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SOP 1 - Synthesis of citrate reduced- gold colloid for surface 

enhanced Raman scattering (SERS) 

 

Gold nanoparticles (in colloidal solutions) are ideal SERS substrates. There are many factors 

affecting the successful synthesis of nanoparticle formation as well as various parameters 

that can be investigated to suit your experimental aims e.g. different reducing agents, 

capping agents as well as controlling the size of nanoparticles formed.  

This SOP outlines the synthesis of one of the most commonly used gold colloids, citrate-

reduced gold colloids, prepared for surface enhanced Raman scattering (SERS) and other 

research activities. 

Nanoparticle refers to particulate matter, the size of which has at least one dimension in the 

nanoscale. 

Nanoscale is size of the order of 100 nm or less. 

A colloid is a substance consisting of particles not exceeding 1 μm, dispersed in a fluid. 

Reducing agent is the compound used to reduce gold (or silver) ions. 

 

Note: This SOP is for the synthesis of aqueous nanoparticle suspensions of citrate reduced 

gold and may not be applicable to nanoparticles suspended in other fluids, particularly 

organic solvents, or nanoparticles synthesised from other materials. 

 

All procedures should be conducted in a fume cupboard or equivalent and appropriate 

personal protective equivalent (PPE) should be worn (laboratory coat, eye protection, 

double gloves) as detailed in the relevant COSHH information, available in the laboratory 

Raman safety folder. 

 

Materials and equipment 

The following materials are required for nanoparticle synthesis: 

 Reagents and starting materials: Aqua regia (3:1 HCl : HNO3 analytical grade), 

chloroauric acid (HAuCl4, 1.2 x 10
-3

 M) trisodium citrate (Na3C6H5O7, 1% w/v), 

deionised water 

 Glassware: 500 mL conical flask (for colloid) and 100 mL conical flask (for citrate 

solution) 

 4 decimal place balance 



 Weighing boats 

 Spatula 

 Magnetic stirrer bar 

 Heater/stirrer plate 

 Pipette 

The synthesis of citrate-reduced gold colloid involves the following steps, as detailed below: 

 Preparation of glassware 

 Weighing out starting materials 

 Synthesis of colloid 

 Clearing up procedure and storage of colloid 

 

Preparation of glassware 

Ensuring glassware is clean is a critical step in colloid synthesis as any impurities will affect 

the outcome of your colloid.  

Note: If the solution turns immediately black after addition of trisodium citrate, there are 

impurities in your colloid and the glassware is not sufficiently clean. This means the whole 

process needs to be repeated including re-cleaning the glassware. It is advisable to clean 

more conical flasks than you actually need to account for this. 

 

 

Procedure: 

Warning! This step must be performed in fume hood 

 Collect necessary glassware (1 × 500 mL, 1 × 100 mL conical flask) 

 To each item of glassware, add aqua regia (3:1 HCl : HNO3), around 10% of the 

volume, and leave for ~10 min. 

 After ~10 min, carefully dispose of the aqua regia down the sink with plenty of water.  

 Leave glassware to dry. 

 

Weighing out starting materials 

Whilst the glassware is left to dry, the starting materials can be weighed out using a 4 decimal 

place balance. Make sure you are familiar with the relevant COSHH information. 

 

 

 



 

Synthesis of Colloid 

The synthesis of citrate-reduced gold colloids follows the Lee and Meisel method. The order 

and time dedicated to how you add/do things in this section can affect the composition of 

your citrate-reduced gold colloid.  In addition, various parameters can be changed to tailor 

your nanoparticles for specific analyses (See Figure 1 for general apparatus set-up). 

Synthesis should be performed in a fume hood. 

 

Figure 1. General apparatus of set up for making citrate-reduced gold colloid. 

 

P. C. Lee and D. Meisel, The Journal of Physical Chemistry, 1982, 86, 3391 - 3395 

 

Procedure 

 Dissolve the chloroauric acid (0.240 g, HAuCl4) into 500 mL of deionised water and 

bring to boiling (set stirrer plate to 150 °C). 

 Add magnetic stirrer bar and set the stirrer plate to 5 to ensure continuous mixing. 

 Dissolve trisodium citrate (1.0 g, Na3C6H5O7) in 100 mL deionised water 



 To the chloroauric acid/water solution, add 50 mL trisodium citrate solution 

dropwise. Make sure this step is performed slowly and that the solution is constantly 

being stirred.  

 Leave the solution ~1 h constantly stirring and heated. A colour change from 

colourless to a dark red/purple indicates successful nanoparticle formation (see Figure 

2). 

 

Figure 2. The conical flask on the left is before addition of trisodium citrate and the conical 

flask on the right, dark red/purple in colour, indicates successful nanoparticle formation. 

