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General Introduction to Self-Assembled Monolayers 

 
 

Organosulfur self-assembled monolayers (SAMs), insight into their preparation, and an 
overview of some common uses of alkanethiol SAMs are described here.  Insightful reviews of 
SAMs have already been written1-3 -- for a more comprehensive overview, please refer to the 
references provided. This handbook aims to provide an introduction to thiol self-assembly and a 
head start for experimental approaches to self-assembled monolayers. 
 

Surface Modification and SAMs  
The success of many applications in engineering and science requires specific control of 

surface properties to ensure proper performance.  Whether one is working to eliminate fouling 
on the side of a ship, or to promote healing of a medical implant, it is the interaction of the 
environment with the surface (the biointerface) that ultimately determines the outcome.  Nature 
exploits this concept and uses surfaces in countless processes such as cell-cell interactions, 
receptor-ligand interactions, and non-fouling cell surfaces.  Though this level of surface control 
has yet to be fully emulated in the laboratory, researchers have developed several 
methodologies to begin to control properties of and interactions with surfaces in electronic and 
optical devices, biomaterials, biosensors and nanofabricated materials to cite a few examples.  
Surface modifications include such methods as molecular beam epitaxy (MBE) and chemical 
vapor deposition (CVD), spin-coating of polymers, direct covalent immobilization, surface 
adsorption, surface plasma treatments, and the use of self-assembled monolayers (SAMs).  Of 
these modification methods, SAMs provide several advantages including ease of preparation, 
precision of surface control,4 and a spectrum of possible surface chemistries.3  These and other 
advantages have resulted in significant interest in the design and use of SAMs for many surface 
applications including molecular electronics, biological assays, protective coatings, and 
engineered biomaterials.  This interest is reflected in the number of papers being published on 
SAMs and SAM applications (see Figure 1). 

 
 
 

 
Figure 1:  The number of publications on self-assembled monolayers of 
alkanethiols on gold has steadily increased since the discovery was made in 
1983. 
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Self-Assembly and the Discovery of a New Model System 
Self-assembly is characterized by the spontaneous organization of molecules into specific 

reproducible arrangements.  Self-assembly is a common mechanism in nature, where peptide 
chains fold to form proteins and enzymes, single-stranded DNA finds its complement and forms 
a double-stranded helix, and phospholipids align themselves in order to make up cell walls.  The 
process of self-assembly is facilitated by both specific molecular interactions and the drive to 
minimize the energy of interaction between molecules. 

Self-assembly of alkanethiols on gold was first reported in 1983 by Nuzzo and Allara,5 who 
discovered that alkyl disulfides and alkanethiols spontaneously formed organized monolayers 
on gold.  Since then, SAMs have grown to be a powerful research tool for surface modification.  
The popularity of success of SAMs stems in part from their ability to create controlled surface 
chemistries with high molecular organization and defined stoichiometry over relatively large 
areas.  This is an ideal set of characteristics for a model system or a commercial product to be 
scaled up.  SAMs have facilitated the study of molecular and cellular interactions with specific 
functional groups, surface energetics, surface charge, or other interfacial properties.  In addition 
to being able to create uniform and defined chemistries, SAMs can be used to present specific 
functionalities or ligands to study biological interactions such as cell signaling, cell adhesion,6 
and protein interactions.7,8  SAMs have also been used for constructing molecular switches,9 
biosensors1 and microarrays. 

Some advantages of alkanethiol SAMs on gold are summarized below: 
1. Gold is a relatively inert metal, resisting oxidation.10  
2. Gold has a strong specific interaction with sulfur11 that allows the formation of 

monolayers in the presence of other functional groups.12  For example, the homolytic 
bond strength of methanethiolates on Au(111) is ~ 45 kcal/mol.13 

3. Long-chain alkanethiols form densely packed, crystalline or semi-crystalline monolayers 
on gold due to the van der Waals forces between the carbon chains.14 

4. The macroscopic surface properties can be dramatically altered by changing the terminal 
head group.  Such surface properties include wettability, blood interactions, protein/cell 
adhesion, and charge distribution.  

5. Preparation of alkanethiol SAMs is a simple process not requiring elaborate and 
expensive equipment or extensive experience to be performed successfully.  

 
Self-Assembled Monolayers of Thiols on Gold 

Since their discovery, SAMs on gold have been created from many sulfur-containing 
molecules including alkanethiols, dialkyl disulfides, and dialkyl sulfides.  Because the assembly 
of alkanethiols on gold is the most common SAM preparation methodology, this system will be 
described in more detail.   

