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Plasmon-Coupled Gold Nanoparticles Could 

be Used in Optical Thermal-History Sensor 

 

 
Researchers have demonstrated that stretching shape-

memory polymers embedded with clusters of gold 

nanoparticles alters their plasmon-coupling, giving rise 

to desirable optical properties. One potential 

application for the material is a sensor that relies on 

optical properties to track an object or environment's 

thermal history. 

 

 
 

At issue is a stretchable polymer embedded with 

gold nanospheres. If the material is heated and 

stretched, followed by cooling to room temperature, 

the material will hold its stretched shape indefinitely. 

Once reheated to 120 degrees Celsius, the material 

returns to its original shape. 

But what's really interesting is that the gold 

nanospheres are not perfectly dispersed in the 

polymer. Instead, they form clusters, in which their 

surface plasmon resonances are coupled. 

These plasmon-coupled nanoparticles have 

optical properties that shift depending on how close 

they are to each other, which changes when stretching 

alters the shape of the composite. 

"When assessing the peak wavelength of light 

absorbed by the material, there are significant 

differences depending on whether the light is 

polarized parallel or perpendicular to the stretching 

direction," says Joe Tracy, corresponding author of a 

paper on the work and a professor of materials science 

and engineering at NC State. 

"For light polarized parallel to the direction of 

stretching, the further you have stretched the 

material, the further the light absorbed shifts to the 

red. For light polarized perpendicular to the 

stretching direction there is a blueshift." 

"We also found that, while the shape-memory 

polymer holds its shape at room temperature, it 

recovers its original shape in a predictable way, 

depending on the temperature it is exposed to," says 

Tobias Kraus, co-author of the paper, a group leader 

at the Leibniz Institute for New Materials and a 

professor at Saarland University. 

Specifically, once stretched 140% past its original 

length, you can determine the highest temperature to 

which the polymer is then exposed, up to 120 degrees 

Celsius, by measuring how much it has shrunk back 

toward its original size. What's more, because of the 

plasmon-coupled nanoparticles, this change can be 

measured indirectly, through measurements of the 

material's optical properties. 

"From a practical perspective, this allows you to 

create an optical thermal-history sensor," Joe Tracy 

says. "You can use light to see how hot the material 

got. An important application of thermal-history 

sensors is assuring the quality or safety of shipping 

or storing materials that are sensitive to significant 

changes in heat. We have demonstrated an approach 

based on plasmon coupling of gold nanoparticles." 

The sensor concept was developed empirically, 

but the researchers also used computational modeling 

to better understand the structure of the clusters of 

gold nanospheres and how the clusters changed 

during stretching. The strength of plasmon coupling 

is related to the spacings between nanospheres, which 

is known as a "plasmon ruler." 

"Based on our simulations, we can estimate the 

distance between plasmon-coupled nanoparticles 

from their optical properties," says Amy Oldenburg, 

co-author of the paper and a professor of physics at 

the University of North Carolina at Chapel Hill. "This 

comparison is informative for designing future 

polymer nanocomposites based on plasmon-coupled 

nanoparticles." 

The paper, "Plasmon-Coupled Gold 

Nanoparticles in Stretched Shape-Memory Polymers 

for Mechanical/Thermal Sensing," appears in the 

journal ACS Applied Nano Materials. First author of 

the paper is Prachi Yadav, a former graduate student 

at NC State. The paper was co-authored by Mehedi 

Rizvi, Sumeet Mishra, Brian Chapman and Brian 

Lynch of NC State; and Björn Kuttich of the Leibniz 

Institute for New Materials. 

 
Saved from URL: 

https://www.azosensors.com/news.aspx?newsID=14432 
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Jassim M. Yaseen 

Effect of Average Ionic Radius 

of A-site, B-site in ABO3 

Perovskite Ceramics on Their 

Crystal Structures and Curie’s 

Temperature 

Department of physics, 
College of Education, 

Al-Iraqia University, 

Baghdad, IRAQ 

 

Barium titanate (BaTiO3) is one of the most ferroelectrics. It’s commonly used in 

capacitors due to its high dielectric constant. In this study, our goal is to determine the 

extent to which the change in the average ionic radius of A, B sites affects the 

structural, dielectric properties of this ceramic. In this study, barium titanate 

(Ba0.85X0.15TiO3, BaY0.15Ti0.85O3) (X = Pb, Ca, Co, Y= Zr, Si, Mn) was prepared by solid 

state reaction method in which the calcination temperature was 1200 °C for 2 hours. 

Structural characterization and dielectric properties were determined and calculated 

by using x-ray diffractometer, RCL-Meter (PM6303) at frequency 20 Hz using different 

temperature respectively. The results of the work showed that the average ionic radius 

at the A, B sites plays a large and clear role in determining the values of the dielectric 

constant and Curie temperature in perovskites in addition to the structural parameters. 

 
 Keywords: Ceramic; Crystal structure; Perovskite; Crystallographic structure 

 Received: 12 April 2021; Revised: 5 May 2021; Accepted: 12 May 2021 

 

 

1. Introduction 

Barium titanate (BaTiO3) is one of the most 

common ferroelectrics. Ferroelectricity is the 

spontaneous polarization in the absence of an electric 

field. The spontaneous polarization is a consequence 

of the positioning of the Ba+2, Ti+4 and O-2 within the 

unit cell as in Fig. (1). 

