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Effect of high gold salt concentrations on the size and polydispersity of 
gold nanoparticles prepared by an extended Turkevich-Frens method
Kara Zabetakis, William Ghann, Sanjeev Kumar, Marie-Christine Daniel* 
Table S1. Data used in Figure 1 in the text.
	0.3 mM
	
	
	0.6 mM
	
	
	0.8 mM
	

	
	
	
	
	
	
	
	

	Ct/Au Ratio
	PDI
	
	Ct/Au Ratio
	PDI
	
	Ct/Au Ratio
	PDI

	2.0
	0.293
	
	2.0
	0.283
	
	3.0
	0.178

	4.0
	0.022
	
	4.0
	0.021
	
	4.0
	0.113

	5.0
	0.037
	
	5.0
	0.036
	
	5.5
	0.024

	6.0
	0.023
	
	6.0
	0.014
	
	7.0
	0.023

	9.9
	0.046
	
	7.0
	0.013
	
	8.9
	0.028

	11.5
	0.076
	
	8.0
	0.035
	
	11.0
	0.033

	12.6
	0.088
	
	10.5
	0.041
	
	13.0
	0.058

	13.5
	0.094
	
	12.0
	0.056
	
	14.0
	0.120

	15.1
	0.097
	
	14.0
	0.080
	
	16.0
	0.268

	16.0
	0.106
	
	16.0
	0.059
	
	
	

	17.2
	0.114
	
	
	
	
	
	




Table S2. Data used in Figure 2 in the text.
	1 mM
	
	
	1.2 mM
	

	
	
	
	
	

	Ct/Au Ratio
	PDI
	
	Ct/Au Ratio
	PDI

	3.0
	0.165
	
	2.0
	0.277

	4.0
	0.066
	
	3.0
	0.234

	5.0
	0.028
	
	4.2
	0.080

	6.0
	0.034
	
	5.0
	0.048

	7.2
	0.037
	
	7.0
	0.028

	8.0
	0.040
	
	10.0
	0.074

	10.0
	0.043
	
	12.0
	0.124

	12.0
	0.070
	
	14.0
	0.386

	14.0
	0.268
	
	
	

	
	
	
	
	

	


	
	
	
	

	1.5 mM
	
	
	2 mM
	

	
	
	
	
	

	Ct/Au Ratio
	PDI
	
	Ct/Au Ratio
	PDI

	4.0
	0.121
	
	3.6
	0.165

	5.5
	0.045
	
	4.5
	0.111

	6.0
	0.030
	
	5.0
	0.107

	6.5
	0.099
	
	5.5
	0.087

	7.0
	0.047
	
	6.0
	0.079

	7.7
	0.055
	
	6.5
	0.154

	9.0
	0.074
	
	8.0
	0.214

	10.0
	0.154
	
	10.0
	0.233

	12.0
	0.225
	
	
	



Table S3. Data used in Figure 3 in the text
	0.3 mM
	
	
	
	0.6 mM 
	
	
	
	0.8 mM
	
	

	
	
	
	
	
	
	
	
	
	
	

	Ct/Au Ratio
	Size (nm)
	PDI
	
	Ct/Au Ratio
	Size (nm)
	PDI
	
	Ct/Au Ratio
	Size (nm)
	PDI

	2.0
	31.70
	0.293
	
	2.0
	26.52
	0.283
	
	3.0
	21.75
	0.178

	4.0
	17.34
	0.022
	
	4.0
	15.57
	0.021
	
	4.0
	15.32
	0.113

	5.0
	18.57
	0.037
	
	5.0
	14.83
	0.036
	
	5.5
	14.45
	0.024

	6.0
	19.38
	0.023
	
	6.0
	15.43
	0.014
	
	7.0
	14.71
	0.023

	8.0
	24.99
	0.092
	
	7.0
	15.62
	0.013
	
	8.9
	14.90
	0.028

	9.9
	25.19
	0.046
	
	8.0
	15.45
	0.035
	
	11.0
	15.56
	0.033

	11.5
	25.38
	0.076
	
	10.0
	16.90
	0.081
	
	13.0
	17.97
	0.058

	12.6
	25.94
	0.088
	
	12.0
	17.55
	0.056
	
	14.0
	18.73
	0.120

	13.5
	27.43
	0.094
	
	14.0
	17.54
	0.080
	
	16.0
	23.05
	0.268

	15.1
	26.81
	0.097
	
	16.0
	18.29
	0.059
	
	
	
	

	16.0
	26.33
	0.106
	
	
	
	
	
	
	
	

	17.2
	26.40
	0.114
	
	
	
	 
	