A long chain n-alkanethiol is generalized in Figure 2a.  The alkanethiol molecule is defined 
by three chemical entities, each of which plays an important role in the assembly process.  First, 
there is the thiol sulfur, which acts as the initial driving force for the surface concentration 
leading to assembly due to the medium strength interaction of sulfur with gold (c.a. ~45 
kcal/mol).13  Next, there is the backbone component that is typically a chain of methylene 
carbons (but can also contain double bonds or perfluoro units).  The van der Waals forces 
between these methylene carbons provide a driving force to the self-assembly.13  The final 
component of the alkanethiol molecule is the head group.  This head group can be any desired 
functionality and is limited by imagination only.  The properties of the head group define the 
surface properties of the assembled monolayer since it is the group that is present at the outer 
surface.  Depending on the properties and size of the head group, it may act as a further driving 
force for ordering (head group-head group hydrogen bonding, for example, can stabilize the 
assembled structure), or it may act to disrupt the assembly (if the head group is bulky or 
repulsive).  The interplay between the three chemistries within the alkanethiol molecule 
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determines the order and stability of the final assembled monolayer.  Figure 2b shows a 
schematic diagram of a perfectly ordered alkanethiol SAM.   

 

 
 

Figure 2a:  Alkanethiol that can form a SAM. Figure 2b: Self-Assembled Monolayer 
 

 
The Self-Assembly Process 

The preparation of SAMs typically involves immersing a gold-coated substrate in a dilute 
solution of the alkanethiol in ethanol (Figure 3).  A monolayer spontaneously assembles at the 
surface of the substrate over the next one to twenty four hours.  Initially, within a few seconds to 
minutes, a disordered monolayer is formed.  Within this early time frame, the thickness reaches 
80 - 90% of its final value.  As the layer continues to form, van der Waals forces between the 
hydrocarbon chains help pack the molecules into a well-ordered, crystalline layer.  During this 
ordering phase, contaminants are displaced (for example, adventitious hydrocarbons on the 
gold), solvents are expelled from the monolayer, and defects are reduced while packing is 
enhanced by increased packing of the alkanethiols. 

 
 

 
Figure 3a:  Schematic of the self-assembly set-up in the laboratory. 
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The Assembly Process 
 

Figure 3b:  Schematic representation of the self-assembly process.  Initially alkanethiols come 
down onto the gold surface.  As more alkanethiols come to the surface, the layer begins to 
organize and pack into an ordered monolayer.  This self-assembly process occurs over minutes to 
hours.   

 
 
The rate of film formation and the adsorption driving force differ slightly between 

alkanethiols or di-n-dialkyl disulfides.  A strong preference for adsorption of the thiol over the 
disulfide has been seen in competitive adsorption experiments performed with HS(CH2)10CH3 + 
(HO(CH2)11S)2 and HS(CH2)10OH + (CH3(CH2)11S)2 at varying concentrations.15  Furthermore, 
the rate of displacement of molecules from SAMs by thiols was much faster than displacement 
by disulfides.15 

The final assembled monolayers contain alkanethiolates in a hexagonal close packed 
crystal lattice with a (! 3 x ! 3)R30° arrangement.  The spacing of the alkane chains is 4.97 Å as 
determined by low-energy electron diffraction (LEED)14 (see Figure 4). 
 
 
 

 

 

 
Figure 4a: The Au(111) lattice (yellow circles) 
is shown with a thiolate (purple circles) 
overlayer in a (! 3 x ! 3)R30° arrangement.  
The distance between sulfur atoms is 4.99 Å. 

Figure 4b:  A tightly packed alkanethiol 
monolayer is shown.  In order to maximize 
the van der Waals forces between the alkane 
chains, the individual chains are tilted ~30° 
from the surface normal. 

 
 
The chain spacing corresponds well to the distance found between neighboring sulfur 

atoms of 4.99 Å.  This spacing is nearly three times that of the van der Waals diameter of a 
sulfur atom (1.85 Å) suggesting minimal S-S interactions.13  This distance is also greater than 
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the distance of closest approach of the alkyl chains (4.24 Å).  It is the difference in spacing, due 
to the driving force to maximize the van der Waals interactions between the alkyl chains, that 
causes the axis of the alkyl chains to tilt by 30° from the surface normal (Figure 4b).13,16-18  The 
tilt angle is virtually independent (within a few degrees) of the functionality of the head group,13 
with the only requirement being that the head group is not larger than the spacing of the alkane 
chains (~5Å). 

