ion

2-AP

AuNPs

 

Figure S7 - UV-Vis spectra run along the reduction of 2-nitrophenol (2-NP) by AuNPs 

1% tea. Reaction conditions: [AuNPs 1% tea] = 3.210-5 M; [2-NP] = 3.810-5 M; 

[NaBH4] = 1.610-3 M. Starting AuNPs tea extract aqueous solution (dark solid line); 

upon addition of 2-NP (dark dashed line); formation of 2-nitrophenolate (red dash line); 

after 8 min. reduction (conversion of 2-NA in 2-PD) (red dashed line). a) Absorbance at 

415 nm vs. time.  

 

 

 

 

 

 

 

 

 

 

 

 



 

Figure S8 - Sucessive UV-Vis spectra for the reduction of 4-nitroaniline (4-NA) by 

AuNPs 1% tea. Reaction conditions: [AuNPs1% tea] = 3.210-5 M; [4-NA] = 3.810-5 

M; [NaBH4] = 1.610-3 M. Starting AuNPs tea extract aqueous solution (dark dashed 

line); upon addition of 4-NA (red solid line); upon addition of NaBH4 redutor (dark 

solid line) and after 2 min. reduction (conversion of 4-NA in 4-PD) (red dashed line). 

 

 

 

 

 

 

 

 



 

 

Figure S9 - Sucessive UV-Vis spectra for the reduction of nitrobenzene by AuNPs1% 

tea. Reaction conditions: [AuNPs1% tea] = 3.210-5 M; [NB] = 3.810-5 M; [NaBH4] = 

1.610-3 M; reaction time = 14 min. NB-Nitrobenzene; NA-Nitroaniline. 

 

 

4. Calculation of the number of nanoparticles, of the number of surface gold 

atoms and of TOF 

From the TEM experiments, we observed that AuNPs were spherical in shape, and we 

can roughly write: 

𝑉𝑁𝑃 = 𝑁̅𝑉𝑎𝑡𝑜𝑚 (eq. 1) 

 

then 

[
4

3
𝜋(𝑅𝑁𝑃)3] = 𝑁̅  [

4

3
𝜋(𝑅𝑚𝑒𝑡)3] (eq. 2) 

 

or, upon rearrangement 

 

𝑁̅ = 𝑓𝑜𝑣 (
 𝑅𝑁𝑃

𝑅𝑚𝑒𝑡
)

3

 
(eq. 3) 
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Here, VNP is the volume of a nanoparticle (cluster), Vatom is the volume of an atom, RNP 

is the radius of the NP, Rmet is the metallic radius and 𝑁̅is the total number of atoms 

within the NP and 𝑓𝑜𝑣 is the fraction of occupied volume which has a maximum value 

of 0.74 for a compact crystalline structure such as the bulky gold (face-centred cubic, 

FCC).  

From eq. 3, and using the value of RNP = 8 nm, obtained from TEM (AuNPs1% tea), 

and Rmet = 144 pm, we determine the number of gold atoms per nanoparticle as N  = 

1.27105. 

The number of surface atoms, 𝑁̅𝑆, on a unique gold nanoparticle was also estimated 

using the eq. 4, obtained1 by dividing the surface area of the NP, by the cross section of 

each atom, 
𝜋𝑅𝑚𝑒𝑡

2

𝑓𝑜𝑠
⁄  where 𝑓𝑜𝑠 is the fraction of occupied surface which has a 

maximum value of 0.91 for a compact crystalline plane: 

 

 

𝑁̅𝑆 = 4 × 𝑓𝑜𝑠 (
𝑁̅

𝑓𝑜𝑣
)

2
3⁄

 (eq. 4) 

 

The number of AuNPs formed (NNP) is given by the ratio of the total number of gold 

atoms, Natom, over the number of gold atoms per nanoparticle, 𝑁̅ (eq. 5) 

 

𝑁𝑁𝑃 =
𝑁𝑎𝑡𝑜𝑚

𝑁̅
 (eq. 5) 

  

considering   

𝑁𝑎𝑡𝑜𝑚 = total number of moles of gold x 𝑁𝐴  
atoms

mol
 

(eq. 6) 

  

  



and NA, the Avogadro´s number (6.022 x 1023 mol−1).  

  

Hence, the total number (Nts) of Au surface atoms (at the total surface of all the NPs, 

which are available for the catalytic reaction) is given by 

  

𝑁𝑡𝑠 = 𝑁̅𝑆𝑁𝑁𝑃 =
4×𝑓𝑜𝑠

 𝑓𝑜𝑣
2

3⁄
 
  𝑁𝑎𝑡𝑜𝑚

√𝑁̅
3  =

4×𝑓𝑜𝑠𝑅𝑚𝑒𝑡

 𝑓𝑜𝑣
 
  𝑁𝑎𝑡𝑜𝑚

𝑅𝑁𝑃
 =  (eq. 7) 

 

This was further used for the calculation of the turnover frequency (TOF) (eq. 8).  

 

𝑇𝑂𝐹 =
𝑀

𝑁𝑡𝑠 ∙ 𝑡
 (eq. 8) 

  

where M is the number of molecules of the product (4-AP) produced during time t. 

 

The results for all studied concentrations of AuNPs 1% tea extract are presented in 

Table S1. 

 

Table S1 - Calculation of the number of AuNPs, of the number of Au surface atoms and 

of turnover frequency.ª 

 

Entryb 
[Catalyst] 

(M) 

Natom x10-14 NNP x 10-10 M  x 10-14c Nts x 10-13 t x 10 TOF 

(eq. 6) (eq. 5)   (eq. 7) (h) (eq. 8) 

1 3.0x10-7 5.4 0.4 2.7 4.8 6.7 8.5 

2 2.8x10-6 50.6 3.99 64.2 44.4 3.3 43.9 

3 8.0x10-6 145 11.4 495 127 3 130 

4 2.3x10-5 415 32.7 639 364 2.3 76.3 

5 3.2x10-5 578 45.6 646 507 1 .127 

a Natm is the total number of gold atoms; NNP is the number of gold nanoparticles formed; M is the number 

of molecules of the product (4-AP); Nts is the total number of Au surface atoms and TOF is the turnover 

frequency. bEntries correspond to those of Table 1 with the same numbers. cEstimated from the 

conversion. 
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