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A B S T R A C T

Curcumin being biologically available and non-toxic natural compound is an attractive and alternative green
reagent for the reduction of gold salts to elemental gold. Here, we bring new insight that shape and size of the Au
nanoparticles (NPs) can be tuned by using curcumin in combination with supramolecular host molecule such as
curcubit[7]uril (CB[7]) as stabilizing agent. It is found that AuNPs prepared using curcumin alone in aqueous
environment gives spherical and smaller size, 10–20 nm, particles with its surface Plasmon resonance peak at
∼536 nm. At the same time when CB[7] is used as a capping agent along with curcumin, larger size NPs and at
higher concentration (∼50 μM) of CB[7] Au nanorods (NRs) are formed with a broad surface Plasmon resonance
spectrum peaked at ∼610 nm. Thus, CB[7] at higher concentration ultimately helps to form Au NRs. Formation
of AuNPs and AuNRs has been confirmed by XRD and conjugation of CB[7] and curcumin is established by FT-IR
and TGA data. However, these particles aggregate in solution to form particles between 200 nm and 300 nm with
a polydispersity of 0.25 as observed in DLS. Zeta potential measurement indicates formation of stable nano-
particles/nanorods without further precipitation within time. Kinetic study shows that the half-life for the for-
mation of AuNP/NRs is ∼36min, whereas degradation of curcumin during synthesis has a half-life of ∼10min,
this discrepancy suggests some amount of curcumin degrades on its own during this process besides acting as
reducing agent.
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1. Introduction

Gold nanoparticles are categorized depending on the shapes.
Nanospheres, nanorods, nanowires, nanoshells, nanocages etc. have
been widely employed in bio-nanotechnology based on their unique
properties and multiple surface functionalities [1–4]. To control the
shape and size, synthesis techniques are continuously getting developed
for many years. Au nanospheres/nanowires can be easily synthesized
by reducing aqueous tetrachloroauric (III) acid trihydrate (HAuCl4)
solution using reducing agents under different parameters and condi-
tions [5,6]. Au nanorods synthesis can also be performed using elec-
trochemical deposition of Au within the pores of nanoporous poly-
carbonate or alumina membranes [7]. Au nanoshells are referred as a
type of spherical nanoparticle with a dielectric core which is covered by
a thin metallic shell [8] whereas Au nanocages are based on the gal-
vanic replacement reaction of truncated silver nanocubes and aqueous
HAuCL4 [9]. Gold nanoparticles are characterized by their small dia-
meter with large surface-to-volume ratio, unique physical and chemical
properties that can be changed according to requirements of size,
composition and shape. In addition AuNPs present high robustness and
quantitative and qualitative target binding properties [10].

In contrast to the host–guest chemistry of α-, β-, and γ cyclodextrin
which has developed steadily over the past century, the supramolecular
chemistry of curcubit[6]uril, (CB[6]) only began to develop in the
1980s and 1990s [11]. Interest in the CB[n] family has increased dra-
matically leading to the preparation of four new CB[n] homologues (CB
[5], CB[7], CB[8], and CB[10]) by the research groups of Kim and Day
[12,13]. CBs are very useful building blocks in the preparation of na-
nomaterials. Therefore, numerous studies on the host–guest chemistry
of CB homologues and their recognition properties were published
[11,14,15]. CBs present two identical portals decorated with partially
negatively charged carbonyl groups and rigid symmetrical structures,
leaving them as a unique capping agents to stabilize the gold nano-
particles in the aqueous solutions [16]. Corma et al. were the first to
provide the synthesis of CB-containing gold nanoparticles [17]. Pre-
mkumar et al. reported the formation of water dispersible gold nano-
particles in the presence of CB[7] without using any capping agent
[18]. Lee et al. have prepared CB [5] capped gold nanoparticles by
reducing HAuCL4 with NaBH4 in the presence of various amounts of CB
[5] [19]. Biosynthesis of gold nanoparticles with extract of plants in-
cluding curcumin [6,20,21], lemongrass [22], aloevera [23] and ta-
marind leaf [24] has been developed frequently. Curcumin, a poly-
phenol derived from turmeric plant, is widely used in medicinal
application and food preparation in south-east Asia, China and India
[25]. In order to increase the bioavailability of curcumin, different
methods have been used for conjugation of curcumin to nanoparticles,
particularly, in aqueous media that improve its activity, half-life and
stability [25]. In this paper we have developed a new one pot green
synthesis method of gold nanoparticles facilitated by curcumin as re-
ducing agent and cucurbit [7] uril as a capping and stabilizing agent.
The procedure is green because it uses non-toxic spice, curcumin, and
avoids toxic chemicals and harmful solvents during reduction reaction
for the preparation of gold nanoparticles. Kinetics and thermodynamics
during synthesis of curcumin mediated curcubit[7]uril capped gold
nanoparticles have been investigated.

