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Abstract : The present study is aimed to compare the bioreduction behaviour of flower 

broth of Catharanthus roseus (Family: Apocynaceae) and Peltophorum pterocarpum 

(Family: Caesalpiniaceae) in the synthesis of selenium nanoparticles. Stable selenium 

nanoparticles were formed by exposing the flower broths of aforesaid plants to the aqueous 

sodium selenate solution (reaction medium) within a week. The bio-synthesized selenium 

nanoparticles were characterized using a range of diverse techniques like UV-Visible (UV-

Vis) Spectroscopy, Luminescence Spectroscopy (LS), Fourier Transform Infra-Red 

Spectroscopy (FT-IR), X-Ray Diffraction (XRD) analysis, Energy Dispersive X-ray 

Spectroscopy (EDAX), Scanning Electron Microscopy (SEM) and Transmission Electron 

Microscopy (TEM).UV-Visible spectroscopic analysis showed the Surface Plasmon 

Resonance (SPR) vibrations with a λmaxat335nm and 325nm for the reaction medium 

prepared with the flower broth of C.roseusand P.pterocarpum respectively. Major peaks in 

the emission and excitation spectrum of both the reaction medium were very close to the 

peaks of SPR vibrations confirmed the synthesis of selenium nanoparticles.FT-IR analysis 

substantiated the role of esters, secondary and tertiary amides derived from the flower of 

C.roseusin the synthesis and stabilization of selenium nanoparticles whereas, P.pterocarpum 

flower reduced the sodium selenate with the help of ketones and primary amides. XRD 

studies confirmed the formation of face-centered cubic (fcc) phase of selenium nanoparticles 

with an average size of 32.02nm and 40.2nmwith the flower broth of C.roseusand 

P.pterocarpum respectively.The EDX and Scanning Electron Microscopic studies confirmed 

the formation of elemental spherical selenium nanoparticles. Further, TEM analysis reported 

the formation ofhollow spherical selenium nanoparticles with an average size of 23.2±6.06nm 

and 30.44±2.89nm using the flower broth of C.roseusand P.pterocarpum respectively. 

Availability of flowers throughout the year and synthesis of smaller sized nanoparticles by 

the C.roseus proved it as a better novel biomaterial for the synthesis of selenium 

nanopartilces than the P.pterocarpum. This eco-friendly approach employed for the synthesis 

of selenium nanoparticles is simple, amenable for large scale production and biomedical 

applications. 
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Introduction 

 Recent years have witnessed the overwhelming growth in the field of Nanotechnology with a rapid 

stride synthesis and commercialization of nanomaterials
1
. Astounding efforts taken by the researchers to 

develop an efficient methodology for the large sale synthesis of nanoparticles includes physical, chemical and 

biological methods. The last is the latest and most preferred way for the synthesis of nanoparticles as it has 

many advantages such as process scaling up, economic viability and safe way to produce nanoparticles
2
. 

Biosynthesis of nanoparticles can be achieved with the help of various biomaterials like bacteria
3
, fungi

4
, 

algae
5
, bryophytes

6
, gymnosperms 

7
 and higher plants

8,9
.  Among these biomaterials, plants are extensively 

employed for the reduction of metal ions into metal nanoparticles as it is rapid, easy, cost-effective and does 

not require special conditions
10

. 

 Selenium (Se
0
) is a chemical element that was discovered as a by-product of sulfuric acid

11
. Nano 

selenium possesses some unique mechanical, optical, electrical, biological and chemical properties as 

compared with bulk materials
12

.It has an excellent antioxidant
13,14

,and antifungal
15

properties.Various strategies 

so far employed for the synthesis of nanoselenium includes pulsed laser ablation
16

, solution phase approach
17

, 

electro-kinetic techniques
18

, vapour deposition route 
19

, wet chemical method
12

etc.,These methods need elevated 

temperature and high pressure that are hazardous to the environment 
20

.Toxic effects produced by the use of 

reducing and stabilizing agent in the synthesis protocol also affect the technological applications of selenium 

nanomaterials
12

.To overcome these hurdles, microorganisms and plant extracts were exploited as a possible 

green alternative to physical and chemical methods
21

. 

 Microorganisms such as Pseudomonas alcaliphila
20

; P.aeruginosa strain JS-11
21

; Lactobacillus casei, 

L.acidophilus, Bifidobacterium, Klebsiella pneumonia
22

; Bacillus cereus
23

; Pantoeaagglomerans
14

; 

Aspergillusterreus
24

; Saccharomyces cerevisiae
21 

etc., were already employed in the synthesis of selenium 

nanoparticles. Very few studies have been reported the synthesis of selenium nanoparticles using higher plants. 

