
American Journal of Nanomaterials, 2020, Vol. 8, No. 1, 10-17 
Available online at http://pubs.sciepub.com/ajn/8/1/2 
Published by Science and Education Publishing 
DOI:10.12691/ajn-8-1-2 

Influence of Adansonia Digitata Leaves Dye Extraction 
Solvent Nature on the Structural and Physical Properties 

of Biosynthesized ZnO Nanoparticles 

A. O. Kane1, S. Thior1, NM Ndiaye1, B.D. Ngom1,2,*, O. Sakho1 

1Laboratoire de Photonique Quantique, Énergieet NanoFabrication, Faculté des Sciences et Techniques,  
Université Cheikh Anta Diop de Dakar (UCAD) B.P. 5005 Dakar-Fann Dakar, Sénégal 

2UNESCO-UNISA Africa Chair in Nanosciences-Nanotechnology, College of Graduate Studies,  
University of South Africa, Muckleneuk ridge, PO Box 392, Pretoria-South Africa 

*Corresponding author: bdngom@gmail.com 

Received December 03, 2019; Revised January 12, 2020; Accepted January 19, 2020 

Abstract  We report on the synthesis ZnO nanoparticles with Andasoniadigitataleaves extract using different 
extraction solvents: ethanol, methanol, acetone and propanol. The influence of the solvent extraction nature was 
studied using the characterizations techniques: DRX, BET, SEM, TEM, RAMAN. The results showed the 
nanoparticles obtained with the solvent Methanol are the best with spherical nanoparticles of sizes around 20 nm 
with fewer defects and good dispersion compared to those obtained with the other solvents. 
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1. Introduction 

The bio-resourcesbased synthesis ofnanoparticles generated 
considerable interest as an emerging technology to 
circumvent high cost in physical synthesis methods and 
reduce the nanoparticles toxicity commonly associated 
with conventional chemical synthesis method. 

The nanoparticles biosynthesis is a one-step nanoparticle 
synthesis approach using microorganisms and plants 
extract. This approach is environment friendly, economical, 
biocompatible, safe (relatively non-toxic) [1]. It allows the 
large-scale production of ZnO nanoparticles without 
additional impurities [2]. Nanoparticles synthesized from 
a biological approach show greater catalytic activity and 
limit the use of expensive and toxic chemical products. 
Green synthesis involves the use of plant extracts, bacteria, 
fungi, algae, ie. These natural and plant-derived strains 
secrete certain phytochemicals that act as both a  
reducing agent and a capping or stabilizing agent [3].  
The nature of these biological entities influences the 
structure, shape, size and morphology of synthesized 
nanoparticles. 

With the advent of biosynthesis, an improvement in the 
properties of ZnO nanoparticles has been noted. Thus,  
an increased research has been conducted on their  
anti-bacterial, anti-catalytic, anti-oxidant, anti-cancer 
activities etc…. leading to applications in medical fields, 
water treatment ie.... 

Several plant extracts such as Eucalyptus globulus [4]. 
Phyllanthusniruri [5] using Mangiferaindica leaves [6] 
have been used to synthesize ZnO nanoparticles. However, 
the major challenge with this synthesis method is the 
control of the synthesis parameters such as the pH, 
temperature, extraction solvent, time ie …. Studies are 
being done to control these parameters. It is in this context 
we study the effect of the extraction solvent. Indeed, we 
synthesized ZnO nanoparticles via a plant extract called 
Andasoniadigitata using different solvents:ethanol, methanol, 
acetone and propanol. 

2. Experimental Details 

2.1. Preparation of the Dye Extract of 
Adansonia Digitata Leaves 

Adansoniadigitata leaves were harvested and dried 
under sunny conditions. A fine powder was obtained after 
grinding the dried leaves.3 g of this powder was dissolved 
in 150 ml of every solvent and stirred for 3 hours at room 
temperature to ensure maximum extraction of the 
bioactive compounds. The resulting extract was then 
filtered to remove residual solids. 

2.2. Biosynthesis of Zno Nanoparticles 
In 100 ml of this filtered extract, 0.3 g of Zn 

(NO3)2,6H2O (zinc nitrate hexahydrate) are dissolved this 
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solution, after stirring with a magnetic stirrer for 3 hours, 
the obtained solution is placed in an oven at 300°C for 3 
hours for evaporation. The brown powder obtained is then 
subjected to a heat treatment for 3 h in a free air oven  
at 500°C: white nanopowders are obtained. Thus we 
obtained four nanopowders with different solvents. 