The importance of van der Waals interactions of the methylene chains can be seen with 
changes to the spacer chain length.  In general, the longer the chain, the more ordered the 
monolayer.19,20  Porter et al. has found noticeable drop-off in the ellipsometric thickness for 
monolayers formed from alkanethiols with chains shorter than n = 8 (n = # of carbons).18  Bain 
et al. noted contact angles of " air(water) = 111 - 114° and " air(hexadecane) = 45 - 48° for chains 
with n > 10, but lower contact angles for chains shorter than 10 carbons.19  In both cases, the 
results were interpreted by proposing that monolayers with shorter chains are less ordered.18,19 

  
Factors that Influence Monolayer Order 
The final order and quality of the assembled monolayer are dependent on several factors, 
including but not limited to: 

1. The cleanliness and purity of the original gold surface 
2. The purity of the alkanethiol and assembly solution 
3. The length and composition of the spacer chain 
4. The type of head group (size and properties) 
5. The amount of time the monolayer is allowed to assemble 

 
Cleanliness of the Gold 

Due to the high relative surface energy of gold, “clean” gold can only be created in a 
vacuum environment.  Once a gold surface is exposed to the air it will immediately be coated 
with a layer of adventitious hydrocarbon.  In fact, the composition of a typical gold surface is 50 
% carbon, 40 % gold and 10 % oxygen (atomic percentages as determined by x-ray 
photoelectron spectroscopy or XPS).  This hydrocarbon layer will always be present if the gold 
surface has been exposed to air.  If present, this layer will have to be displaced by the thiols for 
the monolayer to properly form.  Nevertheless, the presence of adventitious hydrocarbons is not 
as problematic as other surface contaminants such as oils (from pumps, skin or other sources), 
other metals (from impure gold sources or contaminated solvents) and common polymer 
contaminants such as poly(dimethyl siloxane) (PDMS).  Due to the strong driving force of the 
sulfur-gold interaction, stabilization of the van der Waals interactions and the lack of a bulky 
head group, standard methyl terminated alkanethiols with long (~10 carbons) carbon chains are 
able to remove adventitious contamination.  For other thiols with bulky, flexible, or charged head 
groups, the cleanliness of the gold is more important.  These types of head groups can reduce 
the driving force for assembly, making it more difficult to remove contamination from the gold 
surface.  In either case, it is recommended that freshly prepared gold be used for monolayer 
formation, and if necessary the gold surfaces be stored under inert gas.  It is also recommended 
that the surface composition of the gold be measured before doing self-assembly to make sure 
the surface does not contain unexpected contaminants. 

 
Purity of the Alkanethiol 

To understand why impurities in an alkanethiol can be problematic, it is important to 
understand how alkanethiols behave in competitive adsorption (see the section on mixed 
monolayers below).  All alkanethiols do not have the same affinity for gold.  Some thiols will out-
compete others for surface sites resulting in a surface composition that differs greatly from the 
bulk solution concentration.  For example, alkanethiols with longer alkane chains will generally 
assemble faster from a mixture than alkanethiols with shorter alkane chains.  This means that in 
a competitive adsorption of a long and short chain alkanethiol, at a given solution composition, it 
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would be expected that the resulting surface would be enriched in the longer chain alkanethiol.  
Alkanethiols with small head groups tend to out-compete alkanethiols with bulkier head groups.  
Therefore in a mixture of a straight chain alkanethiol and an alkanethiol with a bulky head 
group, it would be expected that the straight chain alkanethiol would dominate the surface.   

The presence of impurities in alkanethiol solutions effectively creates a competitive 
adsorption situation.  Often the impurities present in alkanethiol compounds are traces of 
precursor molecules that were not removed from the final product during purification.  
Depending on the synthesis stage, it is possible that these precursor molecules contain thiol 
groups.  For straight chain alkanethiols, these types of impurities typically do not interfere with 
the assembly, because these straight chain molecules have a strong driving force for assembly 
onto the gold surface.  These forces enable the alkanethiols to form a uniform layer and exclude 
other compounds or impurities from the layer.  As mentioned above, however, alkanethiols with 
large, bulky head groups have a reduced driving force towards assembly.  If the impurities 
present are straight chain thiolates, they may out-compete the target alkanethiol for the surface, 
resulting in a layer composed predominantly of the impurities rather than the desired 
alkanethiol.   

