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Introduction
The study of surface and interfacial science via analytical 

techniques is a growing interest in the easy mode of 
diagnosing probe molecules adsorbed on the surface [1]. 
In that line, Raman spectroscopy is an analytical method 
that is inefficient to carry the surface analysis employing 
their weak cross-sectional scattering until the discovery of 
Surface-Enhanced Raman Scattering (SERS) in late 1970s 
[2,3]. SERS creates a revolution in many fields, including 
sensor and biomedical applications [4-6]. It works, when 
the incident light hits on rough metal surface adsorbed 
on the probe molecule gets increased Raman signal in 
a few orders of magnitude [7,8]. The noble metal-based 
nanomaterials (NMs) such as Ag [9], Au [10], Pt [11], Pd 
[12], Re [13], Os [14], Ir [15], and RuO2[16] having the 
remarkable surface plasmon resonance (SPR) nature in 
the visible region. Many factors that are influencing the 
enhancement of such SERS signal mainly, wavelength, 
polarization, and incidence angle of the laser light [17-19]. 
Besides, the size and shape of nanomaterials was greatly 

provoking the SERS signal by increasing the hot-spots 
[20]. Therefore, tuning of such NMs in a controlled way of 
keeping the inter-particle gap below 5 nm (more hotspots) 
is a remarkable way of increasing the SERS signal [9]. 
To increase such hot spots in the NMs using  simple 
methods is the ultimate aim of the researchers to get a 
high enhancement factor [21-23]. Noble metals such as 
Ag, Au, and Pd has been well studied earlier [9,24], which 
are more active contenders for SERS. In that line, Rh NMs 
is a less explored material as SERS substrate for probe 
detection [25]. Thus, we have chosen Rh NPs prepared on 
bio-molecule DNA as scaffold for an active SERS substrate 
to carry the probe detection.

Owing to its wide tune ability and green nature, bio-
molecules based NMs synthesis is a growing interest 
among the scientific community [26]. In such a way, 
deoxyribonucleic acid (DNA) is a best choice of preparing 
NMs and its diameter is 2 nm and the length is 0.34 
nm [27]. Thus, it perfectly meets the same line with the 
material science [28]. Also, the double-helix structure 
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contains nucleotide base pairs of adenine (A), guanine 
(G), thymine (T) and cytosine (C) were connected by the 
hydrogen bonding [29]. The presence of functionalities 
in DNA such as phosphate groups and sugar moieties are 
more facile to accommodate metal ions via electrostatic 
interaction [30]. Therefore, fabricating closely packed 
nanomaterial to ensure more hot-spots is highly desirable 
using the biomolecule DNA [9]. In addition, the presence 
of DNA can stabilize the NMs in the aqueous solution 
over long period [15,31]. At first, the metal ion makes an 
electrostatic interaction with the negative moieties in the 
double-helix of DNA [26,32-34]. Next to this activation 
stage, the reducing agents used to convert reduce these 
metal ions to metallic state [35]. At this stage, the NMs 
starts to nucleate on the DNA over and over the surface 
like a nucleation site and forms a perfect nano-networks 
[35-38].

In this commentary, we are reporting a facile way of 
synthesising Rh nano-networks using a bio-molecular 
scaffolds such as DNA. The overall reaction took 40 min to 
complete and the synthesized Rh NPs on DNA are stable 
for long time (more than six months). Also, the observed 
nano-networks diameter was calculated to be ~ 20 nm 
and the individual particle size was below 5 nm. These Rh 
nano-networks were highly active for SERS studies for the 
probe detection of Methylene Blue (MB). The synthesis 
process is simple, reproducible, less-time consuming and 
occurs at room temperature.