Under the ferroelectric curie temperature (120-

130 °C), the unit cell of BaTiO3 is tetragonal in which 

spontaneous polarization occurs as the titanium ions 

are displaced along the c-axis, but when BaTiO3 is 

heated above this temperature, the unit cell became 

cubic (nonpolar phase) [3-5]. BaTiO3 has a 

perovskite structure (A+2B+4O3) in which (A= Ba+2, 

B= Ti+4). In this structure, Ba+2 coordinated by twelve 

oxygen ions, Ti+4 coordinated by 6 oxygen ions 

which form an octahedron as the structure in Fig. (1) 

[6]. This structure shows a cubic unit cell with large 

cation A on the corner, a smaller cation B in the body 

centers of the faces. BaTiO3 was candidate for 

piezoelectric transducer applications and the 

ferroelectric multilayer ceramic capacitors (MLCCs) 

extremely important and widely used in many 

applications include capacitor, phonograph pickups, 

band pass filters, medical ultrasound, random access 

memories (RAMs), biocompatible, nanogenerators, 

etc. [7-9]. There are many studies that dealt with the 

preparation and study of BaTiO3.  Sareecha et al. [10] 

have studied the temperature dependence of 

dielectric constant for pure and Pb-doped BaTiO3 

ceramics. Shuvo et al. [11] have found that doping 

BaTiO3 with 20% PbO leads to develop dielectric 

properties [11]. Zhang et al. [12] have elaborated the 

internal mechanism for high piezoelectric response of 

Ba(Ti0.8Zr0.2)O3-(Ba0.7Ca0.3) TiO3. Kim and Song 

[13] have found that addition of MgO (0.2-1 wt.%) 

leads to increase the dielectric permittivity while it 

decreases with addition of Y2O3 (0.3-1.5 wt.%). 

Butee et al. [14] have prepared the Ba1-xPbxTiO3 and 

found that the Curie’s temperature increases from 

120 to 180 °C for x=0.15. Kadira et al. [15] have 

studied the effect of Ca+2 ion (x=0.01-0.1) on 

ferroelectric properties of Ba1-xCaxTiO3 and they 

found that the maximum Curie’s temperature is at 

x=0.05. Islam et al. [16] have studied the effect of 

Mn+4 ions on the dielectric, microstructural 

properties of BaMnxTi1-xO3 (x=0.0-0.04). 

The aim of this work is to indicate and verify that 

whether the radius of the ion added to the base ion in 

the (A-site=Ba+2) and (B-site=Ti+4). In other words, 

the average ionic radius has an effect on ferroelectric 

Curie’s temperature. Note that there are articles have 

shown that the ionic radius <rA-site> of A-site ions 

affects strongly the Curie’s temperature [17]. 

 

 
(a) 
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(b) 

Fig. (1) (a) Structure of perovskite ABO3 unit cell structure of 

BaTiO3, (b) Perovskite structure as connected network of 

octahedral 
 

2. Experimental Part 

After performing the processes of weighing the 

used compounds according to the proportions 

mentioned in table (2), in which the mole ratio for 

both BaCO3 and TiO2 used in this work was [1:1] 

according to [18,19]. 

 
Table (1) Chemical compounds used in this work 

 

No. Compound Origin 
Purity 

(%) 

Impurities 

(%) 

1 TiO2 
BDH 

Chemicals 

Ltd 

(England) 

98 
Fe (0.5) 

L.I (0.5) 

2 ZrO2 98 
HCl (0.005) 

Fe (0.002) 

3 PbO (analar) 99  

4 CoO (black)   

5 BaCO3 Riedel-De 

Haen 

(Germany) 

99 

Ca (0.01) 

Fe (0.001) 

Cl (0.005) 

NO3 (0.005) 

6 MnO2 95  

7 SiO2 99.51  

8 CaCO3 

Panreac 

Quimica SA 

(Spain) 

  

 

The wet mixing process was performed by using 

magnetic stirrer with heating at 70 °C after adding 

distilled water to the beakers containing prepared 

powders for a better reaction process. The mixing 

process lasted for 1 hour. After that, these beakers 

were placed in the oven at 150 °C for 2 hours to dry 

the samples. Then, these samples were grinded using 

a gate mortar for more homogeneity, and to check the 

prepared phase, samples were examined by yhe x-ray 

diffraction (XRD) technique using Philips PW 

1316/90, single pen recorder (Cu Kα Target). After 

that, the samples were calcined in a muffle furnace at 

1200 °C for 2 hours at heating rate of 8 °C/min. The 

calcined samples were strongly grinded using ball 

milled process to get the smallest grain size. The 

samples were placed in a cylindrical container with 

two stainless steel balls in which the crushing process   

holder is performed after placing the container on a 

vibrating stand for 2 hours. 

Then, the crushed samples were pressed using 

hydraulic press as discs with diameter of 2 cm and 

thickness of 3-5 mm as shown in Fig. (2). For a 

coherent and regular shape, the PVA binder was 

used. The discs were sintering at 1200 °C for 2 hours 

at heating rate of 6 °C/min after remaining at 500 °C 

for 30 minutes to expel the binder and to prevent the 

cracks that led to damage the discs. 

 

 
(a) 

 
(b) 

Fig. (2) Discs of prepared samples with 3-5mm thickness and 

20mm diameter (in muffle furnace) 

 

The grain size of samples were calculated 

depending on the XRD patterns using Scherrer’s 

equation: 

𝐷 =  
𝐾 𝜆

𝛽 𝐶𝑂𝑆 𝜃
    (1) 

where D is mean crystallite size, K is Scherrer’s 

constant, λ is diffraction wavelength, and β is the full-

width at half-maximum (FWHM) 

To calculate the dielectric constant versus 

temperature, determination of Curie’s temperature 

from the Eq. (2) was used after measuring the 

electrical capacitance of the samples by using RCL-

Meter (PM6303) at frequency of 20 Hz and electrical 

oven as a source of temperature. 

