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A series of ceramic superconductor compounds with the composition LaxY1-x Ba2Cu3O7-δ are 

prepared by solid state reaction from the principle routs like La2O3, BaCO3 and CuO with high 

purity 99.99%. Different measurement are made to show the improvement in high phase 

superconductor such as resistivity measurement and the X-ray diffraction (XRD). When 

(x=0.20 and 0.80; x=0.40 and 0.60) an orthorhombic phase is appeared with lattice constants 

(a= 3.844 Å, b=3.912 Å, c=11.839 Å) and (a= 3.871 Å, b=3.881 Å, c=11.748Å), respectively. 

This emphasizes the formation of a high temperature superconducting phase.  At x=0.5 a phase 

is changed to a tetragonal where the superconductivity is lost.  From the resistivity 

measurement, the highest (Tc) value is found equals to (97K) for (x=0.20 and x=0.80) 

comparable with the YBCO-compound which does not normally exhibited Tc-value greater 

than (95K). The increase in Tc-value may be attributed to the amount of (La) and / or the 

oxygen content in the mixture which both influence the properties of the compound and are 

essential for the superconductivity phase.   

 

 

Keywords: High temperature superconductor; LaxY1-xBa2Cu3O7-δ; X-ray diffraction; 

Resistivity measurement; Critical temperature. 

PACS: 74.25.-q; 61.05.cp; 84.37.+q; 74.10.+v; 74.62.-c. 

 

 

1. Introduction  

 

The detection of the so-called High Temperature Superconductor (HTS) in 1986 by Bednorz 

and Muller [1] dramatically changed the prospect of electrical power applications of 

superconductors, because of the significantly increased critical temperature, TC,  in which  the 

employment of a more economical cryogen, liquid nitrogen becomes possible. Between 1987 

and 1993, TC is raised from 92 K as revealed in YBa2Cu3Ox (YBCO) [2]. Moreover 130 K is 

as demonstrated in Hg2Ba2Ca2Cu3Oy [3]. Meanwhile, extensive efforts have been directed to 

http://etn.siats.co.uk/
mailto:salwan_kamal@yahoo.com
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develop practical HTS conductors with high current carrying capability. First, concentrating on 

Bi-2223 (Bi2Sr2Ca2Cu3Oz) and recently on YBCO-123 based coated conductor, referred to as 

‘‘2nd generation conductor’’. With low losses and high current carrying capability, HTS 

conductors allows electrical devices to be built with higher efficiency and higher power density. 

It also enables novel devices such as Superconducting Magnetic Energy Storage (SMES), 

magnetic bearings, fault current limiters and switches [4]. Furthermore, HTS offers 

environmental advantages; oil free transformers and devices with low magnetic field leakage. 

In the hope of a large scale HTS application in electrical power industry, significant public and 

private programmers have been initiated both to accelerate conductor development and to build 

prototypes in the USA, Europe, and Japan. 

 

HTS represents a new class of conductor with unique properties, which not only allows electric 

power devices to be more compact but also enables new applications.  The conductors 

developed so far have enabled various power device prototypes, such as power cables [6-8], 

transformers [9,10], motors [11,12], and Superconducting Fault Current Limiters (SCFCL) 

[13-15]. 

 

As compared with common superconducting materials such as YBa2Cu3OY , La-based high-

temperature superconducting (HTSC) possess some attracting features, such as high 

superconducting critical temperature (TC), high critical current density (JC), very low 

microwave surface resistance (Rs) and a good stability in moisture [16–20]. All of these 

properties merit potential superiority of La-based thin-film devices for electronic applications, 

ranging from superconducting quantum interference devices (SQUIDs) to superconducting 

microwave resonators and also other passive devices [21–26]. The effects of partial substitution 

of Y by La –atom on the growth mechanism and superconducting properties will be studied for 

the component LaxY1-xBa2Cu3O7-δ at x=0, 0.20, 0.40, 0.50, 0.60 and 0.80 . 

 

2. Experimental Procedure 

 
The samples are prepared by using the standard solid-state reaction technique. The detailed 

procedures for the sample preparation are as follows; pure cation oxides of Y2O3 (99.995%), 

La2O3 (99.99%), BaCO3 (99.99%), and CuO (99%) are weighted and mixed according to the 

chemical formula of YBa2Cu3O7-y (YBCO) and LaxY1-xBa2Cu3O7-δ with x=0, 0.20, 0.40, 0.50, 

0.60 and 0.80.  

In order to make, the specimens mixture is prepared by homogeneously mixing and grinding 

prescribed amounts of powders into a gate mortar. Appropriate amounts of these powders are 

mixed with alumna mortar and pestle for (2 hours) in 2- propanole and dried. They are put into 

a furnace (Nabartherm-N11/R) and calcined at 930°C in air for 48 hrs. This process is repeated 

three times. Then, the final step of the sample preparation is undergone to high temperature 

treatment that leads the particles to join together and gradually reduce the volume of pore space 

between them. The powder is compacted into a pellet shape with a certain pressure.  After that, 

the powder particles will then be in contact with one another at numerous sites, with significant 

amount of pore space between the particles. In order to reduce the boundary energy, atoms 

diffuse to the boundaries, permitting the particles to be bound together and eventually causing 

shrinkage in the pores. However, if sintering is carried out for a long time the pores may be 

eliminated and the material becomes dense. 

 

The calcined powders are pulverized and reground pelletized into disk-shaped pellets. The die 

has a stainless steel cylinder of 0.5 cm (13 mm) diameter and 1.5-1.8 mm thick using manually 

hydraulic press RAKIN-EIMER, under a pressure of 8 ton/cm2 (0.6 Gp). The programming 
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data for this process includes; the rate of heating (60Co/hour) up to (930 oC) for 30 hours with 

the flow of oxygen gas of about 1.25 L/min and then with slow rate of cooling (30 oC/hours). 

The temperature is, afterwards, decreased down to about 550°C with 4 °C /min and kept at this 

level for 12 hrs in oxygen flow to enhance the value of δ to reach the content of oxygen atoms 

in the samples to about (6.85) before returning to a room temperature. Finally, the products are 

cooled down to a room temperature.  

 
2.1. X-Ray diffraction 

 

The structural characterization is performed by X-ray diffraction (XRD). While the X-ray 

powder diffractometry is generally dealing exclusively with crystalline (order) materials.  X-

ray patterns are used for initial identification of lattice type as the unit of crystal structure and 

the building black for the materials with acknowledge of the chemical composition ionic size, 

lattice parameters, structure model can be built X-Ray diffraction pattern can be utilized to 

determine the phase present in the sample by observing the intensity peaks in relation to its 

(hkl) values. Based on the determination of Miller indices, hkl, and the lattice parameters for 

all the orthogonal crystal systems are calculated as the following. For cubic system, a=b=c 

 
2 2 2

2 2

1

hkl

h k l

d a

 


                                                                                                           (1) 

For tetragonal system, a b c   
2 2 2

2 2 2

1

hkl

h k l

d a c


 

                                                                                                 (2) 

and fororthorhombic system, a b c   
2 2 2

2 2 2 2

1

hkl

h k l

d a b c
  

                                                                                              (3) 

 

In this work, (XRD) type PHILIPS with the following features; the source Cu KαI, current 20 

mA, Voltage 40 kV and λ=1.5405 Å are used. The X-ray chart and ASTM-data [27] are used 

in a computer program to analysis the X-ray data in order to refine the structure of the sample 

conducted in this study and to obtain the lattice constants. 

 

2.2. Sample Testing  
 

The critical temperature of the superconducting sample is measured by using the four-point 

probe technique which is considered as a suitable method for studying the electrical behavior 

of superconducting materials. In this method, a small current passed through a sample and the 

voltage drop across it. The terminals distinct from those utilized for passing the main part of 

the current through the specimen, where voltage drop in both leads and contacts are the 

electrical contact to the sample which are made with fine copper wires  adhered with silver 

paste. The cryostat system is used for the measurement of critical resistivity of the sample with 

the present of a liquid Nitrogen. The cryostat is joined to a rotary pump to get a pressure of 

~10-2 mbar inside the cryostat. 
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3. Result and Discussions  

3.1. Structure properties of LaxY1-xBa2Cu3O7-δ 

 

All samples of partial substitution of Y by La –atom are examined by powder XRD and the 

typical XRD –2θ patterns are presented in Fig’s 1, 2, 3, and 4, respectively. These results 

indicate that there are a good crystalline which textured with the c-axis perpendicular to the 

surface of the substrate. The four sharp peaks are consistent in intensity and shifted by 90◦ from 

one peak to another indicating the fourfold symmetry of the La-2212 crystal. To examine the 

presence of superconductivity phase, the structure nature of orthorhombic phase for all samples 

under study with (x=0, 0.20, 0.40, 0.60 and 0.80) is investigated. 