2. Materials and methods

2.1. Materials

Tetrachloroauric (III) acid trihydrate (HAuCl4) was obtained from
Acros. Curcumin and cucurbit[7]uril were purchased from Sigma Al-
drich. All the chemicals were used without further purification and
dissolved in double distilled water except that stock of curcumin (re-
ceived from Sigma Aldrich) was prepared in methanol.

2.2. Synthesis of stabilized cucuribit[7]uril gold nanoparticles/rods

The synthesis was carried out in basic aqueous media since cucurbit
[7]uril is insoluble in double distilled water. First of all, 50 μM of CB[7]
were dissolved in 1mL NaOH solution then 14mL of double distilled
water were added and left for 15min at 45 °C. Second of all, 1 mM of
HAuCl4 dissolved in 15mL of double distilled water was added. Cur-
cumin at 10mM was mixed to the solution at the end. To finalize and to
precipitate the gold, the final solution was centrifuged at 15,000 rpm
for 25min at 35 °C.

2.3. Characterization and spectroscopic analysis

Scanning electron microscopy (SEM) analysis was done using
Tescan, Vega 3 LMU with Oxford EDX detector (Inca XmaW20). Briefly,
few drops of gold solution were settled on an aluminum stub and coated
with carbon conductive adhesive tape. Zeta potential value and particle
size distribution were measured using Particulate systems, NanoPlus
Zeta Potential/Nano Particle analyzer. The absorption spectra were
recorded at room temperature using a JASCO V-570 UV–VIS–NIR
spectrophotometer. The synchronous fluorescence measurements were
documented with resolution increment 1 nm and slit 5 nm using Jobin-
Yvon-Horiba Fluorolog III fluorometer and the FluorEssence program.
The excitation source was a 100W Xenon lamp, and the detector used
was R-928 operating at a voltage of 950 V. To record resonance
Rayleigh scattering spectrum, synchronous fluorescence scan was
measured using the same instrument by keeping the excitation and
emission wavelength interval at 0 nm. Synchronous fluorescence scan
measurement was carried out in suspension of gold nanoparticles using
a 10mm cuvette at 90° sample geometry.

Thermogravimetric Analysis (TGA) was done using a Netzsch TGA
209 in the temperature range 30–800 °Cwith an increment of 10 °C/
min in a N2atmosphere. The X-Ray diffraction (XRD) data were col-
lected using a Bruker d8 discover X-Ray diffractometer equipped with
Cu-Kα radiation (λ=1.5405 Å). The monochromator used was
Johansson Type. The step size was 0.02 s and the scan rate was 20 s per
step.

3. Results and discussion

Gold nanoparticles/nanorods were prepared through one pot green
synthesis mixing HAuCL4 with cucurbit[7]uril and curcumin in aqueous
media. To demonstrate the role of CB[7] and curcumin as surfactant/
stabilizing and reducing agent respectively, two different experiments
were carried out with/without curcumin. The difference between the
two experiments was obvious as is noticed in Fig. 1A & B. In fact, after
24 h, in both cases, with and without curcumin, AuNPs/AuNRs were
formed and this was observed from the color change of the solution.
Hence, the difference was remarkable as in the absence of curcumin the
color was slightly changed, whereas in the presence of curcumin the
color turned from orange to dark grey (Fig. 1A). The color change was
later on confirmed by centrifuging, where in absence of curcumin small
amount of AuNPs was precipitated (Fig. 1B). Hence, it can be deduced
that the carbonyl groups in CB[7] contribute to the formation of stable
host-guest inclusion complexes with HAuCl4; therefore, CB[7] presents
high affinity inducing stable AuNPs reduced by curcumin. This stabi-
lizing effect was verified by Gürbüz et al. where they had indicated that
CBs act as a capping agent to stabilize the gold nanoparticles in the
aqueous solutions [16]. The resulted AuNPs were monitored by Re-
sonance Rayleigh Scattering (RRS) and UV–vis absorption spectra. The
RRS spectrum was measured by applying synchronous fluorescence
spectroscopy (SFS) by keeping the wavelength interval (Δλ) at 0 nm.
The resulted spectrum is depicted in Fig. 2A. For the formed AuNPs,
three peaks were obtained; two major SPR peak at ∼435 nm and at
∼550 nm and a minor peak at ∼380 nm. The UV–vis absorption
spectrum for gold nanoparticles is shown in Fig. 2B. The absorption
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spectrum for AuNPs is characterized by a broad band in the visible
region with a surface SPR peak at∼610 nm. Abdulwahab et al.[26] had
demonstrated that the sharp peaks indicate the formation of spherical
nanoparticles. To identify the shape of the formed gold nanoparticles,
SEM technique was applied. The images were shown in Fig. 3A & B. It
can be seen from the images that Au nanoparticles are little bit sphe-
rical in shape (10–20 nm) with smooth surface in addition to the for-
mation of Au nanorods which explain the broadness of the peak. The
formation of AuNPs/AuNRs was verified by EDX analysis, where EDX
spectrum demonstrated the presence of Au peaks and carbon peak as
expected due to capping of cucurbituril/curcumin (see Fig. 3).

