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The aim of this work is to present results on the preparation of gold crown-like nanoparticles by
the seed-mediated growth method, using cetyltrimethylammonium bromide as a capping agent.
By means of this method of synthesis we show that the size and morphology of the nanoparticles
can be modified only by varying gold seed amount in the growing solution. The particles generated
could range from spheroidal with an average particle size of 24 nm, to crown-like with an average
particle size of 60 nm. Due to the capacity of change in size and morphology of the as-synthesized
Au nanoparticles, the optical absorption band, a result of the surface plasmon resonance response,
can be tuned in the visible-near infrared range. This is very important in terms of the their potential
applications, which can cover from biophotonics to solar cells. Gold nanoparticles were character-
ized by ultraviolet-visible spectroscopy and transmission electron microscopy.
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1. INTRODUCTION
Gold nanoparticles (Au NPs) are of great importance in
technology applications. Their application includes areas,
such as electronics, optics, medicine, catalysis, biology,
etc.1–6 It is well known that the optical properties of the
metal nanoparticles are determined by their morphology
and size. For this reason, it is crucial to control these
two parameters in each synthetic method. Au NPs can
be synthesized in organic media, have narrow size dis-
tribution and are monodisperse; however, it is difficult
to obtain Au NPs with different morphology rather than
spheres. Thus, synthesis in aqueous media is more preva-
lent because it is simple, rapid, environmentally friendly,
and allows the generation of anisotropic Au NPs.7 There
have been many break throughs in the preparation of Au
NPs like the one introduced by Turkevitch in 1951, which
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is based on a single phase water reduction reaction of a
gold salt using citrate. This method was further improved
by Frens in 1973, which allows high control over particle
size.8 However, such methods only produced spherical or
quasi-spherical particles.
The morphology of nanomaterials is an important factor

when developing devices with desired functions. Hence,
efforts have been invested into the synthesis of materials
of different shapes in the nanoscale. Anisotropic nano-
structures present properties that are in function of the
direction, and more than one structural parameter is needed
to describe them. Their particular and controlled physical
and chemical properties turns them into interesting candi-
dates for the design of new applications.9

Murphy’s and El-Sayed’s research groups produced Au
nanorods through a seed-growth method.10�11 This method
has become the basis for anisotropic generation of Au
NPs like nanostars, nanotriangles, branched nanoparticles,
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etc.12–14 Anisotropic Au NPs particles have unique optical
properties. Restricted mobility of electrons, holes, exci-
tons, phonons, and plasmons with respect to the morphol-
ogy of a material is the explanation for the change in
properties.9 Optical properties can be tuned from the vis-
ible to the infrared regions of the spectrum, as a func-
tion of their shape. Anisotropic Au NPs in particular show
intense surface plasmon resonance (SPR), that is a func-
tion of aspect ratio, probably because of their different
surface areas and crystallographic facets.9�15 Because of
this property, there is a growing interest in anisotropic Au
NPs in cancer photothermal therapy,4 as well as in devel-
opment of optical antennas, fluorescence, photovoltaics,
etc.15–17 Due to their potential use in bio-sensing, imaging
and vivo implementation, another highly desired morphol-
ogy is branched gold nanoparticles.18

Great amount of efforts have been used to produce
these structures, like gamma-irradiation, photochemical
reduction.18 However, wet chemical reduction synthesis
was limited to nanospherical, rods, triangular/hexagonal/
sphere mixtures, and cubes. Not many reports focused
on branched-like morphologies.19 In the last years, the
use of cetyltrimethylammonium bromide (CTAB) dur-
ing chemical reduction has allowed the formation of
nanopods, L-shaped, I shaped and V-shaped bipods,
T-shaped, Y-shaped and regular triangular tripods, and
cross-like tetrapods.20 The seed mediated method allows
an easier control over particle size and shapes of Au NPs.
It takes place in two steps. During the first step, Au NPs
seeds are prepared, and during the second step, the seeds
are added to a growth solution containing the gold salt pre-
cursor, the stabilizing and reducing agents. Using this last
method, the size, shape, and surface properties are con-
trolled by the amount and nature of the gold precursor,
reducing agent and stabilizer.20

In this work, based on the Murphy’s10 seed-mediated
approach we obtained Au nanocrowns by varying Au
precursor concentration. Au NPs present a broad optical
absorption that covers UV-Vis-NIR range that makes these
structures suitable for many optical applications.

