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ABSTRACT 
 
Nanotechnology and Nanoscience has started a new era for Coordination Chemistry. It has 
attracted the attention of researchers to build coordination compounds on a metallic surface like 
flat surface, electrodes and nanoparticles. Due to this advancement it is possible to prepare 
nanoscale devices with novel properties. Bottom up approach is used to form the nanoscale 
functional architecture on a metal surface from the molecular components.  Recent advances in 
this area also addresses the coordination multilayered structure on metal complexes. They are 
helpful due to their potential application in photo and electrochemical devices. Self assembled 
monolayers units proceed with the help of metal co-ordination and as a result formation of 
multilayered structures.  
 
Key Words: Coordination compounds, nanoscience, metallic surface, self assembly, layer by 
layer. 
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INTRODUCTION 
 

Coordination chemistry in superamolecular chemistry give rise to fast and spontaneous in 
corporation to nanosystems [1]. Preparation of coordination compounds on solid surfaces has 
made possible the development of nanoscale devices with novel properties. In addition to metal 
complexes the construction of coordination compounds is also possible on metal oxides, 
nanotubes and graphite. The formation of coordination compounds is possible on metal surfaces 
is possible by using two main approaches: first of all there is formation of complex and then self 
assemble it on the metal surface. The second one is to build the complex by using LBL 
procedure starting from the self assembly of a suitable ligand. Selection of suitable ligand is very 
important for the attachment of coordination compound to the metal surface [2]. Particularly the 
chemistry of surface modification by SAMs and LBL growth of multilayers is highly promising 
to construct two dimensional and three dimensional chemical systems on the surfaces [3, 4]. 
 
SAMs are extremely ordered molecular assemblies formed spontaneously by chemisorptions and 
self organization of long chain molecules on the surface of appropriate substrates. This is an 
interesting process for its biological relevance because it provides a novel approach to complex 
structure having nanoscale dimensions. These types of structures are difficult to prepare by 
traditional methods [5].  Alkanthiols self assembly onto gold is the most studied example of 
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SAMs which determine the strong gold sulphur and chain- chain interactions. SAMs have been 
applied in the development of sensors, [6,7] interfaces,[8] and microfabrication [9-13]. 
 
1. Self assembled Mono and multilayered on metal surfaces 
One of the most common and simplest method to form the self assembly monolayers (SAM) is 
consist of to insert an extremely clean unoxidized gold sheet into an ethanol solution of the 
corresponding alkanethiols. Other type of volatile organic solvents can also be used. The 
concentration of thiol varies between 1mM and 1µM.  In this process molecules are self 
assembled within first few seconds or minutes but complete formation of SAM occurs or take 
place in 12-18 hr of interaction at room temperature. Various researchers Ulamnn [14], Finkela 
[15], Whitesides and Coworkers [16] have discussed the factors which affect the SAMs 
formation in their earlier studies. SAMs have been built on silver, copper, nickel, Palladium and 
platinum [17]. But silver, copper and nickel are less insert and can easily oxidize, due to 
extremely oxidizing nature of Cu it is difficult to obtain the organised and compact SAM on this 
metal. A stable SAM on platinum surface can be obtained by using isocyanide [18]. In addition 
to a thiol group self assembled monolayer on the gold surface, other organic groups such as 
carboxylate, phosphonate and isocynide [19] are also recognized to act as suraface immobalized 
groups. In these organic anchoring groups differential reactivity towards Au, Pt and metal oxides 
which is often called orthogonal self assembly has been reported, thiol and disulphide groups are 
preferentially bound to gold substrate, [20] isocynide and pyridine groups are bound to the 
platinum surface and phosphonate and silanol group to indium tin oxide and metal oxide surface 
[21]. 
 
SAM of thiols and other sulphur containing molecules such as (Xanthates, dithiocarbamates, 
dithiocarboxylates) present a terminal functional group which constitute or permit the 
construction of a second monolayer through the formation of covalent bond. The most known 
reaction used for the formation of second monolayer corresponds to the formation of an amide 
group by the condensation between carboxylate and amine groups. The formation of second 
monolayer is also possible through electrostatically or by means of non-covlent interactions 
(vander waals forces, hydrogen bonding etc. or metal ligand bonding) [16]. The self assembly of 
mono and multilayers on metal can be carried out on flat surfaces, electrodes, nanoparticles and 
chemical or pores where as the  metal electrodes can be present in the form of flat bead, disk like 
etc. 
 