 

The X-ray analyses show that all the compounds exhibit essentially c-axis oriented with good 

crystalline may not relate closely to the initial substrate conditions. Due to La substitution in Y 

with some modifications in the peaks appear represented by their intensity or positions .The 

effect of substitution of La on the Y with the concentration (x=0.20, x=0.80) is presented in 

Fig. 1. When substituting Y by La for the component LaxY1-xBa2Cu3O7-δ for x=0, 0.20, 0.40, 

0.50, 0.60, 0.80 show a gradual transfer the orthorhombic phase to a tetragonal at x=0.50. 

 

When x=0.20 and x=0.8, the HTS exhibits an orthorhombic phase with a lattice cell constants 

a= 3.844 Å, b=3.912 Å, C=11.839 Å as shown in Fig. 1. The lattice parameters, unit cell volume 

and orthorhombicity are listed in Table I. The increase in the c parameter is significant and is 

indicative of the Y replacement by La.  This, however, does not guarantee the absence of partial 

Ba substitution by La. A smaller unit cell volume for x=0.1 is similar to the results of Liang et 

al. [28] who observed a decreasing trend in the unit cell volume for increasing  Ba substitution 

by La. 

 

      

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

Figure. 1: X-ray diffraction for the component LaxY1-xBa2Cu3O7 -δ for x=0.2, x=0.8 with 

oxygen vacuum in temperature 930 oC. 
 

 

when x=0.4 and x=0.6, it exhibits an orthorhombic phase with a lattice cell  parameters; a= 

3.871 Å, b=3.881 Å, c=11.748 Å as shown in Fig. 2. 
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Figure. 2: X-ray Diffraction for the component LaxY1-xBa2Cu3O7 -δ for x=0.4,  x=0.6 with 

oxygen vacuum in temperature 930 oC. 

 

 

At last x=0.50 is orthorhombic phase lattice cell   a=b= 3.876 Å, c=11.743 Å as shown in Fig. 

3.   

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

Figure. 3: X-ray Diffraction for the component LaxY1-xBa2Cu3O7 -δ for x=0.5 with oxygen 

vacuum in temperature 930 oC. 

 

While the x=0.5 sample shows loss of superconductivity, this behavior, similar to that of 

Y(LaxBa1-x)Cu3O7 samples reported earlier [28,29], which consists of a decrease in Tc as x 

(LaxY1-xBa2Cu3O7-δ) is increased and a disappearance of superconductivity at x≈ 0.5. This 
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similarity in the variation of superconducting properties with the lanthanum content suggests 

the possibility of lanthanum substitution for barium and the concomitant mixing of the La and 

Ba sites in our samples. From the neutron diffraction studies such a mixing is known to occur 

in LaBa2Cu3O7 [30]. Thus, the behavior of the solid solutions seems to be guided by the 

substitution of La into the Ba sites along with the Y sites. When x=0, it gives the structure 

YBa2Cu3O7-δ with lattice constants; a= 3.842 Å, b=3.912 Å, c=11.752 Å as shown in Fig. 4. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure. 4: X-ray Diffraction for the component LaxY1-xBa2Cu3O7-δ for x=0 with oxygen 

vacuum in temperature 930 oC. 
 

 

The X-ray diffraction pattern of this sample shows the splitting of the (200) and (005) 

reflections, though the resistivity behavior is still semiconducting. Thus, the importance of 

proper oxygen stoichiometry in addition to the orthorhombic structure for the occurrence of 

superconductivity in the 123 system is evident. 

 

3.2. Resistivity properties of LaxY1-xBa2Cu3O7-δ 

 

The zero field resistivity as a function of temperature for the nominal compositions LaxY1-

xBa2Cu3O7 -δ (x = 0, 0.20 and 0.40) are shown in Fig’s 5, 6 and 7 (the lower inset shows the 

resistivity over a larger range of temperature) measured by standard four probe method. The 

resistivity decreases monotonously with decreasing temperature and the onset of 

superconducting transition occurs at 95, 97 and 96 K for x = 0, x= 0.20 and x = 0.40 

compositions respectively.  

 

For x = 0.20 and x = 0.40, the transition is rather broad and the Tc values are approximate.  This 

enhancement in Tc indicates that small amount of Yttrium is substituted at the La sites. The 

smaller size of Yttrium (atomic radius 180 pm) as compared to lanthanum (atomic radius 195 

pm) leads to subtle changes in the bandwidth and this probably enhances the superconducting 

transition temperature. Nevertheless, in compositions with higher Yttrium ratio, the 

superconducting transition temperature decreases and the transition broadens which suggests 
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the compositional dependence of Tc. whereas, at x=0.5 the composition is losing its 

superconductivity. It is known that a small changes   in the crystalline structure of a high 

temperature cuprate superconductor (HTCS) produce large changes in its magnetic properties 

[31]. The structural changes are produced by chemical substitutions of cations or anions. Thus, 

altering the position and occupancy of the atoms situated in the superconducting planes CuO2 

and also leads to increasing (or decreasing) the superconducting critical temperature (Tc) 

.Indeed Luis et al [31] reported that by changing the oxygen content in the superconductor 

YBa2Cu3O7 (YBCO-7) to ≤ 6.4, the occupancy of the oxygen situated in the Cu-O chains 

decreases and the crystalline structure changes from orthorhombic to tetragonal where the 

superconductivity is destroyed. 

    

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

Figure. 5: The resistivity versus temperature for HTSC LaxY1-xBa2Cu3O7 –δ. 

 

 

 

The relation of resistivity vs. temperature curve for the concentration x=0 is shown in Fig. 5 

with Tc=95K. While, the critical temperature is increased when the concentration x=0.2 and 

x=0.8; Tc = 97K and at x=0.4; Tc = 96 K as shown in Fig. 6. 
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Figure. 6: The resistivity verus temperature for HTSC LaxY1-xBa2Cu3O7 -δ   for x= 0.2, x=0.8 

 

 

The resistivity dropped suddenly with concentration x=0.6 [Tc=83K], which is due to (La) 

substitution in the mixture and hence affects the Tc values as shown in Fig. 7. The values of 

Tc for different components of LaxY1-xBa2Cu3O7-δ superconductor are  listed in Table I. 

Ganapathi et al. [30] earlier found for x ≤ 0.5 the  LaxY1-x Ba2Cu3O7-δ    system behaves like a 

pure Y123  superconducting oxide with Tc onset equal to 90 K. They obtained a maximum Tc 

= 94 K (zero resistance at 91 K) when x=0.1. For x > 0.5 they reported that the system starts to 

behave like a La123. The changes in the values of the Tc in the present system are due to changes 

in oxygen sites in chains and levels of CuO. These changes depend on the partial compensation 

of (CuO2). The difference in these sites has caused confusion in the paths of Cooper pairs. 
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Figure. 7: The resistivity versus temperature for HTSC LaxY1-xBa2Cu3O7 -δ   for x = 0.6 

 

 

Table 1: The values of the lattice constants and the Tc for different components of LaxY1-

xBa2Cu3O7-δ superconductor. 
 

 

 

 

 

        

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Lattice  

Constants 

Tc (K) Onset Samples 

a= 3.842  

b=3.912  

c=11.752  

95 K LaxY1-xBa2Cu3O7-δ for  

x=0 

 

a= 3.844  

b=3.912  

c=11.839  

97 K LaxY1-xBa2Cu3O7-δ for  

x=0.20 

 
a= 3.871 

b=3.881 

c=11.748 

96 K LaxY1-xBa2Cu3O7-δ for 

x=0.40 

 
a=3.876  

b= 3.876  

c=11.743  

the component  

loses 

superconductivity 

LaxY1-xBa2Cu3O7-δ for  

x=0.50 

 
a= 3.871  

b=3.881  

c=11.748  

83K LaxY1-xBa2Cu3O7-δ for  

x=0.60 

 
a= 3.844  

b=3.912  

c=11.839  

97K LaxY1-xBa2Cu3O7-δ for  

x=0.80 
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4. Conclusions  

 

This study shows that the growth mechanism and hence the resulting structural and 

superconducting properties are significantly affected by the substitution of Y - atoms by La 

atoms   in LaxY1-xBa2Cu3O7-δ compound for x=0, 0.2, 0.4, 0.5, 0.6, 0.8 and gradually transfer 

of the orthorhombic phase to the tetragonal phase when x=0.5. The present results have 

important implications that substitution can be used to control the microstructure and surface 

morphologies of YBCO compound. The superconductivity of the solid solution LaxY1-

xBa2Cu3O7-δ is a strong function of x. Lanthanum occupies both Y and Ba sites and the extent 

of Ba substitution by La controls the properties of the system. Samples with 0 ≤x≤ 0.8 are 

orthorhombic with decreasing orthorhombicity as a function of x. The unit cell volume 

increases as x =0.2 and x=0.8. Two distinct behaviors are observed in the electrical 

characteristics of the solid solutions. For x =0.2 and x=0.8 the solid solution behaves similarly 

to the x=0 a member with a metallic behavior followed by a superconducting transition at Tc 

= 95 K. A slightly higher Tc= 96 K for the x=0.4 sample behavior followed by a 

superconducting transition at x=0.6, Tc= 83 K [26,32]. The orthorhombic structure and 

optimum oxygen content are found to be essential for the observation of superconductivity in 

the123 system. Interestingly, these two parameters are independent variables in the La-rich 

compounds, unlike the pure Y1 23 compound.  
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Tunable luminescence carbon dots (C-dots) were prepared through microwave-assisted 

carbonization of aqueous starch suspension mediated by sulfuric and phosphoric acids 

respectively as surface passivating agents. The as-prepared C-dots showed green, blue and 

yellow luminescence under 365nm UV light. The C-dots were further characterized by UV-

Vis, FTIR, and band gap determination. Fourier transform infrared spectroscopy (FTIR) studies 

revealed bands at 3460 cm-1 (OH), 2979 cm-1 1708 cm-1 (C=O), 1188 and 1040cm-1 (C-O), and 

1397 cm-1 (C=C) indicative of the graphitic nature of the carbon. The UV-Vis showed blue 

shifted absorption bands, while the band gap calculated revealed narrow sizing of the C-dots 

in the semiconductor range. The results suggest that this approach may serve as a facile route 

to colour tunable photoluminescent C-dot materials with potential biological applications. 

