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1. Introduction

Nanoparticles are utilized for several applications in science, engineering and
medicine. Nanoparticles are synthesized by chemical methods, biological me-
thods and ball milling procedures. All these methods result in additional prod-
ucts as well as nanomaterials with various sizes and shapes. There are many new
reports about the synthesis and characterization of nanoparticles. Silicon dioxide
(Si0,) nanoparticles composites were synthesized using ultrasonic irradiation
method [1]. Poly(ortho-toluidine)-Metal (Gold and Palladium) composite na-
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nospheres were synthesized by the reaction between Au or Pd colloidal solution
with o-toluidine [2]. Graphene quantum dots were prepared by combining ul-
trasonic method along with chemical activation by potassium hydroxide [3]. Ti-
tanium dioxide nanofibres in the size range of 30 - 50 nm in diameter were de-
veloped by electrospinning process and structural changes were performed using
organo-silane agents by a coupling reaction and grafted with carbohydrate mo-
lecules [4]. Silver nanoparticles coated with Titanium dioxide nanofiber compo-
sites were developed by a novel chemical method. Titanium dioxide nanofibres
were dispersed in silver salt solution by ultrasonification, followed by addition of
reducing agent to prepare composite [5]. Thus many methods developed for
synthesis of nanoparticles involve chemicals or biologicals as starting materials.
Therefore purification of nanoparticle is mandatory to utilize them for various
applications. In the present study, liquid chromatography is demonstrated as a
tool to purify the nanoparticles. Monolayer protected gold nanoclusters were
characterized using high performance liquid chromatography [6] in one of the
reports. Otherwise, studies were not performed routinely using liquid chroma-
tography to characterize nanoparticles.

Understanding and dealing with size range of 1 - 100 nanometers is termed as
nanotechnology [7]. Gold and Silver nanoparticles have been in use for a long
time for various applications such as painting and decorative coloring. Nanopar-
ticles were also used for engineering applications and biomedical applications
[8] [9]. Gold and Silver nanoparticles also possess antibacterial properties and
medical applications [10]. Gold and Silver are inert metals and therefore, suita-
ble for biological and medical applications [10] [11] [12]. Properties of a metal
are altered drastically from bulk to micro and nanometer size range [13] [14]
[15]. Gold and silver are metals and therefore not soluble in solvents, whereas
nanoparticles are extensively soluble in solvents. Hence, size of the particle plays
an important role to decide the function and applications of nanomaterials. Ap-
plications of nanomaterials are due to its chemical and physical properties. Opt-
ical properties of various sizes of nanoparticles are due to its absorption at defi-
nite wavelength of light resulting in particular color. Gold is a yellowish metal,
but gold nanoparticles have colors ranging from light pink to dark red depend-
ing on its size. This optical property of nanoparticles was exploited by
UV-Visible spectroscopy to confirm a nanoparticle corresponding to a particular
size [16]. Transmission electron microscope is used to understand the size of the
particles, infrared spectroscopy and mass spectrometry to observe the molecular
changes and powder x-ray diffraction to know the size and crystalline nature of
the samples [17] [18] [19].

In the present study, liquid chromatography with photo diode array detector
is employed to identify the nanoparticle and also to purify the nanoparticle.
Synthesis or biosynthesis of nanoparticles as well as coated nanoparticles could
consist of pure nanoparticles, biosurfactant stabilized nanoparticles and biosur-

factants, therefore chromatography is essential to purify the nanoparticles [20].
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Column chromatographies with single quardupole mass spectrometers are ex-
tensively used in the field of pharmaceutical chemistry to characterize pharma-
ceutical drugs and metabolites [21] [22]. Similarly liquid chromatography hy-
phenated with tandem mass spectrometry was utilized to characterize pharma-
ceutical drugs and its metabolites [23] [24] [25]. Pesticides in food industry,
pollutants in environment and many medical applications were achieved utiliz-
ing liquid chromatography and mass spectrometry. Nanomaterials were also
used in pharmaceutical industry for drug discovery and development [26].
Therefore, purification and characterization of nanomaterials by simple tech-

nique is essential.

