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1.1 History, Present status and Futuristic applications
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1.2 One dimensional structures 
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either way, the contact area undergoes series of retractions and structural 

rearrangements until it consists in its final stage only a few bridging atoms. However, 

Atomic chains made by these methods are short in contrast to theoretical modelling of 

extended chains. 
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The experiments intended to find formation probability and structure of 1D atomic 

chains involve study of conductance histograms. The conductance histograms show 

decrease in conductance in series of sharp vertically descending steps with a gradual 

slope on the plateaux in between. It is shown that these steps are result of atomic 

rearrangements.27,28 It was argued that the remarkable length of the last conductance 

plateau just before rupture of point contact corresponds to a contact with a single atom 

at the narrowest cross-section.  

The connection between long stretched plateau and one atom thick point contact 

became clear when it was confirmed that the conductance of a point contact is 

determined predominately by the size of its narrowest cross-section during contact 

elongation and all structural transformations are localized to this narrow neck region. 
28 30 

During retraction or elongation of Quantum Point contact an abrupt transition to 

ballistic conduction occurs. At this time the conductance histograms show quantised 

conductance close to value of 2e2/h, where e is the charge on an electron and h is 

of a 1D structure.  When the radius of an electrical contact or constriction between two 

metals is small compared to the mean free path of the electrons, the electrons are 

accelerated due to the electric field caused by the applied voltage and are injected from 

one metal side to the other by passing through the contact. The transport of electrons is 

then said to be ballistic.  
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1.3 Experimental Methodologies for atomic chains 
 

1.3.1 Scanning Tunnelling Microscope  
 

 

STM has the ability to vary the contact area in 

controlled manner in increments as small as atomic size. This has been very effectively 

exploited to study extensively different conductance regimes and transitions among 

them, for example, ballistic to contact regime. Such studies have opened avenues to 

study molecular junctions and 1D structures.  
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1.3.2 Mechanically Controlled Break Junction 
 

In these experiments two electrodes are displaced by small fraction of atomic distances 

until the elongation or retraction makes the width of the contact to single atom before 

breaking. In the study of Molecular electronics, a molecule or single atom is then 

inserted between the atomic size gap of two electrodes. As compared to STM, 

technique is orders of magnitude less susceptible to vibrations than the STM and it 

offers a continuously tuneable gap size between two tip-shaped electrodes.  

Also, MCBJ techniques can be easily combined with other techniques, such as Raman 

Spectroscopy, inelastic electron tunnelling spectroscopy and noise spectroscopy. 

However, there are some limitations and challenges to this technique. For example, the 

chips use polyamides as an isolating layer, which always suffer from a varied gap size 

due to its variable deformation at different temperatures. Also, MCBJs are incapable to 

measure the force and surface morphology. Such limitations restrict the utility of MCBJ 

techniques.  

The nanowires are suggested to have important applications as interconnects in 

fabrication of next generation lightweight display, mobile computing and information 

storage applications.37 

 

1.4 A brief account of work done on Atomic chains  
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The theoretical 

studies of 1D structures are carried out mostly using classical atomistic models, as well 

as the first principles.31,51 55 

In a most recent report a group of scientist have demonstrated novel method to 

simultaneously image monatomic platinum chains with a transmission electron 

microscope while measuring their bond strength and conductance during mechanical 

stretching.56 

Since ancient times alloying has been found a route to enhance, change and modulate 

properties of material. By changing elemental composition and alloying condition the 

specific properties of alloy can be adjusted over a wide range. With no difference to 

nano structures, alloying provides large possibility to tune specific property and 

enhance stability. For example, stability of nanocontacts can be increased by alloying 

of several elements with  Au.57,58 The change in elemental composition of alloy nano 

particles affects significantly to the optical properties. For example, the change of Au 

and Ag mass ratio in Au-Ag nano particle results in a shift of optical absorption band.59 

 

For the case of alloyed nano structures, in addition of reduced dimension, alloying adds 

an extra degree of freedom to have different properties. However in the realm of atomic 

chains alloying was not much explored until the very first experimental realisation of 

Au-Ag atomic chains in break junction experiment.49 The initial work on alloy nano 

contacts were reported by Akihiro et al.57 They measured the quantized conductance in 

Au-Pd and Au-Ag alloy nano contact for a wide range of Pd and Ag concentration to 

study effect of alloying on the quantised conductance in Au nanocontacts. It is found 

that 1Go conductance peak corresponding to one atom thick chains appears for whole 

range of Ag concentration. In Au-Pd the 1Go peak survive at least in Au rich 

nanocontacts. It was speculated that in case of Au-Pd, Pd atoms might be acting as a 

blocking element of the sp conductance channel of Au because of their small sp 

valency.  Thus, conductance peak is observed only if the link between the contact is Au 
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rich. While in case of Au-Ag alloy nano contact, the 1G0 peak height can be well 

described as a liner average of those of pure Au and Ag.    