By varying the cavity size of the CBs and their ability to accom-
modate more than one guest in their cavity, the rigid symmetrical
structure allowed the preparation of different shape of nanometals such
as nanoparticles, nanocomposites, vesicles and rods [16]. This hy-
pothesis was confirmed while studying the effect of CB[6] on the par-
ticle size. It was observed that CB[6] produced larger particles (shown
in Fig. 3D) compared to presence of CB[7]. Subsequently, effect of
concentration of CB[7] was investigated for which five different con-
centrations of 0, 5, 10, 25 and 50 μM were studied and the results are
described below.

The RRS spectra of CB[7] stabilized AuNPs/AuNRs prepared at
different concentration of CB[7] is depicted in Fig. 4A. For all the
concentrations, the formed AuNPs/AuNRs gave two major SPR peaks,

at∼435 nm and at∼550 nm with a minor peak at∼380 nm. However,
increasing the concentration of CB[7] during synthesis enhanced the
intensity of the SPR peak. Hence, for 50 μM the highest intensity was
obtained. Remarkable difference was obtained when UV–vis spectra
were measured. As is seen in Fig. 4B, in the absence of CB[7], a clear
and sharp peak was obtained at ∼536 nm. However, in the presence of
low concentration (5 and 10 μM) of CB[7], the absorbance at ∼536 nm
started decreasing and a new peak started appearing at ∼610 nm.
Further increase in CB[7] concentration (to 25 and 50 μM) during
synthesis of AuNPs, gave a broad spectrum peaked at ∼610 nm. This
shift is the cause of the formation of different shape and size of AuNPs/
AuNRs. Hence, this was verified by SEM images depicted in Fig. 5A–E.
It is clear that, while increasing the concentration of CB[7] during
synthesis, bigger particles are being formed to get finally rods shape in
the addition of the spherical one. The broadness and shift in the ab-
sorption peak is due to rod shape of the AuNPs.

The effective diameter of the Au nanaoparticles/nanorods obtained
from DLS measurement was between 200 nm and 300 nm with a
polydispersity of 0.25 (see Fig. 6A). Hence, when compared with the
SEM images, the higher estimated size distribution in DLS analysis
could be referred to the aggregation of the particles in the solution. For
charge stabilized particles, the zeta potential is a measure of the par-
ticle’s stability. It is a key parameter that reflects the stability of sus-
pension since it will make a repulsive force, keeping the gold

Fig. 1. Color change of the solution after 24 h (A) and quantity of precipitated gold nanoparticles after centrifuging (B) with/without curcumin.

Fig. 2. Synchronous fluorescence spectra at Δλ=0nm (A) and UV–vis spectra (B) of cucurbit [7] uril and curcumin functionalized Au nanoparticles/nanorods.
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nanoparticles away from each other, which offers a high stability of
suspension. In fact, nanoparticles with zeta potentials value>20mV
or<−20mV have sufficient electrostatic repulsion to remain stable in
solution [27]. Fig. 6B shows the zeta potential measurement of the
prepared gold nanoparticles. The result revealed that the value of the
zeta potential of the AuNPs/AuNRs is −23.63mV. This value is less
than −20mV verifying the formation of stable nanoparticles/nanorods
without further precipitation within time.

The X-ray diffraction pattern was used to analyze the structure of

the Au nanoparticles/nanorods. The diffractograms of the prepared
AuNPs/AuNRs, cucurbit[7]uril and curcumin is depicted in Fig. 7. XRD
analysis showed four distinct diffraction peaks at 38.2°, 44.6°, 64.6° and
77.5° which indexed the plans 111, 200, 220 and 311 of the cubic face-
centered gold. In fact, one sharp peak and another broad one at 14° and
23° respectively [28,29] belonging to CB[7] appear in the pattern in-
dicating that AuNPs/AuNRs are stabilized and protected by CB[7]
methylene group. As for the curcumin, the characteristics peaks ap-
peared at diffraction angles of 2Ө equal to 8.06°, 9.14°, 12.37°, 15.06°

Fig. 3. SEM images of cucurbit [7] uril and curcumin functionalized gold nanoparticles (A), nanorods (B) and (C) corresponding EDX for the formed particles. (D)
SEM image of cucurbit [6] uril and curcumin functionalized gold nanoparticles.

