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a b s t r a c t 

2 nm gold nanoparticles (AuNPs) have promising applications within drug and protein delivery, bioimaging, and 

biosensing. By performing ligand place-exchange reactions, AuNPs protected with alkanethiolate ligands can be 

functionalized to regulate their behaviors. In this reaction, a new ligand is incorporated by mixing a thiol with the 

AuNPs. To remove the excess new ligand as well as the displaced thiolate, dialysis has previously been the most 

widely used method. However, this purification method is time-consuming and fails to remove unwanted thiols 

completely. In this study, we describe a fast and efficient procedure to purify AuNP aqueous solution through 

liquid-liquid extraction using dichloromethane. 

• We demonstrate a facile way to purify AuNPs after ligand place-exchange reactions through liquid-liquid 

extraction. 
• Liquid-liquid extraction is a simple, inexpensive and efficient method for AuNP purification. 
• This protocol enables us to completely purify AuNPs in a few hours and can be used as a much quicker and 

more scaleable valid alternative to dialysis. 

© 2020 The Author(s). Published by Elsevier B.V. 
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Specifications table 

Subject Area Chemistry 

More specific subject area Gold nanoparticle synthesis and purification 

Method name Purification of gold nanoparticles from free ligand through liquid-liquid extraction 

Name and reference of 

original method 

Entrapment of Hydrophobic Drugs in Nanoparticle Monolayers with Efficient Release into 

Cancer Cells 

J. Am. Chem. Soc 0. 200913141360–1361 

Resource availability https://doi.org/10.1021/ja808137c 

Method 

Method details 

A ligand place-exchange reaction of the new thiol ligand dissolved in CH 2 Cl 2 : MeOH (1:1, 4 ml)

with pentanethiolate-coated AuNPs ( d = ~2 nm) was carried out for 3 days at rt (~25 °C). The

final reaction mixture contained the desired AuNPs, the excess new ligand and replaced thiolate. 

The solvent was removed under reduced pressure and then washed with organic solvents (hexanes 

followed by ether). Next, the AuNPs were redissolved in water and then further purified by liquid-

liquid extraction using CH 2 Cl 2 . Nuclear Magnetic Resonance (NMR) was used to check the purity. 

Step 1: Monolayer Exchange Reaction 

Materials 

All organic solvents were purchased from Fisher and purged through nitrogen before being used. 

Aqueous AuNP solutions were prepared with deionized water produced by a Millipore System. 

Procedure 

Pentanethiolate-coated AuNPs ( d = ~2 nm) were synthesized using the Brust-Schiffrin gold core 

synthesis method [1] . Tetraethylene glycol trimethyl ammonium (TTMA) ligands were synthesized 

according to the literature (~70 ligands per particle) [2] . The TTMA AuNPs were then synthesized

using the Murray ligand exchange reaction following a previously reported protocol [3] . Briefly, 30 mg

of pentanethiolate-coated AuNPs was dissolved in 4 mL of purged CH 2 Cl 2 and the solution was

allowed to stir. Further, 90 mg of TTMA ligand was dissolved in 4 mL purged CH 2 Cl 2 : MeOH (1:1)

solution. Then the ligand solution was slowly added to pentanethiolate-coated AuNPs while stirring. 

The solution mixture was then purged with N 2 to remove any trace of CH 2 Cl 2 . The ligand exchange

reaction was then carried out for 3 days under continuous stirring. 

Step 2: Purification of AuNPs 

After the reaction was carried out for 3 days, the solvent was evaporated without any heating.

AuNP residue was washed with hexanes (4 × 10 mL) and diethyl ether (8 × 10 mL) and then the

solid residue was dissolved in 10 mL MiliQ water. Next, the solution of AuNPs was further purified by

liquid-liquid extraction using CH 2 Cl 2 . 

Procedure 

1. The final reaction mixture (10 mL AuNP solution) was transferred into a separating funnel and

then equal volume of dichloromethane was added. 