 
The Length of the Spacer Chain 

As discussed above, alkanethiols with longer spacer chains tend to form more ordered 
monolayers.  If order is the ultimate goal for a given surface, then using a longer alkanethiol with 
a small head group is recommended.  It has been reported for straight chain alkanethiols that a 
chain length > 10 carbons is required to form an ordered monolayer,19 though there are reports 
in the literature of carefully prepared monolayers using 9 or fewer carbons. 

 
Type of Head Group 

To form a monolayer, the alkanethiols must pack into a crystalline-type lattice in specific 
arrangements on the gold surface.  As with any system, optimal packing requires uniform, 
geometrically defined components.  For example, one can arrange ten 1-inch diameter tubes 
(Figure 5a) into a tighter bundle than ten hammers of similar length (Figure 5b).  Similarly, 
straight chain alkanethiols can assemble together in a close packed arrangement with few 
defects, while alkanethiols with bulky head groups typically form less ordered monolayers.  This 
disorder is largely driven by steric hindrance that interferes with the molecular packing.     

 
 
 

 

 
 

 

 
 

 
 

Figure 5a:  Ten 1-inch diameter 
tubes order tightly. 

Figure 5b:  The bulky head 
of the hammer prevents tight 
packing. 

Figure 5c:  The tubes act as 
spacers to help order the 
hammers with the bulky head 
group. 

 
 

If an ordered monolayer is required for a given application that also requires an alkanethiol 
with a bulky head group, it is often possible to use a mixed monolayer system.  For this, an 
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alkanethiol with a shorter carbon chain and small head group can be used as a spacer in 
conjunction with a longer chain alkanethiol with the head group of interest.  This allows the 
underlying monolayer to order itself while still presenting the desired head group to the outer 
surface (Figure 5c).  N-Alkanethiols with methyl or hydroxyl head groups are often used as a 
dilutent for the bulky group. 

 
Monolayer Formation Kinetics 

The process of self-assembly is fast.  For most alkanethiols, a monolayer is formed after 
just a few minutes.  Once the monolayer is formed, the layer still goes through changes as more 
alkanethiols pack into the layer and the molecules rearrange to their optimal configuration.  This 
annealing of the monolayer can take hours to days and will lead to a technically superior 
monolayer.2 

The amount of time required to obtain a given level of order within a monolayer will depend 
on the initial solution concentration, the temperature, and the characteristics of the alkanethiol 
being used.  Assembly from dilute solutions requires longer times to reach a well ordered state 
than assembly from more concentrated solutions.   

For most monolayers, assembly for 1 to 2 days will result in an equilibrium state, where the 
majority of the molecules are arranged in their final, optimal configuration. 

 
Common Uses of Alkanethiol SAMs 
Mixed Monolayers 

One popular approach for designing precision-engineered surfaces using alkanethiols on 
gold is to prepare a mixed monolayer consisting of two alkanethiols, which contain different 
head groups (see Figure 6).  With proper design and experimentation, the desired concentration 
of functional groups can be obtained on the surface while maintaining the overall structure of 
the monolayer.  Furthermore, several different functional groups can be introduced at the same 
time by using more than two alkanethiols for assembly.  If necessary, these different functional 
groups could be further modified to present new surface chemistries.   

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure 6.  Illustr ation of a mixed 
SAM.  This figure shows an illustration 
of a mixed SAM containing a short chain 
alkanethiol spacer mixed with an 
ethylene glycol terminated thiol.  
Mixtures of thiols can be used to 
generate unlimited possibilities in 
surface chemistry. 

 
Some trial and error may be necessary in order to obtain a desired surface composition 

from a given solution mixture of thiols.  This is because of the different adsorption affinities of 
thiols with different lengths and head groups as discussed above.  It is common to observe 
preferential adsorption of one alkanethiol over another.  This phenomena is dependent on the 
chain length and the functionality of the head group.17,19  As mentioned previously, alkanethiols 
with equivalent head groups, but longer spacer chains adsorb preferentially over shorter 
alkanethiols.17  It has also been reported that in competitive adsorption of polar and non-polar  
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alkanethiols, the adsorption of the alkanethiol with the non-polar head group was favored.19  
Prediction of the relative surface concentration of two alkanethiols from a given solution 
concentration is therefore difficult and a calibration curve for each new system is most likely 
necessary.  In studies by Bain and co-workers, this relationship was rationalized in terms of the 
relative solubilities of the two components and the excess free energies of mixing in the solution 
and in the monolayer.17  Electron Spectroscopy for Chemical Analysis (ESCA), also called X-
Ray Photoelectron Spectroscopy (XPS), or static Secondary Ion Mass Spectrometry (SIMS) are 
powerful tools to ascertain relative concentrations of two components in a mixed monolayer 
SAM. 