Experimental Section 
Reagents and the instruments used

The materials such as Rhodium chloride (RhCl3.H2O) 
(98%) and Sodium Borohydride (NaBH4) (99%) were 
obtained from Sigma-Aldrich and used as received. 
Double stranded Deoxyribonucleic acid (DNA) (99%) from 
Herring Testes with a base pair of around 50 k has been 
received from Sigma-Aldrich and used directly for the 
preparation of stock solution. The dye molecule methylene 
blue (MB) was purchased from Qualigens Fine Chemicals 
(99%), Mumbai. Milli-Q water was used for the complete 
reactions and sample preparations. The X-ray diffraction 
(XRD) analysis was carried by using a PAN analytical 
Advanced Bragg-Brentano X-ray powder diffractometer 
(XRD) with Cu Kα radiation (λ = 0.154178 nm) with a 
scanning rate of 0.020 s-1 in the 2θ range 10-90°. The UV-
Visible absorption (UV-Vis) spectra were carried in a Unico 
(model 4802) UV-Vis-NIR spectrophotometer equipped 
with a 1 cm quartz cuvette holder mainly for liquid samples. 
The morphological studies and the HAADF color mapping 
of Rh nano-networks were carried in HR-TEM, (TecnaiTM 
G2TF20) working at an accelerating voltage of 200 kV.

Samples preparations methods for various 
characterizations

The prepared Rh nano-networks have been characterized 

using different analytical techniques such as XRD, UV-Vis, 
HR-TEM, EDS and Colour mapping analysis. The colloidal 
solution of Rh- nano-networks was directly analysed for 
the UV-Vis analysis. For HR-TEM analysis, the samples 
were prepared by drop-casting the colloidal solution of Rh 
nano-networks onto a Cu-coated carbon grid and proceed 
for slow evaporation at ambient conditions. Further, the 
characterizations such as XRD analyses was analysed using 
glass slides as substrate for the thin film preparation. The 
slides were initially processed with acetone and sonicated 
for 30 minutes. With the cleaned surface of the glass 
slides, the colloidal solution of Rh nano-networks has been 
coated by drop-casting multiple times to form thick layers. 
The prepared glass slides were used for XRD analysis. For 
SERS application, different concentrated methylene blue 
(MB) was prepared using DI water. The mixture of Rh 
nano-networks and the MB solution was coated over glass 
slide and dried at room temperature. The dried glass slides 
were further preceded for SERS analysis.

Synthesis of Rh nano-networks on bio-molecular 
DNA scaffolds

The designing of Rh nano-networks has been carried 
by simple wet-chemical method as given below in Figure 
1. The DNA stock solution was prepared preciously by 
continuous stirring of DNA powder in Milli-Q water for 12 
hours to get a clear solution (0.12 M). 

Initially, 1 ml of 0.1 M RhCl3.H2O was mixed with 4 ml 
of DNA stock solution and kept at stirring for 20 minutes 
to achieve the electrostatic interaction between Rh3+ and 
DNA solution. Further, the freshly prepared ice-cold 
solution of 0.1 M NaBH4 was added to the above mixture 
and the stirring continued for another 20 minutes. The 
orange colour appeared initially was completely turned 
to light brown at the end of the reaction. The observed 
brown colour clearly indicates the formation of Rh NPs 

Figure 1: Synthetic method of forming Rh nano-
networks on DNA.
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on DNA as nano-networks. Here, the DNA plays a crucial 
role of stabilizing the Rh NPs in the aqueous medium 
and it is stable for more than six months while keeping 
in refrigerator. In case of without DNA, following the 
same method of preparation, we have tried to stabilized 
Rh NPs in aqueous medium. Without the presence of 
DNA, the absence of electrostatic interaction makes the 
Rh NPs unstable in the aqueous solution. This can be 
explained more clearly with the photographic image of 
Rh NPs stabilized on DNA (Figure 2a) and the settled 
NPs observed in the absence of DNA (Figure 2b). The 
immediate settle down of Rh NPs was observed, thus it 
implies the importance of DNA in the preparation of stable 
colloidal solution. The prepared Rh nano-networks were 
proceeded for various characterizations.

Results and Discussion

UV-Visible analysis

The as prepared colloidal suspension of Rh nano-
networks was analyzed by X-ray diffraction (XRD) studies 
as given in our previous reports [25]. Because of the 
particle size are too small to diffract X-ray, we could not 
spot any strong diffraction pattern for Rh nano-networks. 
Only a broad hump was observed for glass substrate, which 
is used to prepare sample. 