𝜀𝑟 =  
𝐶 𝑑

𝜀 𝐴
     (2) 

here, C, d, A and ε represent the capacitance, 

thickness of samples, surface area of capacitors, and 

space permittivity (8.85 x 10-12F/m), respectively 

 

3. Results and Discussion 

Figures (3) to (9) show the XRD patterns of 

BaTiO3, Ba0.85Pb0.15TiO3, Ba0.85Ca0.15TiO3, 
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Ba0.85Co0.15TiO3, BaZr0.15Ti0.85O3, BaSi0.15Ti0.85O3, 

BaMn0.15Ti0.85O3, respectively. Figure (3) shows the 

good growth of the BaTiO3 phase with the 

appropriate intensity of the main characteristic peaks 

of this phase namely [100], [101], [111], [002], [200], 

[201], [211], [202], [220], [301], [310] at 

2θ=22.317°, 31.705°, 39.060°, 45.150°, 45.510°, 

50.820°, 56.356°, 65.960°, 66.242°, 74.620°, and 

75.230°. In addition, no impurities were found in this 

phase and the calcination at 1200 °C for 2 hours is 

appropriate to prepare BaTiO3 phase in BaO-TiO2 by 

using solid state reaction method. 

Figures (4) and (5) also show good growth of the 

Ba0.85Pb0.15TiO3 and Ba0.85Co0.15TiO3 phases with no 

observed characteristic impurities except of the small 

intensity peak at 2θ=29.170° that belongs to PbO 

compound in Fig. (2). In Fig. (6), two peaks can be 

observed with distinguished intensities as they 

belong to CaO compound. This indicates the need to 

raise the calcination temperature to more than 1200 

°C, and the evidence is that the phase growth has not 

been healed as required. 

Figures (7), (8) and (9) also show good growth of 

BaZr0.15Ti0.85O3, BaMn0.15Ti0.85O3 and 

BaSi0.15Ti0.85O3, respectively, with no observed 

characteristic impurities except in Fig. (5) at 2θ= 

28.830° that belongs to ZrO2 (JCPDS, 42-1164), and 

in Fig. (6) at 2θ=26.350° that belongs to MnO2, and 

in Fig. (7) at 2θ=29.020° that belongs to SiO2 

(JCPDS, 40-1498). 

Tables (2) and (3) show the crystal dimensions (a, 

c, c/a) and average crystallite size of prepared groups. 

By looking at tables (2) and (4), it can be found that 

the ratio c/a increases with decreasing average ionic 

radius of the site A in the structure of perovskites 

ABO3 except for the group (4) where it remains 

relatively constant. As for the B site, there is no fixed 

relationship was found between the average ionic 

radius and the value of a, while the c/a ratio is greatly 

affected by the average ionic radius, as it increases 

with its increase and decreases with its decrease. 

 

 
Fig. (3) XRD pattern of BaTiO3 ceramic calcined at 1200°C for 

2 hrs 

 

 
Fig. (4) XRD pattern of Ba0.85 Pb0.15TiO3 ceramic calcined at 

1200°C for 2 hrs 

 

 
Fig. (5) XRD pattern of Ba0.85Co0.15TiO3 ceramic calcined at 

1200°C for 2 hrs 

 

 
Fig. (6) XRD pattern of Ba0.85Ca0.15TiO3 ceramic calcined at 

1200°C for 2 hrs 
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Fig. (7) XRD pattern of BaZr0.15Ti0.85O3 ceramic calcined at 

1200°C for 2 hrs 

 

 
Fig. (8) XRD pattern of BaSi0.15Ti0.85O3 ceramic calcined at 

1200°C for 2 hrs 

 

 
Fig. (9) XRD pattern of BaMn0.15Ti0.85O3 ceramic calcined at 

1200°C for 2 hrs 

 

Figure (10) shows that the dielectric constant 

increases with increasing temperature at different 

rates from room temperature to temperatures close to 

Curie’s temperature. This behavior is similar for all 

the prepared groups except for the group 

Ba0.85Co0.15TiO3, where it is clearly seen that it is 

more stable in its dielectric constant within the 

thermal range 60-90 °C. Also, it is note that upon 

reviewing the radii of the ions that were compensated 

at the two sites A and B in the composition of 

perovskites ABO3 (table 2). 
Table (2) The crystal dimensions of groups 

 

No. Material a (Å) c (Å) c/a 

1 BaTiO3 3.982 4.012 1.0075 

2 Ba0.85Pb0.15TiO3 3.980 4.030 1.0125 

3 Ba0.85Ca0.15TiO3 3.971 4.023 1.0131 

4 Ba0.85Co0.15TiO3 3.980 4.009 1.0073 

5 BaZr0.15Ti0.85O3 3.996 4.028 1.0080 

6 BaSi0.15Ti0.85O3 3.996 4.006 1.0025 

7 BaMn0.15Ti0.85O3 3.995 4.013 1.0045 

 

Table (3) Crystallite size of prepared groups 

 

No. Material 

Crystallite 

size 

(nm) 

Average 

crystallite 

size (nm) 