2. EXPERIMENTAL DETAILS
2.1. Synthesis of Au NPs
Au NPs were synthesized base on a sequential growth
process reported by the Murphy’s group.10 An aqueous
seed suspension was prepared in a 10 mL flask involv-
ing 57 �L of 44 mM HAuCl4 3H2O (Sigma-Aldrich,
99.99%) stock solution, 250 �L of a 10 mM trisodium
citrate (Sigma-Aldrich) solution, 600 �L of 0.1 M NaBH4

(Fluka, 99%) solution, and graduated to 10 mL with deion-
ized (DI) water. The reaction mixture was left under mag-
netic stirring, and undisturbed for 4 h at room temperature.
Growth suspension was prepared in a 100 mL flask by
adding 568 �L of 44 mM HAuCl4 3H2O (Sigma-Aldrich,
99.99%) solution and graduated with DI water. Then, 3 g

Table I. Synthesis conditions for the generation of anisotropic Au NPs.

Seed suspension Growth solution Ascorbic acid AgNO3

Sample volume (�L) volume (mL) volume (mL) volume (�L)

S1′ 1000 10 10 5
S1 500 10 10 5
S2′ 250 10 10 5
S2 125 10 10 5
S3′ 90 10 10 5
S3 60 10 10 5
S4′ 30 10 10 5
S4 15 10 10 5

of CTBA (Sigma-Aldrich, 99%), 1.5 mL of cyclohexane
(Tecsiquim, 99%), and 2 ml of acetone (Sigma-Aldrich,
99%) were mixed in the previous flask under magnetic
stirring at 60 �C. Next, the resulting solution was allowed
to cool at room temperature. In order to obtain gold
nanocrown-like particles with different size, eight flasks
were used varying the gold seed volume (1000, 500, 250,
125, 90, 60, 30 and 15 �L), and adding 10 mL of gold
growth solution, 500 �L of 0.1 M ascorbic acid (Sigma-
Aldrich, 99%) solution, and 5 �L of 10 mM AgNO3

(Fluka) solution under magnetic stirring at room tempera-
ture (Table I). The solution was left undisturbed for 12 h.10

The resulting suspensions were placed in dialysis during
3 days at 40 �C to remove excess CTAB. Afterwards, the
suspensions were centrifuged at 4000 rpm during 30 min,
and the supernatant was removed. Au NPs were washed
with 5 mL of isopropanol and re-centrifuged at the same
conditions. Finally, Au NPs were re-dispersed in 5 mL of
DI water.

3. CHARACTERIZATION
UV-Vis absorption spectra of Au NPs were obtained
using a Thermo Scientific GENESYS 10S ultraviolet-
visible (UV-vis) spectrophotometer. Each spectrum was
measured in the 300–1000 nm range. Transmission elec-
tron microscopy (TEM) images were acquired with a
JEOL JEM-2010. For its study, the samples were prepared
by placing one drop of a dilute suspension of Au NPs onto
a carbon coated copper grid and allowing the solvent to
evaporate at room temperature. Particle size was estimated
by using the Image J software.

4. RESULTS AND DISCUSSION
As was described in the experimental section, the genera-
tion of Au NPs was achieved by adding different amounts
of the seed suspension to the reaction mixture. In Table I,
it can be noticed the volume of the seed suspension that
was used to prepare the samples named S1′, S1, S2′, S2,
S3′, S3, S4′, S4. As it can be observed, the volume of
growth solution, ascorbic acid and AgNO3 were kept con-
stant. From the naked eye, the final suspensions presented
different tones of blue color (not shown here). UV-Vis

2 Adv. Sci. Eng. Med. 9, 1–5, 2017



Adame-Solorio et al. Preparation of Gold Crown-Like Nanoparticles by the Seed-Mediated Growth Method

0 200 400 600 800 1000
500

600

700

800

900

1000

spheroidal nanoparticles irradiation 
with visible laser emissionto 
induce laser heating

crown-type nanoparticles
Irradiation with NIR laser 
emissionto induce laser heating

Au seed suspension volume (µL)

C
en

ta
l w

av
el

en
gt

h 
of

 th
e 

pl
as

m
on

  b
an

d 
(n

m
)

(a)

(b)

Figure 1. UV-Vis spectra of Au NPs generated in S1, S2 and S3 (see
Table I) (a); and shift of the central wavelength of plasmon band as a
function of seed suspension volume occupied in the synthesis (b).

spectra were recorded to establish a probable shape and
size for the Au NPs generated in all the reactions.