 

 

Keywords: Carbon quantum dots; Semiconductor; Microwave; Luminescence. 

PACS: 78.67.Hc; 72.20.-i; 84.40.-x; 78.55.Mb. 
 

 

1. Introduction 
 

Carbon dots (C-dots) like other elemental quantum dots (Q-dots) [1] are semiconductor 

nanocrystals in the size range of 1 to 10 nm. These nanoparticles have size-selective 

luminescence properties due to their quantum confinement effect and are currently finding 

increasing interest in optoelectronics, biosensing, bioimaging and medicine [2].  Unfortunately, 

many of the useful (Q-dots) are of highly toxic elemental composition [2,3]. Carbon-based 

quantum dots (CQDs or C-dots) are trending as new candidates due to their good solubility and 

unique optical properties [4, 5], exceptional biocompatibility [3], easy functionalization and 

their potential as drug delivery vehicles [6] amongst others. All these confer C-dots the edge 

over metallic semiconductor Q-dots such as CdTe, CdS and PbS [7-10].  Synthetic strategy to 

obtain C-dots include ‘top-down’ approaches like electrochemical etching, lithography and 

laser ablation [11–14] etc., and ‘bottom-up’ protocols such as hydrothermal, pyrolytic and 

microwave carbonization methods [15–18].  

 

http://etn.siats.co.uk/
mailto:ladams@unilag.edu.ng
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Biogenic precursors to C-dots have included sources such as orange juice [16], by thermal 

processing of bread, caramel, corn flakes and biscuits [19], hydrothermal treatment of pomelo 

peel for 3 hrs at 200 oC [20], from ascorbic acid [21] etc. While each of these approaches have 

their significance, nonetheless it is equally imperative to explore other low-cost and high yield 

production strategies.  

 

Microwave assisted synthesis is a rapid approach that has been utilized for mostly blue 

luminescence [22-25] and fewer for other colours [26-27] of C-dots. It is therefore our objective  

in this study to explore a facile approach to obtain C-dots with tunable photoluminescence 

(blue, green and yellow) colours. The precursor starch were extracted from four different raw 

carbohydrate food sources and thereafter carbonized through microwave-assisted treatment in 

the presence of either sulfuric or phosphoric acids respectively as surface passivating agents. 

 

 

2. Materials and Methods 

2.1. Materials 

 

Carbohydrate sources for starch were; cassava (Manihot esculenta), potato (Solanum 

tuberosum), yam (Dioscorea rotundata) and rice (Oryza sativa). Other reagents include 

sulphuric acid (H2SO4), phosphoric acid (H3PO4) (Sigma-Aldrich), sodium hydroxide (NaOH) 

(BDH) and deionized water. A domestic microwave oven with (2.0 cm) diameter hole drilled 

into the top. 

 

2.2. Extraction of Starch 

 

Starch was extracted from potato, cassava, rice and yam respectively. In a typical procedure, 

cassava and yam tubers or potato were peeled, grated and soaked in deionized water for 1hr. 

Each of the resulting mixtures was stirred and then filtered using cheesecloth to obtain starch 

suspension that was allowed to stand for 2-3hrs. The supernatant was decanted and the bottom 

residue air dried to obtain the corresponding powdered starch. Separately, rice starch was 

obtained by initially pulverizing rice grains to coarse powder using a mortar and pestle. 

Thereafter, twice the volume of water was added and allowed to soak for about 2 hrs. The 

mixture was filtered using cheesecloth and further treated as described above to give the dried 

rice starch powder. The obtained potato, cassava, yam and rice starch powders were used as 

precursors for C-dot synthesis. 

 

2.3. Microwave Synthesis of Carbon Dots (C-dots) 

 

C-dots were prepared through microwave assisted carbonization of the starch suspensions in 

water. In a typical procedure, cassava starch powder (1g) was dispersed in 25ml of deionized 

water in a beaker to give a suspension. Sulphuric acid (7.0 ml, 2M) was added to the starch 

suspension followed by carbonization under microwave energy at 500W for 3-7 minutes. The 

colour of the mixture changed progressively from white through light brown and finally to dark 

brown. The resulting final dark brown mixture was filtered to give a clear filtrate that was kept 

for further analysis.  

 

Additionally, fresh cassava starch was carbonized after addition of 3.0 ml concentrated 

phosphoric acid (14.6M) as the surface passivating agent. The reaction mixture also showed 

similar progressive colour transformation. The final dark mixture obtained was filtered to give 

a clear filtrate that was kept for further analysis. Rice, potato and yam starches were variously 
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carbonized through similar procedures after addition of sulphuric acid (H2SO4) or phosphoric 

acid (H3PO4) as surface passivating agents. The heating regimes were slightly modified to 

facilitate green and yellow luminescence colours as shown on Table 1. For example, in order 

to obtain yellow colour with phosphoric acid (H3PO4) acid, the carbonization was carried out 

at 70W-150W for 30-60 minutes. After the colour of the suspension turned to brown, it was 

then neutralized with 4ml NaOH (5M) solution, before filtration to give a clear solution which 

was kept for further analysis.  

  

2.4. Characterization of C-Dots 

 

The prepared C-dots were characterized with ultraviolet-visible spectroscopy (UV-Vis) on a 

T80+ UV-Vis spectrophotometer in the range 200 – 900 nm using distilled water for base line 

correction. Fourier Transform Infrared spectra (FTIR) were recorded on a BRUKER (vector 

22) spectrophotometer over the range of approximately 4000-400 cm-1. Optical band gap were 

calculated from cut off wavelength values obtained from UV-Vis absorption spectra using the 

equation below: 

 

Band Gap Energy; (E) = h x c/λ                                               (1) 

 

where E (band gap energy), h (Planck’s constant), c (speed of light) and λ (cut off wavelength). 

The luminescence characteristics of the aqueous filtrates obtained from the carbonization step 

were investigated by illumination under (365nm) ultra violet (UV) light source in a dark room.  

 

3. Results and Discussion 

3.1. Extraction of Starch 

 

The raw carbohydrate food stuffs; potato, cassava, rice and yam utilized in this study as 

precursor carbon sources are shown in Fig. 1(a-d). Starch powders (Fig. 2a-d) were obtained 

after processing of the food stuff through peeling, grating (or pulverizing), soaking, filtering, 

decanting of the supernatant and finally drying of the bottom residue. 

 

 
Fig. 1: Raw carbohydrate food sources; (a) Potato, (b) Cassava, (c) Rice and (d) Yam. 

 

 

 
 

Figure. 2: Starch obtained from; (a) Potato, (b) Cassava, (c) Rice, and (d) Yam. 
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3.2. Synthesis of C-Dots 

 

The pathway for C-dots synthesis shown in Scheme 1 from the precursor starch is mediated by 

either H2SO4 or H3PO4 as surface passivating agents under microwave energy carbonization. 

The reaction mixture changes from white through light brown and finally to dark brown (Fig 

3a-b) to give the filtrate (Fig. 3c). It is envisioned that the starch moiety undergoes hydrolysis 

to form glucose and fructose which are dehydrated to furfural intermediates and smaller 

fragmented molecules [28-29]. The intermediates formed then polymerize or aromatize into 

soluble polymers and aromatic clusters. Furthermore, intermolecular dehydration of the smaller 

molecules or separation of the aromatic clusters after reaching supersaturation [30-32] 

facilitates nucleation of the C-dots. Additionally, oxidation introduces functional groups that 

enhance their water solubility [33].  

 

 
 

 

Scheme 1: Synthesis of C-dots from starch. 

 

 

3.3. Optical Study of the C-Dots 

  

The luminescence properties of the as prepared C-dots solutions were investigated by 

irradiation with 365 nm UV light. The representative colour in normal light is shown in Fig. 

4a, while the characteristic blue, green and yellow luminescence colours are shown in Fig.4b-

d. Modification of carbonization protocol on the luminescence characteristics of the C-dots 

were investigated and presumed to be a function of the heating (wattage), time and the surface 

passivating agent as highlighted on Table 1.  

