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ABSTRACT
There is a continual search for new and improved reagents to detect fingermarks on a
variety of surfaces. With increased technology and resources the possibilities are
continually expanding. 1,2-Indanedione is a relatively new reagent for the development of
fingermarks on porous surfaces. Its boundaries have not been completely explored nor has
the method of reaction with fin germ arks been determined. The initial aim of this project
was to investigate the fi ngermark reagent 1,2-indanedione and determine if it was a viable
reagent for routine use in Australia. The secondary aim was to study the reaction that
occurs between 1,2-indanedione and amino acids and the subsequent reaction with metal
salts to gain further insight into the reaction than has been previously published.
Additionally the fingermark reagent 5-methylthioninhydrin, which although had shown
good results in detecting fingermarks in the early 1990's, did not seem to be widely used or
studied since its commercial manufacture began. A new reagent for the problematic and
increasingly encountered thermal paper, ThermaNin, was also evaluated and compared to
other proposed methods for the development of fin germ arks on thermal paper.
The investigation of 1,2-indanedione as a fingermark reagent for use in Australia was
performed by comparing a number of formulations and development procedures,
encompassing all published recommendations as well as some novel approaches. I ,2indanedione formulations were compared with respect to initial colour, fluorescence,
concentration of the reagent, acetic acid concentration and the effect of different carrier
solvents.
Numerous development conditions were also investigated, including a conventional oven,
a heat press and humidity. Further enhancement using metal salts and liquid nitrogen was
also evaluated. The heat press set at 165 °C for 10 s proved to give the best initial colour
and most intense luminescence. Secondary metal salt treatment improved initial colour and
luminescence and was found to provide consistent results despite different environmental
conditions. It is for this reason that it is recommended that metal salt treatment consistently
be performed after treatment with 1,2-indanedione or included in the formulation of 1,2indanedione. The Polilight, the VSC 2000, and the Condor Chemical Imaging macroscope
have been used to detect fingermarks developed with 1,2-indanedione on a variety of highand low- quality porous and semi-porous surfaces with impressive results overall.
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Laboratory and field tests were conducted to compare 1,2-indanedione with DFO and
ninhydrin as well as to investigate the position of 1,2-indanedione in the sequence of
reagents for fingermark detection on porous surfaces.
Overall 1,2-indanedione proved to be a viable alternative to tradition methods for the
detection of fingermarks on porous surfaces, with more fingermarks being developed using
this reagent on real samples than both DFO and ninhydrin and a combination of the two
reagents.
The isolation of a single pure product from the reaction of 1,2-indanedione with several
different amino acids was not achieved. The study was able to establish that 1,2indanedione reacts differently with different amino acids with some reactions, such as
those with alanine and cysteine, following a similar pathway. A study performed by
nuclear magnetic resonance spectroscopy and colour reactions showed that increasing the
content of water in the reaction retarded the kinetics of the reaction and thus it is possible
that the concentration of water in the reaction may influence the path the reaction takes.
Solid state nuclear magnetic resonance spectroscopy indicated that the product of the
reaction is ionic, which may help explain the problems encountered on separation and
isolation of the product. Thermal and elemental analysis provided some information on the
by-products released by the reaction, whilst mass spectroscopy provided information on
the possible pathway of the reaction.
The results of this study support the proposal made by Petrovskaia ( 1999) that the main
reaction product of 1,2-indanedione and amino acids is a Ruhemann 's purple type product
with a molecular mass of275.
A study of the reaction between metal salts and the 1,2-indanedione/amino acid product
was also performed on a crude reaction mixture. This was due to the inability to provide a
pure starting materials as well as the unsuccessful separation of the complex by thin layer
chromatography. The information gained; however, from a study via nuclear magnetic
resonance spectroscopy, mass spectroscopy, UY-visible spectroscopy and infrared
spectroscopy indicates that two 1,2-indanedione molecules react with the nitrogen atom in
the amino acid forming a tridentate ligand which then complexes with the metal ion.
The evaluation of 5-methylthioninhydrin found that the reagent is superior to ninhydrin;
however, 1,2-indanedione exhibits much stronger luminescence when used to treat latent
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fingermarks. The high cost of the reagent accompanied by the fact that 1,2-indanedione
was found to be a superior reagent and is already in use in many laboratories precludes a
recommendation for its routine use.
ThermaNin was evaluated against other recommended reagents for the development of
fingermarks on thermal paper. ThermaNin itself was found to be extremely sensitive to
water and humidity and must be made fresh before its use due to poor stability. Once again
a 1,2-indanedione formulation, albeit without acetic acid, was found to be the optimal
method to detect fingermarks on this particular surface.
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CHAPTER ]-Introduction
Chapter 1 presents an introduction to fingermarks including history, identification,
enhancement and detection. It includes an introduction to the reagents used to detect and
enhance fingermarks on porous surfaces focusing on ninhydrin, DFO, I ,2-indanedione, 5methylthioninhydrin and Thermanin, and the pervious research conducted into these
reagents. A brief outline of the aims of this research is also reported.

CHAPTER 2- Fingermarks on Porous Surfaces -A Survey
Chapter 2 present a survey which was conducted into the types, formulations and
frequency of reagents used to develop fingermark son porous surfaces with the specific
aim of gathering information on the awareness, opinion and level of use of the fingermark
reagent 1,2-indanedione. The results of the survey are reported and discussed.
Wallace-Kunkel. C.. Roux. C.. Lennard. C. & Stoilovic. M. (2004) The Detection and Enhancement of
Latent Fingermarks on Porous Surfaces - A Survey Journal o{Forensic Identification 54(6): 687-705

CHAPTER 3- Optimisation of 1,2-/ndanedione
Chapter 3 focused on the investigation of all recommended formulations, development and
detection conditions of fin germ ark treated with I ,2-indanedione. It presents the optimum
conditions for the use of the reagent under Australian conditions. Eight formulations in
total were investigated as well as novel formulations, the effect of a heat press, a standard
oven and added humidity were determined as well as the use of metal salt treatment and
cooling with liquid nitrogen . The Polilight, the VSV 2000 and the Condor Chemical
Imaging system were all investigated as methods of detection.
Wallace-Kunkel, C., Lennard, C., Stoilovic, M. & Roux, C. (2007) Optimisation and Evaluation of 1,2Indanedione for use as a Fingermark Reagent and its Application to Real Samples Forensic Science.

lnternationa/168: 14-26 Awarded National Institute of Forensic Science (NIFS) Best Technical Article
for 2007

CHAPTER 4 -Applications of 1,2-Indanedione
In Chapter 4 the formulation of I ,2-indanedione optimised in Chapter 3 is compared with
ninhydrin and DFO through the sensitivity of detection of the reagents using amino acids,
test samples and through real and randomly laid samples. The position of 1,2-indanedione
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in the sequence of reagents for the development of fingermarks on porous surfaces was
determined as well as the performance of 1,2-indanedione on difficult porous and semi
porous surfaces. A further investigation into the effect of environmental conditions and the
effect zinc metal salt is also reported.
Stoilovic, M., Lennard, C., Wallace-Kunkel, C. & Roux, C. (2007) Evaluation of a 1,2-Indanedione
Formulation Containing Zinc Chloride for Improved Fingermark Detection on Paper Journal o(Forensic

Identification 57(1 ): 4-18

CHAPTER 5 -A Study ofthe 1,2-/ndanedione/ Amino Acid Reaction
Chapter 5 reports experiments which aim to gain more insight into the reaction of 1,2indanedione with amino acids using various instrumental methods including TLC, UV-Vis,
IR, NMR, MS, elemental analysis and thermal analysis. A preliminary study into the
secondary reaction including metal salts, which had not been previously studied, is also
investigated using similar instrumental means.