	
	
	



Table S4. Data used in Figure 4 in the text.
	1 mM
	
	
	
	1.2 mM
	
	

	
	
	
	
	
	
	

	Ct/Au Ratio
	Size (nm)
	PDI
	
	Ct/Au Ratio
	Size (nm)
	PDI

	3.0
	20.90
	0.165
	
	3.0
	22.07
	0.234

	4.0
	15.60
	0.066
	
	4.2
	15.30
	0.08

	5.0
	14.34
	0.028
	
	5.0
	14.15
	0.048

	6.0
	13.89
	0.034
	
	6.0
	13.60
	0.067

	7.2
	13.95
	0.037
	
	7.0
	13.48
	0.028

	8
	14.38
	0.040
	
	8.5
	14.05
	0.046

	10.0
	14.92
	0.043
	
	10.0
	16.21
	0.074

	12.0
	16.71
	0.070
	
	12.0
	17.45
	0.124

	
	
	
	
	
	
	

	1.5 mM
	
	
	
	2 mM
	
	

	
	
	
	
	
	
	

	Ct/Au Ratio
	Size (nm)
	PDI
	
	Ct/Au Ratio
	Size (nm)
	PDI

	4.0
	18.3
	0.121
	
	3.6
	21.76
	0.165

	5.5
	14.2
	0.045
	
	4.5
	17.34
	0.111

	6
	13.71
	0.030
	
	5.0
	16.17
	0.107

	6.5
	13.84
	0.099
	
	5.5
	15.61
	0.087

	7
	13.86
	0.047
	
	6.0
	15.15
	0.079

	7.7
	14.93
	0.055
	
	6.5
	15.83
	0.154

	9.0
	16.0
	0.074
	
	8.0
	17.39
	0.214

	10.0
	17.9
	0.154
	
	10.0
	20.90
	0.233

	

	
	
	
	
	
	


Table S5. Data used in Figure 5 in the text.
	Ct/Au ratio 2:1
	
	
	
	Ct/Au ratio 3:1
	
	

	
	
	
	
	
	
	

	[Au3+] (mM)
	size (nm)
	PDI
	
	[Au3+] (mM)
	size (nm)
	PDI

	0.30
	31.70
	0.293
	
	0.80
	21.75
	0.178

	0.60
	26.52
	0.283
	
	1.00
	20.90
	0.165

	1.20
	26.41
	0.277
	
	1.20
	22.07
	0.234

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	Ct/Au ratio 4:1
	
	
	
	Ct/Au ratio 5:1
	
	

	
	
	
	
	
	
	

	[Au3+] (mM)
	size (nm)
	PDI
	
	[Au3+] (mM)
	size (nm)
	PDI

	0.30
	17.34
	0.022
	
	0.6
	14.83
	0.036

	0.60
	15.57
	0.021
	
	1.00
	14.34
	0.028

	1.00
	15.60
	0.066
	
	1.20
	14.15
	0.048

	1.20
	15.30
	0.080
	
	2.00
	16.17
	0.107

	1.50
	18.30
	0.121
	
	0.3
	18.57
	0.037

	2.00
	21.76
	0.165
	
	
	
	



Table S6. Data used in Figure 6 in the text.
	Ct/Au ratio 6:1
	
	
	
	Ct/Au ratio 8:1
	
	

	
	
	
	
	
	
	

	[Au3+] (mM)
	size (nm)
	PDI
	
	[Au3+] (mM)
	size (nm)
	PDI

	0.30
	19.38
	0.023
	
	0.60
	15.45
	0.035

	0.60
	15.43
	0.060
	
	0.30
	24.99
	0.092

	0.80
	14.45
	0.024
	
	1.00
	14.38
	0.040

	1.00
	13.89
	0.034
	
	1.50
	15.17
	0.065

	1.50
	13.71
	0.030
	
	2.00
	17.39
	0.214

	2.00
	15.15
	0.079
	
	
	
	

	1.20
	13.60
	0.067
	
	
	
	

	
	
	
	
	
	
	

	Ct/Au ratio 10:1
	
	
	
	Ct/Au ratio 12:1
	
	

	
	
	
	
	
	
	

	[Au3+] (mM)
	size (nm)
	PDI
	
	[Au3+] (mM)
	size (nm)
	PDI

	0.30
	25.20
	0.046
	
	0.30
	25.38
	0.076

	0.60
	16.90
	0.081
	
	0.60
	17.55
	0.056

	1.00
	14.92
	0.043
	
	1.00
	16.71
	0.070

	1.20
	16.21
	0.074
	
	1.20
	17.45
	0.124

	1.50
	17.91
	0.154
	
	1.50
	19.84
	0.225

	2.00
	20.90
	0.233
	
	
	