                                                                                                                   

 
 

Figure 3: (a) Starch suspension (b) after microwave carbonization (c) solution after filtration. 

 

Sulphuric acid mediated carbonization at 500 W for 3-5 minutes or 5-10 minutes affords blue- 

or the green-emitting C-dots respectively. It is interesting to note that yellow colour was only 

obtained by carbonization at lower temperature (70-150 W) albeit for a longer time (30-60 

minutes) using phosphoric acid as passivating agent. In this instance however, the reaction 
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mixture is neutralized with a base. The reaction mixture actually showed no luminescence prior 

to neutralization with NaOH. Consequently, the ability to tune the observed emission colours 

of the C-dots and their good solubility are desirable characteristics for quantum-dot based 

candidate probes in biological applications. 

 

 
 

Figure 4: C-dot solutions; (a) under normal light. Under 365 nm UV excitation; (b) blue, (c) 

green and (d) yellow. 
 

3.4. Fourier Infrared Spectroscopy (FTIR) 

 

The as prepared C-dots were investigated with FTIR spectroscopy particularly to evaluate the 

functional groups that decorate their edges. In the representative spectrum shown in Fig.5, there 

is a broad peak centered at 3460cm-1 characteristic of the stretching vibrations of a hydroxyl 

hydrogen bonded O-H. Peaks at 2979 cm-1 and 1397cm-1 indicate the presence of C-H 

stretching and C=C stretching vibrations indicative of the graphitic nature of the C-dots [34-

35]. The broad peak at 2555cm-1 and the strong sharp absorption peak observed at 1708cm-1 is 

associated with O-H and C=O  stretching vibrations of carboxyl group. Additionally, there 

were peaks at 1188 and 1040cm-1 assigned to C-O stretching vibrations of carboxyl and 

hydroxyl groups respectively. The functional groups identified from FTIR analysis corroborate 

the hydrophilicity and solubility of the C-dots in water. 

 

 
 

Figure. 5: Infrared spectrum of C-dot 
 

 

3.5. UV- Vis Absorption Spectra of C-dots 

 

UV-Vis spectra obtained over a scan range of 200 – 900 nm for the blue, green and yellow 

luminescence C-dots are shown in Fig 6a-c. The absorption maxima fall in the region (190-

390) with a tail extending to the visible region [36] were relatively broader for both the green 

and yellow luminescence colour (Fig. 6b-c), but narrower for the blue C-dots (Fig. 6a). The 
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two patterns may be attributed to non-uniform size distribution in the former while the latter 

sizes were relatively more uniform. In the representative example, observed maxima were at 

233nm, 239nm and 242nm for blue, green and yellow C-dot respectively which were ascribed 

to the 𝜋 → 𝜋* transitions of C=C present on C-dots, while the seeming shoulder at 296nm and 

302nm for green and yellow (Fig. 6b-c) were due to n → 𝜋* of carbonyl groups (C=O) [37]. 

The observed blue shift in the absorption maxima is indicative of a strong confinement with 

decrease in size [38]. 

 

3.6 Band Gap Determination 

 

The band gap energy values of the prepared C-dots were calculated from experimentally 

obtained UV-Vis absorption spectra cut-off edges [39-40]. The UV-Vis spectra obtained for 

blue, green and yellow luminescence C-dots (Fig. 6a-c) have strong cutoff wavelengths (λ) at 

311 x 10-9 m, 347x10-9 m and 467x10-9 m respectively. The values of the band gap energies 

(Table 2) obtained using Equation 1 indicates that the C–dots are in the semiconductor range. 

The blue-luminescence C-dot has relatively higher band gap energy which suggests a much 

wider energy separation compared to the green and yellow C-dots respectively. This energy 

separation increases as the size decreases for semiconductor a nanocrystal which is 

complemented by the shift to the blue end.  

 

Table 1: Reaction conditions for tunable C-dots 
 

S/N Source of 

starch 

Acid Reaction 

time (min) 

Luminescence color 

under UV light 365 

nm 

1 Cassava 2M H2SO4 3-5 Blue 

2 Potato 2M H2SO4 3-5 Blue 

3 

4 

Rice 

Yam 

2M H2SO4 

2M H2SO4 

3-5 

3-5 

Blue 

Blue 

5 Cassava Conc. H3PO4 3-7 Blue 

6 Potato Conc. H3PO4 3-7 Blue 

7 Rice Conc. H3PO4 3-7 Blue 

8 Cassava 2M H2SO4 5-10 Green 

9 Potato 2M H2SO4 5-10 Green 

10 Rice 2M H2SO4 5-10 Green 

11 Cassava Conc. H3PO4 30-60 Yellow 

12 Potato Conc. H3PO4 30-60 Yellow 

13 

14 

Rice 

Yam 

Conc. H3PO4 

Conc. H3PO4 

30-60 

30-60 

Yellow 

Yellow 

            
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure. 6 (a) Blue luminescence C-dots, (b) Green luminescence C-dots, (c) Yellow 

luminescence C-dot. 
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Table 2: Calculated Band Gap Energy (E) for the synthesized luminescence C-dots. 
       

Fluorescence C-dots Wavelength(nm) Band Gap Energy (eV) 

Blue 311 3.99 

Green 347 3.58 

Yellow 467 2.66 

 

where 1eV = 1.6 X 10-19 Joules (conversion factor)   
 

 

 

 

4. Conclusion  

 

Tunable luminescence C-dots have been prepared via a facile one-step acidic mediated 

microwave assisted carbonization of starch precursors (used as carbon source). The approach 

adopted is simple and cost effective.  The result obtained from FTIR studies revealed diagnostic 

bands for (OH), (C=O), (C-O), and (C=C) that characterize the C-dots. Optical studies show 

that the luminescence behavior of the C-dots (blue, green or yellow) strongly depends on the 

reaction conditions. Particularly, the yellow C-dots were obtained only with phosphoric acid 

passivation at lower reaction temperature after neutralization with base. The band gaps of the 

C-dots were calculated using cutoff values from UV-Vis and found to fall within the 

semiconductor range. Finally, the synthesized C-dots exhibited strong luminescence and good 

solubility which makes them potential materials for probes in biological applications.  
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Single Electron Transistor (SET) is a nanoelectronic device that operates under the controlled 

mode of tunneled individual electrons. In this paper, a comparative analysis was performed 

employing SET based D-Flip flop with conventional logic D-flip flop. SET is eminent 

nanoscale devices that have low power dissipation, high speed and performance. The flip flop 

design was simulated using SIMON simulator and the stability of its operation was analyzed 

applying the Monte-Carlo method that represented stability with low power dissipation and 

matched the functionality of traditional CMOS devices. 
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1. Introduction 

 

The advancement of CMOS technology is still in back evolution and the increase in power 

utilization has become a main issue in the fabrication of large-scale integrated circuits. 

Consequently, the single-electron transistor (SET) has intrigued considerable attention because 

of its low power disbursement and high packing concentration. The information in the form of 

bits is represented by the presence or absence of single electrons at the quantum conducting 

islands. The fundamental principle of single-electronics is the Coulomb blockade was first 

observed and studied by Gorter [1].  

 

It is widely known the size and transistor compactness facilitate vast improvement in the 

semiconductor based technology. Single-electron tunneling device [2] also has smart features 

like excellent current control, reduced dimensions and low noise behavior. These features 

should allow the realization of chips containing a number of the devices orders of magnitude 

greater than those indicated by the roadmap but still respecting the roadmaps area and power 

restrictions [3]. A variety of useful devices and concepts utilizing the single-electron tunneling 

features, such as, cellular automata, the binary decision device [4], and SET logic gates ie. OR, 
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AND, NAND, NOR, etc. [5,6], single electron memories [7], control–control-Not gate [8], 

analog to digital converter [9], stochastic associative memory [10] have been projected and 

experienced by actual devices.  

 

The need for computer-aided design and simulation of single-electron circuits has long been 

recognized. Several simulators and simulation methods have been developed to support single-

electron circuit design. SIMON is such a simulator developed by Wasshuber et al [11]. 

Fabrication of SEDs is an expensive and time-consuming process and, because of that, 

computer-aided design and simulation tools have been developed in order to study these 

circuits. A major improvement in SED circuits was achieved by the development of SIMON, 

which is a Monte Carlo-based tool capable to design, simulate and study SEDs and circuits.Up 

to date, SIMON has been used for various relevant studies and showed it is a proven tool for 

such a mission [12].  

 

2. Single-Electron Tunnelling 

2.1 Coulomb blockade 

 

Single-electron circuits consist of conducting quantum islands, tunnel junctions, capacitors, 

and voltage source. The quantum islands are subjectively connected between the tunnel 

junctions, capacitors and voltage sources. The movement of single electron charge through 

the tunnel junction is referred as tunnelling, where the electrons are tunnelled through a tunnel 

junction strictly one after another. This tunnel event of an electron is described by single 

electronics orthodox theory also a stochastic nature and the energy quantization is in discrete 

process. If the additional electrons are injected through the energy barrier of the insulating 

layer, it may prevent the system is said to be Coulomb blockade. 