Another factor that affects mixed monolayers is the possibility of phase segregation of the 
mixture components within the surface film.  In some cases phase segregation of the monolayer 
components may adversely affect the desired performance of the monolayer.  For example, 
successful binding of large biomolecules such as proteins or antibodies may require spacing of 
functional groups to prevent steric hindrance.  If the thiols being used in a sample engineered to 
present specific biorecognition groups are phase segregated, the desired recognition event may 
be diminished or completely inhibited.  There are many examples in the literature where phase 
segregation has been noted.  For example, hydrocarbons and fluorocarbon molecules have 
been seen to phase segregate in mixed Langmuir-Blodgett films.21 Phase segregation has also 
been seen with SAMs prepared from a mixture of alkanethiols consisting of different chain 
lengths.22  Ishida and coworkers observed that heating monolayer films consisting of 
asymmetrical disulfides induced phase segregation.23 

In spite of these challenges, mixed monolayers provide a powerful methodology for the 
creation of tailored, functional surfaces that can be applied to limitless research possibilities.  
With proper design and experimentation, precise control of the surface chemistry can be 
obtained.  This enables studies of specific chemical interactions across practically any type of 
surface chemistry to be carried out. 

 
Patterning 

Many applications in surface engineering require the creation of spatially defined 
chemistries at specific surface locations.  For example, surface patterning could be used to 
create cell arrays where a specific cell type would adhere only to specific surface regions.  This 
would enable the study of cell interactions with specific surface chemistries and allow 
comparison of the cellular behavior when presented with distinct surface chemical regions on 
the same substrate.   

 The unique self-assembling behavior of the alkanethiol molecules enables a variety 
of surface patterning methodologies, which allows relatively simple fabrication of patterned 
surface chemistries.  These include ultraviolet (UV) photopatterning,1,24,25 microcontact 
printing,26,27 and dip-pen lithography.1  Each of these is briefly summarized below. 

 
UV Photopatterning 

Ultraviolet (UV) photopatterning takes advantage of the susceptibility of the thiol sulfur to 
oxidation.25,28  In the presence of oxygen, the thiol sulfur within a monolayer can become 
oxidized.  The rate of oxidation is dependent on the chain length of the thiol, with shorter thiols 
oxidizing faster than longer thiols.24  This can be understood as a barrier effect where longer 
thiols present more of a barrier to oxygen diffusion resulting in slower oxidation.  The sulfur is 
oxidized to SO3 which has lower adhesion strength to the gold surface and higher water 
solubility.  This difference in adhesion is large enough that in the presence of fresh, unoxidized 
alkanethiol, the oxidized alkanethiols will be displaced from the surface.25   

UV photopatterning is done by first assembling a monolayer of one pure alkanethiol.  This 
assembled monolayer is then covered by a patterned mask (this can be any type of material 
that will block the UV light in some regions and let the UV pass through in others) and exposed 
to a UV light source at the proper wavelength.  The mask is then removed from the exposed 
sample, and the sample is placed in a solution of another pure alkanethiol.  The thiols that were 
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exposed to the UV light and subsequently oxidized are replaced by the new alkanethiols from 
the second solution, resulting in a pattern of the two alkanethiols as defined by the mask.  The 
exact times of UV exposure and backfill of the second alkanethiol require some testing and 
experimentation.  In general it is noted that: 

1.   Shorter alkanethiols oxidize faster than longer alkanethiols. 
2.   Disordered layers oxidize faster than ordered layers. 
3.  Methyl SAMs tend to take longer to oxidize that other head groups (likely due to ordering 

differences). 
4.   Using the proper wavelength of UV is critical to the success of the oxidation. 
5.   The time needed to backfill the pattern with the second alkanethiol depends on the 

alkanethiol being used. 
 