CHAPTER 6 - Other Reagents for Fingermarks on Porous Surfaces
Chapter 6 presents other applications of I ,2-indanedione as well as investigations into
other amino acid specific reagents, 5-methylthioninhydrin and thermanin . 5Methylthioninhydrin and ThermaNin are two reagents that have been commercially
manufactured without a full evaluation of optimum formulation either before manufacture
or after. 5-Methyltioninhydrin was evaluated by means of a carrier solvent study, a
spectroscopy study, comparison with the conventional reagents, ninhydrin and DFO, and a
price comparison.
Thermal paper has often proved problematic for fingermark development. ThermaNin has
been recently proposed as a reagent for use on thermal paper. The formulation of
ThermaNin was optimised and compared against other proposed reagents for fingermark
development on thermal paper such as 1,2-i ndanedione, 'Nin-dry' and a ninhydrin
formulation for thermal paper. A novel method for development on fingermarks on thermal
paper 'Ind-dry' was also proposed and evaluated.
Wallace- Kunkel. C., Lennard. C .. Stoilovic. M. & Roux, C. (2006) Evaluation of 5-Methylthioninhydrin
for the Detection of Fingermarks on Porous Surfaces and Comparison to Conventional Reagents

Identification Canada 29( 1): 4-13
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1.1 Introduction to Fingermarks

1.1.1 The Value of Forensic Evidence and Fingerprint Evidence
A major aim of the science of forensic examination is to identify evidence left at a crime
scene as originating from a specific source. This is easier in theory than in practice.
Identification is a reduction process based on probabilities. Most forms of forensic
evidence permit reduction to class identification only, for example, classifying a single
fibre as coming from a particular class of fibres, such as synthetic or cotton. Fingermarks
on the other hand are a far more powerful form of forensic evidence, given that, when
enough detail is present, fingermarks are able to be classified and reduced to an individual
identification. This is extremely valuable as fingermarks are a commonly encountered form
of forensic evidence at the scene of a crime.
Fingermarks and DNA are the main forms of individual identification evidence, with the
later only coming into use in criminal proceedings in the last twenty years. Unlike the
highly technical DNA evidence, fingerprint evidence is relatively straightforward and
easily understood by the layperson, the reason for which fingerprint evidence has been
accepted in criminal proceedings for well over 100 years. Although there have been recent
challenges to fingerprint evidence (Cole, 2001, Pollack, 2002), it remains recognised as
evidence of absolute identification in courts of law.
The success of fingerprint identifications as evidence lie in three fundamental principles.
The individual friction skin is so highly variable that the characteristics are not duplicated
on another area on that person or on another person. The characteristics and configurations
are permanent and unchanging. The configurations vary within limits, which allows for
systematic classification which can be logically explained in a court of law.

1.1.2 The History of Fingermarks
From the early stages of criminal investigation, means to identify individuals have been
sought. One of the first methods of identification was put forward by Alphonse Berti lion in
1883. Berti lion proposed a system of specific body measurements, eleven in total, as well
as photographs to capture physical features. This system was known as anthropometry and
was based on the principle that no two persons had the same set of measurements
(Saferstein, 2001 ).

Page 2

I . Introduction

Dactyloscopy is the study of fingerprints. Friction ridges are found on the palmar and
plantar surfaces of the hands and feet. These surfaces differ from the rest of the skin on the
body, as they are hairless, contain no sebaceous glands, have a higher number of sweat
(eccrine) glands, and also lack pigmentation (Dalrymple, 2000). Ridgeology is the term
applied to the study of these friction ridges.
Identification via fingermarks has been performed for thousands of years, with evidence of
use in Ancient Egyptian relics. The first reference to fingermarks for use in criminal

identification was by a Chinese novelist in the 1th century (Dalrymple, 2000). In 1684,

Englishman Nehemiah Grew, described the role of the pore in the friction ridge skin ofthe
hands and feet. At approximately the same time in Italy, Malphigi was conducting research
into friction ridges.
Fingerprinting as a means for identification was first performed by William Herschel in the
mid 1860's in India. Herschel also established the permanency of friction ridge details by
studying impressions of his own fingerprints over an extensive period of time. Henry
Faulds confirmed that fingerprints were unique, and he was the first person recorded to
have compared latent fingermarks with inked impressions.
Francis Galton, an Englishman, classified fingermarks into three groups- loops, arches
and whorls. In 1891, Argentinean Police employee Dr. Juan Vucetich created a searchable
classification system for fingermark files and, in 1892, also in Argentina, the first murder
case using fingermarks was solved . This success led to the first criminal register of
fingermarks being established in Argentina in 1896.
In 1896, Sir Edward Henry created a system of classification based on all ten fingerprints
of a person. This ten print system was adopted by Scotland Yard in 1901. This system of
classification is still used today in England, the USA and Australia for fingerprints that
were taken before the introduction of computerised systems.
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1.1.3 General Fingerprints
Fingermarks remain one of the only forms of evidence that permit the identification of an
individual. This is due to the fact that fingerprint ridge detail is formed in an accidental
manner during gestation (Margot and Lennard, 1994) through the placement of the pores
and the glands; thus, fingerprints are unique and individual for a given finger. Fingerprints
are immutable from a four-month-old foetus to the death of that person.
The analysis and identification offingermarks are performed by examining the fingerprint
ridges to identify the distinct characteristics, called minutiae. Fingerprints are classified
into groups based on general similarities, such as the characteristics formed around the
core and the delta of the fingerprint and the general shape of the fingerprint- a type of
arch, loop or whorl. It is the type, number and location of the accidental characteristics
formed along the ridges- the minutiae- that are used as the basis for identification.

1.1.4 Fingerprint Identification and Classification
There are three levels of detail in fingerprint identification. These levels are best described
by Ashbaugh (1991). Level 1 detail is defined as the overall pattern ofthe fingerprint as
illustrated by Francis Galton in 1892. The three basic fingerprint pattern types are arches
(Figure 1.1 ), loops (Figures 1.2 and 1.3) and whorls (Figure 1.4).

Figure 1.1 -Level 1 detail -Arch pattern

Figure 1.2 - Level I detai I - Loop pattern
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Figure 1.3- Level 1 detail -Double loop pattern
Figure 1.4- Level 1 detail- Whorl pattern
(Dalrymple, 2000)

Level 2 detail involves the examination of the shape and location of the various ridge
characteristics or minutiae. Examples of minutiae include ridge endings, bifurcations, short
ridges, and enclosures, all of which are shown in Figure 1.5.