1 BaTiO3 252 - 335 293.5 

2 Ba0.85Pb0.15TiO3 388 - 407 397.5 

3 Ba0.85Ca0.15TiO3 234.91 - 266.5 250.70 

4 Ba0.85Co0.15TiO3 330 - 396 363 

5 BaZr0.15Ti0.85O3 356 - 374 365 

6 BaSi0.15Ti0.85O3 330 - 388.04 359.02 

7 BaMn0.15Ti0.85O3 213.23 - 374.6 293.915 

 
Table (4) The groups prepared in this work 

 

No. Compositions <rA-site> <rB-site> 

1 BaTiO3 1.61 0.605 

2 Ba0.85Pb0.15TiO3 1.592  

3 Ba0.85Ca0.15TiO3 1.569  

4 Ba0.85Co0.15TiO3 1.480  

5 BaZr0.15Ti0.85O3  0.622 

6 BaSi0.15Ti0.85O3  0.574 

7 BaMn0.15Ti0.85O3  0.593 

 

It was found that the decrease in the average ionic 

radius leads to a clear and large decrease in the 

dielectric constant at Curie’s temperature, while 

increasing the average of the ionic radius at the site B 

leads to an increase in the value of the dielectric 

constant at Curie’s temperature, as in the case when 

the relative substitution of Zr+4 ion instead of Ti+4 in 

the BaZr0.15Ti0.85O3 group. Although, this cannot be 

generalized in absolute terms only after many 

appropriate experiments. The effect of the difference 

in the ionic radius for example between Zr+4 and Ti+4 

ions in BaZr0.15Ti0.85O3 group lead to octahedral 

oxygen distortion. This can be generalized to the rest 

of the prepared groups and it is believe that this may 

have the largest role in changing the values of the 

dielectric constant and Curie’s point. 

 

4. Conclusions 

In concluding remarks, the temperature of 120 °C 

for 2 hours is suitable for preparing BaTiO3. The 

effect of the average ionic radius on the displacement 

rate of the main peaks of the prepared compound can 

be observed. The occurrence of a creep and a shift in 

the direction of the decrease in the 2θ value of the 

main peaks, especially when the value of the average 

ionic radius changes in the B-site where we find the 

large relative displacement of the (110) peak of the 

groups (BaZr0.15Ti0.85O3, BaSi0.15Ti0.85O3, 
BaMn0.15Ti0.85O3). To develop a comprehensive 
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general relationship linking the average ionic radius 

at the A,B sites in the composition of perovskites and 

between the crystal structure, its dimensions and the 

granular size, we must discuss and take into account 

other factors related to the physical and structural 

properties of the ion or the added oxide, the most 

important of which is the melting point. The average 

ionic radius at the A,B sites plays a large and clear 

role in determining the values of the dielectric 

constant and Curie temperature in perovskites. 

 

 
Fig. (10) Dielectric constant of prepared groups vs. 

temperature at 20 Hz, Series 2: BaMn0.15Ti0.85O3, Series 3: 

BaSi0.15Ti0.85O3, Series 4: BaZr0.15Ti0.85O3, Series 5: 

Ba0.85Ca0.15TiO3, Series 6: Ba0.85Pb0.15TiO3, Series 7: 

Ba0.85Co0.15TiO3 
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Raman Spectroscopy: New Strategy of 

Evaluating Metastatic Risk in Breast Cancer 

 

Rebecca Ingle 
 
Cancer diagnosis and treatment is often a race against 

time to ensure the best possible outcomes for the patient. 

A new study, published on the bioRxiv* preprint server, 

gives us one new tool for the rapid diagnosis and analysis 

of tumors by making use of Raman spectroscopy.1 

 

 
 

What is Raman Spectroscopy? 

Raman spectroscopy is a workhorse technique in 

chemical identification and quantification. It is 

sensitive to the frequencies at which the chemical 

bonds in a molecule or material oscillate. As these 

frequencies are dependent on the masses of the atoms 

and the strengths of the bonds between them, these 

frequencies provide a unique fingerprint of the 

molecule that can be used for identification. 

 

The Research 

The US-based team, led by researchers at John 

Hopkins University, has developed a characterization 

method using Raman spectroscopy that allows them to 

identify the metastatic phenotype of a tumor – 

important information that can help identify how a 

tumor will continue to grow and progress. While 

Raman spectroscopy has already been used to 

investigate a range of biomedical problems, including 

tumor compositions, this was the first time it had been 

used to profile tumor phenotypes specifically. 

Using a portable Raman instrument, the team made 

use of the unique fingerprints of the molecular species 

contributing to each phenotype to distinguish subtle 

changes in different tumor phenotypes in breast cancer 

cells from mice. Such cells are an excellent and widely 

used model for human cancers. These small differences 

that arise because of different gene expressions in 

tumors are key to the metastatic potential of a tumor, or 

how easily it will grow and spread. 

Key to the success of this analysis strategy was the 

use of machine learning that meant the information 

recorded by the Raman instrument could be analyzed in 

an automated way. The team grouped potential tumor 

types into several categories and tried to classify them 

depending on their growth potential and current stage 

of development. They used five of the most unique 

spectral features in each Raman spectrum to classify the 

tumors to analyze the biomolecular content of each 

tissue sample. 

After training the models, the team found that their 

approach was not just capable of differentiating 

between different tumor phenotypes, but also of 

differentiating between tumors that had undergone 

phenotype switching from natural metastasis or gene 

silencing experiments. 