2. Materials and Methods
2.1. Materials

Gold nanoparticle, 100 nm in size (CAS no: 742031) and gold auric chloride
(CAS no: 27988-77-8) were purchased from Sigma Aldrich, St. Louis, MO, USA.
Solvents Acetonitrile and Methanol were purchased from Sigma Aldrich, St.
Louis, MO, USA. Deionized water is produced using Millipore system, Merck,
USA. Thermo hypersil gold C18 column was purchased from Thermo Fischer
Scientific, USA.

2.2. Chromatography Conditions

The HPLC system used for the study was Shimadzu Prominence liquid chroma-
tography (Shimadzu, Kyoto, Japan) equipped with LC-20 AD pump, SIL-20 AC
injector valve with sample holder, C10-10AS column holder with oven, DGu-20
AS degasser, LC-20 AD pump and SPD M20A photo diode array detector. The
HPLC column used was C18 column with 150 mm X 5 mm i.d, consisting of 5
micron particles of C18 packing material. The quantification of peaks was per-
formed using LC-Quant software associated with the Shimadzu HPLC instru-
ment. Gradient mobile phase conditions were used for acetonitrile/water; me-
thanol/water and acetonitrile/water systems. Appropriate solvent system was
chosen based on the gradient method. From the gradient method Acetoni-
trile/Water system with 70:30 ratio was identified as the ideal mobile phase con-
dition to analyze the sample. Acetonitrile/Water system with 70:30 ratio was
employed to identify gold auric chloride and gold nanoparticles. Ten microliter
of the sample was injected for the analysis and oven temperature of the column

was maintained at 40 degrees.

2.3. UV-Vis Spectroscopy

Ultraviolet-Visible (UV-Vis) spectroscopy is performed for the procured gold
nanoparticles using Thermo UV-Vis instrument. Gold nanoparticles of 100 nm
size were dispersed in citrate buffer. Samples were analyzed directly and the wa-
velength assigned for 100 nm gold nanoparticles dispersed in buffer specified by
Sigma Aldrich was observed. Quality of the purchased gold nanoparticle was
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confirmed based on UV-Vis spectroscopic studies.

3. Results and Discussion

UV-Vis spectroscopy is performed for the procured gold nanoparticles with 100
nm size. Gold nanoparticles were observed at a wavelength of 564 nm as shown
in Figure 1. Gold nanoparticles were reddish pink in colour and observed wave-
length as recommended by the vendor Sigma Aldrich signifies the stability of the
gold nanoparticles. Gold nanoparticles exhibit a characteristic optical property
as surface plasmon resonance that arises due to the interaction of incident light
with a specific wavelength upon the collective oscillation of electrons in the
conduction band of gold nanoparticles. Size of the nanaoparticle and wavelength
of incident light has direct correlation [27]. It has been confirmed that UV-Vis
band shifts to higher wavelength as the size of the nanoparticle increases. In the
present study, the observed band around 560 nm corresponds to 100 nm particle
size. The observed band around 560 nm could be due to the aggregation of gold
nanoparticles or aggregation of citrate molecules over the gold nanoparticles.
One of the recent reports suggests janus structure that exist in gold nanoparticles
could influence the aggregation behavior of nanoparticles [28].

