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ABSTRACT 
Separation and concomitant segregation of nanoparticles is one of the thrust areas of research 
pertaining to the application of nanoscience. Significant research efforts have been directed towards 
alteration in synthesis and post synthesis for the segregation of poly dispersed nanoparticles resulting 
specially from plant mediated green bio-fabrication of nanoparticles. Therefore, it becomes important 
to segregate the nanoparticles from polydispersity to homogeneity for special academic interest and 
various industrial applications. The present piece of work demonstrates the size and shape 
segregation of poly dispersed plant mediated gold nanoparticles prepared from bark extract of M. 
longifolia using sucrose density gradient centrifugation, as a simple, rapid and cost-effective method. 
Bio-fabrication of gold nanoparticles exploiting the synergistic redox potential of the secondary 
metabolites of bark extracts of the plant M. longifolia in a single one pot green synthesis. Bio-
fabricated gold nanoparticles embedded with plant’s secondary metabolites were characterized for 
optical properties, morphology, diffraction patterns and size. Polydispersed nanoparticles of different 
size (range 23-700 nm, Z-average 141 nm) were segregated using sucrose density gradient 
centrifugation method having zeta size (range 6-50 nm, Z-average 22 nm). The present piece of work 
highlights the role of sucrose density gradient centrifugation method for segregation of poly dispersed 
plant mediated gold nanoparticles in a simple, fast, robust and cost-effective manner. 
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INTRODUCTION 
 

Nanoparticles possess unique physico-chemical characteristics that differ from the properties of bulk 
materials and strongly depend on their size and shape as a result of the quantum confinement effect 
[1-6]. Noble metals like gold and silver nanoparticles of lower size offer the best performance 
particularly for nano medicines and nano biotechnology. Identical nanoparticles are those having 
same chemical composition and dimensions. Nanoparticles having same chemical composition but 
different dimensions usually present different properties [7]. Therefore, it becomes important to know 
the homogeneity of the nanostructured materials for academic interest and various industrial 
applications. Various methods for segregation include chromatography [8], magnetic separation [9], 
capillary electrophoresis [10], selective precipitation [11], membrane filtration [12], ion pair 
extractions [13] and field flow fractionation [14]. Centrifugation is widely used and convenient 
method for nanoparticle size-based separation in solution-phase [15, 16]. Among the two 
centrifugation-based methods, density gradient centrifugation is considered better then sedimentation-
based centrifugation [17]. Significant research efforts have been directed towards alteration in 
synthesis and post synthesis segregation of polydispersed nanoparticles into monodispersed 
homogeneous phase [18, 19]. 
 
      The present piece of work demonstrates the segregation of gold nanoparticles using density 
gradient centrifugation with special reference to the effect of centrifugation speed, time and variation 
of shape, size and zeta potential of nanoparticles. The gold nanoparticles have been prepared using 
bark extract of M. Longifolia (Mb@AuNp) in a single pot green synthesis. 

 
MATERIALS AND METHODS 

 
The bark of M. longifolia was cleaned, shade dried and grounded into powder form. Microwave-
assisted extraction of the bark was carried out in aq. alc. solution at 200W for 5 min. The extract was 
centrifuged (400 rpm; 10 min). The supernatant was subjected to rota-vapor distillation and finally 
dried by purging nitrogen. The bio-fabrication of Mb@AuNp was carried out at different pH, varied 
concentration of NaAuCl4.2H2O solution, keeping bark extract constant.  
 
Characterization of Mb@AuNp: The Mb@AuNp were characterized for optical properties using 
UV-Vis spectrophotometer, (Lab India, India). The morphology of Mb@AuNp was studied using FE-
SEM (Nova Nano FE-SEM 450, Netherland). The X-ray diffraction pattern of Mb@AuNp was 
recorded using XRD (Bruker AXS D8 Advance, Germany) over 30°-80° with scan run 40 min-1, step 
size of 0.02° and Cu Kα radiation of λ= 1.54Å. The hydrodynamic size distribution with poly-
dispersity index (PDI) was analyzed using zeta sizer (Nano ZS90 model Malvern, Germany). 
 