2.3 Characterization of ZnO Nanoparticles 
X-ray diffraction (XRD) spectra of the as-prepared ZnO 

powderswere collected using a diffractometer (Brucker D8 
Advance) with theta/2theta geometry, operating with a 
copper tube at 50 kV and 30 mA and reflection geometry 
at 2θvalues ranging from 10-90° with a step size of  
0.01°. Raman spectroscopy measurements were obtained 
using a T64000 micro-Raman spectrometer (HORIBA 
Scientific, Jobin Yvon Technology) with a 514 nm laser 
wavelength and spectral acquisition time of 120 s was 
used to characterize the as-prepared samplespowders. The 
morphology of the as-prepared powders was studied using 
a high-resolution Zeiss Ultra Plus 55 field emission 
scanning electron microscope (FE-SEM) operated at a 
voltage of 2.0 kV and a JEOL JEM-2100F high resolution 
transition electron microscope (HRTEM) at 200 kV. The 
samples were degassed at 180◦C for more than 12 h under 
vacuum conditions. The surface area was calculated by  
the Brunauer-Emmett-Teller (BET) method from the 
adsorption branch in the relative pressure range (P/P0) of 
0.01-1.0. 

3. Results and Discussions 

3.1. Structural Analysis 
The Figure 1 presentsthe X-ray diffraction spectra  

of the different nanopowders samples obtained using  
the different solvents. These spectra show diffraction  
peaks appearing at 2θ ranging between 31° and 80° for all 
the different solvents. 

The comparison ofthe different peak positionsobtained 
with the data of files JCPDS n° 036-1451, 19-1485 and 
01-072-110 shows that the obtained powder corresponds 
to ZnO with a Wurtzite hexagonal structure type. 

The values of the lattices parameters a and c (see  
Table 1) calculated from the experimental data obtained 
with the various solvents are in agreement with those 
found in the literature and in the ZnO JCPDS 036-1451 
file (space group: P63mc a = 3.24982Å, c = 5.20661Å. 

Table 1. Lattices parameters and crystallites size as function of 
nature of the extraction solvent 

Extraction 
Solvent a (nm) c (nm) Average crystallites sizes (nm) 

Acetone 0,323 0,520 26,92 

Propanol 0,324 0,519 28,35 

Ethanol 0,325 0,520 18,16 

Methanol 0,324 0,519 20,04 

 

Figure 1. DRX spectra of ZnO nanoparticles prepared using different extraction solvent 
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The nanoparticles obtained with the propanol solvent 
have larger crystallites sizes than the others, followed by 
the nanoparticles obtained with the acetone solvent. This 
size difference would be related, according to Oudhia et al 
[7], to the boiling points and dielectric constants of the 
different solvents. These authors explored the effect of 
Azadirachta indica (neem) leaf extract produced in various 
solvents such as water, ethanol and acetone in the 
synthesis of ZnO nanoparticles.Indeed, they observed that 
the leaf extract prepared in water resulted in a lower 
particle size of ZnO (19 nm) compared to the others 
solvent (Ethanol at 32 nm and Acetone at 160 nm). The 
ZnO particles size was correlated with the boiling point 
and the dielectric constant of the solvent used to prepare 
the extract. Solvents with higher boiling points and 
dielectric constants produce larger particles. And at the 
same time, they also proved that the synthesis process 
could be controlled by the pH. 

Figure 2 (a-d), show the Raman spectra respectively 
obtained from the prepared nanopowders of ZnO 
biosynthesized using acetone, propanol, ethanol and 
methanol as extraction solvents.These Raman scattering 
spectra of ZnO as function of the various extraction solvents 
are represented over a frequency range of between 100 
and 1400 cm-1. For the different solvents, except for 
ethanol In Figure 2 (c), we note the appearance of six 
active vibration modes of ZnO: E2 (Low), E2 (High) -E2 
(Low), A1 (TO), E2 (High), E1 (LO) and 2 A1 (LO) [8] 
with more or less offset of the position of the peaks 
depending on the solvents (Table 2). The appearance of 
the intense peak E2 (High), which is related to oxygen 
vibrational mode, proves that the nanoparticles obtained 
with the different solvents have the Wurtzite hexagonal 
structure and that they crystallized well [8], but with a 
shift in position and intensity according to the solvents. 

Table 2. Raman modes as function of the extraction solvent 

ZnO-
Acetone 

ZnO-
Propanol 

ZnO-
Ethanol 

ZnO-
Methanol Mode vibrational 

101 101 - 101 E2(Low) 
335 329 - 331 E2 (high)-E2 (low) 
387 382 - 380 A1(TO) 
441 439 444 441 E2(High) 
583 591 593 585 E1(LO) 

1153 1151 - 1152 2A1(LO) 

 

Figure 2a. Raman Spectrum of ZnO with Acetone Extraction Solvent 

 

Figure 2b. Raman Spectrum of ZnO with propanol Extraction Solvent 

 

Figure 2c. Raman Spectrum of ZnO with ethanol extraction solvent 

 

Figure 2d. Raman spectrum of ZnO with ethanol extraction solvent 

Table 3. Values of intensities of E2 (High) and crystallite sizes 
obtained from XRD as function of the solvent 

Extraction Solvent E2(High) intensity Crystallites sizes (nm) 

Acetone 98 26,924 

Propanol 1400 28,35 

Ethanol 220 18,168 

Methanol 250 20,04 
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This variation in intensity could be related to the 
difference in size noted with the XRD results. We  
note that the intensity increases with the size of the 
nanoparticles (see Table 3), i.e. the crystallinity varies 
according to solvent as shown in other works. 

