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Section S1. Chemometric optimization of the photochemical synthesis of AuNP
The irradiation time, and the concentrations of AuCl4- and PDDA were selected as independent variables and optimized using the response surface methodology (RSM) and the central composite design (CCD). The total number of tests required for CCD is 2k + 2k+ n, being 2k the factorial design tests (where k is the number of factors), 2k the axial points, and n the number of replicates of the centre point. Thus, a set of 18 experiments was required for the optimization of the three variables or factors. In the CCD, 5 levels of the studied factors were evaluated: ±1, 0, ±1.682 (±α, α being 2k/4) for the factorial-design experiments, centre points, and axial-points, respectively [S1, S2]. Table S1 shows the experimental design for the optimization of the three variables, including the values for the factors that were selected considering the conditions used in previous works [S3-S9]. Experiments from 1 to 8 represent the factorial design tests that give information about first order effects and the interactions between the different factors [S1, S2]. The axial points are the experiments between 10 and 15, these tests give information about second order effects and are at a distance α from the design centre [S1, S2]. Experiments 9 and 16 to 18 are the centre point and its replicates tests, respectively, and give information about the experimental error [S1, S2]. 
Table S1. Central Composite Design for the optimization of three variables
	Experiment
	Coded values
	Actual values
	I (µA)

	
	x1
	x2
	x3
	t (min)
	[AuCl4-]
(mol L-1)
	[PDDA] (%)
	