Fig. 4. Synchronous fluorescence spectra at Δλ=0nm (A) and UV–vis spectra (B) of cucurbit [7] uril and curcumin functionalized gold nanoparticles prepared at
different concentrations of cucurbit [7] uril.
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Fig. 5. SEM images of cucurbit [7] uril and curcumin functionalized gold nanoparticles prepared at different concentration of cucurbit[7]uril: (A) C=1 0 μM; (B)
C=5 μM; (C) C= 10 μM; (D) C= 25 μM and (F) C=50 μM.
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and 17.75° indicating that curcumin is present in the crystalline form.
Yet, it is found that the relative peaks of curcumin are absent in the
spectrum of AuNPs/AuNRs, which suggests that curcumin peaks are too
broadened and the XRD pattern is dominated by the structure of cur-
cubituril-AuNPs/AuNRs. To determine the binding amount of CB[7]
present in the AuNPs, the prepared CB [7]-stabilized AuNPs/AuNRs
were subjected to thermogravimetric analysis. It was found that the
amount of CB[7] was approximately 25%. The TG curve of CB[7] de-
picted in Fig. 8 also shows a continuous decomposition with almost
100% mass loss around 600 °C. This could induce the formation of in-
organic core organic hybrid structures [18]. Interestingly, no loss of
water was observed around 100 °C, which assumes that the samples
were dehydrated; thus, the AuNPs/AuNRs that were formed are stable.

The kinetics growth of the AuNPs/AuNRs was determined in two
different ways, either by measuring the absorbance of AuNPs/AuNRs
formed through following the synthesis by stopping the reaction in a
given time interval and separating the AuNPs/AuNRs after centrifuga-
tion, or by monitoring the absorbance of curcumin in the reaction
mixture before centrifugation. During the growth interval of AuNPs/
AuNRs, the LSPR peak in the UV–vis spectrum was found to be
∼610 nm (See Fig. 9A) at t= 10min and it remained constant till end
of the reaction. However, the absorbance at ∼610 nm increased till
t = 40min and then remained constant till t= 120min. The change in
absorbance of AuNRs with time during synthesis is plotted in Fig. 9B.
The estimated rate constant for the formation of AuNRs in this case was
estimated as 0.019min−1, which gave a half-life value of 36min. For
the depletion of the curcumin concentration, the change of the absor-
bance during time was monitored at 425 nm. The absorbance of cur-
cumin decreased remarkably with the formation of AuNRs and satu-
rated after 10min (See Fig. 9C). The rate of reduction in curcumin
absorbance during the synthesis is depicted in Fig. 9D, where it is found
that the rate constant for the depletion of curcumin concentration equal
to 0.0693min−1 with a half-life value of 10min. The difference in the
rate constant of AuNRs and the rate of depletion of curcumin could be
due attributed to the degradation of curcumin during the reaction in
alkaline media[30].

4. Conclusion

Curcumin has many pharmaceutical benefits. Earlier we have es-
tablished curcumin as an attractive and alternative green reagent for
the reduction of gold/silver salts to elemental gold/silver. Here it was
shown that when curcumin was applied along with CB[7] as reducing
and stabilizing agent, AuNRs are formed. Interestingly, AuNPs prepared

Fig. 6. Particle size distribution (A) and corresponding zeta potential value (B) of cucurbit [7] uril and curcumin functionalized gold nanoparticles.

Fig. 7. X-ray diffraction pattern of cucurbit [7] uril and curcumin functiona-
lized gold nanoparticles.

Fig. 8. TGA of cucurbit [7] uril and curcumin functionalized gold nanoparticles
and cucurbit [7] uril.
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using curcumin alone in aqueous environment offered spherical and
smaller size, 10–20 nm, particles. On the other hand, when the same
synthesis was carried out in the presence of CB[7], larger size NPs and
at higher concentration of CB[7] Au NRs were formed. This was clearly
evident from surface Plasmon resonance spectra in which AuNPs pre-
pared without CB[7] gave a sharp spectrum peaked at ∼536 nm and
with CB[7] showed a broad spectrum peaked at ∼610 nm. It was noted
that higher concentration (∼50 μM) of CB[7] is required to form
AuNRs. Formation of AuNPs and AuNRs were established by XRD and
conjugation of CB[7] and curcumin was confirmed by FT-IR and TGA
data. DLS suggested these particles aggregate in solution to form par-
ticles between 200 nm and 300 nm with a polydispersity of 0.25.
However, Zeta potential measurement confirmed that formation of
stable nanoparticles/nanorods without further precipitation within
time. Kinetic study proved that the half-life for the formation of AuNP/
NRs was 3.6 times higher than that of degradation of curcumin during
synthesis, which concludes that some amount of curcumin degrades on
its own during this process besides acting as reducing agent.
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