It is generally accepted that Raman signatures less  
than 300 Cm-1 are due to vibrations of the Zn interstitial 
and those above 300 Cm-1 are due to vibrations of the 
oxygen atoms [9]. E2 (high), 2A1 (LO) and E1 (LO) are 
very sensitive to lattice disorder in the ZnO [10]. These 
disorders are generally associated with structural defects 
such as oxygen vacancies and Zn in interstitial and 
charge-bearing positions for 2A1 (LO) and E1 (LO) [10]. 
E2 (H) is sensitive to residual stress in the crystallized 
ZnO more precisely an increase in the phonon frequency 
E2 (H) is attributed to the compression stress, whereas a 
decrease in the phonon frequency E2 (H) is attributed to 
the constraint traction [11]. In our case we find an increase 
in frequencies for all solvents compared to that of known 
crystalline ZnO (437 Cm-1) [8]. So there is the presence of 
compression stress that varies depending on the solvent. 
This is reminiscent of the presence of structural defects 
with all nanoparticles obtained, which is acceptable 
because in the literature it is well proved that drastic 
growth conditions such as a high temperature generally 
induce more defects in the crystals [12]. However, these 
defects vary depending on the extraction solvent. If we 
refer to Table 3 we could predict that there would be more 
defects with the Propanol solvent and fewer defects with 
the Acetone solvent. 

3.2. Surface Analysis 
The values of the specific surfaces area obtained from 

BET analysis and the size of the crystallites obtained from 
XRD analysis are compared in Table 4: 

Table 4. BET surface specific area and grain size as function of the 
solvent 

Extraction Specific Surface Area 
(m2/g) Crystallites Sizes (nm) 

ZnO-Ethanol 11,8626 18,168 

ZnO-Acetone 7,2872 26,924 

ZnO-Methanol 7,2131 20,04 

ZnO-Propanol 6,1432 28,35 

 
Comparisonmade between the specific surfaces area 

with the nanoparticles crystallites sizes obtained from the 
DRX, showed it isfoundthat there is a net coherence, thus 
confirming the nanostructuration of the obtained powders. 
The nanoparticles obtained with ethanol as the extraction 
solvent are the smaller sizes with a higher surface  
specific area. Small specific surfaces with acetone and 
propanol solvents suggest the presence of aggregation of 
nanoparticles. 

The SEM analysis allowed visualizing the surface 
morphological aspect, namely the uniformity, the porosity, 
the grain distribution and the approximate sizes of the 
nanostructured ZnO obtained with the different solvents 
used. The 2D images obtained by SEM for the various 
solvents are given in the Figure 3 (a-d). 

 

Figure 3a. 2DSEM images of ZnO nanopowders obtained from ethanol as solvent 

 

Figure 3b. 2DSEM images of ZnO nanopowders obtained from Acetone as solvent 
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Figure 3c. 2DSEM images of ZnO nanopowders obtained from propanol as solvent 

 

Figure 3d. 2DSEM images of ZnO nanopowders obtained from Methanol as solvent 

 

Figure 4a. 2DSEM images of ZnO nanopowders obtained from ethanol as solvent 

 

Figure 4b. 2DSEM images of ZnO nanopowders obtained from acetone as solvent 
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Figure 4c. 2DSEM images of ZnO nanopowders obtained from propanol as solvent 

 

Figure 4d. 2DSEM images of ZnO nanopowders obtained from methanol as solvent 

The 2D SEM images show, for all the solvents, 
nanoparticles with a preferentially spherical shape except 
for those obtained with the solvent Propanol (Figure 3c), 
which have a conical shape. This spherical shape of the 
nanoparticles has been obtained by several researchers 
such as Sangeetha et al. [13] who reported the synthesis of 
highly stable and spherical ZnO nanoparticles obtained 
from Aloe vera leaf extracts, as well as Hashemi et al  
[14]. 

With the solvent Methanol (Figure 3d) we observe 
nanoparticles with a moreuniform size and a homogeneous 
nanoparticles distribution with few pores as opposed to 
those obtained with the ethanol solvent showing very high 
porosity.With the solvents Acetone and Propanol (Figure 
3b and Figure 3c) we observe good crystallized nanoparticles 
but with disparity in the pores size. 

Table 5 gives the grain size calculated from the SEM 
images using the Image J software. 