The results from the XRD clarifies that the prepared Rh 
nano-networks were ultra-small in size. The same kind of 
XRD pattern was observed in our previous studies such 
as the preparation of Pt, Ir, Re and RuO2 nanoparticles 
[11,15,39]. Further, we used to study the interaction 
of DNA with the metal ions in the Rh nano-networks 

formation using UV-Vis spectroscopy (UV-Vis) (Figure 3). 
At first, the absorption spectra of aqueous Rh3+ shows peak 
at 224.7 nm corresponds to ligand to metal charge transfer 
(LMCT) occurs at spin complex (curve a) of [RhCl3(H2O)]. 
For only DNA, the strong absorption peak at 262 nm 
corresponds to π-π* transitions of aromatic functionalities 
present in DNA (curve b). In case of mixing both aqueous 
RhCl3 and DNA solution given in curve c shows shift in 
the absorption region from 224.7 nm to 230 nm clearly 
showing the interaction and nucleation of metal ions 
with DNA chain. Also, in curve c the presence of DNA 
absorption peak with the shift was identified. 

Moreover, the prepared Rh nano-networks were analyzed 
and shows the strong peaks at 268 nm was further 
evidenced the strong interaction of DNA with the metal 
ion (curve d) [25]. This kind of interaction was studied in 
detail previously [11,15,31].

Morphological and elemental analysis of 
the Rh NPs

After the interaction study, the structural analysis was 
carried by using high resolution transmission electron 
microscope (HR-TEM) for Rh NPs on DNA. From the high 
magnified image, we could clearly see the Rh NPs were 
formed over DNA as nano-networks were shown in Figure 
4a. We observed that the particles size of the Rh NPs as 

Figure 2: Photographic image of Rh NPs stabilized 
with DNA (a) and without DNA (b).
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Figure 3: UV-Vis absorption study of Rh nano-
networks on DNA: Curve a is the absorption peak for 
aqueous Rh3+ solution; Curve b is the absorption peak 
for aqueous DNA solution; Curve c is the absorption 
peak for the mixture of DNA and the Rh3+ solution and 
Curve d is the absorption peak for the prepared Rh 
nano-networks.
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nano-networks was below 5 nm and the chain length was 
found to be ~98 nm. Also, the inset histogram in Figure 4a 
shows the average particle size calculated were 2.2 ± 0.5 
nm for Rh nano-networks. Figure 4b shows the selected 
area electron diffraction (SAED) for Rh nano-networks 
gives only diffused ring. The reason behind this diffused 
ring was the sub-nano size of the Rh nano-networks 
which could not be able to diffract the electron beams. The 
collective results from the HR-TEM analysis portraits the 
deep interaction and the stable nano-networks formation 
of Rh NPs on DNA.

Further to identify the elemental presence, energy 
dispersive X-ray spectroscopy (EDS) from HR-TEM 
(Figure 5) has been done. The spectrum shows the presence 
of Rh, C, N, O, P and Cu for the Rh nano-networks. The 
presence of C, O, N and P are mainly from the aromatic 
base pairs, sugar moieties and phosphate groups from 
DNA. From Figure 5, the presence of Rh along with N, P, 
C and O further ensures that the as formed Rh NPs were 
congregated over DNA and gives self-assembled structures. 
In addition to the electronic and microstructural studies, 
EDS also confirms the presence of Rh NPs with DNA. The 
spectrum does not show any extra peaks which clearly 
shows the purity of the same and the copper observed was 
due to the copper grid used for HR-TEM analysis. Similar 
kind of information was obtained from the colour mapping 
carried in HR-TEM, the presence of Rh, C, P, N and O were 
present and evenly distributed over the nano-networks 
(Figure 6). Especially, the presence of Rh is particularized 

more in the marked area of HR-TEM image (Figure 6a), 
could suggest the gathering of Rh over DNA (Figure 6b). 
Also, the presence of elements in DNA conjugated with Rh 
was shown in Figure 6c-f. Overall from the characterization 
results, the Rh NPs formed on DNA were highly pure.

Figure 4: (a) High magnified HR-TEM analysis of Rh nano-networks and (b) corresponds to selected area electron 
diffraction (SAED) for Rh nano-networks.