Density Gradient Centrifugation (DGC): Sucrose density gradient method was successfully used to 
fractionate anisotropic Mb@AuNp having different sedimentation rates. A discontinuous density 
gradient of sucrose solutions (5%, 10%, 15%) was developed upon one another. Colloidal solution of 
Mb@AuNp (5 mL) was added to the capacity vial and centrifuged at 1000 rpm for 30 min. 
Nanoparticles depending upon the size were confined to different layers. Each layer was monitored 
for the determination of size of particles using zeta sizer. Sedimentation coefficient S was calculated 
for each layer using equation: 
 

2( ) /18p mS d    . 
 

RESULTS AND DISCUSSION 
 

Optimized experimental conditions of bio-fabricated gold nanoparticles were as follows: bark extract 
(3 mL, 0.5 mg mL-1), sodium tetrachloroaurate dehydrate solution (1 mL, 1 mM) and sonication (15 
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min, 20 KHz) at pH 4. M. longifolia bark extract has been reported to contain polyphenolic 
flavonoidal compounds [20]. The conversion of Au(III) to its elemental form (Auo) may be ascribed to 
the presence of flavonoidal moieties present in bark extract [21]. The visual change in color from pale 
yellow to ruby red indicated the bio-fabrication of target nanoparticles. 
 

AuCl4
-  + 3R-OH             Au0 + 3 R=O + 3H+ + 4Cl- 

 
Ultraviolet-Visible spectrophotometer: Different combinations of bark extract and NaAuCl4.2H2O 
solution were analyzed by UV-VIS spectrophotometer (Figure 1). The absorption spectrums of 
synthesized Mb@AuNp were found to have maximum absorption band in the range of 532-540 nm. 
However, it was found that 1:3 ratio of bark extract and NaAuCl4.2H2O solution had a maximum 
absorption band at 532 nm and further dilution doesn’t show any marked increase in the absorbance. 
Therefore, absorption band at 1:3 ratio was considered optimum. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. UV-Vis spectra of Mb@AuNp at different ratio. 
 
X-Ray diffraction: Bragg diffraction peaks 2θ appeared at 38.4° and 44.5° in the bio-fabricated 
Mb@AuNp (Figure 2). It could be indexed to (111) and (200) having lattice planes of face-
center cubic compared with (JCPDS file 04-0784). The intensity of the diffraction peak (200) was 
found lower than corresponding crystallographic plane (111). The fact established that lattice plane 
(111) is the transcendent crystallographic plane and is more reactive because of its high atom density 
[22]. The observed noise and broadening of the peak in XRD record of Mb@AuNp may be assigned 
to the existence of medicinally important secondary metabolites (flavonoids) loaded on the surface of 
bio fabricated Mb@AuNp. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2.  XRD graph of Mb@AuNp. 
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Dynamic light scattering: The dynamic light scattering (DLS) spectrum highlighted asymmetric 
distribution of nanoparticles mainly in the range (23 to 700 nm) with poly-dispersive index 0.238 
(Figure 3a). However, a little population was extended in the range of 1500 nm. The average 
hydrodynamic size (Z-Average) of Mb@AuNp was found 141 nm. Zeta potential of Mb@AuNp 
determined in water medium as a dispersant was -31.7 mV (Figure 3b). The magnitude of observed 
high negative charge on the bio-fabricated nanoparticles might be acting as a repulsive barrier, 
avoiding aggregation of nanoparticles.  
 

 
 
 
 
 
 
 
 
 

Figure 3. (a) Zeta size and (b) Zeta potential graph of synthesized Mb@AuNp. 
 