 

The basic principle of single electronics is that one needs coulomb energy EC to charge an 

island with an electron. This energy is: 

 

EC = e2/2C >>2kBT                                         (1) 

 

Where 𝐶𝑖C is the capacitance of the island, e is the elementary charge, kB is Boltzmann’s 

constant and T is the absolute temperature [13]. Since the electric charge flows through the 

tunnel junctions in multiples of electrons. To assure that electron states are localized on 

islands all tunnel resistances must be larger than the fundamental quantum resistance 

 

RT> RQ =h/ e2≈ 25.813 KΩ                             (2) 

 

where h is Planck’s constant.  

 

To simulate in a single-electron circuit the tunnel event of electrons from island to island has 

to determine the rates of all possible tunnel events due to free energy changes. The free energy 

F, of a single-electron circuit is the differences of the electrostatic energy U, stored in its 

capacitances and the work done by the voltage sources of the single electron circuit W,  

 

F = U – W                                          (3) 

 

The electrostatic energy is given by 
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𝑈 =
1

2
(𝑞, 𝑣) (

𝑉

𝑄
)                              (4) 

 

where q and v are the unknown variables of the island charge and voltage matrices 

respectively, and Q and V are the known variables of the island charge and voltage matrices, 

respectively. The work done by the voltage sources is given by 

 

𝑊 = ∑ ∫ 𝑉𝑛(𝑡)𝑖𝑛(𝑡)𝑑𝑡                              

(5) 

 

where V𝑛(t) t) is the voltage of the nth voltage source and i𝑛(t) t) is the current through the 

nth voltage source. The tunnel rate ᴦ for a particular tunnel event is given by 

𝛤 =
∆𝐹

𝑒2𝑅𝑟[1−exp (−
∆𝐹

𝑘𝑇
]
                              (6) 

 

where ∆F is the free energy change due to this tunnelling event, RT is the tunnel resistance 

on the electron transported through tunnel junction, and kBT is the thermal energy. Overall 

tunnel rates for all possible tunnel events is determined using a Monte Carlo method 

combined with an exponential distribution of tunnel events The time duration of a particular 

event is given by 

 

∆𝑡 = −
𝐼𝑛(𝑟)

𝑟
                                  (7) 

 

2.2. Monte Carlo Technique  

 

Currently, two simulation approaches used in SET circuits. One is based on a Monte Carlo 

method, and the other on a Master equation Method. The Monte Carlo approach starts with all 

possible tunnel events, considered to be independent and exponentially distributed. Calculates 

their probabilities, and chooses one of the possible events randomly, weighted according to 

their probabilities. The Monte Carlo approach gives better transient and dynamic characteristics 

of SET circuits because its model the underlying microscopic physics. Tunnel events are 

modelled as discrete events as long as the electrons are confined on quantum dots. 

 

2.3. Single-Electron Transistor (SET) 

 

Single-electron Transistor is a Nanoelectronic device that used to monitor the electron 

tunnelling through the quantum island.  SET consists of two tunnel junctions and a quantum 

island (quantum dot) about one nanometer range. The device structure just like MOS transistor, 

two junctions, as source and drain, instead of channel region the electrons can pass through the 

quantum island when reaches the coulomb energy. The effect of controlling the electron tunnel 

is coulomb blockade. The device can transfer the electrons from source to drain one by one 

under the application of gate voltage. So the tunnelling current is monitored by the voltage 

applied to the gate through a capacitor. This way charge carrier can transfer across the quantum 

island only after the sufficient voltage across the capacitor. Electron tunnelling rate based on 

the stochastic nature of the process takes place across the SET [15].  
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(a)   (b)     (c) 
 

Figure. 1: (a) Schematic diagram for a tunnel junction, (b) Quantum dot island with two 

tunnel junctions, (c) Circuit diagram of the Single Electron Transistor. 

 

 

 

 

3. Results and discussion 

3.1. Design of D-Flip-flop using Logic gates 

  

The flip-flop is a basic circuit to store state information from two stable states. It is the basic 

storage element in the sequential logic systems. The design of D-Flip flop circuit using Logic 

gates is shown in Fig. 2. This circuit is a memory element with two inputs of different logical 

combination input values. The D-FF consists of 4 NAND gates and one NOT gate, it consists 

of different logic function. 

 

 

 

 

 

 

 

 

 

(a)           (b) 
 

Figure. 2:  (a) Diagram of the D-flip flop using Logic gates (b) Logic table. 

 

3.2. Design of D-Flip-flop using SET 

 

The D-Flip flop circuit design using single electron transistor is shown in Fig.3. Hence the 

circuit comprises thirteen islands, N1 to N13, bounded by eight tunnel junctions. The 

capacitance of each junction and their resistances are shown in Table 1. The circuit also 

comprises 7 capacitors, and the values of different for varying nodes. The two voltage sources 

Vdd are constant and its value is 0.16V. The input voltage and clock are applied to the D and 

Clock respectively through the capacitors C. 

 

 

 

Clock D Q 

0 x No Change 

1 0 0 

1 1 1 
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Figure. 3: Circuit diagram of single-electron D Flip flop. 
 

The input voltage and Clock, shown in Fig. 3, are the inputs of the D-Flip flop named as D and 

Clk, and it takes only two values 0.0V which tends to the logic ‘‘1’’, and -0.1V which tends to 

the logic ‘‘0’’. The output signals of the D-Flip flop are taken from islands nodes named Q and 

Qbar respectively. 
 

 

Table 1: Resistance and Capacitance values of Tunnel Junctions. 

 

Capacitance(F) Tunnel Junction(C,R) 

C1=5x10-18 
J Cj =1x10-19 

C2= 11.7x10-18 

C3=9x10-18 
J1 Cj1= 5x10-18 

C4= 4.25x10-18 

C5=1x10-18 R=1x105 

 

 

3.3. Analysis of Single-Electron D-Flip flop and Result 

 

The single-electron D-Flip flop needs to be analysed the operational characteristics. From the 

corresponding output islands we take the outputs Q and Qbar respectively. The presence of 

zero voltage in the output islands corresponds to logic 1, whereas -0.1V voltage corresponds to 

logic 0. Hence, the input–output signals, of this D-Flip flop is shown in Fig. 4. The two inputs 

are D and clock and the two outputs Q and Qbar respectively.  

 

When the input vector [00] is applied an excess electron is transported via tunnelling to island 

nodes and the island output voltage at Q and Qbar becomes 0.1V. When the input vector and 
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the clock signal are high, the electron tunnels out of nodes are charged according to the Fig. 4 

given below. 

 

 

(a)                                                              (b)                          

(c)                                                                     (d) 

 

 

Figure. 4. Operation of the single-electron D Flip flop (a) time variation of the input clock 

CLK; (b) time variation of the input voltage V, (c) time variation of the output charge Q and 

(d) time variation of the output charge Q-bar. 

 

To confirm the stable operation of flip flop, its stability plot was constructed using SIMON. 

This plot is shown in figure 5.White regions correspond to completely stable state operation 

with an integer number of excess or missing electrons on the islands, whereas black regions 

correspond to completely unstable state operation. The gray regions correspond to less stable 

regions. The darker the gray region, the more unstable the gate operation. The slight instability 

in gate operation is apparent in Fig. 5, where slight charge fluctuations are observed. 
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    (a)                                                          (b) 
 

Figure. 5: The stability plots of the single-electron D Flip flop. 

 

5. Conclusions 

 

A single-electron D Flip flop was presented in this paper. This circuit produces their Q and Q-

bar. The circuit comprises 8 tunnel junctions, seven capacitors and thirteen islands. Each output 

is through the island and the presence of positive charge on it corresponds to the logic ‘1’, 

whereas the absence of charge corresponds to the logic ‘0’. The energy history diagrams were 

plotted. The simulation procedure and the operational characteristics were verified. The circuit 

allowed less delay time, and power consumption reduction. 
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Embracing physical vapor deposition system, GLAD method defines the deposition angle, α, 

in terms of vapor flux and normal substrate. The substrate rotation angle, φ, defines the 

azimuthal substrate position relative to an arbitrary starting position. We have fabricated 

periodic nanostructure through utilizing GLAD to control the film deposition conditions over 

these arrays. Manganese chiral single ring nanostructure have been created using oblique angle 

deposition method in conjunction with rotation of normal surface substrate. Employing AFM 

measurement and J-Microvision software, we obtained structure morphology, the size of 

grains, surface physical roughness and surface void fraction. The optical spectra of the samples 

were obtained using a single beam spectrophotometer for the incident light of the surface 

normal. Moreover, it should be mentioned here that Fresnel formulas and experimental 

measurements of reflectance and absorption spectra could be applied to obtain the refractive 

index n and the absorption index k. Since Manganese chiral single ring of fabricated 

nanostructure with GLAD technique is porous, the plot of the refractive index that was 

observed as a function of the wavelength index aspect has lower values in comparison with 

homogeneous Manganese thin film associated with longer wavelengths. Therefore, we can 

control the refractive index of nanostructure with regard to the film density and porous. It is 

suggested that GLAD may offer an effective method to attain tailor able refractive index. 