An experimental study of alloying Au nano contact with four different metals namely 

Pd, Pt, Cu and Ag clarified effects of alloying on the formation probability of the 1G0 

contact and the average plateau length of the 1G0 peak.57 They termed the probability 

of appearance of 1G0 peak and the chain formation as p.  It was concluded that alloying 

appreciably affects the probability of appearance of 1G0 peak but the effect of alloying 

on average plateau length was negligible. This means that the contact of Au alloy 

consists mostly of Au atom and other metal atoms hardly participate into the 

conduction. It was also found that alloying Au with Pd and Pt atoms gives rise to rapid 

suppression of probability of chain formation with increasing the bias. While Ag and 

Cu yields weak bias dependence of p which is not much different than that of pure Au 

contacts. It has been found that Au-Ag nanocontact are more stable than pure Au and 

Ag nanocontacts.58 In addition to enhanced stability, presence of Ag atoms in Au-Ag 

nano contact increases the range for which the nanowire is stable. In other words, Au-

Ag nanowires are stable at the distance where Au or Ag nanocontacts would break.     

 

 

 

 

It was reported that Ag-Au57 Au-Zn, and Au-Mg alloy monatomic wires are more stable 

than pure Ag, Zn and Mg ones.60 In case of alloy nano contacts, the formation strength, 
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stability, rupture point and electronic properties depend on the species composition, 

local species arrangement and stretching direction.61 63 It was also found that 

interatomic distance of an atomic chain is dependent on their component compositions. 

Properties like giant magneto resistance, magnetism, electronic structure, and optical 

properties also depend on elemental composition of bimetallic chains. The molecular 

dynamics study on bimetallic Pd-Pt nanowires have revealed that mechanical properties 

of alloy nanowire is dictated by applied strain rate, alloy composition as well as 

structural rearrangements associated with nanowire elongation.64 

Impurities or alloying also change conductance, electronic and magnetic properties of 

contacts. For example, Au nano contact is not magnetic and electronic transport through 

it cannot be spin polarized, however, stable quasi-1D Au-Co contact is found to have 

the giant magneto resistance.65 The molecular dynamics simulation for Co-Au and Ag-

Au alloy nano contact have found that the mechanical properties of alloy nanocontacts 

and structure before rupture depends on crystallographic orientation of elongation and 

concentration of components.66 Despite so many benefits of alloying nano structures, 

most of the experimental and theoretical studies for 1D structures were carried out for 

pure metals. Nevertheless, the very first experimental realisation of alloy chains of Au 

and Ag motivated many studies aimed for bimetallic nano structures.58,61,62,67 70 

Along the continuum of already done work so far on alloy chains of transition metal 

and noble metals, we find a gap of a systematic study dedicated to investigating effect 

of composition on various properties of alloy chains. As stated earlier, Au and Ag are 

metals which sit on two extremes of positive and negative for chain formation 

possibility.40,58 On the other hand  Pt is known to be making most stable 1D chains. 
40,50,71 As to appearance of quantised peak in conductance histograms Au and Pd 

represents the most positive and most negative examples.57  Thus an interesting issue 

is then to see  how alloying Au with Pd, Pt and Ag will change chain formation 

possibility and to compare the properties of pristine and alloy chains. This thesis is 

aimed at a systematic study of interplay between atomic composition, structure, 

electronic and optical properties of bimetallic chains of Au-Pd, Au-Ag and Au-Pt. The 

study covers two main class of experimental techniques of chain formation namely: (1) 

Point contact breakings, chapter 3 and chapter 4 of this thesis are related to this method. 

(2) Atom by atom assembly on a substrate, chapter 5 of the thesis is related to this 

method. 
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1.5 Outline of the thesis 
 

The thesis is organised as follows:  

Chapter 2 highlights basics of Density Functional Theory (DFT) and computational 

tools used for carrying out calculations of the work reported in the thesis. We report 

composition dependent properties of bimetallic linear atomic chains of Au-Pd, Au-Ag 

and Au-Pt in Chapter 3. The geometry of the atomic chains is restricted to linear atomic 

chains. Chapter 4 broadly relates the computational results with the MBJC experiment. 

It reports results of the possibility of chain formation, structure, relative stability and 

electronic properties of bimetallic atomic chains. Unlike chapter 3, here we do not 

restrict the geometry of atomic chains to be to linear chains and searched for the most 

stable geometry and most likely composition to be observed in actual break junction 

experiment. The work on chain formation on a substrates is reported in chapter 5. 

Structure and electronic properties 

 are discussed in this chapter. We compare 

structure and electronic properties of bimetallic chains on NiAl(110) and Cu(110) 

substrate. 

 

 

 

 

 

 

 
  


