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Abstract

The lack of fundamental understanding about the specific reaction behind the attraction of gold
nanoparticle to fingermark residue has been reiterated many times over the years. Numerous scientific
works has discussed the theoretical possibilities of interaction pathways, mostly favoring electrostatic
interaction between negatively charged citrate capped gold nanoparticle and n-terminus of the amino
acid in fingermark residue. Nevertheless, in light of recent findings, formation of chemical bonding
between the gold nanoparticle and fingermark residue offers plausible explanation.

Introduction

The development of fingermarks using gold nanoparticle (GNPs) was first introduced
by Saunders in 1989 [1]. The technique involved two major phases, depositing the citrate
capped GNP on the fingermark residue and followed the enhancing step using silver physical
developer [1]. Postulation have been made regarding the reaction mechanism by which the
citrate capped GNPs are attracted to the fingermark residues. The most popular theory was of
electrostatic attraction between the negatively charged citrate ions and the positively charged
N-terminus of amino acids present in the fingermark residue [2]. The GNPs, in turn, serve as
the nucleation site for the growth of the silver physical developer giving clearer ridge details
[3]- This technique was termed multi metal deposition technique because two distinct metals
were utilised in the course of the fingermark development [4].

This technique presented several technical drawbacks though. The major limitation of
the method includes the stringent reagent synthesis protocoll, requires specially trained
personnel and also very narrow margin for error during development process which can
drastically change the outcome [5,6]. Since the outcome of this method fluctuates even in
carefully controlled laboratory conditions, application in the field becomes out of the question
[7]- The limitation of this method and the researches that have been done to counteract the
disadvantages are discussed in this paper.

Cleanliness of laboratory wares and pre-cautions during reagent synthesis [1]

The successful synthesis of reagent without aggregation of the particles relies heavily
on the use of siliconised glassware and bi-distilled water for all processes. Failure to comply
with this rule will result in the creation of unwanted nucleation sites which is detrimental to
the synthesis of colloidal gold [1]. Findings have been reported that no significant difference
was observed when siliconised glassware were utilised during the process of fingermark
development [2], however, cleanliness of glassware is very important during the synthesis of
colloidal gold solution.

Physical characteristics of the reagents used in the original MMD method

The reagents used for the MMD method are being researched to improve the limitation of
the original method [1,2]. Each property of the reagent and the method by which the reagent
was synthesized contributes hugely to the sensitivity of the reagent, clearer ridge details and
also contrast of the developed mark against the background. Modifications were proposed to
the preparation of the reagents and also the physical characteristics of the reagents to obtain
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better sensitivity and enhanced resolution of the MMD method
[1,2]. Among the proposed modifications were homogenously
distributed finer nanoparticles,
gold solution and Tween 20 solution and maintaining pH and
temperature during the development process [1]. Nevertheless, the
low contrast of the developed fingermarks against dark or colored
background remains a problem even with this modification.

concentration of colloidal

Lower contrast of the developed fingermarks against
dark or colored background

Stauffer et al. [8] attempted to resolve this problem by replacing
the silver physical enhancer with gold solution [8]. Since only one
metal is used in this process the technique was termed single metal
deposition (SMD) method [2,8]. In this paper, the silver physical
developer was replaced with tetrachloroauric acid mixed in
hydroxylamine hydrochloride solution. This solution functions as
a growth medium for the existing seed particle on the fingermark
deposit, whereby instantaneous reduction takes place when seed
particles are introduced into the solution [9]. The advantages of
the this technique was production of lighter colored fingermark,
reagent with longer shelf life and lower in cost consumption in
comparison to the preceding MMD technique [8].