 

 

Keywords: Reflection; Transmission; Absorption; Refractive index. 

Keywords: 78.40.Me; 78.20.Ci; 78.20.Ci; 78.20.Ci. 
 

 
1. Introduction 

 

Metallic nano-structures which depend on their size and geometrical shape have laid the ground 

for researchers to conduct researches in different fields of application such as biomedicine [1-

4], antibacterial [5-8], and optics [9-10]. The Oblique Angle Deposition or Glancing Angle 

Deposition (OAD and GLAD) method together with rotation of substrate about the substrate 

surface normal is used to create sculptured nanostructures with pre-designed shapes and 

desired porosity that can alter different properties at these films. 
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Owning to the fact that nanostructures of noble metals (gold, silver, and copper) have the ability 

of exhibiting Localized Surface Plasmon Resonances [11], they have many applications, 

particularly in the field of Plasmonics [12-16]. Experimental and theoretical investigations 

have shown that when the number of corners or recesses in the morphology of nanostructure 

goes up, it can produce higher number of sites to create enhanced fields facilitating Surface 

Enhanced Raman Spectroscopy (SERS) detection [17]. 

 

In 1959, Yong and Kowal used physical vapor deposition to provide helical fluorite films using 

a rotating substrate as well as the creation of man-made helical structures. They have shown 

that these thin films could rotate the plan of polarization of normally incident light [18]. Later, 

Motohiro and Taga that used Oblique Angle Deposition method created the simple chevron 

films of metal oxides and researched their birefringence properties [19]. In addition, Robbie 

and Brett prepared the aligned three-dimensional sculptured thin films using a Glancing Angle 

Deposition (GLAD) technique and studied their optical activity. They have shown that a porous 

Tio2 helical thin film would select reflection of circularly-polarized light. When the pitch 

height increased, the reflection band was subsequently shifted to longer wavelength [20,21]. 

 

Therefore, the optical properties of helical structures made from materials such as noble metals 

for example Ag and Au will be expected to be very different from those made from dielectrics 

[22]. After that, Zhang and Zhao in their paper studied the pitch height-dependent and the 

polarization angle-dependent optical properties of Ag helical nanostructures [23]. In the current 

study, we report optical properties such as reflection, transmittance, absorption, and also 

refractive and absorption indices of Manganese chiral single ring on the glass substrate that 

was prepared by GLAD method. 

 

2. Experimental details 

Prior to being deposited, all glass substrates were ultrasonically cleaned in heated acetone 

before deposition then ethanol at enough time. Helical nanosculptured thin film on glass 

substrates were deposited (18 ×18 mm2 microscope slide) using electron beams in Edwards 

system (Edward E19 A3) with a base pressure of 2 × 10-8 torr and a deposition rate of 1 A°s-1 

at room temperature. The purity of Manganese was >99.98% and the deposition angle (α°) was 

fixed at 80°. In order to achieve a uniform deposition on the substrates, a 30 cm distance was 

chosen between the evaporation source and the substrate and we expected that vapour has a 

straight trajectories (i.e., without scattering due to the large mean free path ~ 103-104 cm [24]). 

Fig1 shows the schematic diagram of the evaporation system associated with the ability 

substrate rotation for nanosculptured chiral thin films growth. The substrates were fixed on the 

substrate holder, which was connected to a computer by stepper motor, with 10cm diameter 

from stainless steel. The substrate holder whose rotation is controlled by previously-written 

and installed software is rotated about its surface normal with rotation speed of 0.0092rpm 

during the process of deposition [25]. In this regard, the deposition rate was measured by a 

quartz crystal deposition rate controller (SQM-160-USA, sigma) that was put close to the 

substrate and at the same azimuthal angle of substrate. The production of the above-mentioned 

samples took place by the deposition of Mn on the fixed substrate for a pre-set time with the 

said deposition rate and then the substrate was rotated continuously until the helical 

nanostructure with the required thickness was procured. It should not be left unmentioned that 

the pitch of nanostructure is consistent with the deposition time and deposition rate used [25]. 

The deposition was carried out with the clockwise rotation of the substrate holder and the 

helical structures were, therefore, produced with 1 pitch. The diameter of the vertical chirals 

including the width of rings may be estimated as ≈ 200 nm. It is essential to mention here that 



Theo. Exp. NANOTECHOLOGY 1 (2017) 31 – 40 33 

we calculated the film thickness (d) or the pitch of the chiral shapes (2) using the tangent rule 

𝛽 = 𝛼 − 𝑠𝑖𝑛−1 (
1−𝑐𝑜𝑠(𝛼)

2
 ) , 𝛼 > 60° and relation 2Ω =

2𝜋

𝜔
𝑙𝑠𝑖𝑛 (𝛽) [26]; the thickness of each 

chiral single ring deposited arranged to be about 400 nm. Furthermore, the surface physical 

morphology and its roughness were obtained by Atomic Force Microscope (AFM) analysis 

with a Si tip of 10nm radius in noncontact mode. And last but not east, transmission and 

reflection spectra of Manganese chiral single ring nanostructure were measured in the 

wavelength region of 300-2500nm at normal incidence angle using single beam 

spectrophotometer with 2nm wavelength steps.  

To compute the optical constants such as the refractive index (n) and the absorption index (k) 

of the thin films on the glass transparent substrate at different wavelength, we applied the 

transmittance and reflectance spectra. As it mentioned about the thin film before, it is the 

deposited chiral single ring on the glass substrate if the film thickness d and a complex 

refractive index is given �̂� = 𝑛 − 𝑖𝑘. The extinction index α (λ) is procured from the 

experimental measurements of the transmittance T (λ) and reflectance R (λ) and the film 

thickness d according to the following equation [27]: 

𝛼 =
1

𝑑
𝑙𝑛 [

1−𝑅2

2𝑇
+ √

1−𝑅

4𝑇2 + 𝑅2]                                                                                                    (1)  

 

The absorption index k as a function of the wavelength is obtained according to the following 

equation: 

𝑘 =
𝛼𝜆

4𝜋
                                                                                                                                  (2) 

 

Therefore, the refractive index n as a function of the reflectance R (λ) and the absorption index 

k (λ) is calculated by the Fresnel formula as [28]: 

 

𝑛 = (
1+𝑅

1−𝑅
) + √

4𝑅

(1−𝑅)2 − 𝑘2                                                                                            (3) 

 

The optical constants n and k were estimated by giving serious consideration to the 

experimental errors in measuring T (λ) and R (λ) as ∓2%. 

Figure. 1: The schematic of oblique angle deposition in conjunction with rotation of substrate 

holder 
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Figure. 2: a) 2D and b) 3D AFM images and c) the surface void image of Manganese chiral 

single ring. 

 

3. Results and discussion 

In Fig. 2, 2D, 3D AFM and the surface void images of Manganese chiral single ring are given 

in columns a, b and c respectively.  The results which we obtained from the 3D AFM images 

that enabled us to observe the unevenness of the surface are as follows: the size of the grains 

on the film surface, the surface roughness (unevenness) and the surface void fraction. In 

addition, it is true to say that the surface of the thin film tends to be rough due to the high 

diffusion effect and the arriving higher vapour flux. RMS and mean surface roughness of the 

substrates were measured by AFM and were 5.84 nm and 4.6 nm respectively; diameter of the 

grains and the surface roughness of the films were measured using the J- Microvision software. 

We can also obtain the surface void fraction (fv) using the AFM measurements and a simple 

program in Matlab software (i.e., white colour regions in Fig. 2c). This shows that the films 

prepared with the GLAD methods are the porous films. The quantitative data obtained from 

the AFM images are given in Table 1. 
 

 

 

Table 1. The structural parameters a Mn chiral single ring film 
 

 

 

                        

 

 
 

 

 

 

 

 

Figure. 3: The schematic for the chiral single ring and the incident light direction. 
 

Surface roughness 
(AVG) 

Surface roughness 
(RMS) 

Surface 
void  

fraction (fv) 
(%) 

Diameter of the grains 
(nm) 

4.6 5.84 26.50 83.33 

(a) 
(b) (c) 

 

R 

k 

Incident light 

2Ω 
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Figure 3 shows the schematic diagram of a Mn chiral single ring nanostructure. The helical 

radius R is fixed to be 100 nm and the pitch height is 2. The incident directions are along 

helical axis, as shown in Fig3. Optical spectra of the Manganese chiral single ring thin film 

were measured in the wavelength region of 300 to 2500 nm and are given in Figures 4 and 5. 

Both reflectance and transmittance spectra were measured at the normal incident light.  

 

Table 2 gives the details of both intensity and absorption and reflection peak positions for chiral 

single ring sample. Given the AFM results, to get the optical measurements such as the 

experimental absorption, transmittance and reflectance, the following parameters were taken 

into account: 

1- In case of particles whose size is smaller than the wavelength of the incident light, the 

electromagnetic wave cannot distinguish their structural details, moreover, the small size 

of particles can be neglected from the scattering contribution. Therefore, regarding the 

reflection (R) and transmittance (T) spectra, the absorption spectra can be obtained by using 

the formula (1-R-T). It is to say that the particle size is 83.33 nm in our project, which is 

smaller than the minimum wavelength of the incident light (i.e., 300 nm). 