2. Self assembly of molecules on a flat surfaces and electrodes 
2.1      Transition metal compounds 
Construction of a first row transition metal compounds on a flat surface by using 11-
mercaptoundecanoic and 16-mercaptoundecanoic acid as ligand and Cu(II) acting as 
coordinating linker. These ligand were used indistinctly to form base monolayer with the 
carboxylic moiety pointing outwards from the gold surface which served to Cu(II). A second 
monolayer was attached through coordination of the mercapto group to Cu(II) and upto six layers 
of mercaptocarboxylate were self assembled in this way [22]. Two approaches are generally 
remarked to build the coordination compounds on metal surfaces. Such as 4-
piperidinemethanethiol was synthesized and if assembled on a Au(111)surface. The NH group of 
piperdine moiety was then transformed into a dithiocarbamate group through condensation of 
CS2, in this way an amphiphillic ligand with thiols and dithiocarbamate terminal anionic groups 
was formed. Amphiphillic ligand was able to make a flip and self assemble through the 
dithiocarmate group but less stability than the Au-thiollate interaction. Cu(II) was coordinated to 
free dithiocarbamate groups and its coordination sphere was completed with the addition of 
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morpholydithio carbamate anion. So, in this way bis(dithiocarbamato)Cu(II) complex was self 
assembled on a gold surface [23]. 
 
2.2    Bis (Phosphonates) and M (IV) of group four 
A mercapto group from the base monolayers SAM on the gold surface which leaves the 
phosponate terminal group to coordinate the M (IV) metal ions. 11-hydroxyundecanethiol was 
also reported [24]. There was a construction of coordination compounds on a solid surface in 
which Zr (IV) forming a base monolayer with decanphosphonate derivatives on a silicon wafer 
[25] was reported first time in this field. M (IV) links with two successive 
bis(alkanephosphonate) and also coordinates with the neighbouring chain. It gives rise to roboust 
multilayer system. Here the M (IV) play the role of coordinating linker and it also  reinforces the 
stability of the multilayer system term and resulting complex is neutral. This process was carried 
out by layer by layer (LBL) procedure. 
 
2.3    Ruthenium Coordination compounds 
Intermolecular interaction among the components of each monolayer is necessary to obtain a 
stable and compact system. According to coordination point of view, bulk terminal groups with 
donar atoms are practically indispensable to build a coordination compound on a metal surface. 
By forming mixed base monolayer it may be possible to overcome this problem.  The formation 
of mixed base monolayer using thiophenol and 4’(4-mercaptophenyl)-2,2’: 6’,2” –terpyridine in 
a 1:1 molar ratio. The terpyridine (tpy) moiety pointing out from the moiety pointing out from 
the modified gold surface served to coordinate Ru(tpy)2+ to the self assembled mixed base 
monolayers [26]. Ruthenium coordination compounds have been mainly built on electrodes but 
the preparation of compound on the flat Au surface was also reported earlier. A mixed multilayer 
system based on two ruthenium complexes [Ru(NH3)Cl]2+ and [Ru(CN)6]

4- was prepared on gold 
surface. Both complex are linked together through cyno bridges, [(CN)5Ru-CN-Ru(NH3)5]. This 
mixed valance dimeric anionic complex was electrostatically immobalized on a gold surface, 
previously modified with a disulphide derivative monolayer containing quaternary ammonium 
terminal groups [27].  
 
3. Multilayered nanomaterial based on metal Coordination 
Bottom up approach for multilayer formation using LBL procedure provides the integration of 
molecular units into solid surfaces with a controlled manner and having nanometer sizes. 
Electrostatic assembly based on sequential adsorption of polyanions and polycations, is a simple 
but also powerful approach which relies on electrostatic interaction between oppositely charged 
layers [19,28,29]. Hydrogen bonding interaction, [30,31] covalent assembly [32,33] and host 
guest interaction [34,35] have also been evolved for the formation of multilayer films. 
Alkylsilanol, thiol and disulphide are used as anchored group to a solid surface such as quartz or 
Au, where as bipyridine, terpyridine or isocyanide are applied for metal coordination groups. 
 
