
Covalently Crosslinking Gold Thiol Capped 

Nanoparticles via Langmuir Trough

The particles were compressed into 2-d arrays with 
the aid of the Langmuir trough, and covalently 
crosslinked upon introduction of  a solution of 
alkanethiols, yielding a thin flexible film of 
nanoparticles. The crosslinking process occurs via the 
displacement of the original alkanethiol bound to the 
gold nanoparticle with the crosslinking ligand. 
Crosslinked nanoparticle films were transferred to a 
substrate by Langmuir-Blodgett deposition (Figure 9a).
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It was found that, for films of nanoparticles with softer, liquid like native ligand 
shells, the interparticle spacing with the finished array was dictated by the length 
of the incoming crosslinking agent (Table 1).  Crosslinking attempts with 1,6-
hexanedithiol determined that the molecule was too short to effectively function 
as a crosslinker (Image 7). In contrast 1,6-hexane bis(11-mercaptoundecanoate) 
was found to be too long to effectively function as a crosslinker (Image 8). 
Conversely, nanoparticles with rigid, semi-crystalline native ligand shells 
maintained predictable interparticle spacings of 2L, in accord with the thickness of 
the ligand shell. Computational results support these findings (Table 1, Figures 5-
8). The length of 1-6-hexanedithiol was found to be 11.13499 Å, which is 
considerably shorter than the lengths of the successful crosslinkers,1,6-hexane-bis 
(3-mercaptopropionoate) and 1,12-dodecanedithiol, with lengths of 16.42264 Å
and 15.93914 Å respectively. Computational modeling indicated that the 
equilibrium geometry of 1,6-hexane-bis(11-mercaptoundecanoate) exists in a 
cyclical formation, which renders the structure an ineffective crosslinker (Figure 8).

Image 1: Hexanethiol-capped gold nanoparticles 

crosslinked with 1,6-hexane bis(3-mercaptopropionoate). 

Image 2: Hexanethiol-capped gold nanoparticles 

crosslinked with 1,6-hexane bis(3-mercaptopropionoate). 

Image 3: Dodecanethiol-capped gold nanoparticles 

crosslinked with 1,6-hexane bis(3-

mercaptopropionoate).

Image 4: Dodecanethiol-capped gold 

nanoparticles crosslinked with 1,6-hexane 

bis(3-mercaptopropionoate).

Image 5: Octadecanethiol-capped gold nanoparticles 

crosslinked with 1,6-hexane bis(3-mercaptopropionoate).

Image 6: Octadecanethiol-capped gold 

nanoparticles crosslinked with 1,6-hexane 

bis(3-mercaptopropionoate).

Image 7: Hexanethiol-capped nanoparticles failed 

crosslinking with 1,6-hexanedithiol.

Image 8: Hexanethiol-capped nanoparticles failed 

crosslinking with 1,6-hexane bis(11-

mercaptoundecanoate). 

The interparticle spacing of 2-d arrays of covalently-crosslinked gold 
nanoparticles will depend both on the native ligand shell rigidity 
and the length of the crosslinking ligand.

Synthesis of Crosslinking Molecules

A series of alkanethiol-capped gold nanoparticles were prepared via 
Brust route and Soxhlet extraction, differing only in the length (L) of 
the alkyl chain of the thiol as illustrated in Figure 1. 

Figure 1

Hexanethiol, dodecanethiol, and octadecanethiol capped gold 
nanoparticles were synthesized. Size analysis was performed on gold 
nanoparticles yielding the following results.

Type of 

Nanoparticle

Average Size Standard 

Deviation

Number of Particles 

Sampled

Au C6 SH Capped 5.1 nm 3.3 nm 369

Au C12 SH Capped 5.0 nm 0.9 nm 228

Au C18 SH Capped 5.0 nm 1.0 nm 504

The crosslinking ligands are expected to displace the original 
alkanethiol on the gold nanoparticles to form a closely packed 2 
–d array. 1,6-hexane bis(3-mercaptopropionoate) (Figure 2a) and 
1,6-hexane bis(11-mercaptoundecanoate) (Figure 2b) were 
synthesized by following the procedure illustrated in Figure 2.

Figure 2
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1,12-dodecanedithiol was synthesized following the procedure 
illustrated in Figure 3.

Figure 3

1,6-hexanethiol was commercially purchased and used a as 
a crosslinking ligand depicted in Figure 4.

Figure 4                       

Properties of the crosslinker molecules were explored using 
density functional theory (M06) and methods (“opt” and 
“int=ultrafine”) with 6-31+G* basis set to obtain binding energies, 
length of crosslinker, and crosslinker equilibrium geometries. 
Crosslinker equilibrium geometries were further modeled in 
chloroform solution. Computations were performed using 
Gaussian 09 and the Blugold Supercomputing Cluster. 

Crosslinking Ligands Length of 

Crosslinking Ligand

Type of Gold 

Nanoparticles

Melting Point of 

Capping Thiol

Interparticle 

Spacing

1,6-hexanedithiol 11.13499 Å Hexanethiol -81°C N/A

1,6-hexanedithiol 11.13499 Å Dodecanethiol -7°C N/A

1,6-hexanedithiol 11.13499 Å Octadecanethiol 31-35°C N/A

1,6-hexane bis (3-

mercaptoproppionoate)

16.42264 Å Hexanethiol -81°C 1.6 + 0.2 nm

1,6-hexane bis (3-

mercaptoproppionoate)

16.42264 Å Dodecanethiol -7°C 2.3 + 0.5 nm

1,6-hexane bis (3-

mercaptoproppionoate)

16.42264 Å Octadecanethiol 31-35°C 1.6 + 0.4 nm

1,12-dodecanedithiol 15.93914 Å Hexanethiol -81°C 1.3 + 0.2 nm

1,12-dodecanedithiol 15.93914 Å Dodecanethiol -7°C 1.2 + 0.2 nm

1,12-dodecanedithiol 15.93914 Å Octadecanethiol 31-35°C 1.2 + 0.2 nm

1,6-hexane bis(11-

mercaptoundecanoate)

11.21021 Å Hexanethiol -81°C N/A

1,6-hexane bis(11-

mercaptoundecanoate)

11.21021 Å Dodecanethiol -7°C N/A

1,6-hexane bis(11-

mercaptoundecanoate)

11.21021 Å Octadecanethiol 31-35°C N/A

Data was obtained by imaging particles via Transmission Electron Microscope (TEM) and then size 
analysis calculations of the interparticle spacing were performed. Images were analyzed to determine 
if crosslinking had occurred.
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Computational Models

Figure 5: 1,12-dodecanedithiol modeled in chloroform solution.

Figure 6: : 1,6-hexanedithiol modeled in chloroform solution.

Figure 7: 1,6-hexane-bis(3-mercaptopropionoate) modeled in 
chloroform solution

.

Figure 8: 1,6-hexane-bis(11-mercaptoundecanoate) modeled in chloroform 
solution 

.
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