	1
	1
	-1
	-1
	28
	3.20×10-4
	0.72
	0

	2
	1
	-1
	1
	28
	3.20×10-4
	2.7
	10.8

	3
	-1
	-1
	-1
	8
	3.20×10-4
	0.72
	5.43

	4
	-1
	-1
	1
	8
	3.20×10-4
	2.7
	6.22

	5
	1
	1
	1
	28
	1.10×10-3
	2.7
	5.84

	6
	1
	1
	-1
	28
	1.10×10-3
	0.72
	8.14

	7
	-1
	1
	1
	8
	1.10×10-3
	2.7
	5.63

	8
	-1
	1
	-1
	8
	1.10×10-3
	0.72
	8.40

	9
	0
	0
	0
	18
	7.20×10-4
	1.7
	13.9

	10
	0
	+1.682
	0
	18
	1.40×10-3
	1.7
	4.18

	11
	0
	0
	+1.682
	18
	7.20×10-4
	3.4
	4.41

	12
	0
	-1.682
	0
	18
	2.00×10-5
	1.7
	0

	13
	0
	0
	-1.682
	18
	7.20×10-4
	0.01
	0

	14
	+1.682
	0
	0
	35
	7.20×10-4
	1.7
	7.12

	15
	-1.682
	0
	0
	1
	7.20×10-4
	1.7
	0

	16
	0
	0
	0
	18
	7.20×10-4
	1.7
	11.7

	17
	0
	0
	0
	18
	7.20×10-4
	1.7
	13.9

	18
	0
	0
	0
	18
	7.20×10-4
	1.7
	12.4


The different tests were randomly performed and suspensions with different characteristics depending on synthesis conditions were obtained. Table S1 also presents the anodic current of 200 µg mL-1 benzyl alcohol solution in 0.10 mol L-1 KOH obtained from cyclic voltammograms on SPCE modified with the different suspensions. In the voltammograms (Figure S1), an anodic peak at +0.017±0.003 V (vs Ag) and a cathodic peak at -0.107±0.006 V (vs Ag) due to the oxidation and reduction of benzyl alcohol, respectively, were observed
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Figure S1. Cyclic voltammograms of 200 µg mL-1 benzyl alcohol in 0.10 mol L-1 KOH on SPCE modified with AuNP suspensions obtained in experiment 3 (---), experiment 10 (―), and experiment 18 (···). Scan rate: 0.100 V s-1.
To select the AuNP suspension with the best characteristics to develop the electrochemical sensor, the second order polynomial equation that relate the electrochemical response of benzyl alcohol with the studied factors was obtained. From the experimental results (Table S1), the following second order polynomial equation in terms of the coded factors was obtained using the least square method:
           (1)
Where x1 is the irradiation time, x2 the concentration of the metal precursor, and x3 the concentration of PDDA. 
To evaluate the significance of the coefficients of the mathematical model bj (where are included the lineal (bi), the quadratic (bii) and the interaction coefficients (bij)) the value of the experimental t-student (tj) was calculated using the following equations:
  	(2)
 		(3)
 	(4)
Where σbj2 is the variance of the coefficients, Cjj are the diagonal terms of [XT·X]-1matrix, σrep2 is the variance of the centre point replicates, yi is the response of the centre points, ӯ0 is the mean response in the centre point, and n0 is the number of replicates of the centre-point. 
According to the Student’s t-test (Table S2), the tj values of the coefficients b1 (0.4680) corresponding to the individual effect of the irradiation time, b2 (0.5819) corresponding to the individual effect of concentration of the metal precursor, and b12 (0.1001) corresponding to the interaction between the irradiation time and concentration of metal precursor, are lower than the t-critical (3.18, at 95% confidence level and 3 degrees of freedom). Thus, these coefficients are considered not significant and excluded from the polynomial equation. 
Table S2. Student’s t-test of the mathematical model
	
	Coefficient
	Cjj
	σbj
	tj

	b0
	12.79
	0.177
	0.468
	27.3

	b1
	0.4680
	0.0732
	0.301
	1.58

	b2
	0.5819
	0.0732
	0.301
	1.94

	b3
	1.240
	0.0732
	0.301
	4.13

	b12
	-2.404
	0.0500
	0.249
	9.66

	b22
	-2.922
	0.0500
	0.249
	11.7

	b32
	-2.883
	0.0500
	0.249
	11.6

	b12
	0.1001
	0.125
	0.393
	0.255

	b13
	1.308
	0.125
	0.393
	3.33

	b23
	-2.082
	0.125
	0.393
	5.30


t critical (95% confidence level) = 3.18
Therefore, the equation that describes the response of the system is the following: 
         (5)
The coefficient of determination (R2) was also calculated to study the correlation between the experimental data and those obtained using the mathematical model (Equation 5). The R2 value of the obtained equation is 0.8595 (at 95%-confidence level), so an accurate response can be obtained with the proposed mathematical model.
 The reliability of the method was also studied using the Fisher test (equations 6 and 7). 
 	(6)
	(7)
Being σres2 the residual variance, N the number of experiments, l the number of coefficients in the polynomial equation, yi the response observed in each experiment, and ŷi the estimated response by the mathematical model. 
As can be seen in Table S3 the F value was lower than F critical (at 95% confidence level, and 11 and 3 degrees of freedom for the numerator and denominator, respectively). This result suggests that there are no significant differences between the variances and thus the mathematical model is adequate to predict the responses.
Table S3. Fisher test of the mathematical model
	Residual variance (σres2)
	9.70

	Variance of the replicates (σrep2)
	1.24

	Number of experiments (N)
	18

	Number of coefficients (l)
	7

	F value
	7.84

	F critical value
	8.76



From the obtained mathematical model (equation 5), the response surfaces were constructed using the Matlab software (Figure S2). 
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Figure S2. Response surfaces obtained in the optimization of the photochemical synthesis of AuNP. (A) Effect of the irradiation time and AuCl4- concentration, maintaining PDDA concentration constant (1.7%, x3=0). (B) Effect of the irradiation time and PDDA concentration, maintaining AuCl4- concentration constant (7.20 10-4 mol L-1, x2=0). (C) Effect of AuCl4- and PDDA concentration, maintaining the irradiation time constant (18 min, x1=0). 
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Figure S3 Determination of benzyl alcohol in a micellar water by LSV in 0.10 mol L-1 KOH on the AuNP@PDDA/SPCE sensor by standard addition method (A) Linear sweep voltammograms and (B) Calibration plot. 
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