Figure 5: Energy dispersive X-ray spectroscopy (EDS) 
of the Rh nano-networks.
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SERS applications of Rh nano-networks

After the discovery of SERS, the detection limit increased 
up to a single-molecule level. Two theories supporting the 
enhancement behaviour of these Raman signals, and one is 
Electromagnetic field theory (EMFT) and Chemical theory 
(CT). In both cases, the enhancement with this Raman 
signal was purely depends on the localized surface plasmon 
resonance (LSPR) behaviour of the noble metals. But still, 
there is no precise cut mechanism that was proposed for 
this enhancement behaviour. In the Electromagnetic field 
theory (EMFT), the incident laser light interacts with LSPR 
of the plasmonic noble metals. It generates a secondary 
electric field, thus increases the enhancement in the EMF 
of the NMs. Among these two theories, the contribution of 
signal enhancement mainly depends on EMFT (104 to 107 
orders of enhancement factor (EF)) [18]. Another critical 
factor is that the analyte molecules should strongly adsorb 
on the nanomaterial with minimal space concerning 
the particles. Thus, the closer interparticle distance 
profits the increased plasmonic resonance (10 nm) [40]. 
Another mechanism is that Chemical theory (CT), here the 
enhancement in the Raman signal purely depends on the 
charge transfer mechanism of the analyte molecules, and 
the NMs form a chemical bond between them. The effect 
and the probability of Raman signal enhancement are 
comparatively less than EMFT.

The most considered SERS substrates are Au and Ag with 
high enhancement factors and some other reports such 
as Re, Pt, and Os were studied in detail. There are very 
few reports when considering Rh as a SERS substrate for 

probe detection. In our studies, the Rh nano-networks 
were developed on DNA forms nano-networks with the 
interparticle gap of below 5 nm (Scheme 1). The nature of 
DNA with their double-helix structure offers a close pack 
network arrangement of Rh NPs over DNA (Figure 4). Thus, 
the reduced interparticle gap creates more number of hot 
spots concurrently increases the SERS signal. This cause 
an increased EM effect with increased EF. This kind of 
enhanced signal with reduced interparticle gap using DNA 
was detailed by our group for the preparation of Ag NPs 
[9]. The probe molecule we have chosen here is Methylene 
Blue (MB), which is more suitable as it fully soluble in 
aqueous medium, low cost and gives clear distinct peaks 
between 400 and 2000 cm-1. At first, we prepared various 
concentrated MBs from 10-3, 10-4, 10-5 and diluted up to 
10-6 M. In SERS analysis, 100 μl of MB and 100 μl of Rh 
nano-networks were mixed together and sonicated for 5 
minutes. Then the mixture was drop-casted over 1 × 1 cm 
glass plate and dried for over-night. The dried glass plate 
was preceded for SERS analysis. The SERS observed for 
MB with the peak values 445, 1391 and 1620 cm-1. The MB 
detection was possible even with the dilute concentration 
of 10-6 M with Rh nano-networks and the highest EF 
measured with the peak intensity appeared for MB was 
calculated to be 1.19 × 105. The SERS enhancement factor 
(EF) is used determine the enhanced Raman intensity is 
written as [7],

61

Figure 6: The low magnified HR-TEM images of Rh nano-networks shows the elemental mapping of Rh nano-
networks which contains the presence of Rh, C, P, N and O (a and b); The individual elemental mapping of Rh 
conjugated with elements present in DNA such as C, P, N and O (c-f).
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The trials made without any Rh nano networks, shows 
no peak for MB clearly picturize the efficiency of the 
developed SERS substrate using biomolecule DNA. Also, 
the durability of the Rh nano-networks was verified after 
six months of keeping in the as-synthesized solution in 
a refrigerator and observed the same EF with the probe 
detection of MB. We believe this kind of bio-molecule 
based noble metal NMs will be a capable player in bio-
medical applications. 

Conclusion

In this commentary, we have highlighted the fast 
synthesis of ultra-small Rh nano-networks by a simple wet 
chemical method. The DNA used here plays a dual role in 
stabilizing the Rh NPs in the aqueous medium and helps 
to grow chain-like network morphology and also to reduce 
the NMs interparticle gap below 5 nm which is highly 
useful for generation of ‘hot spots’ in SERS studies. The 
characterization results portrait the strong interaction of 
Rh NPs with the bio-molecule DNA forms nano-networks 
with an average length of ~20 nm. The SERS efficiency 
of Rh nano-networks was screened using methylene blue 
(MB) as a probe molecule. The highest enhancement factor 
(EF) calculated was 1.19 × 105 for the lowest probe detection 
limit of 10-6 M was achieved with Rh nano-networks. In the 
future, the bio-mediated NMs will be effectively used as a 
SERS substrate in the bio-medical field, particularly in the 
cancer cell detection.
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