Liquid chromatography is demonstrated as an important tool to purify and
characterize gold nanoparticles. Gold nanoparticles and gold nanoparticles
coated with various biological samples were synthesized from gold auric chloride
as the starting material. Gold nanoparticles with various ligands are generally
obtained using gold auric chloride and ligand in the presence of reducing agents.
Hence, Gold auric chloride could be a possible contaminant in the gold nano-
particle samples. Liquid chromatography method has been developed for both
gold auric chloride and gold nanoparticle. Gold auric chloride elutes at the re-
tention time of 2 min and gold nanoparticle elutes at the retention time of 2.7

min as shown in Figure 2 and Figure 3.
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Figure 1. UV-Vis Spectrum of 100 nm Gold nanoparticle dispersed in buffer. Broad band
observed at 564 nm is characteristic of 100 nm gold nanoparticle.
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Figure 2. High performance liquid chromatography of gold auric chloride. Gold auric
chloride (labeled) elutes at the retention time of 2 min. Co eluting minor peak at 1.8 min
could be an impurity from buffer.
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Figure 3. High performance liquid chromatography of 100 nm gold nanoparticle. Gold
nanoparticle with 100 nm in size elutes at the retention time of 2.8 min. Peaks eluting
between retention time of 3 to 4 min could be due to residues in the sample.

Additional peaks observed in the nanoparticle sample could be due to the ci-
trate buffer used to disperse the nanoparticle. Both gold auric chloride and gold
nanoparticle with size range of 100 nm elutes at different retention time and
hence, it suggests that high performance liquid chromatography can be used to
purify the gold nanoparticles and scale up the nanoparticles in high quantity.
Method developed in the current analytical HPLC, if replicated in preparative
HPLC gold nanoparticles can be purified and obtained in high quantity.

Most of the previous reports have utilized only UV-Vis spectroscopy to con-
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firm the nanoparticle based on wavelength. The present study using liquid
chromatography confirms the utility of HPLC as both purification and characte-
rization tool for nanoparticles. In one of the previous study [20], monolayer
protected gold clusters were studied using liquid chromatography. Gold nano-
particles protected with hexane thiolate ligands were separated from mixed mo-
nolayers of hexanethiolate and mercaptoundecanoic acid using reverse phase C8
column under the mobile phase condition of 6:1 acetone/toluene at a flow rate of
1 ml/min [20]. In this reported study, gold clusters were separated based on its
size and small clusters eluted first followed by medium sized and large clusters.
Elution of gold clusters also depended on stationary phase and mobile phase
used.

Similarly in the present study, interaction between gold nanaoparticles of 100
nm size and gold auric chloride with stationary phase (ie. C18 column) and
mobile phase (water and acetonitrile) decides the retention time and purifica-
tion. Gold auric chloride is more polar and elutes faster at retention time 2 min
(Figure 2) than that of gold nanoparticle in the size range of 100 nm that elutes
at the retention time of 2.8 min (Figure 3). This difference in retention time
between gold auric chloride and gold nanoparticle is significant enough to purify
the nanoparticles from the starting material. Intensity of the gold auric chloride
and gold nanoparticle confirms the recovery of the sample and hence the devel-
oped method could be utilized to quantify the nanoparticles and gold chloride
with precision. Thus liquid chromatography proves to be an important technol-

ogy to purify and characterize nanoparticles.

4. Conclusion and Future Perspectives

Method has been developed to purify and characterize nanoparticles using liquid
chromatography. Standard nanoparticle of size 100 nm was used to test the me-
thod. Same method is applicable for gold auric chloride that is generally used to
synthesize gold nanoparticles. Gold nanoparticle and gold auric chloride elute at
different retention times, thus the method is suitable to purify the nanoparticle
from starting material and also from impurities in the buffers to preserve the
nanomaterials. Transferring the method from current analytical HPLC to pre-
parative HPLC could help in scaling up the product in high yield with great pur-
ity. Apart from this application in the present study, liquid chromatography can
also be utilized to purify nanomaterials obtained from silver, copper, zinc, tita-
nium, iron and alloys. Liquid chromatography interfaced with mass spectrome-
try can be utilized to identify and quantify the mass of the purified nanomate-
rials and also the possible structure. Thus purified nanomaterials derived from
various metals will be highly beneficial for biomedical scientists and engineers to

develop products of high quality that are safe to be utilized in many applications.
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