Table 5. Grains sizes calculated from SEM images using Image J 
software 

Solvent Grains’s Sizes from SEM (nm) 
ZnO-Acetone 20,66 
ZnO-Propanol 21,17 
ZnO-Ethanol 13,54 

ZnO-Methanol 17,45 

To obtain information on the size and shape of  
ZnO nanoparticles dependingon the solvent, Transmission 
Electron Microscopy (TEM) measurements were also  
used. The 2D TEM images are presented in the following 
figures: 

The 2D TEM photographs confirm the SEM results. 
They show for all solvents a predominance of nanoparticles 
of spherical shapes. A heterogeneous distribution of sizes 
is observed in all samples, with the formation of 
aggregates for solvents Propanol, Acetone and ethanol and 
a presence of significant pores except with the particles 
from the solvent Methanol and the distribution is more 
homogeneous with the solvent Methanol. This could 
explain the differences in values observed with grain sizes 
calculated from TEM (Table 6), SEM and XRD 
images.The sizes of the grains calculated from the TEM 
images differ in values with those obtained with the SEM 
images but correlate with the results of the XRD. 

Table 6. Grains sizes obtained from TEM images as function of the 
solvent 

Solvent Grains’s size from TEM (nm) 
ZnO-Acetone 27,47 
ZnO-Propanol 23,06 
ZnO-Ethanol 20,04 

ZnO-Methanol 16,15 
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3.3. Discussions 
The nanoparticles characterization showed that, during 

biosynthesis, the extraction solvent choice is decisive 
because the study proved that the shape, size and 
nanoparticles dispersion depend on the extraction solvent 
used. In the literature, this variation in the nanoparticles 
shape is seen as a benefit because they lead to more 
diversified applications [15]. Naresh Kumar et al [16] 
investigated the use of Amorphophallus konjac tuber 
extract for the synthesis of rice-shaped ZnO nanoparticles 
for the application of dye-sensitized solar cells. However, 
the most common form is the spherical shape that  
has been used very effectively in many areas. Their 
antioxidant properties [17], antibacterial [18] antidiabetic 
[19], photocatalytic [20] and others ... are proven.  
These spherical nanoparticles are also applied as fuels, 
nanofertilizers used for a rapid growth of tree seedlings in 
nurseries [21]. 

The size is one of the key properties of nanoparticles 
and different ZnO nanoparticles sizes have been synthesized. 
The lower scale of this size range is based on the 
measurement of the sieving coefficient for the glomerular 
capillary wall, since the threshold of first pass elimination 
by the kidneys is estimated at 10 nm in diameter. The 
upper scale of the size range is based on the results of 
various studies showing that, up to 100 nm, the 
nanoparticles have a better efficiency. Some research 
shows that nanoparticles less than 10 nm in diameter 
accumulate more efficiently and penetrate deeper into 
tumors than their larger counterparts [22]. 

These nanoparticles homogeneity is also highly sought 
after because a stable nanoparticles dispersion is useful in 
fields such as photocatalysis, diodes, piezoelectric devices, 
fluorescent tubes, lasers and photonics and above all in the 
medical field where it is essential to control the doses to 
be administered. 

So according to the literature, the ideal sought is 
spherical nanoparticles of small sizes and very well 
monodispersed. From our results could conclude that the 
best solvent in the fouris the methanol solvent with a grain 
size around 20 nm and a more homogeneous nanoparticles 
sizes distribution. However, in an earlier study, we (Kane 
et al, 2018) [23] synthesized nanoparticles with the 
solvent water closer to the ideal because with water as a 
solvent we obtained spherical nanocrystallines of sizes 
revolving around 20 nm such as those found by 
Velmurugan et al [24], with very minimal defects in  
their structure with a better dispersion than those of 
nanoparticles with ethanol solvent, so water always 
remains the best solvent. 

4. Conclusion 

Biosynthesis of zinc oxide nanoparticles which involves 
zinc nitrate as a precursor, baobab leaves as a natural 
product and using different extraction solvents: methanol, 
propanol, ethanol and acetone were studied. The structural 
properties, crystallites size and surface morphology and 
properties of the nanoparticles obtained with each 
extraction solvent were determined using the following 
characterization methods: DRX, SEM, TEM, BET and 

RAMAN and comparative study were made between the 
results of nanoparticles derived from each solvent. 

The results of the characterization showed, for all the 
solvents, that the particles obtained are crystalline and are 
in nanometer size with a range of sizes lower than 100 nm 
for all the solvents. However, the size, shape and 
dispersion varied with the solvents. 

After our comparison we deduced that the nanoparticles 
synthesized with methanol as extraction solvent is the  
best because in addition to their spherical shape, they  
have fewer defects and a better distribution and 
monodispersivity than other nanoparticles from other 
extraction solvents. So the best extraction solvent after 
water is Methanol. 
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