Multilayer formation between phosphonate and metal ion and such as Zr4+,Hf4+ ,Zn2+ was 
originally developed by Mallouk and Coworkers [36,37] on a variety of surface via sequential 
adsorption of metal ions and bis(phosphonic acids) from aqueous solution [38]. SAM of 
porphyrin, porphyrin-fullerene diads or ferrocene triads on Gold and ITO electrodes [39,40,41] 
which leads to current photocurrent generation with high efficiency. Inorganic LBL multilayer 
materials based on metal coordination are attractive materials for application in many fields such 
as optics, biotechnology, photo and electrochemistry, nonlinear optical materials, 
electrolumniscent devices, enzyme sensors, solar energy storage devices and molecular rectifiers 
[3,42,43] 
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4. Metal electrodes modified with coordination compounds 
Modification of metal such as Au, Pt, Ag and Cu electrodes can be carried out by same approach 
by self assembly of metal complex as a whole on the metal electrode and LBL procedure. 
Experimental condition which are important for the preparation of SAM on metal electrodes 
(electrode  pretreatment,  immobalization techniques, surface coverage, surfactants, 
electrolytes, solvents and temperature [44-47]. Rate and mechanisms of electron transfer 
between the coordinated metal ions and the metal surface have to be considered because they can 
affect the sensibility of the modified electrode [48,49,15]. Electron impedance spectroscopy is 
used to characterize the modified metal electrodes with coordination compounds [50,51] and also 
to determine the SAM stability, surface coverage, defects formation in the structure, stability of 
SAM bonding, orientation of terminal groups. It is also very convenient to characterize the 
modifying surface with a Quartz crystal microbalance (QCM) [47]. Metal electrodes modified 
with coordination compounds have been found applications as sensors and as supports for 
building biosensors  such as Cu(II) complex built on Gold electrode was used as a NO sensors. 
Ribose bis(thiosemicabazoneato) Copper (II) built by LBL method on a gold electrode was able 
to detect NO concentration down to 6 µM [52]. Electrodes modified with SAM containing 
ferrocenyl moieties and photoactive compounds have received special attention. Gold, platinum 
and Indium tin oxide films modified with 4-(4-mercaptobutyl)4’-ferrocenylazobenzene [53,54] 
was also reported earlier. SAM of ferrocenylundecanthiol on Au electrodes was used to catalyze 
the chemiluminescence of luminol. This system was used for detection of glucose in the presence 
of glucose oxidase [55]. 
 
5.   Ruthenium and Osmium coordination compounds 
Osmium and ruthenium are the only element from the second and third row transition metals 
which are used to form the coordination compound modifying metal electrodes. Bypyridine, 
tripyridine and ammonia are the ligands which are mostly used to form the immobalized 
ruthenium and osmium complex. Electron transfer kinetics of modified electrodes with Ru and 
Os have been studied earlier by Finkelea and Abrunia groups and many authors [48,15,46,56-
63]. It was found that electron transfer was totally different in both the cases. The electrolyte 
used may affect the electrochemical behaviour of the metal electrodes modified with Ru and Os 
complexes. 
 
The importance of electrodes modified with redox active metalloporphyrins is described in the 
various research articles. The synthesis of metalloporphyrin disulphide derivatives and self 
assembled them to modify gold electrodes using a method that permitted stable and compact 
monolayers. The preparation of mixed multilayers of metalloporphyrin has also been reported 
therefore the mixed monolayers of bis(dinitrozen)-meso-tetramesitylporphyrinato ruthenium (II) 
were studied on the top of the other with a high order using bidentate pyrazine-terminated 
ligands. Several metalloporphyrins such as (Hb) and its analogous are known to coordinate Nitric 
oxide have a biological importance, so due to that reason several researchers have worked on 
modifying electrodes with metalloporphyrins and metallophthalocyanines in order to develop 
NO sensors. 
 

CONCLUSION 
 

Self assembly provides a very simple route to organise suitable organic molecules on noble metal 
and by using long chain organic molecules with various functionalities like -SH,-COOH,-NH2, 
silane etc. This surface can be effectively used to build up interesting nano level architectures. 
Nanomaterials based on metal complexes can be prepared on a variety of surfaces via sequential 
metal coordination in a rational way. These nanomaterials have potential application in a variety 
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of functional systems or devices such as artificial photosynthesis and light harvesting. Till date 
synthesis of metal inorganic framework system on the surface has not been explored and it is a 
future challenge. Surface nanostructure with porosity or nanospace will be of great advantage in 
many practical applications such as gas storage, catalysis or molecular recognition of chiral 
catalysis or sensors. Design of a functional nanostructure on surface will play an important role 
in the development of future material science. 
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