2- The factors such as the void fraction, surface roughness, the size of grains, and the film 

thickness are affected by the reflection and absorption spectrum. As it was already shown 

by several authors [29-31], a smaller grains size, the void fraction, and roughness lead to a 

rise in reflection. When the size of grains becomes smaller, the density of layer increases 

and as a result, the void fraction and surface roughness reduces and the surface becomes 

smoother that results in a rise in the reflection. While the diameter of grains and the fraction 

of surface void in our work are 83.33 nm and 26.5% alternatively and the RMS and AVG 

surface roughness are 5.84 nm and 4.6 nm alternatively (Table 1), the reflection increases 

(around 30%).  

3- The reflectance spectra in Fig. 4a show the peaks in UV and visible wavelengths regions. 

These peaks which are given in Table 2 are about 327, 449, and 880 nm. Fig. 4b shows the 

wavelength dependence transmittance of nanostructure of Mn chiral single ring. In this 

regard, Savaloni et al. [32] produce Mn helical structures with square, rectangle and 

pentagon shapes and showed that the transmittance will considerably increase when 

wavelengths are larger than the film thickness. It should be noted that the film thickness is 

about 400nm in this project. Therefore, the transmittance increases as we increase the 

wavelength, on the other hand, the transmittance spectra becomes constant almost in λ> 

1500 nm and does not depend on the wavelength. 

 

Figure. 4: a) Reflection and b) Transmission spectra of Manganese chiral single ring thin 

film. 

(a) (b) 
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Table 2: The details of both intensity and absorption and reflection peak positions for nano-

structure of Mn chiral single ring. 
 

 Wavelength (nm) Intensity (%) 
Reflection 327 449 880 11.21 12.61 18.61 

Absorption 300 555 1188 88.77 84.41 68.06 
 

 

4- Fig. 5 shows the absorption spectra of Mn chiral single ring nanostructure. We may clearly 

observe two peaks, one at the lower wavelengths (i.e, 555 nm) and the other at the longer 

wavelengths (i.e, 1188 nm). In addition, one distinguishing the peak at the lower 

wavelength has the higher intensity of the absorption (Table 2). Siabi and Savaloni [33] 

show that the optical response of metallic structures that is affected by a limited thickness 

has no effect on the optical spectra (~320 nm). Therefore, it may be suggested that the 

optical results discussed in this paper are related to the top 320nm thickness of the film. 

Hence, considering that the thickness of film in this work is about 400 nm, the light may 

interact with a complete pitch at the low wavelength. However, when the wavelength 

increases, the light may not interact with sections of the underlying pitch and may only 

interact with the top surface of the film. This will decrease the intensity of the absorption 

spectra. In other words, when the wavelength goes up, the number of particles interacting 

with the light goes down. It can be observed that the peak at long wavelength has the lower 

intensity of the absorption.  

 

Fig. 5: Absorption spectra of Manganese chiral single ring thin film. 

 

 

5- Considered as a function of wavelength, the refractive index (n) and the absorption index 

(k) of Manganese chiral single ring were attained from the experimental results at normal 

incident light through using the equations (1) to (3) as it was shown in Fig. 6. 

 

Figure 6a shows a plot of k versus wavelength for nano-structure of Manganese chiral single 

ring. As a function of wavelength, the plot of k changes exponentially while the absorption 
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index does not change significantly in the visible wavelengths region. It should be noted here 

that the absorption index increases extensively at very long wavelengths. 

 

Wang and et al., prepare nanostructure TiO2 [34] and ZnS [35] thin films by employing angle 

deposition technique and show that the packing density of films decreases as the incident angle 

increases. At the flux angle of α=80° and 75°, the packing density and the refractive index 

decrease. It can be attributed to the porous structure in GLAD films, which will inevitably 

result in the decrease of the effective refractive index. 

In the present paper, the results obtained from the refractive index n of nano-structure of 

Manganese chiral single ring was compared with the structure of Manganese thin film 

according to reference [36]. Fig. 6b shows the refractive index n of Manganese thin film and 

Manganese chiral single ring nanostructure as a function of wavelength in the UV and visible 

regions of 300 to 1000 nm. The peaks can be observed at about 440 and 860 nm in the optical 

constant n due to the rise in reflectance of the film in which the refractive indices are 2.043 and 

2.560 respectively (Fig. 6b). While indices of Manganese thin film, according to reference [37], 

are obtained n= 2.102 and 2.941 at the wavelengths 440 and 860 nm respectively. In this work, 

we report that Manganese chiral single ring nanostructure prepared by GLAD method is the 

porous structure and its refractive index is lower than that of the thin film at most of the 

wavelengths. In particular, at the wavelength of 590 nm, the refractive index extensively 

reduced to 1.345 (Fig. 6b), which is even less than that of Manganese thin film. Hence, the 

refractive index of the porous nanostructure depends on the wavelength. Therefore, using 

density and porous of thin film, the GLAD technique can control the refractive index of the 

nanostructure.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure. 6: Plot of optical indices of Manganese chiral single ring thin film a) Absorption 

index and b) Comparison of refractive index n of Manganese thin film according to reference 

[36] and Manganese chiral single ring nanostructure. 

 

 

4. Conclusions 

 

In this paper, we reported that Manganese chiral single ring nanostructure prepared by GLAD 

method is the porous nanostructure. The porosity of thin film is affected by the reflection and 

absorption spectrum. Using the experimental results R, T, and the Fresnel formula, we obtained 

the optical constants n and k. While the refractive and absorption indices depend on the 

wavelength, the absorption index k as a function of wavelength changes exponentially. The 

refractive indices of Manganese chiral single ring are about n= 2.043 and 2.560 at the 

(a) 
(b) 
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wavelengths of 440 and 860 respectively, which are lower than those of the corresponding 

Manganese thin film because nanostructure of Manganese chiral single ring is the porous 

nanostructure. Therefore, the GLAD technique can control the refractive index of the 

nanostructure by density and the porous of thin film. 
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A quick detection for volatile organic compounds (VOCs), especially in the indoor 

environment is a must as the build-up level of VOCs is multiple times greater than outdoor 

environment. By using a surface potential probe, we have analyzed the interaction between 

copolysiloxane Langmuir-Blodgett (LB) thin films with several commercially used VOCs 

solvent, specifically chloroform (CHCl3), isopropyl alcohol (IPA) and dichloromethane 

(DCM). These copolysiloxane LB thin films, namely P50:50 and P25:75 had been deposited onto 

aluminium-coated substrates. Subsequently, the surface potential (ΔV) of copolysiloxane LB 

thin films were monitored during exposure to each solvent. Interaction of these thin films with 

each solvent produced non-identical changes in ΔV values. In addition, ∆Vmax value and 

halftime response for half ∆Vmax value (t50) were determined. Later, a figure of merit, ƒ was 

calculated to determine the optimum sensing material per solvent. The most promising 

candidates particularly as IPA solvent vapour sensors is P50:50 copolysiloxanes LB thin film 

that presented ΔVmax (106 mV), smallest halftime response for half ∆Vmax value achieved, t50 

(65 s), and considerable ƒ (1.631 mV/s), as compared to others. 

 

Keywords: Langmuir-Blodgett; Surface potential; Organic compounds. 

PACS: 68.18.-g; 31.50.-x; 78.40.Me. 

 

1. Introduction 

 

Volatile organic compounds (VOCs) are briefly defined as any compounds that took part in 

atmospheric photochemical reactions [1]. They are widely used as the solvent in various 

consumer product and industry manufacturing activities. Excessive usage of these VOC 

solvents might result in severe health condition as most of these are harmful to human being 

particularly in vapor form. Polysiloxanes are distinctive hybrid inorganic and semi-inorganic 

polymers that exhibit high gas permeability, low volatile, good thermal and oxidative stability, 

high chemical and biocompatibility [2, 3]. These compounds have been used extensively in 

http://etn.siats.co.uk/
mailto:faridah.lisa@fsmt.upsi.edu.my
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innumerable applications such as medical, aerospace and sensor [4]. Hence, for the first time, 

an investigation regarding the interaction of copolysiloxanes, P50:50 and P25:75 Langmuir-

Blodgett (LB) thin films, with several extensively used solvents, namely chloroform (CHCl3), 

isopropyl alcohol (IPA) and dichloromethane (DCM), have been carried out using a surface 

potential (NIMA S-POT) probe. This is to verify that these copolysiloxanes might hold the 

potential to be alternative candidates for VOCs vapor sensing in term of surface potential 

changes detection. 

 

2. Experimental  

2.1 Materials 

 

Two types of copolysiloxanes were selected as the basic materials in this investigation, named 

P50:50 and P25:75 as illustrated in Figure 1 and 2. Chloroform from Sigma-Aldrich was used as 

the solvent to dissolve the copolysiloxanes and produced 0.2 mg/ml of copolysiloxane 

solutions. Metal evaporation technique prepared aluminium coated-cleaned glass slides acted 

as the substrates. Three types of common VOCs solvents in the laboratory were chosen, namely 

CHCl3, IPA and DCM (Figure 3) as the target solvent for interaction with copolysiloxanes. No 

further purification process required for all the reagents and solvents. 