Given that metastasis to other parts of the body is 

one of the major causes of death from breast cancer, 

having a rapid diagnostic tool that can provide 

information on the metastasis stage and risk of tumors 

is a powerful asset for improving patient outcomes. 

Being able to identify what happens in tumors at a 

molecular level and how this changes during their 

growth processes is also invaluable information for 

understanding the fundamental science behind tumor 

development and for paving the way for new treatment 

approaches. 

One of the advantages of using Raman spectroscopy 

for such diagnosis, as well as its excellent spectral 

sensitivity, is that this is a label-free technique that 

minimizes the need for sample preparation. Once the 

tumors had been excised, they were snap-frozen and 

then thawed in a saline buffer solution prior to 

measurements. For other diagnostic techniques, such as 

fluorescence microscopy, sample labeling is often an 

essential part of the process and there are some 

concerns that the use of labels can distort local 

environments during measurements. 

The portability of the spectrometer and the 

automation of the spectral analysis with this approach 

may mean that this analysis method could potentially 

be used for rapid metastatic risk profiling of tumors in 

‘live’ settings, such as surgery, where additional 

sample preparation and time-consuming measurements 

are unfeasible. 

 

*Important notice 

bioRxiv publishes preliminary scientific reports that are 

not peer-reviewed and, therefore, should not be 

regarded as conclusive, guide clinical practice/health-

related behavior, or treated as established information. 

 
References and Further Reading 

1. S. Paidi et al., “Raman spectroscopy reveals phenotype switches 

in breast cancer metastasis” (2021). 
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In this work, chromium ions (Cr3+) were embedded in silicon nitride nanostructures 

prepared by dc magnetron sputtering technique. Chromium oxide (Cr2O3) and silicon 

nitride (Si3N4 or SiN) powders were milled and mixed with fluxes (Na2O and CaO) and 

intermediate material (Al2O3). This mixture was melted in an electric melting furnace 

at 1200°C. The structural properties of the resulted glass-ceramic structure were 

investigated by x-ray diffraction (XRD) while its spectral characteristics were 

determined by Fourier-transform infrared (FTIR) and UV-visible spectroscopies. 

Emission spectroscopy was carried out as well. The XRD results showed that the Cr3+ 

ions were freed from the Cr2O3 and interstitially embedded in the silicon nitride 

structure as dopants. The XRD also confirmed the formation of chromium nitride 

(CrN) as a result of some chemical reactions induced by melting process. Spectral 

characteristics showed that the absorption spectrum of the Cr3+-doped Si3N4 sample 

was shifted towards the longer wavelengths when compared to the absorption spectrum 

of the Cr3+-doped Si3N4 sample. This shift is attributed to ligand field and charge 

transfer mechanisms. 

 
 Keywords: Magnetron sputtering; Silicon nitride; Glass ceramic; Chromium oxide 

 Received: 25 February 2021; Revised: 8 April 2021; Accepted: 15 April 2021  

 

 

1. Introduction 

Over the past years, the technological 

developments have created the need for developing 

new materials and processes that can better fit the 

requirements for advanced applications. Silicon 

nitride is one of the most attractive advanced 

ceramic materials for structural applications due to 

its excellent mechanical properties, either at ambient 

or elevated temperatures [1]. Although several 

techniques for sintering silicon nitride are now 

available, most of them still require liquid phase 

formation to confer the ceramic high-density level 

[2]. Silicon nitride ceramics are generally used in 

high temperature oxidizing environments. 

Consequently, it is important to investigate the 

oxidation induced changes in the mechanical 

properties of these materials [3]. The effect of 

oxidation on the room, and high-temperature 

strength and fracture toughness of silicon nitride has 

been studied by numerous authors [4]. Although this 

scale protects the internal region of the material 

from the strong oxidation, the chemical and the 

phase compositions of the internal part change 

during the oxidation heat-treatment [5]. 

The effect of phase transformation occurred in 

the internal part during oxidation on the mechanical 

properties was also examined by few authors [3-5]. 

They found that internal stresses had developed due 

to crystallization of the inter-granular phase and that 

these stresses had a great influence on the room-

temperature fracture toughness and strength of the 

material [5]. However, the effect of oxidation on 

other mechanical characteristics (e.g. hardness, 

elastic modulus) has not been studied [6,7]. 

Chromium is largely used in glasses for a broad 

range of applications. The redox state of Cr provides 

glasses specific light transmission properties, which 

are used, e.g., in packaging technology [8]. Cr(III) 

gives a green coloration in silicate glasses, whereas 

Cr(VI) imparts a yellow color and provides 

interesting thermos-chromic properties [9]. Cr(III) is 

also an efficient nucleating agent in oxide glasses 

and the redox state controls Cr solubility in glasses 

and melts [8,9]. Glass melting conditions are then 

adjusted to control Cr redox state, through an 

adequate choice of melting atmosphere or refining 

agents [10]. During the last years, many efforts for 

studying the effect of transition metal substitution on 

the formation ability of glasses have been conducted 

[11-14]. One of most important transition metals is 

chromium oxide, which has many applications in 

wide range of glasses [15,16]. 

The aim of the present work, which is part of the 

wider study on glassy and glass-ceramic from silicon 

nitride, is to study the effect of Cr2O3 on 

crystallization behavior of a two phases of silicon 

nitride Si3N4 and SiN. 

 

2. Experimental Part 

Silicon nitride nanostructures deposited on glass 

substrates using dc magnetron sputtering technique. 