Density Gradient Centrifugation (DGC): The size fractionation of Mb@AuNp centrifuged at 1000 
rpm for fixed time(10 min) are shown in (Figure 4). Different bands obtained after the run indicated 
successful segregation of Mb@AuNp as per their sedimentation rates. 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. Optical images showing the sucrose density gradient separation of anisotropic 
Mb@AuNp.Images of the as-prepared parent gold nanoparticle mixture (left) and the 

color images (right)of the individual fractions upon successful size fractionation. 
 

     Histograms of Mb@AuNp at different sucrose concentration gradient are shown in figures 5a, b, c. 
It represents the distribution of the nanoparticles confined at 5%, 10%, and 15% sucrose concentration 
gradient.  At 5% sucrose concentration gradient (Figure 5a), the distribution of nanoparticles was in 
the range of 06-50 nm with Z-average 22 nm. The majority of the particles lied between 10-15 nm. 
 
 
 
 
 
  

Figure 5a. Zeta size graph of 5% sucrose concentration gradient. 
 
 
 

 
 

Figure 5a. Zeta size graph of 5% sucrose concentration gradient. 

(a) 
(b) 
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      At 10% sucrose concentration gradient (Figure 5b), the distribution of nanoparticles was in the 
range of 18-100 nm with Z-average 40.04 nm. The majority of the particles lied between 30-50 nm. 
 
 

 

 
 
 
 
 
 

 
 

Figure 5b. Zeta size graph of 10% sucrose concentration gradient. 
 
      At 15% sucrose concentration gradient (Figure 5c), the distribution of nanoparticles was in the 
range of 12-110 nm with Z-average 43.25 nm. The majority of the particles lied between 30-45 nm. 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 5c.  Zeta size graph of 15% sucrose concentration gradient. 
 
      The above results indicate that particle size increased in a concentration-dependent manner with 
smaller particles occurring at lower sucrose density gradient (5%) while larger at higher density 
gradient (15%). This reflects that the decrease in the size of the particle takes place with a dilution of 
sucrose concentration gradient.  
 
       
 

 

 
  
 
  
 
 

 
Figure 6. Variation in Sedimentation coefficient with diameter of Mb@AuNp. 

 
      Sedimentation coefficients for Mb@AuNp at 5%, 10% and 15% sucrose concentration gradient  
(Figure 6) were 262×10-3 sec, 1805×10-3 sec and 3225×10-3 sec respectively indicating faster 
sedimentation rate of heavier particles. Overall results obtained demonstrate the utility of density 
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gradient techniques to separate mixtures of different size distributions of nanoparticles to near 
monodispersity. 
 
FE-SEM: FE-SEM images of Mb@AuNp (Figure 7) acquired from drop-coated films of 
nanoparticles indicated a change from spherical to rectangular shape via poly-dispersed morphology 
of Mb@AuNp bio-fabricated in the range of 5%, 10% and 15% sucrose concentration. 
 
 
 
 
 
 
  

 
 

Figure 7. SEM images nanoparticles of sucrose concentration gradient 5% (left), 10%(middle) and 15% (right). 
 

APPLICATION 
 

The current observations signify the application of a simple, fast centrifugation method for the 
separation of poly-dispersed nanoparticles into monodispersed size and shape wise segregated 
nanoparticles providing an impetus for the study of separation techniques for the post synthesis 
methodologies. 
 

CONCLUSION 
 
A simple one-pot green synthesis of Mb@AuNp using the redox potential of the secondary 
metabolites of the bark extract of the plant M. longifolia was conducted. The density gradient 
centrifugation method was successfully applied to separate synthesized bio-fabricated Mb@AuNp 
using sucrose concentration gradient (5%, 10% and 15%).The zeta size analyses revealed that the 
particle size increased in a concentration-dependent manner with smaller particles occurring at lower 
density gradients and larger particles at higher density gradients of sucrose. Z-average size of 
separated Mb@AuNp confined at 5%, 10% and 15% to be 22, 40.04 and 43.25 nm. Sedimentation 
coefficient of larger particles was higher (3225×10-3 sec) compared to smaller particles (262×10-3 sec) 
indicating faster sedimentation rate of heavier particles.  
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