The biomaterials of higher plants used for the synthesis of selenium nanoparticles were Capsicum annum
25

, 

dried raisin extract
10

, leaves of lemon
26

, Terminaliaarjuna
27

 and seed extract of fenugreek
28

.In that line, the 

present investigation is aimed to compare the ability of bioreduction behavior of flower broth of Catharanthu 

sroseus(Family: Apocynaceae) and Peltophorum pterocarpum(Family: Caesalpiniaceae) in the synthesis of 

selenium nanoparticles.   

Experimental 

Reaction medium 

 All the reagents used in the present study were purchased from Himedia Laboratories Pvt. Ltd., 

Mumbai, India. Fresh and healthy flowers of two higher plants like Catharanthus roseus (L.) G.Don.(Fig.1a) 

and Peltophorum pterocarpum(DC.)Backers ex Heyne (Fig.1b) were selected for the present study. The flowers 

were air dried for three days under shade.  

                    

Figure 1a: Flower of Catharanthus roseus   Figure 1b: Flower of Peltophorum pterocarpum 

After three days the flowers were cut into small pieces. 10 gm of the flowers were taken in a separate 

conical flask containing 100 ml of sterile distilled water. They were kept in water bath at 90
0
Cfor five min.After 

five min, the solutions were filtered through the cheese cloth. 10ml of the freshly prepared flower broth was 

http://en.wikipedia.org/wiki/Bougainvillea_spectabilis
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added to 90ml of 10mM aqueous solution of sodium selenate to prepare the reaction medium. This reaction 

medium was kept in an incubator cum shaker (Orbitek) with 250rpm at 36
o
C for a week.  

Characterization techniques 

Formation of selenium nanoparticles in the reaction media were analysed by diluting small aliquots of 

sample with sterile distilled water using UV-visible spectrophotometer (Labomed Model UV- D3200) and 

itsoptical property was evaluated by recording emission and excitation spectrum with an aid of Luminescence 

Spectrophotometer (Perkin Elmer – Model LS45).After the complete reduction, the reaction media were 

centrifuged at 15000 rpm for 10 min and the aliquots were undergone repeated centrifugations using sterile 

water. Thereafter the collected aliquots were completely dried and analyzed by FT-IR spectrophotometer 

(Shimadzu) using KBr pellet method with a spectral range of 4000- 400 cm
-1

.The XRD analysis was performed 

using a X’Pert Pro X-ray diffractometer operated at a voltage of 40 kV and a current of 30 mA with Cu Kα 

radiation in θ- 2 θ configurations and its crystalline domain size was calculated from the width of the XRD 

peaks using the Scherrer’s formula
29

. Scanning Electron Microscope (Quanta FE G250)coupled with Energy 

Dispersive X-ray Spectroscopy (Ametek) was used to assess the shape and percentage of the synthesized 

selenium nanoparticles respectively. Transmission Electron Microscopic (TEM) measurements were performed 

on a Philips-Techno 10 TEM operated at an acceleration voltage of 200 kV with a resolution of 0.3nm to find 

out the exact size and nature of the synthesized selenium nanoparticles. 

Results and Discussion 

Visual observation 

 The colour of the reaction medium prepared with the flower broth of C.roseus was initially pale green 

and turns to pinkish red (Fig.2a) due to the reduction whereas, theP.pterocarpum reaction medium shows a 

visible colour change from transparent orange to light brown (Fig.2b). This variation in the final colour of the 

reaction medium may be due to the variation in the size of the nanoparticles. Like selenium nanoparticles, the 

final colour of the reaction medium of gold nanoparticles also varied from deep red to purple based on its size 
30

. Interestingly both the flowers took a week for the completion of reduction. While the reduction of selenious 

acid with the dried raisins produces selenium nanoparticles of brick red colour within 6-12 min. 
10

. Similarly the 

bacteria Pantoeaagglomerans
14

 and Pseudomonas acaliphila
20

 also produced red colour selenium nanoparticles 

with an incubation period of 24 hr and 48 hr respectively.    

 

 

Figure 2a: Colour change of C.roseus  Figure 2b: Colour change of P. pterocarpum 

reaction medium                            reaction medium   

 

UV-Visible spectroscopic analysis 

The UV-visible spectra of the Surface Plasmon Resonance (SPR) of selenium nanoparticles in the 

reaction medium were recorded periodically at24, 72, 120 and 168 hr in the wavelength range of 300 to 600nm. 

Selenium nanoparticles prepared with the flower broth of C.roseus showed SPR vibrations with a λmaxat 

335nm(Fig.3a) and for the reaction medium prepared with the flower broth of P.pterocarpums howed λmaxat 

325nm (Fig.3b).  