The glass substrates were thoroughly cleaned with 

ethanol and distilled water before placed inside 

deposition chamber. The total gas pressure inside 
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chamber was kept constant at 0.36 mbar during 

deposition process. Two phases of silicon nitride 

(Si3N4 and SiN) were prepared. The discharge 

current was maintained at 30mA while the discharge 

voltage could be accurately varied (0-5kV). The 

deposition time was also varied to introduce the 

effect of different deposition rates on the thickness 

of prepared samples. More details on the dc 

magnetron sputtering system can be found elsewhere 

[17-21]. 

The powder of silicon nitride extracted from thin 

film samples was milled with powders of CaO and 

Na2O as fluxes, Al2O3 as intermediate material and 

Cr2O3 as a coloring factor. The powders were milled 

in a planetary type alumina ball mill. The 

compositions of all starting materials are given in 

Table (1). The weighed materials were dried in oven 

at 110°C, introduced to blender for 30 min to 

produce homogeneous composition then put in an 

oven at 110°C for 24 hours to eliminate the 

humidity. The mixture was then placed in a graphite 

crucible and then inside an electric melting furnace 

(Mario Demaio) with heating poles made of carbon. 

The furnace temperature was increased 

automatically up to 1200 °C and each sample was 

kept inside the furnace for 2 hours at this 

temperature. The sample was manually mixed using 

long tongs every 20 min to ensure homogeneous 

melting process as well as to remove any bubbles 

might exist through the mixture. 
 

Table (1) The composition of the prepared glass ceramic 

 

Sample Ceramic Na2O CaO Cr2O3 Al2O3 

Si3N4-based 73% 9% 9% 4.5% 4.5% 

SiN-based 73% 9% 9% 4.5% 4.5% 

 

After melting period of 2 hours, the mold was 

casted in the same graphite crucible to obtained disk 

sample with a diameter of 2 cm and thickness of 

about 3 mm. The mold was placed inside a furnace 

heated up to 600°C for 2 hours to avoid the localized 

stresses inside the glass-ceramic composition. Such 

stresses may be induced by the sudden transfer of 

molten from melting to heat treatment temperature. 

The samples were dissolved by using HF to carry 

out the spectroscopic measurements. 

 

3. Result and discussion 

In Fig. (1), the XRD pattern of the Si3N4-based 

compound clearly shows distinct peaks belonging to 

CrN, SiO2, CrO3 and CrO2 in addition to Si3N4. 

Oxygen was highly reduced from the Cr2O3 to form 

silicon dioxide (SiO2). The oxidation of Si3N4 can 

thus be represented by the following equation [2,22]: 

Si3N4 + 3O2 → 3SiO2 + 2N2   (1) 

Also, the nitride ions can react with the 

chromium ions provided by the Cr2O3 to form CrN. 

Chromium in its 3+ state forms a large number of 

complexes, particularly when nitrogen is the donor 

atom. The effect of Cr2O3 alone on the oxidation of 

Si3N4 can be represented by the following equation 

[2,22]: 

Si3N4 + 2Cr2O3 → 3SiO2 + 4CrN   (2) 

 

 
 

Fig. (1) The XRD patterns of Si3N4-based glass-ceramic 

sample 

 

Figure (2) shows the XRD patterns of the SiN-

based compound. Three peaks belonging to Si3N4, 

two peaks belonging to SiN, single peak belonging 

to Cr2O3 and single peak belonging to SiO2 are 

observed. The diffraction line attributed to CrN was 

observed as well, however, this peak was shifted to a 

higher angle due to the change in silicon nitride 

phase. The glass-ceramic is apparently 

polycrystalline structure. This result agrees with the 

results obtained by FTIR spectroscopy. 

 

 
 

Fig. (2) The XRD patterns of SiN-based glass-ceramic sample 

 

Figure (3) shows the results of FTIR 

spectroscopy, which was carried out to identify the 

chemical bonding induced by the melting process. 

The absorption of the Cr–N bond was observed at 

the low-wavenumber region due to the 

decomposition of silicon nitride freeing nitrogen 

ions to bond with Cr ones to form CrN. The 

absorption of Cr-O bond was also observed at 600-

650 cm-1. The absorption peaks assigning the Si-N 

bond in both samples are observed within 900-1100 

cm-1. Another peak occurs at 760 cm-1 is related to 

symmetrical expansion of Si-O-Si. 

Figure (4) shows the absorption spectrum of both 

Cr3+-doped silicon nitride samples (Si3N4 and SiN). 

The absorption peak at 350 might attributed to the 

absorption of silicon nitride in ultraviolet region, 
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while the absorption peaks at 255, 545 and 700nm 

are characteristic for the Cr3+ ions. Apparently, the 

effect of silicon nitride structure, in which the 

chromium ions are embedded, is observed by the 

shift of absorption peak from 400nm in case of Si3N4 

to 421nm in case of SiN. This shift is attributed to 

ligand field and charge transfer mechanisms. 

 

 
 

Fig. (3) The FTIR spectra of (a) Si3N4-based and (b) SiN-

based glass-ceramic samples 

 

 
 

Fig. (4) The absorption spectra of Si3N4-based (red line) and 

SiN-based (black line) glass-ceramic samples 

 

Figure (5) shows the emission spectra of 4.5 wt. 