In order to alleviate the contrast issue, Becue et al. came up
with the technique to synthesise thiolated cyclodextrin (CD) couple
GNPs. The cyclodextrin has a three-dimensional truncated cone
structure that can be exploited to incorporate dye substrate into
its cavities. Using the three steps immersion process, dark blue
prints were visualised under ambient lighting and was presented
with good contrast [7]. Zinc oxide was also used as the enhancer
as the replacement for silver physical developer which produced
fingermark with luminescent capability under UV-exciting light
source. The application of the zinc oxide produced marks with
lesser background staining [5]. Both the modified MMD method
had the similar working principle as the original MMD method [8].
Another SMD technique was introduced using glucose stabilised
GNPs to develop the fingermark. The crucial advantage that this
method introduced was the significant reduction in the number
of baths during the development process from six steps in MMD
method to only three [10]. The resolution of the fingermark’s ridge
details were also superior to the conventional MMD technique [10].

Sensitivity of the technique

The sensitivity of the MMD heavily relies on the interaction
between the GNPs in the colloidal solution with the fingermark
residue. The conventional MMD method exploits the interaction
between the citrate capped GNPs and the amino acids in the
fingermark residue. The exact reaction mechanism between this
two substrates are still unknown. Hence, a few researches have
been conducted to directly target the fingermark residue by using
immunological reaction [11-13].

Leggett et al. [14] used antibody functionalised nanoparticle to
identify drug metabolites presentin fingermark and simultaneously

visualizing the mark [14]. The citrate capped GNPs were synthesised
using the Turkevich method, which involves single phase water-
based reduction of gold salt by citrate [15]. The citrate acts as a
double agent aiding in the reduction of gold salt and also stabilise
the formed colloidal gold [15]. The negatively charged citrate ions
that caps the GNPs repels one another and in turn, avoid the gold
particles from aggregating [16].

Leggett et al. [14] used the Turkevich method to synthesise
the GNPs and then modified the GNPs surface with N-succinimidyl
3-(2-pyridyldithio) propionate (SPDP) tagged Protein A. Protein A
then facilitates the binding of the anti-cotinine antibody molecule
which will detect and bind to cotinine present in the fingermark
residue [14]. This method is capable of offering visualisation
of fingermark containing cotinine only and its success depends
on the homogenous distribution of cotinine along the ridges, or
not only partial prints will be obtained [14,17]. Another MMD
method combined with immunoassay technique to visualise latent
fingermarks was also introduced in the year 2014. The method
uses Immunoglobulin G (IgG) to cap the GNPs and subsequently
enhanced using silver developer upon deposition onto fingermarks
[11].

pH limitation of the MMD method

The conventional MMD method have strict pH limitation in
order for successful visualisation of the fingermark. pH has to be
maintained between 2.5 to 3.0 during the Aurum deposition phase
[6,7]. Hitherto only theoretical postulations have been made to
explain the nature of reaction between the GNPs in the colloidal
gold solution and the residue of fingermark [17]. The information
obtained so far to assist these postulations is the pH at which this
interaction occurs. Observation have also been made that bare
surface of GNPs are needed for the successful binding of amino
acids or proteins to GNP to produce desired outcome [18]. The
interaction between GNPs and the amino acids have been arguably
elusive, however three interaction possibilities have been narrowed
down. The electrostatic interactions between negatively charged
GNPs and positively charged amino acids, covalent interaction
between the thiol /amine group of the amino acids with the carboxyl
terminal of citrate coated GNPs and hydrophobic interactions
between amino acids and GNPs are the three speculations that have
been made [18].

Electrostatic interaction between the negatively charged
citrate capped GNPs and the positively charged N-terminus of the
amino acid has been the most popular theory so far. The amino
acids are carboxylic acids that has an amine function [19]. There
are four categories of amino acids the amino acids with nonpolar
side chains, amino acids with polar but non-ionised side chains and
amino acids with acidic and basic side chains [19,20]. The 20 amino
acids that are coded for DNA directed protein synthesis in the
human body are listed in the Table 1 below. Classifications of amino
acids Nonpolar amino acids Non-ionised Polar Amino acids Amino
acids with basic side chain Amino acids with acidic side chain
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Table 1: List of 20 essential amino acids classified according to their side chains.