  

 

Zero hr After 168 hr Zero hr After 168 hr 
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 Figure 3a: UV-Vis spetrum of C.roseus Figure 3b: UV-Vis spetrum of P. pterocarpum 

 reaction medium                      reaction medium         
 

The peak in spectrum is developed due to the excitation of the localized surface plasmons which causes 

strong light scattering by an electric field at a wavelength where resonance occurs
31

. The absorbance of C.roseu 

smediated reaction medium (0.751) was found to be higher than the reaction medium (0.588) prepared with the 

flower of P.pterocarpum. This variation in the position, shape and intensity of the SPR peaks was due to 

variation in the size, composition of the surrounding media and interaction between stabilizing ligands and the 

nanoparticles 
32,33

. Further the single peak in the SPR band indicates that the synthesized nanoparticles were 

spherical 
34

. 

Luminescence spectroscopic analysis 

          

Figure 4a1: Excitationspetrum of C.roseus   Figure 4a2: Emissionspetrum of C.roseus 

reaction medium                  reaction medium        

 

         

Figure 5a1: Excitation spetrum of                 Figure 5a2: Emission spetrum of P. pterocarpum 

P. pterocarpumreaction medium                     reaction medium   
 

Luminescence spectroscopic analysis was also conducted to confirm the formation of Se nanoparticles. 

In the excitation spectrum (Fig.4a1) recorded for C.roseus flower mediated reaction medium, the λmaxwas 

obtained at 364.5nm. The emission spectrum (Fig.4a2) shows a major peak at 338nm and minor peaks at 435.5 

and 687 nm. The reaction medium prepared with the flower of P.pterocarpum showed excitation peak at364nm 

(Fig.5a1)and major emission peaks at 338.5nm and minor peaks at 427 and 689nm (Fig.5a2).However, 

selenium nanoparticles coated with GA nanofibres developed excitation and emission peak at 597and 682 nm 
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respectively 

13
.Selenium colloidal solution synthesized by the aqueous leaf extract of lemon plant exhibited an 

absorption maximum at 395nm and produced an emission maximum at 525nm
26

.The nature of emission band 

indicates that the proteins bound to the nanoparticle surface and those present in the solution exist in the native 

form 
35,36

. 

Fourier Transform Infra-Red Spectroscopic (FT-IR) analysis 

 FT-IR analysis of synthesized selenium nanoparticles were carried out in order to explore the 

biological compounds responsible for the synthesis and stability of the particles. The results ofFT-IR spetrum 

of Se nanoparticles synthesized by C.roseus (Fig.6a) shows significant absorbance bands at 1736cm
-

1
corresponding to -CO-O- stretching vibrationof esters, 1659cm

-1
corresponding to -CONH- stretching 

vibration of tertiary amide, 1566cm
-1

corresponding to -N-H- plane bending of secondary amide and                        

1165 cm
-1

corresponding to higher esters were the compounds involved in the synthesis. Whereas, FT-IR 

spetrum of Se nanoparticles synthesized by P. pterocarpum(Fig.6b) shows vital absorbance bands at 1775cm
-1 

corresponding toprimary amide and 1620cm
-1 

corresponding to –C=O- stretching vibration of ketones were 

involved in the reduction of sodium selenate.  In contrast to this, the raisin extract used lignin (a phenolic 

compound)    for the reduction and stabilization of the selenium nanoballs
10

. The role of other functional 

groups such as carboxyl (-C=O), hydroxyl (-OH) and amine (-NH) derived from the lemon plant extract in 

the synthesis of selenium naoparticles was also reported
26

. 

    

Figure 6a: FT-IRspetrum of Se nanoparticles    Figure 6b: FT-IR spetrum of Se nanoparticles 

synthesized by C.roseus      synthesized by P. pterocarpum 

 

X-Ray Diffraction (XRD) analysis 

     

Figure 7a: XRD pattern of Se nanoparticles  Figure 7b: XRD pattern of Se nanoparticles  synthesized 

by C.roseussynthesized                                       by P. pterocarpum 

The crystal structure, phase composition and the particle size of selenium nanoparticles were 

determined by XRD analysis. The XRD pattern of se nanoparticles synthesized using the flower broth of 

C.roseus(Fig.7a)shows clear peaks corresponding to selenium nanoparticles at 30.89
0
, 32.5

0
, 45.79

0
, 47.28

0
, 

52.86
0
, 57.08

0
 and 65.08

0
 with an average particle size of 32.02nm. While the XRD pattern of se nanoparticles 

synthesized using the flower broth of P. pterocarpum(Fig.7b)shows peaks at 30.9
0
, 32.5

0
, 47.32

0
, 53

0 
and 

56
0
with an average particle size of 40.2nm. The sharpening of peaks in both the pattern clearly indicates that the 

particles are in the nanoregime
37

 corresponding to 101, 111, 201, 112 and 210 planes of se nanoparticles. These 
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sets of lattice planes had been indexed on the basis of the face centered cubic structures (fcc) of standard 

selenium PDF card -00-001-0848. 