Ridge ending

Crossover
Bifurcation

Short ridge

Lake

Ridge dot

Figure 1.5 - Level 2 detail - Minutiae (Dalrymple, 2000)

Poroscopy, level 3 detail, is the study and identification of fingerprints through the
position, size and shape of the pores. Edmond Locard was the first person to study
poroscopy in 1912, however its value was largely unexplored until more recently
investigated by Ashbaugh ( 1982). Figure 1.6 shows pores located on the ridges of an inked
fingermark. A good stereo microscope, is needed to conduct a full examination of these
pores.
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Figure 1.6- Level3 detail- Pores located along the ridges ofthe fingermark (Barclay, 1991)

Comparative fingennark identification, the comparison of a known fingermark to an
unknown, is generally performed by either of two methods.
An empirical standard, that is a specific number of minutiae or ridge characteristics, was
used by all countries early on in the history of fin germ ark identification. Frenchman
Edmond Locard was the first to establish rules determining the minimum number of
characteristics based on the clarity of both the known and unknown fingermarks.
(Champod et al, 2004). Different countries had their own minimum number of
characteristics that needed to be identified in both the known and unknown fingermarks
before an identification was made. These numbers varied from 8 to 17 characteristics. In
1970, the International Association of Identification (IAI) conducted a 3-year study and
found that "no valid basis exists for requiring a predetennined minimum number of friction
ridge characteristics that must be present in two impressions in order to establish positive
identification" (International Association for Identification, 2007). In 1995, 28 fingerprint
experts, representing 11 countries, at a fingerprint detection and identification conference
in Ne'urim, Israel, approved a slightly modified version of the IAI resolution stating that
"no scientific basis exists" for the requirement of a pre-determined number of ridge
characteristics to be present in order to make a fingerprint identification (Champod et al,
2004). Despite this, many countries, including China and several European countries, still
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adhere to a 'minimum number of ridge characteristics' standard for fingerprint
identification.
The other method of comparative identification is performed using methodology knows as
ACE-V. That is Analysis, Comparison,

~valuation

and Verification. This methodology

was first developed and adopted by the Royal Canadian Mounted Police (Champod et al,
2004). This method has now been adopted by many fingerprint identification departments
around the world, including those in Australia, the United States of America, the United
Kingdom, and many Scandinavian countries.
Technology has enabled the creation of computer databases to assist in the identification of
fingermarks, such as AFIS (Automated Fingerprint Identification System). AFIS allow
rapid searching of charge sets of fingermarks producing a list of best match candidates.
This list is then manually searched by the fingerprint expert, the whole process cutting
down time and increasing efficiency.

1.2 The Detection of Fingermarks
1.2.1 Fingermark Detection
A "fingerprint incorporates the primary, secondary and tertiary information located on the
ridge skin of the finger. When a -finger touches a surface, it will never leave a complete
fingerprint; it will only leave a portion of the fingerprint, the portion that actually comes
into contact with the surface. Thus we refer to this imprint as a fingermark.
Fingermarks are deposited on surfaces all around us in the course of everyday living. In a
perfect case, when a finger touches a surface, an exact replica of the portion of that finger
where contact is made will be left on that surface in one form or another. There are three
different forms offingermarks deposited. Indented fingermarks are made when the finger
comes into contact with a malleable surface leaving an imprint, which is threedimensional. Visible fingermarks are made when the finger either leaves a substance
behind, such as blood, or takes away a substance from the surface touched, such as wet
paint. By far the most commonly encountered fingermarks are latent or invisible. These
fingermarks are usually enhanced by optical, physical or chemical treatment.
Latent fingermarks are caused by the deposition of the natural secretions of the
sudorifierous (sweat producing) eccrine and apocrine glands and the sebaceous (oil
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producing) glands, onto the surface. Eccrine glands cover the palms of the hands and thus
to some extent all fingermarks will contain these secretions. Apocrine glands are present in
the groin and armpits, and sebaceous glands are located on the chest, back and forehead.
The organic and inorganic constituents of the latent fingermark deposit are shown in table

1.1.
Gland

Organic Constituent

Inorganic Constituent

Eccrine

Amino Acids
Urea
Uric Acid
Lactic Acid
Sugars
Creatinine
Choline
Proteins
Carbohydrates
Sterols
Fats
Waxes
Long Chain Alcohols

Chlorides
Metal Ions (Na, K, Ca)
Sulphates
Phosphates
Ammonia
Water

Apocrine

l

Sebaceous

Iron
Water

-

Table 1. 1 - Main constituents of gland secretions commonly found in latent tingerrnarks (Knowles, 1978)

1.2.2 Development of Latent Fingermarks on Porous Surfaces
The type of chemical enhancement process used depends on the type of surface the
fingermark is deposited on. Generally, surfaces can be categorised as non-porous surfaces,
such as glass and plastic, and porous surfaces, such as paper and cardboard.
Porous surfaces are surfaces that absorb the print deposit rather than let it sit on the top of
the surface. The fingermark deposit is made up of mostly water, however the water
evaporates from the surface leaving a residue that includes amino acids, urea, sodium
chloride and oils.
In order to develop a latent fingermark, chemical and physical differences between the
fingermark deposit and the surface bearing the fingermark, known as the substrate, must be
exploited. The success of the detection process is conditional not only on the surface and
the variable conditions of the donor, but also the conditions to which the fingermark has
been exposed to after it has been deposited.
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There are many methods and sequences of detection for latent fingermarks on porous
surfaces. A sequence of reagents is often applied to either increase the number of
fingermarks detected or enhance the quality of the fingermarks already detected .
Sequences take on specific orders, as certain techniques may preclude the later application
of others. Some techniques can be destructive and thus should always be used last. The
first step in any fingermark development sequence is an optical examination followed by
chemical and/or physical treatment. The development sequence for fingermarks on porous
surfaces is shown in Figure 1.7 (adapted from Stoilovic and Lennard, 2000).

Wet Exhibit

Dry Exhibit

ESDA examination for indented writing

'
[

Forensic Light Source Examination
Absorption and photoluminescence mode
Check for a photoluminescent background
under DFO conditions. If high, use exclusively
the ninhydrin process; if low, DFO may be
used.

j_
Ninhydrin

~

l~

'

Forensic Light Source
Examination

~
DFO

Metal Salt
Treatment

+
Physical
Developer

~r

Physical
Developer

Physical
Developer
Figure 1.7- Treatment sequence for fingermarks on porous surfaces
(adapted from Stoilovic and Lennard, 2000)
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Two trad itional methods of detection for latent fin germ arks on porous surfaces such as
paper are 1,8-d iaza-9-fl uorenone (DFO) and ninhydrin, with or without metal salt
treatment. Figures 1. 8 and 1.9 show the chem ical structures of these compounds.

0
OH

0

0

Figure. 1.8 - Chemical structure of
I ,8-diaza-9-fluorenone (DFO)
(Grigg eta/, 1990)

Figure 1.9- Chemical structure of ninhydrin
(Ruhemann, 191 0)

Ninhydrin reacts with the amino acids present in the latent fingermark. This reaction
causes the ridges to appear a dark purple colour (Ruhemann ' s purple) against the
background. This reaction is illustrated in Figure 1.1 0.
0
OH
OH

0
ninhydrin
(colourless)

0
amino acid

-0

Ruhemann's purp le
(dark purple)

Figu re 1.1 0 - The reacti on between ninhydrin and an amino ac id to form Ruhemann's purple

Amino acids bind to the fibres in paper and therefore are extremely location stable whilst
dry. It is because of this property that ninhydrin has been successfully used to detect latent
fingermarks greater than 30 years old .
Ninhydrin treated fingermarks can be enhanced with metal salt (usually cadmium or zinc)
to give strongly luminescent 'fingermarks when cooled with liquid nitrogen .
1,8-diaza-9-fluorenone (DFO), introduced by Pounds in 1989, also reacts with the amino
acids in the latent fingermark to give pale purple ridges upon the application of heat.
Developed prints are strongly luminescent at room temperature.
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DFO is regarded as the more sensitive of the two reagents; however, the results of a survey
conducted in this research (Wallace-Kunkel eta/, 2004) support the fact that ninhydrin is
the most widely used due to cost and strong initial colour without further treatment.