 

Clearing up procedure and storage of colloid 

Once the colloid has been left for ~1 h and is accompanied by a colour change, the conical 

flask can be removed from the stirrer plate and left to cool. Once cool, the conical flask 

should be wrapped in foil to prevent light degradation of the colloid solution (see Figure 3).  

 

Figure 3. Conical flask (containing colloid) wrapped in foil to prevent light degradation of 

the colloid solution. The colloid is appropriately labelled and should be left in a cool, dark 

room. 
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SOP 2 - Synthesis of citrate reduced- silver colloid for SERS 

 

Note: For preparation of glassware, materials and equipment refer to SOP 1.  

The synthesis of citrate-reduced silver colloids follows the Lee and Meisel method. The order 

and time dedicated to how you add/do things in this section can affect the composition of 

your citrate-reduced silver colloid.  In addition, various parameters can be changed to tailor 

your nanoparticles for specific analyses (See Figure 4 for general apparatus set-up). 

Synthesis should be performed in a fume hood. 

 

Figure 4. General apparatus of set up for making citrate-reduced silver colloid. 

 

P. C. Lee and D. Meisel, The Journal of Physical Chemistry, 1982, 86, 3391 - 3395 

 

Procedure 

 Dissolve the silver nitrate (0.09 g, AgNO3) into 500 mL of deionised water and bring 

to boiling (set stirrer plate to 150 °C). 

 Add magnetic stirrer bar and set the stirrer plate to 5 to ensure continuous mixing. 

 Dissolve trisodium citrate (1.0 g, Na3C6H5O7) in 100 mL deionised water 



 To the silver nitrate/water solution, add 10 mL trisodium citrate solution dropwise. 

Make sure this step is performed slowly and that the solution is constantly being 

stirred.  

 Leave the solution ~ 1 h constantly stirring and heated. A colour change from 

colourless to a milky green/grey suspension indicates successful nanoparticle 

formation (see Figure 5). 

 

 

Figure 5. The conical flask on the left is before addition of trisodium citrate and the conical 

flask on the right, milky green/grey in colour, indicates successful nanoparticle formation. 

 

Once the colloid has been left for ~ 1 h and is accompanied by a colour change, the conical 

flask can be removed from the stirrer plate and left to cool. Once cool, the conical flask 

should be wrapped in foil to prevent light degradation of the colloid solution (SOP 1, Fig 3). 
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SOP 3 - Synthesis of hydroxylamine reduced- silver colloid for 

SERS 

 

Note: For preparation of glassware, materials and equipment refer to SOP 1. 

The synthesis of hydroxylamine-reduced silver colloids adopts the Leopold and Lendl 

method. The order and time dedicated to how you add/do things in this section can affect the 

composition of your hydroxylamine-reduced silver colloid.  In addition, various parameters 

can be changed to tailor your nanoparticles for specific analyses (See Figure 6 for general 

apparatus set-up). 

Synthesis should be performed in a fume hood. 

 

Figure 6. General apparatus of set up for making hydroxylamine-reduced silver colloid. 

N. Leopold and B. Lendl, The journal of Physical Chemistry B, 2003, 107, 5723 - 5727 

 

Procedure 

 First make up the stock solutions of each chemical: silver nitrate (0.169 g dissolved in 

10 mL deionised water), sodium hydroxide (0.12 g in 100 mL deionised water) and 

hydroxylamine hydrochloride (0.104 g in 10 mL deionised water). 

 Measure out 158 mL deionised water into a 250 mL conical flask 

  Add a magnetic stirrer bar and set the stirrer plate to 5 to ensure continuous mixing 

 Add 20 mL sodium hydroxide solution to the conical flask containing deionised water 



 Add 2 mL hydroxylamine hydrochloride solution to the sodium hydroxide/water 

conical flask 

 Take 2 mL silver nitrate solution and transfer to a new conical flask, and dilute to 

20 mL with deionised water. 

 To the sodium hydroxide/water solution, add 20 mL of the diluted silver nitrate 

solution dropwise. Make sure this step is performed slowly and that the solution is 

constantly being stirred.  

 A colour change from colourless to a yellow/orange/ grey suspension indicates 

successful nanoparticle formation (see Figure 7). 

 Leave solution stirring for around 15 min. 

 Repeat process (excluding stock preparations) four more times, ultimately making 5× 

batches of colloid for comparison purposes. 

 

 

 

 

 

 

 

Figure 7. The conical flask on the left is before addition of hydroxylamine hydrochloride 

solution and the conical flask on the right, yellow/orange/grey, indicates successful 

nanoparticle formation. 