% Cr3+-doped silicon nitride samples excited by 

using 407nm radiation. There was no indication 

about the transition of Cr3+ in Fig. (5a), while the 

band located near 684.7 nm in Fig. (5b) might be 

attributed to the emission of the 2E→4A2 transition 

of Cr3+ [23,24]. The broadening of the emission is 

probably caused by the electron-phonon coupling 

due to the phonon energy of Cr+3 [25,26], whereas 

the broadband emission may be ascribed to the 

transitions from some disordered Cr+3 ions [27]. 

Optical microscope images of the prepared glass-

ceramics are shown in Fig. (6). Chromium oxide is 

well-distributed in the silicon nitride matrix. The 

microstructure shows two prevailing features; the 

first is no definite grain boundaries were detected 

but white regions due to melting of impurities in the 

glass-ceramic matrix. The green regions are the 

chromium oxide. The second feature is the small 

size of pores (dark regions) compared to the glassy 

regions of larger sizes. 

 

 

 
 

Fig. (5) The emission spectra of (a) Si3N4-based and (b) SiN-

based glass-ceramic samples. In case of sample (b), a strong 

emission line is observed in the vicinity of 684.7 nm 

confirming the activity of Cr3+ embedded in silicon nitride 

structure 

 

 
(a) 

 
(b) 

Fig. (6) The optical microscope images (x250) of (a) Si3N4-

based and (b) SiN-based glass-ceramic samples 
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4. Conclusion 

According to the obtained results, the 

compositions of silicon nitride and chromium oxide 

can be successfully melted at 1200°C by adding 

CaO and Na2O as fluxes. The formation of 

chromium nitride has confirmed the decomposition 

of some silicon nitride molecules due to melting 

process to free nitrogen ions those bond with 

chromium ions freed from chromium oxide leaving 

enough oxygen to bond with silicon atoms to form 

silicon dioxide. The absorption of Cr3+-doped silicon 

nitride glass-ceramic depends on the structure of 

ceramic as a shift can be done in an absorption peak 

from 400 to 421nm when replacing Si3N4 by SiN. A 

transition of 2E→4A2 in Cr3+ at 684.7 nm was 

confirmed by the emission spectrum. 
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1. Introduction 

The importance of organic dyes in the 

spectroscopic, environmental and industrial 

applications are drastically increased due to many 

recent uses appeared during the last two decades [1]. 

In spectroscopic and molecular physics, using such 

dyes as gain media represents one of the most 

featured applications [2]. One major type of lasers 

was known as dye lasers due to the type of active 

medium exhibiting the laser action [2-5]. 

Laser dye is an unsaturated hydrocarbon organic 

compound containing a mutual series of carbon 

atoms, with successive single and double bonds 

[6,7]. The chromophores in lasing compound 

molecules are an active group capable of absorbing 

ultraviolet and/or visible light (200-800nm) [8,9]. 

The main property of laser dyes is the possibility for 

tuning the frequency of laser oscillation, which 

makes it possible to change the wavelength of 

emitted laser radiation to a range of approximately 

60 nm [10,11]. By using different dye, a wide range 

of laser wavelengths can be obtained [12]. 

The most recent type of dye lasers is the random 

laser whose active medium is characterized as 

random gain medium [13]. This type of dye lasers 

does not require the conventional amplification 

mechanism, known as optical resonator, instead, it 

employs the same organic dye medium containing 

some optically-active particles as scattering centers 

within the dye [14]. 

These scattering centers play the role of too 

many resonators inside the dye medium to achieve 

the required amplification of laser radiation [15]. As 

these particles are randomly distributed inside the 

dye medium, this gain medium is known as random 

gain medium [16]. Type of scattering (Rayleigh or 

Mie) is fundamentally determined by the particle 

size, therefore, the efficiency of light amplification 

process is accordingly dependent on particle size 

[17,18]. 

The absorption and fluorescence spectra of dyes 

generally differ from the atomic spectra by their 

wide and structureless bands of tens of nanometers 

[19,20]. The peak of fluorescence spectrum is 

shifted toward the longer wavelengths (red shift) as 

compared to that of the absorption spectrum. This is 

known as Stoke's shift [21,22]. Despite, there still an 

overlapping region between two spectra, which is 

attributed to a re-absorption process and 

consequently a re-emission (as fluorescence) can 

occur. This gives rise to the superposition of longer 

wavelengths of the absorption spectrum with shorter 

wavelengths of the fluorescence spectrum, thereby 

changing the shape of fluorescence spectrum and its 

quantum yield [23,24]. 

 

2. Experimental Work 

The dye solutions was prepared by dissolving 

different molar concentrations of Coumarin 5400 

and 4-Dicyanomethylene-2-methyl-6-p-

diethylaminostyryl-4-H-pyran (shortly known as 

DCM) dyes (10-2, 10-3, 5x10-3, 10-4, 5x10-4, 10-5 M) 

in different solvents (ethanol, methanol, acetone, 

propanol and chloroform). Absorption and 

fluorescence spectra were recorded to determine the 

optimum concentration and solvent. 

The spectroscopic characteristics of the dye 

solutions were determined by a computer-controlled 

UV-Visible spectrophotometer (K-MAC 

SpectraAcademy SV-2100) in the spectral range 

166-962 nm and the fluorescence spectra were 

recorded using an F96 Fluorescence 
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Spectrophotometer unit (Shanghai LengGuang Tech. 

Co., Ltd.) in the spectral range of 180-900 nm with a 

cw xenon lamp as the excitation source. 