1.3 Fingermark Reagents on Porous Surfaces

1.3.1 New Fingermark Reagents for Porous Surfaces
The search for a fingermark reagent that combines the attributes of ninhydrin, in good
initial colour, and DFO, in fluorescent properties, has remained constant. In addition, in
1987 the Montreal Protocol was signed by most industrialized countries, banning the use of
chlorofluorocarbons (CFC ' s) due to their detrimental effects on the ozone layer. This
included Freon 113 (also known as Arklone or Fluorisol) the most widely used carrier
solvent for fingermark reagents such as ninhydrin and DFO, stimulating further research
into alternative reagents and formulations .
For these reasons, the United States Secret Service has collaborated on numerous research
projects to develop such reagents. In 1995, whilst researching ninhydrin analogues, Joullie
and co workers synthesised a new type of latent fingermark visual ising agent, 1,2indanedione (Ramotowski eta/., 1997).

cO=o
0

Figure 1. 11 -Chemical structure of 1,2-indanedione

Much research has been performed on 1,2-indanedione since that time; however, the
research conducted in different countries around the world has produced inconsistent
results. The potential of 1,2-indanedione as a fingermark reagent and the inconsistency of
the published works warranted further investigation and thus it was decided that 1,2indanedione would be the focus of this research.
5-Methylthioninhydrin (Figure 1.12) is a chemical that was developed in the early 1990's
to treat fingermarks on porous surfaces.
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eS
Figure 1.12 -Chemical structure of 5-methylthioninhydrin

Many researchers investigated the reagent in the 1990's (Heffner eta/., 1991, Almog eta/.,
1992, Cantu eta/., 1993), with good quality fingermarks being developed both in colour
and fluorescence modes. However, current research suggests that the reagent is still not
commonly employed in casework (Wallace-Kunkel eta/., 2004). For this reason, it was
decided that 5-methylthioninhydrin would be further investigated in this research, with a
comparison of carrier solvents as well as a comparison against other reagents for the
development of fingermarks on porous surface.
1.4 1,2-Indanedione

1.4.1 History of 1,2-Indanedione as a Fingermark Reagent
After its di.scovery as a fingennark reagent in I997, Hauze and co workers tested a range
of J ,2-indanediones against amino acid stains in 1998. This early research showed that
several of the 1,2-indanediones tested produced stains of greater luminescence than
achieved with DFO; however, none gave better initial colour than ninhydrin. Preliminary
experiments performed in Israel indicated that 1,2-indanedione is in no way inferior to
DFO (Almog eta/., 1999), however one problem existed in the availability of the
compound. 1,2-Indanedione was relatively easy to synthesise (Cava, 1958) and, in 2002, it
became commercially available through the Netherlands based company, BVDA
International. The Casali Institute in Israel has also been manufacturing 1,2-indanedione
and has also recently commenced distribution of the compound internationally.
Since then, researchers around the world have conducted studies into the capabilities of
1,2-indaned ione as a fingermark reagent and its potential use in crime laboratories (Almog
eta/., 1999; Roux eta/., 2000; Wiesner eta/., 2001; Merrick eta/., 2002; Wilkinson, 2003;

Gardner and Hewlett, 2003). The results of this research have been varied often to the
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point of being conflicting. Numerous formulations and development methods have been
proposed and there is a lack of consistency in the evaluation and recommendations for use
of the reagent between studies. This research project aimed to evaluate all of the 1,2indanedione formulations and development methods reported to date to determine if
consistency between results could be achieved. Novel formulations and development
methods were also investigated.
The method of detecting 1,2-indanedione treated fin germ arks has also been inconsistent
throughout the published research and a single optimised detection technique has not been
proposed to date.
Further research needs to be conducted in order to evaluate all previous studies and
detennine whether 1,2-indanedione would be a viable fingermark reagent for routine use
under Australian conditions. This is one of the main aims of the research project.

1.4.2 Sequencing
Reagents are generally applied in a sequence in order to optimise the development of latent
fingermarks. Each time a new reagent is developed, a sequencing study must be performed
in order to evaluate the position of the reagent in the optimal detection sequence.
In 2000, Roux and co workers conducted a preliminary investigation into the position of
I ,2-indanedione in a sequence with DFO and ninhydrin. They concluded that 1,2indanedione could be used in sequence before DFO but not before or after ninhydrin .
Sequencing with ninhydrin resulted in inferior colour and luminescence.
Almog and co-workers ( 1999) also confirmed that 1,2-indanedione treated fingermarks did
not produce results when treated further with ninhydrin. They suggested that a complete
reaction of the available amino acids with 1,2-indanedione occurs.

1.4.3 Detection Methods for Chemically Enhanced Latent Fingermarks on Paper
After latent fingermarks have undergone chemical treatment, a means of detection and
image acquisition is needed. As shown previously in Figure 1.7, the first step in the
examination of all fingermarks, both before and after chemical treatment, is an optical
examination. The optimal detection method for 1,2-indanedione has never been fully
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explored and thus this research aimed to determine the optimal method of detection from
the range of options available.

1.4.3.1 Forensic Light Sources
Forensic Light Sources (FLS) have been developed by several manufacturers to provide
the basic illumination requirements for the detection and enhancement of latent
fingermarks; that is, a narrow band of intense light at wavelengths from 350 to 700 nm
(Margot and Lennard, 1994). Examples of such light sources include the Polilight by Rofin
Australia, the Luma-Lite by Payton Scientific, Canada, and the Omniprint by
Omnichrome, USA. All of these light sources are used in conjunction with either manual
cameras or charged coupled device (CCD) cameras attached to computers to capture the
fingermark image. The majority of forensic laboratories around the world use forensic light
sources for fingermark examination.

1.4.3.2 Chemica/Imaging
Continually developing technology has led to improved methods of fingermark
enhancement and recording. One such developing technology is Chemical Imaging.
Chemical imaging combines molecular spectroscopy with digital imaging for the
determination of the morphological and chemical composition of a sample. Over the last
decade, chemical imaging, spectroscopy and digital imaging continued to be impacted by
technological advances and innovations allowing faster acquisition and superior quality of
data (Treado, 1995).
The Pittsburgh based company Chemlmage Corporation has developed a series of
chemical imaging instruments ranging from a portable fiberscope, to microscopic and
macroscopic systems allowing the analysis of samples from 250 nm to 1 m in size. The
Condor, the macroscopic chemical imaging system developed by Chemimage Corp.,
combines visible and fluorescence spectroscopy with digital imaging technology.
In 2001, Wallace conducted a study into the forensic applications of chemical imaging,
including fingermarks. She concluded that chemical imaging is more sensitive than
conventional detection methods and the technology could improve detection efficiency for
poor quality marks. Payne (2002) also investigated the application of chemical imaging to
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fingermark detection, and developed standard operating procedures for the development of
fingermarks on porous surfaces.

1.5 5-Methylthioninhydrin
In 2000, 5-methylthioninhydrin became commercially available through the Netherlands
based company BVDA. Since then, no research has been published on the reagent. With
significant changes in formulations and carrier solvents used for fingermark reagents over
the last 10 years, it was considered important to re-investigate the now commercially
produced material, and to compare their performance with that of more commonly
utilised reagents for the detection fingermarks on porous surfaces.