All samples web characterized by UV-Vis spectroscopy.
UV-Vis spectra for S1, S2, and S3 samples are shown in
Figure 1(a) as representative examples of the optical prop-
erties of Au NPs suspensions. As one can observe, for
sample S1 a narrow peak appears with a maximum absorp-
tion peak at �max = 560 nm. This maximum corresponds
to the SPR of the Au NPs. The fact that the peak is narrow
and symmetrical implies that particles size distribution is
also narrow. Since only one peak is observed, it can be
assumed that Au NPs are spherical or spheroidal.10 When
analyzing the UV-Vis spectrum for S2 two maxima absorp-
tion peaks appear at �max1 = 570 nm and �max2 = 690 nm.
The maxima are not separated enough to confirm a rod-
like morphology. In the literature, this kind of response
has been observed for nanoprism, nanostars, octahedral,
jack-shaped, and aggregated nanoparticles.12�13 For S3 UV-
Vis spectra, only one band is present at �max = 800 nm.

Figure 2. TEM images of samples: S1 (nanospheroids). The scale
bar is 20 nm (a) and 200 nm (b); particle size distribution is also
shown (c).

It is extremely broad, which could be explained by var-
ious reasons. Particles size distribution could be broad
and a heterogenous morphology of Au NPs could be
present.
In Figure 1(b), it can be seen the shift of the central

wavelength of the plasmon band as a function of the seed
suspension volume used in the preparation of Au NPs. As
it can be observed, the central band positions and the spec-
tral form of the band depend on seed suspension volume.
Then this parameter lets to control the optical properties
of the Au NPs suspensions.
Figures 2 and 3 show the TEM images corresponding to

S1, and S2 samples, respectively. It can observed that the
shape in each case is different. The nanoparticles for the
S1 sample are spheroids with an average particle size (d)
of 24± 6 nm, while in the S2 sample have a crown-like
morphology with d = 60± 14 nm. Considering the parti-
cle synthetic conditions, it can be assumed that the aver-
age particle size increased with decreasing seed volume.
Hence, given that the other reaction reagents and reaction
conditions remained constant, it can be established that
size and shape of Au NPs can be controlled by solely
varying the seed volume of Au suspension in the reac-
tion mixture. The increment in average particle size growth
may be explained as follows. Au seed amount is lower
in the reaction of S2 than for S1. Hence, fewer seeds are
present in the reaction mixture that can consume the Au
precursor present in the growth reaction mixture; allow-
ing particles become bigger. On the other hand, in reac-
tion of S1 the seed amount is higher and the amount of
gold precursor is the same in all reactions. Due to this,
the ratio between seed amount and gold precursor is lower
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Figure 3. TEM images of samples: S2 (nanocrowns). The scale bar is
20 nm (a) and 200 nm (b); particle size distribution is also shown (c).

than for S2, resulting in a reduced increase in particle
size.
On the other hand, as it was mentioned, particle mor-

phology change is interesting. For cancer photothermal
therapy applications the optical absorptions features of Au
NPs are very important. For example, Mendoza-Nava H.
has studied the laser heating induced in Au nanospheres
functionalized with octreotide.21 Thanks to the plasmon of
spherical nanoparticles (see the optical absorption spec-
trum), they utilized a Nd-YAG laser emitting in 532 nm
(green light) to perform their laser irradiation experiments.
They conclude that the system presented properties suit-
able for plasmonic photothermal therapy in the treatment
of cervical cancer.22 For these applications, the optical
properties of our Au NPs (nanocrown-like particles, see
Fig. 1(b)) becomes relevant because one can perform
experiments of laser heating with lasers emitting in the
NIR window range (700 to 900 nm). In this interval water
and hemoglobin are quite transparent and the Au NPs gives
the optical absorption.22

The change in morphology is in function of several
parameters. The shape and structure of the initial seeds
and the composition of the growth solution are factors that
play a crucial role for the development of anisotropic NPs.
CTAB is used as a stabilizing agent to control the growth
of anisotropic shape.18 According to Kawamura, acetone
and cyclohexane also play an important role.23 Acetone
brings the length of branches to increase, while cyclohex-
ane causes the Au NPs shape branches to round.
Considering all the above data generated by optical

characterization, the UV-Vis spectra show the character-
istic SPR properties. The prepared anisotropic particles
present a red shift in the UV-Vis spectra due to increase in

particle size. The SPR can be attributed to the collective
oscillation of free electrons at the gold particle surface. For
this kind of morphology, the frequency of the oscillation
reduces and spreads because of the preferential accumu-
lation of surface charges at the corners. Hence, the peak
absorptions present in the long wave region are due to the
resonance coming from the sharp apices of the branches.23

5. CONCLUSIONS
We have successfully prepared spheroidal and crown-like
nanoparticles by the seed-mediated growth method. Due to
their morphology and size, these type of gold nanoparticles
present optical properties, which can be controlled varying
the seed suspension volume. The position of plasmon band
can be tuned in the Vis-NIR range. Therefore, these Au
crowns-like nanoparticles could have potential applications
in photo thermal therapy, solar cells, SERS and so on.