 

 

(CH3)3SiO

CH3

SiO

CH3

SiO Si(CH3)3
a b

(CH2)5

CN

O

CH3

CO2

 
 

Figure. 1: General structure of copolysiloxanes, P50:50 (a:b = 50:50) and P25:75 (a:b = 25:75).   

 

 
(a)                                                           (b) 

 

Figure. 2: Ball and stick models of (a) P50:50 and (b) P25:75. 
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Figure. 3: Chemical structure of (a) CHCl3, (b) IPA and (c) DCM.  

 

2.2 Surface pressure-area isotherm and Langmuir-Blodgett thin films preparation 

 

Surface pressure-area (Π-A) isotherms of copolysiloxanes, P50:50 and P25:75 were determined 

using a Langmuir trough (NIMA Model 611). Pure water (Elga Purelab water system, > 15 

MΩcm) was utilized as the subphase. Chromatography paper acted as the surface pressure 

sensor. The solution was dispersed on subphase using a microsyringe. Then, 5 minutes were 

allowed for solvent evaporation before compression process. The similar procedure applied to 

the second copolysiloxane solution.  

 

Later, 5 layers of Langmuir-Blodgett (LB) thin film were synthesized through LB deposition 

technique using the same trough for each copolysiloxanes. Surface pressure, 10 mN/m was 

selected as the deposition pressure since monolayer formed the compact solid state at this 

pressure as observed from the isotherm graph. Y-type deposition [4] was performed using 12 

mm/min as the compression speed to develop the thin film on a substrate. Subsequently, the 

developed 5 layers LB thin films were utilized in the surface potential measurement against the 

VOCs vapor. 

 

2.3 Surface potential measurement 
 

The experiment was conducted in a sealed bag with a dimension of 0.125 m × 0.14 m × 0.095 

m to prevent solvent leakage as illustrated in Figure 4.  
(a)       (b) 

 
 

Figure. 4: Surface potential measurement setting in (a) diagram of the whole experimental 

setup and (b) actual experiment setup. Labels are (i) NIMA S-POT probe, (ii) solvents 

contained in a watch glass, (iii) LB thin film, (iv) Metal contact and (v) sealed bag. 

(i) 

(i) 

(ii) 
(ii) 

(iii) 

(iii) 
(iv) 

(iv) 

(v) (v) 
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Surface potential (∆V) of LB thin films were measured using a S-POT probe (NIMA) with a 

precision of ± 2 mV attached directly to an Interface Unit software. A vibrating plate of the 

sensor was placed at a uniform distance (approximately 1 mm) to the LB thin film for ∆V 

measurement of interaction between copolysiloxane thin film and specific solvent. 1000µl of 

solvent was injected into the watch glass using a microsyringe from outside of the sealed bag. 

The duration of exposure time is about half an hour (0 – 2000 seconds) toward the solvents’ 

vapor to determine the ∆Vmax value and halftime response for half ∆Vmax value achieved, t50 

for each type of solvents. All experiments were performed under room temperature (21 ± 0.2 

°C). 

3. Results and discussion 

3.1 Surface pressure (Π-A) isotherm 
 

P50:50 and P25:75 monolayers were studied through Π-A isotherm graphs that displayed the 

surface pressure as a function of the molecular area at the air-water interface [5]. In Figure 5, 

both copolysiloxane formed stable monolayers until the collapse points start to occur at about 

12.7 mN/m for P50:50 and 19.4 mN/m for P25:75. Direct phase transition from liquid expansion 

phase toward liquid condensed phase (~0 - 3 mN/m for P50:50 and ~0 - 2 mN/m for P25:75), 

followed directly by solid state formation (>3 mN/m for P50:50 and > 2 mN/m for P25:75) were 

observed. In the solid phase, stretched conformation follows by helical/loop structure 

conformation was demonstrated. A similar result in [6] proposed that in latter conformation, 

several functional groups are singled out from the subphase. Hence, 10 mN/m was chosen as 

the film deposition pressure because more uniform monolayer can be fabricated in stretched 

conformation than in helical/loop conformation. 

 

The area per copolysiloxane chain was determined by extrapolating the steepest linear gradient 

of the curve to the x-axis in the solid phase before the area occupied per siloxane unit was 

calculated. Consequently, the diameter of siloxane unit was determined as an area of a circle 

was taken on the air-water interface by the siloxane unit. In Table 1, P25:75 has a smaller value 

of area occupied per siloxane unit as compared to P50:50 due to coiled and twisted structure of 

the copolysiloxane backbone, whereas P50:50 retain a linear structure. Both copolysiloxane 

displayed general isotherm characteristics with their own specific signature.  
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Figure. 5: Isotherm graphs of P50:50 and P25:75. 
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Table 1: Data from Π-A Isotherm of copolysiloxane, P50:50 and P25:75. 
. 

 

Copolysiloxane P50:50 (50:50) P25:75 (25:75) 

Degree of polymerization / Number of 

repeating units 

27 39 

No. of unit siloxane 54 156 

Limiting area per molecule (nm2) 17 35 

Area occupied per siloxane unit (nm2) 0.31 0.22 

Estimated siloxane unit size, d (nm) 0.63 0.53 

 

3.2 Maximum surface potential (∆V) and halftime response (t50) 

 

By placing vibrating plate near to the copolysiloxane LB thin film, ∆V was recorded from the 

alternating current induction flowed in an external circuit due to capacitance changes in the air 

gap caused by vibration of air [7]. For this work, the ∆V is recorded from 0 s to 2000 s to 

determine the t50 and ∆Vmax value. The results achieved were visualized in Fig. 6.  

Large ΔV values and a quick t50 implies good sensor. Thus, a figure of merit, ƒ (mV/s), has 

been formulated to indicate the optimum sensing material per solvent, which is expressed as: 
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Figure. 6: ΔV and t50 for copolysiloxane LB thin films, P50:50 and P25:75 with CHCl3, IPA and 

DCM 

 

 

Table 2: ΔVmax, t50 and ƒ for Copolysiloxanes LB Thin Films, P50:50 and P25:75 with each 

1000µl Solvents. 
 

Copolysiloxanes 

LB thin film 

P50:50 P25:75 

ΔVmax 

(mV) 

t50 

(s) 

ƒ 

(mV/s) 

ΔVmax 

(mV) 

t50 

(s) 

ƒ 

(mV/s) 

CHCl3 63 210 0.300 67 208 0.322 

IPA 106 65 1.631 348 162 2.148 

DCM  92 288 0.319 152 134 1.134 

 

 

 

Referring to Figure 6 and Table 2, the interaction of these thin films with each solvent produced 

unlike changes in ΔV values. Moreover, the t50 occurred between 65 – 288 s. None of both the 

copolysiloxanes LB thin films presented overall fast reaction with CHCl3 as their t50 were more 

than 200 s. Both P50:50 and P25:75 thin films displayed almost similar ΔVmax and t50. However, 

P50:50 thin film gave positive changes in surface potential, whilst P25:75 thin film displayed 

negative changes in surface potential as similar to the others in Figure 6.  

 

P50:50 thin film displayed the smallest t50 (65 s) toward IPA as compared to the others, 

demonstrated its potential as a sensor for this solvent. Meanwhile, P25:75 thin film demonstrated 

the highest ΔVmax (348 mV) and ƒ value (2.148 mV/s). This suggests that P25:75 thin film still 

have good interaction with IPA but with a flaw from the aspect of detection time as t50 is large 

(162 s). On the other hands, P25:75 thin film displayed better results in DCM as compared with 

P50:50 thin film. 

 

Through ƒ values comparison, P25:75-IPA showed highest values, followed by P50:50-IPA, P25:75-

DCM, P25:75-CHCl3, P50:50-DCM and the lowest P50:50-CHCl3. The structure of P50:50 and P25:75 

differ only from the cavities in the chain, where P25:75 has more cavities compared to P50:50. 

Side chain structures of both copolysiloxanes are identical. Hence, after comparing the three 

characteristics that demonstrated by thin films with three types of solvents, the P50:50 LB thin 

film was the most encouraging ones to be further studied as a sensor for IPA. However, the 

selectivity and sensitivity issue is still one of the major challenges in this kind of sensor as both 
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copolysiloxanes can react with all three solvents but with the different results and certainly 

need to be improved.   

 

4. Conclusion  

 

The ΔV behavior of P50:50 and P25:75 copolysiloxane LB thin films interaction with several 

solvents, namely CHCl3, IPA and DCM have been investigated. The results indicated that good 

interaction and fast time response between P50:50 thin film and IPA, proposed a potential one-

time use and throw-off type solvent vapour sensor candidate for that specific solvent. This has 

been strongly supported by the smaller t50 = 65 s and ƒ = 1.631 mV/s which indicated the 

property of optimum sensing material per solvent.   
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