 

3. Results and Discussion 

Figure (1) shows the absorption spectra of 

Coumarin 5400 dye solutions in different solvents in 

the spectral range 300-700 nm. It is clear that the 

dye solution in methanol shows the highest 

absorbance at 430 nm, while the dye solutions in 

acetone and chloroform show comparable 

absorbance and the dye solution in ethanol shows 

rather lower absorbance at the same wavelength 

(430 nm). The dye solution in propanol shows very 

low absorbance. These results are mainly attributed 

to the high polarity of methanol and acetone when 

compared to ethanol and chloroform, as shown in 

table (1), while the dye solution in propanol of the 

lowest polarity shows lower values of absorbance. 

Chloroform often contains ethanol as a preservative, 

and since ethanol has high solvent strength, small 

amounts may have a dramatic effect [25]. 

 Another property of solvent should be 

considered is the solvent strength, which perhaps is 

the most widely recognized characteristic solvent 

property. The solvent strength parameter provides a 

quantitative measure of the relationship between 

solvent strength and the type of sorbent used. The 

absorbance of the dye solution in methanol clearly 

indicates the effect of solvent strength. 

 
Table (1) Polarities and strengths of the solvents used in this 

work [25] 

 

Solvent Polarity 
Solvent 

Strength 

Refractive 

Index 

UV Cutoff 

(nm) 

Acetone 5.1 0.56 1.356 330 

Chloroform 4.1 0.40 1.443 245 

Ethanol 4.3 0.88 1.359 210 

Methanol 5.1 0.95 1.326 190 

Propanol 4.0 0.82 1.385 240 

 

Figure (2) shows the fluorescence spectra of 

Coumarin 5400 dye solutions in different solvents 

excited by 405 nm radiation. All sample shows 

fluorescence peak within the green band of visible 

region (530-535nm). However, the dye solution in 

ethanol shows sharp peak at 532.8 nm and that in 

propanol shows slightly wider peak but around the 

same wavelength. The dye solutions in the other 

three solvents (methanol, acetone and chloroform) 

show relatively wide peak within 531-534 nm. As 

the dye solutions prepared in this work are required 

for random gain media, then the dye solutions in 

ethanol and propanol would be good candidates for 

such purpose. However, the fluorescence efficiency 

is low as the absorbance of both samples are 

reasonably lower than that of other three samples. 

Therefore, a compromise should be done to choose 

the most suitable sample for the required 

application. 

 
 

Fig. (1) Absorption spectra of Coumarin 400 dye solutions in 

different solvents 

 
 

Fig. (2) Fluorescence spectra of Coumarin 400 dye solutions in 

different solvents using excitation wavelength of 405 nm 
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Four of the previous solvents were used to 

prepare DCM dye solutions to be compared with 

those of Coumarin 5400. The absorbance of dye 

solutions in acetone, chloroform, propanol and 

methanol are sorted from the highest to lowest with 

a red shift in the peak from 469 to 475 nm. Also, the 

DCM dye solutions in acetone, chloroform and 

propanol show higher absorbance than those of 

Coumarin 5400 in the same solvents. This behavior 

was different for the DCM dye solution in methanol 

as its absorbance is lower than 50% of absorbance of 

Coumarin dye solution in methanol. This results 

shows that the polarity and strength of the solvents 

are not highly effective as in the results of Coumarin 

dye solutions. However, the UV cutoff wavelength 

and refractive index of the solvent may have 

stronger roles in determining the absorption 

characteristics of the dye solution (see table 1). 

 

 
 

Fig. (3) Absorption spectra of DCM dye solutions in different 

solvents 

 

The DCM dye solutions were excited by 532 nm 

radiation in order to record the fluorescence spectra. 

The dye solution in chloroform shows a relatively 

wide peak within 568-600nm. As well, the dye 

solutions in acetone and propanol show a peak at 

610 nm, the dye solution in methanol shows a peak 

at 613 nm, and the dye solution in ethanol shows a 

peak at 614 nm. Therefore, this slight red shift 

ascribed to the combination of solvent properties 

listed in table (1), mainly, refractive index and 

polarity, as the dye solutions in chloroform and 

acetone show fluorescence peaks at shorter 

wavelengths as mentioned above. 

An important observation on these spectra is the 

peak seen at 811-812 nm, which may make these 

dye solutions applicable in producing new laser 

action in the NIR region. However, the intensity of 

this peak is reasonably low in all samples. 

Since no specific property of the solvent is 

thought to be the reason behind the results shown in 

Fig. (4), then the interaction between the solvent and 

dye molecules can be the most important parameter 

that governs the spectroscopic behavior of dye 

solution in each solvent.  

The solvent-induced broadening of the spectral 

lines and bands arises primarily from the variation of 

the local environment of the chromophoric solute 

molecule in the condensed medium caused by the 

thermal motion of the surrounding solvent molecules 

[26]. 

 
 

Fig. (4) Fluorescence spectra of DCM dye solutions in 

different solvents using excitation wavelength of 532 nm 

 

4. Conclusion 

In concluding remarks, the effect of solvent type 

on the absorption and fluorescence characteristics of 

two organic dyes (Coumarin 5400 and DCM) was 

determined and studied. The Coumarin 5400 dye 

shows sharp fluorescence peaks in the green band of 

visible region while the DCM dye shows relatively 

wide band within 590-630 nm. Therefore, the 

selection of any dye for random gain medium 

applications should be performed after determining 

the most appropriate solvent as the optimum 

fluorescence characteristics are obtained. This study 
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may motivate to study the effects of other solvents 

as well as their physical and chemical properties on 

the fluorescence characteristics of dyes used for the 

construction of random gain media. 
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