1.6 The Development of Fingermarks on Thermal Paper
Thermal papers have become a common type of exhibit submitted to laboratories for
fingermark analysis, since their use became prominent in facsimile machines in the
1980's and in receipts and tickets over the last 10 years. Thermal paper poses problems
for traditional fingermark reagents such as ninhydrin and DFO. The polar solvents
required to dissolve the fingermark reagent also dissolve the activating reagent of the
thermal paper, which causes the paper to tum black and thus renders it useless for further
forensic examination.
In recent years, 1,2-indanedione has been proposed as a reagent for the development of
fingermarks on thermal paper (Stimac, 2003 (b)). The non-polar solvent HFE 7100,
which is used in the 1,2-indanedione formulation, is ideal treating thermal paper as it will
not dissolve the activating layer and thus prevents the darkening of the surface of the
paper. 1,2-Indanedione has the advantage that the reaction product is fluorescent at room
temperature.
Stimac (2003 (a)) also proposed a method of developing fingermarks on porous surfaces
using a modified ninhydrin formulation specific for thermal paper. This formulation
involved a lengthy preparation involving retluxing ninhydrin in a solution of HFE 71 IPA
(mixture of HFE 7100 with 5% isopropanol). Despite the lengthy preparation, the
solution did successfully develop fingermarks on thermal paper.
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Nin-Dry is a method introduced by McMahon in 1998 that involves placing paper
exhibits between pieces of blotting paper that have been pre-treated with a solution of
concentrated ninhydrin and allowed to dry. The exhibit is then left, usually in a sealed
plastic bag, for a few days to allow the development of the fingermarks. This method can
be adapted for the treatment of thermal paper as there is no solvent involved. This same
principle could also be used for 1,2-indanedione to establish an 'Ind-Dry' method of
treatment. No literature on this proposed treatment was found.
ThermaNin is a commercially available product specifically designed for the
development offingermarks on thermal paper. No literature specifically on this product
has been found, although product information made available by the company, BVDA,
states that the "hemiketals of ninhydrin, obtained by exchanging the water molecule in
ninhydrin (also known as 1,2,3-indanetrione monohydrate) for an alcohol, are soluble in
apolar solvents like petroleum ether without the need for polar solvents". This is the basis
for the ThermaNin reagent.
No published research had been conducted to determine the optimal reagent for the
development of fingermarks on thermal paper. This research aimed to compare all of the
recommended methods as well as the evaluation of a novel method, and to determine the
optimal reagent and development method.

1.7 Characterisation of the Product of Amino Acids and Fingermark Reagents
1. 7.1 Ninhydrin
Ruhemann (191 0) was the first to propose the structure of the product produced when
ninhydrin reacts with amino acids. The product was appropriately named Ruhemann's
purple. The reaction mechanism of ninhydrin and amino acids has been well documented
in the literature. The mechanism proposed by Friedman and Williams (1974) has proven to
be the most consistent with experimental results. This reaction is addressed more
thoroughly in Chapter 5. In 1982, Herod and Menzel introduced the addition of zinc metal
salts to treated ninhydrin fingermarks to enhance detection sensitivity through the
formation of a luminescent complex. Stoilovic and co-workers showed that group lib salts
had a similar effect on ninhydrin developed marks (1986).
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The structure of the complex formed when ninhydrin developed fingermarks are further
reacted with metal salts such as ZnCb has also been determined (Lennard et al., 1987).

Figure 1.13 -Chemical structure of zinc metal complex

1.7.2 DFO

In 1990, Pounds et al., introduced DFO as a reagent for the detection of amino acids in
fingermarks on porous surfaces. The reaction mechanism of DFO and amino acids has also
been the subject of several studies (Grigg eta!. 1990; Ramsey, 1997; Wilkinson, 2000).
Unlike ninhydrin, DFO reacts with amino acids to form a faint reddish coloured compound
that is highly luminescent, without further treatment, when excited at 530- 555 nm.

1

H JUDr (CDC13); 8.66, 7.91, '7.40 ppm
Mus pee. (£1) 347

Figure 1.14- Reaction of DFO with amino acids (Grigg eta!., 1990)

Grigg and co-workers synthesised the adduct of glycine and DFO, shown in Figure 1.14,
and proposed a possible reaction mechanism and final product; however, this product was
not completely verified. The reaction was believed to occur via imine formation to produce
an ylide.
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In 1997, Ramsay also synthesised the adduct of glycine and DFO and characterized it
using nuclear magnetic resonance spectroscopy (NMR), mass spectroscopy (MS), infrared
spectroscopy (IR), and ultraviolet - visible spectroscopy (UV-VIS). This work confirmed
the structure proposed by Grigg et al. in 1990.
In 2000, Wi lkinson studied the reaction mechanism of DFO with the am ino acid !-alanine,
proposing another potential reaction pathway from data collected using MS, NMR
spectroscopy, and X-ray crystallography (Figure 1.1 5).
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Figure 1.15 - Reaction mechanism of DFO and !-alanine (Wilkinson, 2000)

1. 7.3 1,2-/ndanedione

There is relatively little information present in the literature regarding the chemistry of 1,2indanediones. After 1,2-indanedione was suggested as a reagent for the detection of amino
acids in fingermarks on porous surfaces, researchers at the University of Pennsylvania led
many studies to determine the reaction pathway and reaction intermediates of this reaction.
Petrovskaia and co-workers (1999, 2001) tri ed different pathways to determine reaction
intermediates of glycine and 1,2-indanedione. The researchers postu lated a series of
possible reaction mechanisms shown in Figure 1. 17. It is proposed that the fi rst step in the
reaction of 1,2-i ndanedione with am ino acids is the fo rmation of an imine foll owed by
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decarboxylation to form a 1,3-dipolar species. After this step, there are three possible
pathways: (1) the collapse of the dipoles to an aziradine, (2) equilibria between azomethine
ylides and aziridines, and (3) Strecker degradation of the dipolar species to form a 2amino-1-indanone reacting further to form the complex shown in Figure 1.17.
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Figure 1.16- Proposed reaction mechanism of 1,2-indanedione with amino acids (Petrovskaia eta/., 2001)
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Figure 1.17- Suggested complex formed by the reaction of amino acids with 1,2-indanedione
(Petrovskaia et a/., 2001)

Before 1,2-indanedione became commercially available, Wilkinson (2000) performed a
spectroscopic study on the compound. 1,2-Indanedione was characterised using proton and
nuclear magnetic resonance spectroscopy, electron ion and electrospray mass
spectroscopy. At the time of this research no attempts to characterise the reaction product
of amino ac ids and 1,2-indanedione by instru mental mean s have been made nor have
attempts to characterised the reaction product with the addition of metal salt treatment.
This study will attempt to characterise the reaction product of amino acids and I,2indanedione by mass spectroscopy, infrared spectroscopy, UV-visible spectroscopy, thin
layer chromatography and nuclear magnetic resonance spectroscopy, in order to gain a
greater understanding of the reaction process taking place. 1,2-Indanedione will also be
reacted with amino acids and metal salts in order to gain some knowledge of the reaction
taking place.
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2.1 Introduction

Latent fingermarks are a common form of evidence found or collected from a crime scene.
Such marks can be developed at the scene by powdering or by the application of physicochemical methods such as spray reagents and cyanoacrylate fuming. Alternatively, exhibits
can be collected and taken to the laboratory for analysis. Every law enforcement agency
around the world wi II have either an 'in house' or an independent fingerprint laboratory
where exhibits collected from crime scenes can be treated to detect and enhance latent
fingermarks.
Standard operating procedures generally dictate that exhibits are first divided into two
categories: porous and non-porous. This determines the development sequence to which
the exhibit will be subjected. It is, however, recognised that this classification is somewhat
simplistic and does not represent the wide range of surface characteristics encountered.
The two most common forms of chemical reagents for the treatment of fingermarks on
porous surfaces are ninhydrin and 1,8-diaza-9-fluorenone (DFO). These reagents are often
used in sequence, with DFO treatment used initially, followed by ninhydrin processing.
Although DFO and ninhydrin are the most commonly used reagents for the treatment of
fingermarks on porous surfaces, improved formulations are continually being developed
and published (eg. Petruncino, 2000).
In addition, there is a constant search for a fingermark reagent that combines both the
colour properties of ninhydrin and the luminescence properties ofDFO upon development.
Such a reagent would be extremely advantageous from both an operational and an
economic viewpoint; a reagent that could replace both ninhydrin and DFO would save both
time and money.
Research into ninhydrin analogues, sponsored by the United States Secret Service, led to
the discovery of the fingermark development potential of 1,2-indanedione (Ramotowski et
a!., 1997). Numerous groups have studied the reagent, which is now commercially
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available. Although reports on the use of the reagent have been varied, the potential of 1,2indanedione for latent fingermark detection on porous surfaces is undeniable.
In th is study, a laboratory survey was conducted to determine the international
community's general awareness and experience with 1,2-indanedione, as well as to find
out w hat variations in ninhydrin and DFO formu lations were being used around the world .
The results were publ ished in the Journal of Forensic Identificat ion (Wallace-Kun ke l et al. ,
2004).