Classifications of Amino Nonpolar Amine Acids Non-ionised Polar Amino Acids with | Amino Acids with Acidic
Acids P Amino acids Basic Side Chain Side Chain
Glysine Asparagine Lysine Aspartic acid
Alanine Glutamine Arginine Glutamic acid
List of the Amino acids Valine Serine Histidine
Leucine Threonine
Isoleucine Tyrosine

Methionine Cysteine

Proline
Phenylalanine
Tryptophan

All of the amino acids listed above has pKa1l at the range 1.83
to 2.83 and pKa2 at the range 8.80 to 10.6020. The amino acids
are known to exist in the zwitterion forms in solution [21]. The
carboxyl group of the amino acids are ionised at lower pH while the
positive charge of the amine terminal are maintained, however at
higher pH the positive charge of the amine terminal are neutralised
by deprotonation [22]. This means that the amino acids bears a
positive charge at the N-terminus until the pH is raised above the
isoelectric point. Hence the aggregation of amino acids and the
citrate capped GNPs occurs most optimally at lower pH when the
amino acids bears a positive charge [22].

Another findings reported that the addition of aspartic acid
during the synthesis of citrate reduced GNPs increases the range
of working pH for the detection of latent fingermarks [23]. The
chemical structure of the aspartic acid contains two carboxyl and
one amine side chains (HOOCCH(NH,) CH,COOH) while citrate
molecules contains three carboxyl groups [20]. At lower pH, the
carboxyl group of the citrate molecules are protonated to reduce
the negative charge [6]. Nonetheless, when GNPs are synthesised
with both aspartic acid and citric acid the negative charge of the
GNPs are strengthened by aspartic acid which has pKa value of
3.820.

This paper also reported that the pH range was increased until
pH 5 for successful detection6. This shows that the addition of
aspartic acid somehow stabilises the reaction between the GNPs
and amino acids at higher pH at which point the positive charge of
the amine terminal of amino acids are reduced. This observation
brings us to believe that the electrostatic interaction may not be
the only interaction involved, perhaps the formation of amide
bond between amines in amino acids and the carboxyl group of the
capped GNPs is a more likely pathway.

The most recent postulations were supported by the findings
of Moret et al. that suggested that the electrostatic interaction
may not be the exact reaction that attracts the GNPs to the amino
acids. He conducted study using silicon dioxide capped with
several molecules that would mimic the MMD method [23]. This

study was attempted to strengthen the negative charge of the NPs
at low pH by conjugating succinic anhydride, methyl phosponate
and sulfonate molecule onto silicon dioxide nanoparticles (SDNPs).
The succinic anhydride that has carboxyl group was able to detect
luminescent fingermark at pH 3.5 however the methyl phosponate
and sulfanate capped SDNPs was reported to have absolutely no
affinity for the fingermark residues [23]. These findings argued that
the electrostatic theory is not the interaction mechanism by which
the GNPs are attracted to the fingermark residue but the formation
of peptide bond between the amine terminal in the amino acids and
the carboxyl group in the capping substrate of the GNPs is more
likely to be the interaction that aids gold deposition [23].

Conclusion

Beside the issues addressed above the application of GNPs
in the development of latent fingermarks also have other
disadvantages that have yet to be explored. The long term stability
of the reagents synthesized remains a problem with the MMD
technique, where the physical enhancer have to be freshly prepared
prior to development process for best results. Other than that, the
GNP based wet chemical methods also cannot be used for large
objects that are not mobile and an on-site reagent delivery system
for immediate visualization still have not yet been conceived.
Development of alternative MMD method have improved the shelf
life of the reagents, yet, in comparison to powdering method,
ninhydrin method or the superglue method are better equipped for
forensic applications8. MMD technique still remains as a last resort
for fingermark development. Future research maybe directed in
improving the applicability of the method in regular investigation
process.
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