Acknowledgments: The authors will like to acknowl-
edge the Mexican National Council of Science of Tech-
nology (CONACyT) for the scholarship provided, as well
as for the infrastructure project no. 252496. We thank
Dr. Gladis J. Labrada-Delgado for use the use of equip-
ment at National Laboratory in Nanoscience and Nano-
technology (LINAN, IPICyT), Dr. Abel Moreno (Instituto
de Química-UNAM). We also thank academic techni-
cians Alejandra Nunez-Pineda, and Lizbeth Triana-Cruz
for TGA analysis at CCIQS UAEM-UNAM.

References and Notes
1. H. S. Nalwa (Ed.), Encyclopedia of Nanoscience and Nanotech-

nology, American Scientific Publishers, Los Angeles, CA (2004),
Vols. 1–10.

2. S. Paul, C. Pearson, A. Molloy, M. A. Cousins, M. Green,
S. Kolliopoulou, P. Dimitrakis, P. Normand, D. Tsoukalas, and M. C.
Petty, Nano Lett. 3, 533 (2003).

3. R. Elghanian, J. Storhoff, R. Mucic, R. Letsinger, and C. Mirkin,
Science 277, 1078 (1997).

4. X. Huang and M. El-Sayed, J. Am. Chem. Soc. 1, 13 (2013).
5. M. Haruta and M. Date, Appl. Catal. A Gen. 222, 427 (2001).
6. P. Jain, I. El-Sayed, and M. El-Sayed, Nanotoday 2, 16 (2007).
7. X. Wang, S. Xu, J. Zhou, and W. Xu, J. Colloid Interface Sci. 348, 24

(2010).
8. P. Zhao, N. Li, and D. Astruc, Coord. Chem. Rev. 257, 638 (2013).
9. P. R. Sajnal, T. S. Sreepasad, A. K. Samal, and T. Pradeep, Nano

Rev. 2, 5883 (2011).
10. N. Jana, L. Gearheart, and C. Murphy, Adv. Mater. 13, 1389 (2001).
11. B. Nikoobakht and M. El-Sayed, Chem. Mater. 15, 1957 (2010).
12. C. Zapata-Urzúa, M. Pérez-Ortiz, G. A. Acosta, J. Mendoza,

L. Yedra, S. Estradé, A. Álvarez-Lueje, L. J. Núñez-Vergara,
R. Lavilla, F. Albericio, and M. Kogan, J. Coll. Interf. Sci. 453, 260
(2015).

13. S. Sangaru, S. Bhargava, and M. Sastry, J. Nanosci. Nanotechnol.
5, 1721 (2005).

14. D. Senapati, A. Singh, and P. Ray, Chem. Phys. Letts. 487, 88 (2010).
15. P. Muhlschlegel, H. J. Eisler, O. J. F. Martin, B. Hecht, and D. W.

Pohl, Science 308, 1607 (2005).
16. S. K. Gosh and T. Pal, Chem. Rev. 104, 293 (2004).
17. M. Notarianni, K. Vernon, A. Chou, M. Aljada, J. Liu, and N. Motta,

Solar Energy 106, 23 (2014).

4 Adv. Sci. Eng. Med. 9, 1–5, 2017



Adame-Solorio et al. Preparation of Gold Crown-Like Nanoparticles by the Seed-Mediated Growth Method

18. Z. C. Canbek, Crystal Engineering of Anisotropic Gold Nanopar-
ticles Through Modulation of Seed Size and Crystal Structure,
Theoretical and/or Physical Chemistry [dissertation], Versailles (Fr):
Univeristé de Versailles-Saint Quentin en Yvelines (2014).

19. E. Hao, R. C. Baily, G. C. Schatz, J. T. Hupp, and S. Li, Nano Lett.
4, 327 (2004).

20. P. Zhao, N. Li, and D. Astruc, Angew. Chem. Int. Ed. 53, 1756
(2014).

21. H. Mendoza-Nava, G. Ferro-Flores, B. Ocampo-García, J. Serment-
Guerrero, C. Santos-Cuevas, N. Jiménez-Mancilla, M. Luna
Gutiérrez, and M. A. Camacho-López, Photomed. Laser. Surg. 31, 17
(2012).

22. E. G. Graham, C. M. Macneill, and N. H. Levi-Polyachenko, Nano
Life 3, 1330002 (2013).

23. G. Kawamura, Y. Yang, K. Fukuda, and M. Nogami, Mater. Chem.
Phys. 115, 229 (2009).

Received: 2 March 2017. Accepted: 12 May 2017.

Adv. Sci. Eng. Med. 9, 1–5, 2017 5


