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Introduction

The study of surface and interfacial properties at an organic−nanoparticle interface 
through the binding of suitable ligands is vital to obtain desired functionalities for a
wide range of applications in nanotechnology and nanobiotechnology.

The kinetic and thermodynamic contributions to the adsorption/self-assembly of 
organic molecules enables an assessment of the relationships that exist between the 
head group interactions with the metal surface and the tail group interactions with 
adjacent adsorbates.

The complexity associated with understanding these interactions arises because 
several of them occur simultaneously- hydrogen bonding, van der Waals interactions,
solute−solvent interactions, and solvent reorganization−which influence the structural 
details of the final organic−inorganic interface and the measured thermodynamics.

These interactions exhibit thermodynamic behaviors that vary over a wide range of 
energy with both parallel and series kinetics that span several timescales. From an 
experimental standpoint, these interactions are not well-quantified in solvated systems 
since it is difficult to interrogate interfaces buried by solvent.
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Self-assembled organic monolayers (SAMs) represent the quintessential 
nanoscale organic−inorganic interface because they provide an organic platform of 
controllable molecular thickness able to anchor different chemical species by a 
multitude of interactions.

ITC can be used to measure the equilibrium adsorption constant, enthalpy of 
adsorption, and adsorption stoichiometry in a single experiment. This allows for a 
full thermodynamic description of thiol adsorption on a solvated Au NP, which is 
advantageous over an indirect approach, like van’t Hoff analysis, which requires 
multiple experiments conducted at various temperatures.

Here they report the influence of alkyl chain length, temperature, particle size, 
and solvent contributions on the thermodynamic description of carboxylic acid 
terminated thiol adsorption on Au NPs.
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Nano ITC



TEM image of different nanoparticles showing size 5.4, 9.5 and 19.4 nm

Materials  and characterization



Materials  and characterization

According to the statistics of surface atoms for a cuboctahedral particle developed from 
van Hardeveld and Hartog, we estimated the number of Au surface atoms located on 
(111) and (100) facets for each NP size as follows: 



Experimental conditions for ITC experiments on different nanoparticle sizes. For each 
experiment listed, the gold nanoparticle and thiol concentrations are provided, along with 
the volume of each injection (Vinj), the total number of injections (Ninj), and the duration 
of each injection (tinj) which refers to the amount of time that elapses after an injection in 
order to allow the baseline to equilibrate. 

Experimental parameters



Results

Real-time ITC thermograms for C2-TGA at pH (A) 4, (B) 6.1, and (C) 7 binding to 5.4 ± 
0.7 nm Au NPs at 298.15 K with D, E, and F as the respective integrated heat data with 
fitted models. D is fit using multiple-sites model, and E is fit using both multiple-sites and 
independent models, while F is fit using an independent model. “Q” refers to the thermal 
compensation of the calorimeter to keep the sample at a constant temperature (positive 
peaks are exothermic). Each peak corresponds to a single injection of C2-TGA solution 
into the nanoparticle suspension.



Real-time ITC thermograms at pH 6.1 for (A) C3-MPA and (B) C6-MHA binding to 5.4 ± 
0.7 nm Au NPs at 298.15 K with C and D as the respective integrated heat data with an 
independent model fit.

Results



Speciation diagram for C2-TGA in solution 
shows the percent of each species as a 
function of solution pH. 

Differential enthalpy of adsorption (ΔH) with 
coverage for (●) C2-TGA, (■) C3-MPA, and (♦) 
C6-MHA on 5.4 ± 0.7 nm Au nanoparticles at 
298.15 K. 

Results



Temperature Dependence of the Adsorption Constant (K), Gibbs Free Energy of 
Adsorption (ΔG), Enthalpy of Adsorption (ΔH), Entropy of Adsorption (TΔS), and 
Molar Heat Capacity (ΔCp) of C2-TGA, C3-MPA, and C6-MHA on 5.4 ±0.7 nm Au 
Nanoparticles at a pH of 6.1

Results



Gold Nanoparticle Size Dependence on the Adsorption Constant (K), Gibbs Free Energy 
of Adsorption (ΔG), Enthalpy of Adsorption (ΔH), and the Entropy of Adsorption (TΔS) of 
C2-TGA, C3-MPA, and C6-MHA at 298.15 K

Results



pH dependence of the association constant (K), Gibbs free energy of adsorption (ΔG), 
enthalpy of adsorption (ΔH), and entropy of adsorption (TΔS) of C2-TGA on 5.4 ± 0.7 
nm Au nanoparticles (0.08 mM Aus) at 298.15 K. 

Results



Thermogravimetric analysis data for (A) 5.4 ± 0.7 nm and (B) 9.5 ± 0.6 nm Au NPs 
saturated with C3-MPA. 

Results



Experimental compensation plot for the 
enthalpy and entropy of adsorption for 
C6-MHA adsorption on 5.4 ± 0.7, 9.5 ± 0.6, 
and 19.4 ± 1.1 nm Au NPs at 298.15 K.

Solution calorimetry data for dissolution of 
pure C2-TGA, C3-MPA, and C6-MHA at 
298.15 K in water. 

Results



They have provided a detailed analysis of the thermodynamic profiles at a solvated 
organic−inorganic interface by considering the binding of various carboxylic 
acid-terminated alkanethiols to Au NP surfaces.

For all three thiols tested, the magnitude of ΔH was found to linearly increase with 
increasing alkyl chain length, decreasing temperature, and decreasing Au NP size. 
Thiol-NP interactions are enthalpy-driven and are accompanied by an unfavorable
entropic contribution mainly associated with the reduced translational (2D versus 3D), 
reduced alkyl chain rotation, and hindered trans/gauche interconversion.

ITC studies on larger nanocrystals with well-defined surfaces (with one specific
facet) and a mixture of surfaces can help one understand how molecular or polymeric 
entities influence the faceting of nanoparticles.

The use of complementary calorimetric techniques opens possibilities to study a 
broad class of hybrid organic−inorganic composites to give insight into bond formation 
and ordering. Future studies will also include the construction of a Born−Haber cycle to 
deconvolute the intrinsic binding thermodynamics from the thermodynamic 
contributions of the solvent to the observed values, and also to quantify the effect 
different solvents have on binding equilibria.

Summary



Sample  Sample 
Conc. 
(mM)

GSH 
(mM)

N K*105 
(M-1)

ΔH*103 
(cal/mol)

ΔS 
(cal/degre

e/mol)

T (K) ΔG *103 
(cal/mol)

AgNO3 1 10 0.80 2.11 -16.8 -32.10 303 -7.07

Ag32(SG)1
9

1 10 0.60 1.88 -16.7 -31.10 303 -7.28

AgNP@SG 1 10 0.60 4.73 -04.0 12.70 303 -7.86

Try to see the interaction while ligand exchange
Can be tried for metal ion interaction with clusters

Future Perspective

Thank 
you!
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