
















































































































































ICO (Windows icon), PICT, which can be imported via the menu command 

"File/Import/Jimi Reader. .. ". 

Figure AI. Imported TEM image of gold nanoparticles in ImageJ. 

4 Particle analysis 

Particle counting can be done automatically if the specimen lends itself to it, i.e. the 

individual particles can touch -but not too much! If automatic particle counting cannot 

be done, ImageJ can facilitate manual counting with the "Point Picker" or "Cell counter" 

plugin. 
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4.1 Set scale bar 

To set the scale bar for particle measurements select the "straight line" icon in the ImageJ 

tool bar. 

~ lmageJ 

I File Edit Image Process 

!9QJQJc::? 3J~~±l::JAJ..J3JfLJOLJ1JLJQJ.]J ~ 
istraight line selections 

Figure A2. ImageJ toolbar "straight line" selection. 

Next measure the length of the imbedded toolbar in the image. Afterwards select 

"Analyze - Set Scale". A dialog box will appear. Input the known distance and set unit of 

length to nanometers. 

Figure A3. Set scale dialog box. 

Distance In Pixels : j 184.00 

Kn own Distance: I 5o 

Pixel Aspect Ratio: jr-1-.0--· 

Unit of Length: I nfn 

Sca le: 3.680 pixels/nm 

r Globa l 

After setting the scale the original scale bar in the image needs to be removed. Select the 

"Rectangular" selection icon in the toolbar and enclose the scale bar in the image. Next 
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select "Edit- Clear". The area contained within the rectangle will be cleared. Next select 

"Edit- Fill" to make the area white. 

4.2 Threshold segmentation 

Automatic particle analysis requires the image to be a "binary" image i.e. black or white. 

The software needs to know exactly where the edges are to perform morphology 

measurements. A "threshold" range is set and pixels in the image whose value lies in this 

range are converted to black; pixels with values outside this range are converted to white 

(or vice-versa depending on what the user requests). There are several ways to set 

thresholds. Select "Process - Binary - Threshold" to generate a black and white binary 

tmage. 
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Figure A4. Binary image conversion. 
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4.3 Watershed segmentation 

Objects in a binary image that are slightly overlapping may be separated using the menu 

command "Process/Binary/Watershed". The image first needs to be converted to binary 

(set via thresholding). The black pixels are then replaced with grey pixels of an intensity 

proportional to their distance from a white pixel (i.e. black pixels close to the edge are 

light grey, those closer to the 'middle) are nearer black. This is the Euclidian distance 

map (EDM). From this it calculated the centers of the objects the ultimate eroded points 

(UEPs), i.e. points that are equidistance from the edges. These points are then dilated 

until the meet another black pixel, and then a watershed line is drawn. 

l 
l 
I: 

Figure AS. Watershed segmentation of binary image. 
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4.4 Analyze Particles 

Once the image has been segmented, the menu comtnand "Analyze - Analyze Particles" 

can be used to obtain various information regarding particle size and numbers. Set the 

minimum size and maximum size to exclude objects that appear in the binary image that 

are clearly not objects of interest. Select the "Show: Outlines", "Display Results", and 

"Swnmarize" options to display an image of the detected objects, a box containing 

results, and a box containing a summary. The sutnmary box will contain the nanoparticle 

count, area, and average particle size. 

f-" o. a.;ing of ci- 2.j pg (25%) 
i 204 i3x2'048 pixels; B·blt. 4MB 

L. ... 

Figure A6. Particle analysis outline. 

4.5 Particle Histogram 

I 
..... J 

To generate a histogram and standard deviation select "Analysis - Distribution" a 

distribution dialog box will appear. Set the bin size to 20o/o of the total particle count. Set 
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the range from the smallest know particle to the largest. A histogram will be generated 

containing statistical data. 

" A1 ea Oistlibution 
f 60x240 pixels; B- bit; 70i7K-----====-.i 

Count: 95 
Me n: 27 
StdDev: 8 
Bins : 20 

Figure A 7. Nanoparticle histogram ofTEM image. 

Min: 16 
M x: 45 
Mode: 20 (22) 
Bin W tdtll : 4 

100 

The particle analysis can be automated via plugins or macros once the correct threshold 

value and particle size range has been determined for your objects of interest. 
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Appendix B: Thermodynamics of HAuCI4 Reduction 

The entire process is performed between 20 and 22°C and a pressure of 1 atm. The pH of 

the solution varies as a function ofHAuCl4 concentration. Nemst equation describes 

potential of electrochemical cell as a function of concentrations of ions taking part in the 

reaction: 

0 RT 
E=E --ln(Q) 

nF 

where If is the standard reduction potential, R is the absolute gas 

(32) 

constant = 8.31441 J/(mol K), F is Faraday constant = 96484.6 C/mol, Tis the absolute 

temperature= 295.15 K, n is number or electrons, and Q is the reaction quotient. RTIF 

can be considered constant. 

RT 
E = E 0 -- * 2.303 * log(Q) 

nF 

The CO gas is injected at a flow rate of25.45 mL/min in 40 mL aqueous sample 

volumes. A water saturation constant of 0.26 g per 1 kg at 22°C is used. 

AuC14- + 2e- - AuC12- + 2Cr E 0 (V) = 0.926 

(33) 

(34) 

(35) 

(36) 

(37) 

(38) 

(39) 
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CO(g)+2H20--+ HC03- +2e- +3H+ E 0 (V) = -0.101 (40) 

Redox potentials (39) and (40) are given at pH 0. The redox potentials are pH-dependent 

and must be adjusted for the varying pH values. The pH increase is dependent on HAuC14 

concentrations and the CO saturation constants versus water are compensated for. The 

redox potentials for equations (39) and ( 40) are shown in Table B.1. 

Table B.l. Reduction potentials for CO gas as a function of pH 

CO(g) + H20--+ C02 (aq) + 2e- + 2H+ CO(g) + 2H20 --+ HC03- + 2e- + 3H+ 

pH Redox potential (V) pH Redox potential (V) 

3.25 0.300 3.25 0.089 

3.6 0.321 3.6 0.110 

3.79 0.332 3.79 0.121 

4.05 0.347 4.05 0.136 

4.25 0.359 4.25 0.148 

5.55 0.435 5.55 0.224 

6.6 0.496 6.6 0.285 

7.45 0.546 7.45 0.335 

8.8 0.625 8.8 0.414 

9.23 0.650 9.23 0.439 

10.3 0.713 10.3 0.502 

11.4 0.777 11.4 0.566 
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