2.2 Materials and Methods
A survey instrument was devel oped as a mechanism to obtain information from the various
fingerprint laboratories around the world. The aims of the survey were two-fold:
1.

Determine the type and freq uency of tin germ ark reagents used on porous surfaces;

2.

Determi ne the fi ngerprint comm unity's awareness and experi ence w ith
I ,2-indanedione.

The questions were developed in order to contribute as much information as possible to the
specified aims of the survey. The survey consisted of 14 questions, including multiple
cho ice and short answer questions, a copy of which is available in Appendi x B.
T he fi ngerprint survey was sent to all state pol ice laboratories in Austral ia, fou r
laboratories in New Zealand, all members of the European Network of Forensic Science
Institutes (ENFSI), all members ofthe Scient ific Working Group on Friction Ridge
Analysis, Study and Technology (S WG FAST), all members of the International
Fingerprint Research Group (IFRG), members of the United Kingdom Fingerprint Society,
as well as being posted in a newsletter ("The Detail") on the ''Complete Latent Print
Examiners" web site (www.clpex.com).

2.3 Results
Thirty four responses were received from 28 laboratories representing 9 different countries.
The country of origin of the respo nses and the number of responses received from
ind ividual laboratori es are shown in Figure 2.1.
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Survey Respondants by Origin of Country

Australia

USA

Israel

NZ

Germany

Swt!zcrland

UK

Norway

Canada

Country

Figure 2.1 -Survey respondents by origin of country

All state and federal laboratories in Australia and all main fingerprint sections in New
Zealand responded. Nine responses were received from various federal, state and county
labs in the United States of America. Six responses were received from within Europe
and one each from Canada and Israel. Thirty six percent of responses were from federal
laboratories, 46% of responses were from state laboratories, and 18% of responses were
from county laboratories
The type of reagents used for fin germ ark development on porous surfaces and the
proportion of laboratories using each reagent are illustrated in Figure 2.2 . The 3 most
common reagents used for the treatment of fingermarks on porous surfaces are ninhydrin,
DFO and physical developer. Ninhydrin was used by all laboratories that responded, with
DFO being the next commonly used reagent at 86%. 1,2-Indanedione is used routinely by
21% of the respondents.
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Standard Reagents for Development of Prints on Porous Surfaces
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Figure 2.2 - Percentage of fingerprint laboratories that use the speci tied reagents for the treatment of porous
surface exhibits

The percentage of casework where each reagent is reported to be used is illustrated in
Figure 2.3. More than 50% of laboratories surveyed used ninhydrin in 91-l 00% of cases.
DFO is used in most cases by only 11% of laboratories surveyed. More than three-quarters
of respondents used DFO in 40% or fewer cases.
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Amount of Casework Reagents Used In

0-10

11 20

21-30

31-40

41-50

51-QO

61-70

71-80

81-90

91-100

% of use In Casework

Figure 2.3- Frequency of use of specified reagents (ninhydrin, DFO and physical developer) in casework

It was determined that 16 different ninhydrin and 18 different DFO formulations were
being used by the responding laboratories. The most common ninhydrin formulation,
used by 45% of those surveyed, was the HFE 7100 based formulation recommended by
the United Kingdom Home Office Scientific Development Branch (UK HOSDB). Major
differences between other formulations were the choice of carrier solvent, with HFE
7100, HFC 431 Omee, petroleum ether, hexane acetone, Vertrel XF, AK 225 and Forane
141 B all being used. The ninhydrin content of the formulations ranged from 4 to 8.3o/o
w/v. Each formulation is listed in Table 1.
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%
Responses

Ninhydrin
(g)

Ethanol
(mL)

Acetic
Acid
(mL)

Ethyl
Acetate
(mL)

Methanol
(mL)

HFE
7100
(mL)

Acetone
(mL)

Petroleum
Ether
(mL)

Vetrel
XF
(mL)

45
3
3
6
3
3
3
3
3
3
6
3
3
3*
3*
3*

5g
6
5
4
6
5
8.3
5
4
6
5
5
5.2
5
5
5

45
40
35

5

2
5
70

-

948

-

-

-

960
900
950

-

-

-

-

50
33 .3
45
35
20
35
47.3
20
35
20

10
10
-

-

16.7
5
10
10
10
5.3
10
10
10

-

175
2.5
5
5
2. 1

-

5

-

20
20

950

-

970

1000

945

-

-

5
-

-

-

-

*Alternative tormulat1ons otTered by survey part1c1pants

AK225
(mL)

-

-

-

950

970
-

-

HFC
4310
mee
(mL)

-

800

-

-

-

-

-

-

-

Hexane
(mL)

-

-

-

Forane
1418
(mL)

-

-

-

950
950

-

950
-

-

-

-

-

950
-

-

-

970

-

Table 2.1 -Ninhydrin formulations

Three different formulations of DFO appear to be prevalent (see Table 2). The first
solution, used by 18% ofthose surveyed, is the HFE 7100 based formulation containing
0.25% DFO that was recommended by Didierjean and co-workers in 1998.
DFO (g)

Vo

ndents
18
14
4
4
II
4
4
7
4

-

0.5
0.72
0.36
0.25
1--·0.36

4
4
4

~r--

4
4
*4
*4
*4

0.25
0.5
0.72
-0.2

0.72
0.72
0.25
0.5
0.125
0.27
0.72
0.36
5

Methanol Ethyl Acetic Xylene Acetone
(mL)
(mL)
(mL)
Acetate Acid
(mL)
(mL)
40
40
58
50
100
58
48
30
57.6
58
58
40
80
25
55
58
57.6
40

-

100
-

-

-

100
25
55

-

-

20
20
6
20
20
6
28
20
5.4
6
6
20
20
5
II
6
5.4
20

-

-

-

-

50

-

-

Propanol
(rnL)

-·----~ -·
-

-

-

-

-

-

50
-

DiPetroleum
Chloro
Ether
methane
(mL)

-

-

-

10
-

-

27
50
-·

-

27
24
27
27
27

-

-

-

880
780

-

900
-

-

830
879
-

27
27

-

HFE
7100
(mL)
940
940

-

920

-

725
910

-

800

-

-

Forane
1418
(mL)

Vertrel
XF
(mL)

- --

920

-

-

-

910

-

-

..