	

	

	
	
	
	
	
	

	Ct/Au ratio 14:1
	
	
	
	
	
	

	
	
	
	
	
	
	

	[Au3+] (mM)
	size (nm)
	PDI
	
	
	
	

	0.30
	27.43
	0.094
	
	
	
	

	0.60
	17.54
	0.080
	
	
	
	

	0.80
	18.73
	0.120
	
	
	
	

	1.20
	23.93
	0.386
	
	
	
	

	1.00
	19.64
	0.268
	
	
	
	



Table S7. Predicted GNPs diameters (nm) using the original model of Kumar et al.1
[image: ]





Table S8. Predicted GNPs diameters (nm) using the model of Kumar et al.1 with a surface potential increase of 11%.
[image: ]

Table S9. Mean Sizes of GNP solutions from starting [Au3+] of 0.3 mM to 2 mM and using Ct/Au ratios of 4:1 to 10:1. Corresponding TEM images are displayed in Figure 9. Each mean size was calculated based on measurements of more 200 gold nanoparticles from no less than five TEM images.
[image: ]




Table S10. Ranges of pH values corresponding to the ranges of Ct/Au ratios used in this work, for [Au3+] of 0.3 mM to 2.0 mM.
[image: ]


[image: ]
Figure S1. Reproducibility of the reported conditions. Representative examples with starting [Au3+] of 1.5 mM and Ct/Au ratios of 4:1, 6:1 and 10:1. A) Zave sizes obtained for triplicate reactions; B) Graph displaying the mean sizes obtained, with their respective error bars. The dashed line represents the size trend observed in Figure 4 in the manuscript.
[image: ]
[bookmark: _GoBack][image: ][image: ][image: ]Figure S2. Overlays of experimental data and simulations for the sizes of GNPs from 0.3 mM (violet), 0.6 mM (magenta) and 0.8 mM (green) initial [Au3+]. (     ) Experimental data; (    ) Predictions using the Kumar’s model in which the zeta potential was increased by (A) 5.5% and (B) 11% for GNPs from 0.6 mM and 0.8 mM; in both (A) and (B), the Kumar’s model was used as is for GNPs from 0.3 mM [Au3+]. The residuals (        ) have been calculated as the difference between the experimental values and the theoretical ones. In order to determine the residuals, a spline curve-based extrapolation2 has been applied to both experimental and theoretical set of data. The lines are guides for the eye.

	(1)	Kumar, S.; Gandhi, K. S.; Kumar, R. Ind. Eng. Chem. Res. 2007, 46, 3128-3136.
	(2)	Press, W. H.; Teukolsky, S. A.; Vetterling, W. T.; Flannery, B. P. Numerical Recipes in C. The Art of Scientific Computing; Second Edition ed.; Cambridge University Press, 2002.
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1     Supplementary  Material   Effect of high gold salt concentrations on the size and polydispersity of    gold nanoparticles prepared  by an extended   Turkevich - Frens method   Kara Zabetakis, William Ghann, Sanjeev Kumar, Marie - Christine Daniel *     Table S 1 .   Data used  in   Figure 1 in the text .  

0.3 mM    0.6 mM    0.8 mM   

        

Ct/Au Ratio  PDI   Ct/Au Ratio  PDI   Ct/Au Ratio  PDI  

2.0  0.293   2.0  0.283   3.0  0.178  

4.0  0.022   4.0  0.021   4.0  0.113  

5.0  0.037   5.0  0.036   5.5  0.024  

6.0  0.023   6.0  0.014   7.0  0.023  

9.9  0.046   7 .0  0.013   8.9  0.028  

11.5  0.076   8.0  0.035   11.0  0.033  

12.6  0.088   10.5  0.041   13.0  0.058  

13.5  0.094   12.0  0.056   14.0  0.120  

15.1  0.097   14.0  0.080   16.0  0.268  

16.0  0.106   16.0  0.059     

17.2  0.114        

    Table S 2 .   Data used in   Figure 2 in the text .  

1 mM    1.2 mM   

     

Ct/Au Ratio  PDI   Ct/Au Ratio  PDI  

3.0  0.165   2.0  0.277  

4.0  0.066   3.0  0.234  

5.0  0.028   4.2  0.080  

6.0  0.034   5.0  0.048  

7.2  0.037   7.0  0.028  

8.0  0.040   10.0  0.074  

10.0  0.043   12.0  0.124  

12.0  0.070   14.0  0.386  

14.0  0.268     

     

         