Scanning Electron Microscopy (SEM) and Energy Dispersive X-ray (EDX) spectroscopic analyses   

 The SEM images ofselenium nanoparticles synthesized by C.roseus and P. pterocarpumshowed the 

formation of spherical selenium nanoparticles (Fig.8a and 8b). 

             

Figure 8a: SEM image of Se nanoparticles       Figure 8b: SEM image of Se nanoparticles 

synthesized by C.roseus       synthesized by P. pterocarpum 

When compared to P. pterocarpum, the flower broth of C.roseus produced more amounts of selenium 

nanoparticles of smaller size.Most of the microbial mediated synthesis of selenium nanoparticles reported so far 

produces particles of larger size when compared to the present study. Pseudomonas alcaliphila produces 

spherical Se nanoparticles with diameters ranging from 50-500 nm 
20

. The probiotic yogurt bacteria produces 

elemental nano-size selenium of 100-500nm through a fermentation procedure 
38

. Elemental selenium 

nanoparticles synthesis by Klebsiella pneumonia (39) and Bacillus cereus strain CM100B (23) were also 

produces particles of 245nm and 150-200nm respectively. 

 

 

 

 

 

 

Figure 9a: EDX spectrum of Se nanoparticles           Figure 9b: EDX spectrum of Se nanoparticles 

synthesized by C.roseus             synthesized by P. pterocarpum 

Analysis through EDX spectrometer confirmed the synthesis of elemental selenium nanoparticles by 

the flower broth of C.roseus (Fig.9a)andP. pterocarpum(Fig.9b). The reported identification lines for the major 

emission energies for SeLα, SeKα and SeKβare 1.37, 11.22 and 12.49 keV respectively 
23

and these correspond 

with peaks in the spectrum of our study, thus giving confidence that selenium has been correctly identified.Our 

report is also in consistent with the reports of earlier studies which indicated the peaks for SeKα at 11.22 

keV
40,41

 

 The EDX spectrum of selenium nanoparticles synthesized with C.roseus shows 32.57 percent of 

selenium with signals of C, O, K, Na, Cd, Mg and Cl while P. pterocarpum flower mediated synthesis shows 

the presence ofonly 26.14 percent of selenium with signals of C,O,K,P,Na, Ti, Cu, Ni and Cl.The signals for 

other elements may be from the carbohydrate / protein / enzymes present in the mixed precipitates of plant 

extract
42

. 
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Transmission Electron Microscopic (TEM)analysis 
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Figure 10a: TEM image and histogram of Se nanoparticles synthesized by C.roseus 
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Figure 10b: TEM image and histogram of Se nanoparticlessynthesized by P. pterocarpum 

 TEM images were used to predict the morphology and size of the nanoparticles synthesized by 

C.roseus(Fig.10a)andP. pterocarpum(Fig.10b).Both the flowers had the ability to synthesize hollow spherical 

selenium nanoparticles. The particles synthesized by C.roseus were in the range of 17-34nm with an average 

size of 23.2±6.06nm, where as the particles synthesized by P. pterocarpum were in the range of 21-42nm with 

an average size of 30.44±2.89nm.There is a direct relationship between incubation time and size of the 

nanoparticle. Intracellular reduction of selenium IV by Pantoea agglomerans culture incubated for 15hr 

produces nanoparticles of varied size with an average between 90 and 110nm 
14

. Similar results were obtained 

in the generation of selenium nanoparticles by Shewanella sp HN-41showing an increase of size and amount of 

nanoparticles in time 
43

. The smaller sized hollow selenium nanoparticles synthesized by the present study will 

be highly beneficial for the drug loading and thereby it will do wonders in the field of biomedical applications.   

Conclusion  

 In conclusion, the present study reported a novel bioinspired technology for the synthesis of selenium 

nanoparticles using the flower of C.roseusandP. pterocarpum. The bioreduction of sodium selenate into 

selenium nanoparticles through the flower broths took a week and the position of peaks in UV – visible, 

excitation and emission spectrum confirmed its formation in the reaction medium. The nature and role of the 

various functional groups in the reduction and stabilization was elucidated with the FT-IRspectrum. Analyses 

through XRD, SEM and EDX proved the synthesis of more amounts of nano spherical selenium nanoparticles 

by C.roseusthan P. pterocarpum. Further,TEM studies authenticated the formation of smaller sized hollow 

selenium nanoparticles of23.2±6.06nm by the flower of C.roseus than by the flower of  P. pterocarpum which 

produces particles of 30.44±2.89nm.Availability of exceptionally good raw material and synthesis of smaller 

sized biocompatible hollow selenium nanoparticles by the flower of C.roseus proved this as a better source of 

biomaterial than the flower ofP. pterocarpum. Selenium nanoparicles produced by this bioinspired way is a 

facile, environmentally benevolent and green alternate route to physical and chemical methods. 
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