2. The organic layer was extracted from the aqueous layer phase. 

3. This washing was repeated 5 times to ensure complete removal of impurities. 

4. The aqueous layer was then purged with nitrogen to remove any trace of CH 2 Cl 2 . 

5. The purified AuNP solution was then filtered using a 0.22 μm syringe filter. 

https://doi.org/10.1021/ja808137c
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Fig. 1. TEM images (a) and DLS histogram graphs (b) of the TTMA AuNP after liquid-liquid extraction. Scale bar represents 

20 nm. The diameter of TTMA AuNP was analyzed by ImageJ. 
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tep 3: Characterization of Gold nanoparticles 

Hydrodynamic diameter of the AuNP was measured by dynamic light scattering (DLS) in DI water

sing a Malvern Zetasizer Nano ZS instrument. The measurement angle was 173 ° (backscatter). Data

ere analyzed by the “multiple narrow modes” (high resolution) based on non-negative-least-squares

NNLS). Dynamic light scattering data showed the formation of ~10 nm AuNPs with no aggregation

bserved after liquid-liquid extraction. 

The particle structure was also confirmed by using transmission electron microscopy (TEM). A TEM

ample of AuNP was prepared by placing one drop of the desired solution (1 μM) on to a 300-mesh

u grid-coated with carbon film. These samples were analyzed and photographed using JEOL CX-100

lectron microscopy with an acceleration voltage of 200 kV ( Fig. 1 ). 

tep 4: Structure Characterization of Gold nanoparticles with 1 H NMR Spectroscopy 

1 H NMR spectroscopy was used to verify the success of the ligand place-exchange reaction and the

urity of the materials ( Fig. 2 ). 0.5 μL NMR samples (10 μM) were prepared by replacing H 2 O with

 2 O through centrifugation (5 times) using 10 K Amicon© ultra-centrifugal filter tube. 1 H NMR spectra

n D 2 O showed substantial broadening of the proton signals and no free ligands were observed. 

dditional information 

ackground 

Gold nanoparticles (AuNPs) have been widely used in bionanotechnology due to their facile

ynthesis, ease of functionalization, high biocompatibility, and inherent non-toxicity. Monolayer-

rotected AuNPs are mostly synthesized via the Brust–Schiffrin two-phase synthesis method [1] . This

ethodology can control the size of the AuNPs between 1.5 to 5 nm by varying reaction conditions

ncluding gold-to-thiol ratio, reduction rate, and reaction temperature. Due to the synergic effect

f the thiol-gold interactions and van der Waals attractions between neighboring ligands, these

lkanethiolate-protected AuNPs possess higher stability compared to most other AuNPs [4,5] . The

igand structure can be tuned through ligand place-exchange reactions as described by Murray et.al

6] , which allows for the tailoring of chemical properties such as solubility, chemical reactivity, surface

hemistry, cell surface interactions and binding affinity [7-9] . 

Ligand exchange between the 2-nm AuNP and functionalized thiols can be achieved by combining

old nanoparticles with an excess of thiol (approximately 1:3 ratio) in an appropriate solvent. Organic-

oluble exchange products are prepared in a monophasic system (typically using CH 2 Cl 2 : MeOH as the

olvent mixture) with a variety of alkyl-thiols [7] . It is particularly crucial to obtain high-purity AuNPs

amples for delivery, imaging, and sensing applications as minor impurities are toxic and may affect

uNP function. It is also known that gold nanoparticles in the presence of excess thiol ligand (as with
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Fig. 2. 400 MHz 1 H NMR spectra of (a) free ligand in CDCl 3. (b) Unpurified AuNPs- AuNPs purified through 1-week dialysis and liquid-liquid extraction (in D 2 O). 
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igand exchange) will rapidly decompose [7 , 10] . Dialysis is often the most commonly used method for

emoving impurities and small molecular weight impurities. This method involves the mass transfer

etween two miscible liquid phases (the donor and acceptor solutions) separated by a membrane

hrough which some chemical species are likely to pass. Miscibility between the donor and acceptor

olutions is inherent to dialysis and distinguishes it from e.g., liquid–liquid extraction [11] . However,

ialysis is time-consuming and sometimes fails to remove unwanted thiols completely. In this study,

e optimized the method to allow the removal of unwanted thiolates from reaction byproducts using

iquid-liquid extraction. 
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