-

-

920

-

HFC
4310
mee
(mL)
-

-

-

920
940

-

-

-

-

AK225
(mL)

-

-

I

-

-

940

Table 2.2- DFO formulations

The second solution used by 14o/o of survey participants differs from the previous
formulation by doubling the amount of DFO. The third most common solution contains
0.5% DFO and uses petroleum ether as the carrier solvent. This formulation is a lower-cost
alternative to the HFE 7100 based formulation. One formulation, more recently developed,
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(mL)

-

920
-·

-

-

HFE
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(mL)

-

--

-

275

-

-

-

-

-

-

-

-

-
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contains 0.25% DFO with a HFE 7100 I HFE 71 de mixed carrier solvent. This formulation
has been recommended by the UK HOSDB and Wilkinson (Jones, 2002) who have
reported that it recovers more identifiable fingermarks than the previous formulation. A
HFC 431 Omee carrier solvent is preferred by the Australian Federal Police who report
higher DFO solubility and less ink running on treated documents.
One of the aims of the survey was to determine the international community's awareness
and experience with the relatively new fin germ ark reagent 1,2-indanedione. Figure 2.4
shows that most of the fingerprint technicians I examiners surveyed, had heard of the
reagent, but only 34o/o had ever used it. Only 14% of laboratories regularly use 1,2indanedione in casework.
Six different formulations of 1,2-indanedione were suggested by those who either currently
use the reagent or those who have performed trials. These formulations are listed in Table
2.3.
No of
Responses
3
3
I
I

l._l_=i

1,2- lnd
(g)
l
2
1.5
0.8
2
0.25

Acetic
Acid (mL'

-- -·----10

-

20
5

-

10

Ethyl
Acetate
(mL)

Methanol
(mL)

Ethanol
(mL)

-

-

90
90

-

-

40

-

2
70
90

-

-

-

-

HFE
(mL)

Petroleum
Ether (mL)

-

900

910
960
993
930
900

-

~

-

--

-

Table 2.3 - I ,2-Indanedione formulations

Literature supports the finding that two formulations are the most commonly used. The
fmmulation used regu larly by the Division of Identification and Forensic Science (DIFS)
in Israel (Wiesner, 2001) is a 0.2% 1,2-indanedione formulation that notably excludes
acetic acid. The HOSDB use 0.1% 1,2-indanedione with 1% acetic acid and petroleum
ether as the carrier solvent.
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The reagents also differ in the development conditions recommended by the respective
authors. The DIFS recommendation is development with 60o/o relative humidity, whilst the
UK HOSDB formulation is recommended for use at ambient humidity.
Awareness of 1,2-lndanedione

Never Heard of II

Have heard of 11 but never
used 11

Have used 11 111 research

Have used 11

tn

Casework

Is used regularly tn
research

Is used regularly in
casework

Awareness

Figure 2.4 - 1,2-lndanedione relative awareness and experience among survey respondents

Of those participants who had direct experience with l ,2-indanedione, 60% rated the
reagent better than DFO, 20o/o noted no differences between the two reagents, and l 0%
rated DFO far superior. The remaining 1Oo/o dec I ined to comment as they had not fully
evaluated the reagent.
Research into I ,2-indanedione had been performed by 25 o/o of the survey participants.
Only 15% of the respondents had performed research on fin germ ark reagent analogues.
This research included the evaluation of 5-aminoninhydrin and 5-methylthioninhydrin
(Anthonioz, 2003), the investigation oftrypsine as reinforcement for fingermarks revealed
with ninhydrin (Anthonioz, 2003), and a study of the reaction mechanism of DFO with Lalanine (Wilkinson, 2000).
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Participants were asked their level of satisfaction with the currently used reagents. It is
positive to note that none of the survey respondents were unsatisfied with the reagents
used. Fifty four percent stated that they were moderately satisfied, with some commenting
that one can never be completely satisfied when there are always improvements to be
made. However, 46% were happy to comment that they were completely satisfied with
their sequence of reagents for fin germ arks on porous surfaces. The majority of respondents
(96%) were willing to try new reagents, with only 4o/o following strict standard operating
procedures, which do not allow new reagents to be tested.
Many of those surveyed felt the facts that determine the type of reagents used in their
laboratories were a combination of cost (43o/o), ease of use [time taken and effort (57%)] ,
and the quality of the results (82o/o) . The most emphasis was placed on the quality of
resul ts. Other factors considered were the occupational health and safety issues related to
the use of each reagent.
Survey participants were asked if they would consider incorporating 1,2-indaned ione into
their treatment sequence if it was found to produce higher quality results than conventional
reagents. As indicated in Figu re 2.5, 57% stated they would, whilst 10% stated that 1,2indanedione is already in use in their laboratory. Thirty two percent stated that it would
depend on factors such as cost, availability, ease of use, health and safety, and the quality
of results.
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Incorporating lndanedione into Treatment Sequence

45

40
35

"i:"'
~

30

"C

c

~

25

Q,

c::

-:!!..

20

~

15
10

Yes

Depends

No

Already in Use

Answer

Figure 2.5- Relative willingness of laboratories to incorporate 1,2-indanedione into the reagent repertoire

2.4 Discussion

Not all potential survey participants responded to the survey and thus this precludes a more
thorough analysis of the fingermark reagents used on porous surfaces by the international
fingerprint community. The responses that were received, however, do represent a number
of laboratories and individuals that are at the forefront of research and technology in the
fingermark detection arena. Sufficient information is therefore available to warrant a
discussion on the topic.
Of the data gathered in this survey, it is interesting to note the number of different
ninhydrin and DFO formulations being used. There were 16 different formulations for
ninhydrin and 18 different formulations for DFO reportedly being used by the survey
participants. These formulations differed in both active ingredient concentration, carrier
solvents, and other constituents (polar solvents).
Cost is one reason for the differences in these formulations. For example, petroleum ether
is cheaper than HFE 7100 and HFC 431 Omee, and thus it is substituted as a carrier solvent
despite the fact that it is reportedly less effective than HFE 7100 and HFE 431 Orne,
producing fewer identifiable fingermarks (Petruncino, 2000). Petroleum ether is also
Page

31

2. Fingermarks on Porous Surfaces - A Survey

highly flammable, hence the use of such formulations must be done with great care to
minimise the risk of fire or explosion.
Alleged improved formulations are often reported in the specialised literature, although it
is not known to what extent fingerprint technicians evaluate or utilise the suggested
formulations in the lab. This is likely contributed to by the lack of time available for
research due to high caseloads reported by many of the survey participants. However, if
research is not taken on board, the fingerprint laboratories may not be operating at the
optimum level. Some major organisations have laboratories or technicians whose main
priority is to focus on research and to make sure that the methods and formulations are of
the highest quality available. This is the case with laboratories such as the Royal Canadian
Mounted Police in Canada. Although this is an ideal situation, it may not be economically
and operationally achievable and thus may be unattainable for some organisations. Another
option for cost-effective research is through strong collaboration with the local universities.
The Australian Federal Police have taken this approach through strong research
collaboration with the University of Technology, Sydney and the Canberra Institute of
Technology.
Research into 1,2-i ndanedione had been performed by 27% of those who responded to the
survey. Most research involved the comparison of 1,2-indanedione with DFO and
ninhydrin, and attempts to optimise various formulations and development conditions. The
recommendations, although extremely varied, are largely based on two formulations: the
2% 1,2-indanedione formulation recommended by DIFS in Israel, and the 1% 1,2indanedione formulation recommended by the HOSDB.
Development both with (Wiesner eta/. , 200 I) and without (Gardner and Hewlett, 2003)
humidity has been recommended. Some felt that petroleum ether was the optimal carrier
solvent, whilst another researcher felt that 1,2-indanedione was only comparable with DFO
when used in HFE 7100. Optimisation of 1,2-indanedione seems to be the subject of
several current research projects (Forensic Science Service- UK, Secret Service- USA,
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University of Technology, Sydney -AUS). The main areas of investigation are the
development conditions, focusing on humidity and the optimal formulation of the reagent.
1,2-Indanedione has also been compared to 5-methylthioninhydrin, a ninhydrin analogue
first developed in 1991 by Heffner and co workers and studied by the Israeli's (Almog et

al., 1992) and the United States Secret Service (USSS; Cantu eta/., 1993). The USSS
evaluated 5-methylthioninhydrin and 1,2-indanedione using the amino acid glycine on
paper. They found I ,2-indanedione to be the superior of the two reagents. Stimac (2003)
applied and validated 1,2-indanedione to the development of latent fingermarks on thermal
paper.