 

Once the colloid has been left for ~ 15 min and is accompanied by a colour change, the 

conical flask can be removed from the stirrer plate. Once cool, the conical flask should be 

wrapped in foil to prevent light degradation of the colloid solution (SOP 1, Fig 3). 
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SOP 4 - Disposal of gold and silver nanoparticles 

 

4.1 Purpose and definitions 

Nanoparticles are potentially hazardous materials, although the exact hazards they pose and 

associated exposure limits are unknown and the subject of current government investigation 

(Reference 1). 

This SOP outlines the safe disposal of gold and silver nanoparticle suspensions prepared for 

surface enhanced Raman scattering (SERS) and other research activities. Nanoparticle refers 

to particulate matter, the size of which is has at least one dimension in the nanoscale. 

Nanoscale is size of the order of 100 nm or less. 

A colloid is a substance consisting of particles not exceeding 1µm, dispersed in a fluid. 

Aggregation is the combination of individual nanoparticles to form particles larger than 

1 µm. These and other definitions are available in Reference 2. 

This SOP is for the disposal of aqueous nanoparticle suspensions of gold and silver and may 

not be applicable to nanoparticles suspended in other fluids, particularly organic solvents, or 

nanoparticles synthesised from other materials.  

 

4.2 Disposal procedure 

Note: All disposal procedures should be conducted in a fume cupboard or equivalent and 

appropriate personal protective equivalent (PPE) should be worn (laboratory coat, eye 

protection, double gloves) as detailed in the relevant COSHH information. 

 

4.2.1 Materials 

The following materials are required for nanoparticle disposal: 

 Aggregating agent: aqueous sodium chloride ≥0.1 mol dm
-3

 should be used unless 

incompatible. Alternatives include aqueous sulphate and nitrate salts or polylysine. 

 Waste container: Duran bottle with standard 45 mm screw top. 

 Filter: Millipore Steritop or equivalent, 0.22 µm pore size. 

 Vacuum pump or other suction (optional). 

The disposal process involves the following steps, as detailed below: 

4.2.2 Aggregation of colloid suspension  

4.2.3 Filtration of aggregated particles  

4.2.4 Disposal of filtrate 

4.2.5 Storage and disposal of used filter 



4.2.2 Aggregation of colloid suspension 

Addition of an aggregating agent to the colloid suspensions causes the nanoparticles to 

aggregate, forming larger particles that are no longer nanoscale. 

Note: Nanoparticle suspensions have the tendency to self-aggregate temporarily when 

undisturbed for a period of time. However, agitation of the liquid will cause the nanoparticles 

to resuspend. 

Procedure: 

 Nanoparticle suspensions should be agitated prior to aggregation to fully resuspend 

the colloid. 

 Aggregating agent should be added to the colloid. This is usually accompanied by a 

colour change if the aggregation is successfully initiated. See Figure 8. 

 The colloid and aggregating agent mixture should be thoroughly agitated and allowed 

to aggregate fully. This may take up to 24 hours, see Figure 8. 

 Once the colloid is fully aggregated it will have formed a sediment layer of visible 

particles over the base of the container. The mixture should be thoroughly agitated 

again to make sure no resuspension occurs. 

 

4.2.3 Filtration of aggregated particles 

Once satisfied that the colloid is fully aggregated, the liquid must be filtered to remove any 

metal particles before disposal. The filtration apparatus is shown in Figure 9. 

Procedure: 

 The bottom cover should be removed from the filter and then the filter should be 

screwed onto the top of a Duran bottle. 

 Suction should be applied to the side nozzle of the filter if required. 

 The top lid of the filter should be removed and the aggregated colloid applied to the 

filter. 

 The filtrate will drip through into the Duran bottle, although this may take a few 

seconds to start if the filter is new. 

 

4.2.4 Disposal of filtrate 

Filtrate should be disposed of as appropriate for the content of the solution once the 

nanoparticles have been removed. This information can be found in the relevant COSHH 

information sheets. 

 



 

Figure 8. The visual changes with aggregation of gold and silver colloid. 

 

 

 

  



 

Figure 9. Setup of the filtering apparatus. 

 

 

4.2.5 Storage and disposal of used filters 

Once a filter has been used, it may be stored for future use if it is still in working condition 

i.e. liquid will still easily pass through the pores and the top container is not full of metal 

particles. 

 

 



Procedure: 

 Replace the top cover on the filter and it may be stored attached to the Duran bottle. 

 To store separate from the Duran bottle, ensure the top cover is in place and remove 

any suction tubing before unscrewing the filter unit from the bottle. Replace the 

bottom cover on the filter unit. 

 Dispose of filters as if disposing silver metal. 
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