Microcontact Printing 
Microcontact printing was developed by Whitesides and coworkers.29  The process of 

microcontact printing was inspired by the simple and common process of ink stamp printing.  
Microcontact printing follows the same methodology; where the "ink" is a thiol solution and the 
"stamp" is a patterned stamp typically made of poly(dimethylsiloxane) (PDMS).  The fabrication 
of the stamp is typically accomplished by using standard microelectronics photolithography 
methods to create the desired 3-D pattern (grooves, pits, etc.) on a silicon wafer, then placing 
PDMS prepolymer on top of this patterned wafer and finally curing it to form the stamp.  After 
curing, the stamp is carefully peeled off the patterned wafer.  The stamp then contains the relief 
of the pattern from the wafer.  The stamp can be cut to a manageable size for processing.  
Before use, the stamp should be cleaned to remove residual low molecular weight siloxane 
polymer from the surface.  This is an important step to note because PDMS is a low energy 
polymer that will segregate to the outer surface of a sample.  This means that if care is not 
taken in minimizing the amount of PDMS that is transferred to the surface during stamping, the 
resulting surface may be completely covered with PDMS.  It should also be noted that it is 
probably not possible to avoid transferring PDMS completely, though it has been shown that 
extensive washings and use of higher thiol concentrations can minimize the transfer of PDMS to 
the surface.30  It has also been shown that UV ozone treatment of the stamp before use can 
reduce transfer of PDMS.31   

After proper preparation, the stamp is inked by placing a drop of thiol solution onto the 
stamp and allowing it to sit for a few seconds.  The excess “thiol ink” is then blown off with dry 
nitrogen, and the stamp is placed onto a gold-coated substrate, typically without applying 
external pressure.  After a given amount of time the stamp is removed and the surface is rinsed 
and ready for use or analysis.  If desired a second alkanethiol can be used to backfill the spaces 
between the stamped pattern.  Factors that affect the success of the pattern transfer include: 

1.  The rinsing (cleaning) of the stamp 
2.  The alkanethiol solution concentration 
3.  The inking time 
4.  The time the stamp is allowed to sit on the gold 

 
Dip-Pen Lithography 

Dip-pen lithography uses an Atomic Force Microscopy (AFM) tip (or similar mechanical 
device) to write with alkanethiol solutions.  This process has limitations in that it requires the use 
of special equipment and takes significant time to cover even small areas.  Still, the precision 
and control possible make dip-pen lithography worthy of consideration.  Dip-pen lithography 
uses a very small tip that can be brought into close proximity of a surface, such as gold.  
Patterning is accomplished by transporting thiol solution to the tip by capillary action and moving 
the tip along the surface.  The alkanethiol ink is written along the path of the tip, analogous to 
ink from a pen.  This method allows regular or irregular, precise, fine features to be patterned on 
a surface under computer control.  Work is being done to increase the write rates for this 
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process by using multiple-tip arrays.  More detailed descriptions of the dip-pen lithography 
process are available (http://www.chem.northwestern.edu/~mkngrp/dpn.htm). 

 
Self-Assembly of Macromolecules 

Macromolecules modified with alkanethiol, disulfide or sulfide anchors have also been 
successfully assembled into monolayers on gold using the same methodology as straight chain 
alkanethiols.  Examples of such macromolecules include carbon nanotubes and fullerenes, 
porphyrins and phthalocyanines, carbohydrates, crown ethers and DNA.  Using 
macromolecules to create SAMs provides several unique opportunities.  First, the distance 
between functionalities is easily predictable, since it is dependent on the size of the 
macromolecule.  Second, many functionalities can be introduced into a template, which can 
lead to significant changes in the film’s properties.  Third, phase segregation due to the different 
functionalities in a mixed layer can be avoided allowing the formation of a monolayer with 
uniform chemical composition.  Fourth, the surface binding affinity of the macromolecules can 
be modified by providing more than one anchor per molecule.  Fifth, interactions between 
neighboring molecules can be elucidated by changing the composition of the macromolecules.  
Finally, the macromolecule layer can be spaced from the surface by utilizing longer linkers.32,33   

It is feasible that any molecule with a thiol linker could be used for self-assembly as long as 
the molecular structure does not produce steric hindrances that can interfere with the thiol gold 
interaction.     

 
Conclusion 

Self-assembly of thiols on gold has stimulated and facilitated numerous surface chemical 
studies and opportunities.  The ability to specifically and precisely control surface chemistry 
enables studies of the effects of surface chemistry on countless systems.  SAMs are an ideal 
model that can be used to study phenomena such as wetting, friction, adhesion, and biological 
interaction.  SAMs facilitate studying surface phenomena and chemistry with unprecedented 
control. 

This document has provided an overview of SAMs and some of their uses.  It would be 
difficult to summarize all the uses of SAMs, but hopefully this summary has provided enough 
information and references so that the interested reader can understand and digest the 
information available in the literature, and can begin their own work in the exciting field of self-
assembly. 
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