A considerable amount of research has been undertaken on the fingermark reagent 1,2indanedione. However, this research appears to have been performed by the same core of
organisations and groups. The results have been varied, indicating that a broader range of
testing needs to be performed in order to ensure that optimal conditions are being met for a
given set of environmental conditions. In 200 I, Petrovskaia and co workers investigated
the reaction mechanism of 1,2-indanedione with amino acids. They found the reaction
intermediates difficult to isolate and thus a reaction mechanism was postulated rather than
confirmed . A more thorough investigation of the mechanism of the reaction of 1,2indanedione is still to be completed. This will ensure that a thorough understanding of the
process is gained.
It was positive to note that most laboratories were interested in trying new and innovative
reagents that may provide improved results. Besides performance, the main concern in
introducing new reagents was occupational health and safety. An ideal reagent would
provide high quality results whilst also meeting health and safety standards within
fingerprint laboratories. Research has indicated that 1,2-indanedione has the potential to
offer such high quality results while also providing low toxicity (Wallace-Kunkel et al.,
2004), thus perhaps meeting the criteria many fingerprint laboratories desire.
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2.5 Conclusions
The types and frequency of use of fin germ ark reagents on porous surfaces, employed in
casework, were determined through responses from an international survey. Ninhydrin and
DFO continue to be the most accepted and commonly used, with 1OOo/o of laboratories
using ninhydrin and 85o/o using DFO. In total, 11 different reagents were reported to be
used to develop fingermarks on porous surfaces.
The international fingerprint community's awareness of the relatively new fingermark
reagent 1,2-indanedione was also gauged. Although most fingerprint technicians had heard
of the reagent, only 28o/o had used it in casework. Fingerprint laboratories are willing to
incorporate the reagent into their testing regime if the benefits are convincingly proven and
the reagent meets occupational health and safety requirements. The results support the
need for systematic research, particularly on new or improved fingermark reagents and
detection procedures. This would ensure that there is increased standardisation across the
board for fingermark detection and enhancement protocols
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3.1 Introduction
Since 1,2-indanedione was proposed as a fingermark reagent by Joullie and co workers in 1997, much
research has been performed to validate its use in forensic science laboratories. Hauze and co-workers
tested a range of 1,2-i ndanediones against other amino acid reagents (Hauze eta/., 1998). This early
research showed that several of the I ,2-indanediones tested gave reaction products of greater
luminescence than that obtained with DFO; however, none gave better initial colour than ninhydrin.
Preliminary experiments performed in Israel indicated that 1,2-i ndanedione is in no way inferior to DFO
(Almog, 1999); nevertheless, one problem that existed was the limited availability of the compound.
However, 1,2-indanedione was relatively easy to synthesise (Cava et al., 1958) and, in 2002, it became
commercially available through the Netherlands-based company, BVDA International. The Casali
Institute, attached to the Hebrew University in Israel, also began to commercially manufacture 1,2indanedione on a small scale in late 2001 and now sells its product through Crime Sciences Inc.
In 2000, Roux and co-workers compared the ability of 1,2-indanedione and 5,6-dimethoxy-1 ,2indanedione to detect latent fingermarks on paper with results obtained using DFO and ninhydrin
(Roux eta/., 2000). They concluded that the new reagents developed marks that displayed superior
luminescence to those developed with DFO. Latent marks developed with ninhydrin were still superior
to those developed with 1,2-indanedione based on initial colour alone.
The same authors also compared the effect of different carrier solvents- Ark lone, methanol, petroleum
ether, HFC 431 Omee and HFE 7100- on the quality of the fingermarks developed using 1,2indanedione. HFE 7100 was found to produce brighter fingermark luminescence followed closely by the
HFC 4310mee carrier solvent. Some solubility problems were experienced. The formulation
recommended in this study contained 0.3o/o w/v 1,2-indanedione, 1% v/v acetic acid and 50o/o v/v
methanol with HFE 7100 as the carrier solvent.
Research by Wiesner and co-workers led to 1,2-indanedione being approved for use in casework in
Israel. 1,2-Indanedione was used in casework in 200 I, developing the fingermark of a suspect on
newspaper, in the assassination of the Israeli minister for tourism Rehavan Ze'evi. The influence of pH
and the two carrier solvents HFE 7100 and HFC 431 Omee were evaluated with best results being
obtained using 0.2% w/v indanedione in HFE 7100 carrier solvent with 7o/o v/v ethyl acetate (Wiesner et

a/. , 2001 ). Acetic acid, recommended in all other formulations of 1,2-indanedione, was notably absent,
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with Wiesner stating that the acid did not improve results and had a negative effect on the clarity of the
fingermarks developed . This research also compared 1,2-indanedione and DFO on actual casework,
w ith 46o/o more fingermarks reportedly developed by 1,2-indanedione.
In 2002 , the Federal Bureau of Investigation (FBI) carried out a validation study on 1,2-indanedione in
response to the Daubert requirement that all scientific processes be validated and subjected to peer
review before being used in evidence in courts of law (Kasper, 2002). Interestingly, the FBI only
investigated the application of the 1,2-indanedione formulation proposed by Wiesner, and concluded
that indanedione is a very sensitive amino acid developer and should be used as the primary process
when used in conjunction with ninhydrin.
In 2002, the United Kingdom Home Office Scientific Development Branch (UK HOSDB) reported that
1,2-indanedione was the least effective reagent in a comparison with ozone-friendly DFO formulations
based on HFC 431 Omee and HFE 7100 formulations (Merrick et al., 2002). This research differed from
all other comparisons published in the literature at the time. This could perhaps be attributed to the
substantially lower concentration of I ,2-indanedione in the formulations used by the UK HOSDB.
Research by the HOSDB gave an optimum formulation of 0.025% w/v (Gardner and Hewlett, 2003)
whereas all other research performed have been based on formulations ranging from 0.05- 0.3% w/v.
In 2003, Wilkinson conducted a laboratory and field trial on two formulations of DFO, comparing them
to the Israeli (Wiesner et al., 2001) and the UK HOSDB (Gardner and Hewlett, 2003) 1,2-indanedione
formulations. Laboratory trials showed differences between the two 1,2-indanedione formulations,
which Wilkinson suggested was due to the differences in climate and the pH of the paper between the
two countries. The Israeli formulation was deemed unstable and was therefore discarded at the
laboratory trial stage. The other formulation of 1,2-indanedione was used in the field trial but was
removed halfway through the trial due to apparent poor performance.
Six separate groups of researchers have published studies on I ,2-indanedione for use as a fingermark
reagent; there have been five different formulations recommended. These formulations differ quite
significantly in concentration and constituents, with the two main carrier solvents being petroleum ether
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and HFE 71 00, and one formulation lacking acetic acid. The aim of this part of the research was to
investigate all recommended formulations and compare them against each other.
The discrepancy in the results from 1,2-indanedione research has been the focus of a number of
discussions at research forums around the world (Jones, 2002). The support surface has been a major
variable in all research. Although all researchers have used paper, the research has been conducted in
four different continents- Australia, Europe, Asia and North America. The composition and
constituents of paper are diverse between manufacturers and especially between geographical locations.
For example newspaper in Australia, exhibits a high amount of fluorescence, whereas newspaper in
Israel exhibits little if any fluorescence. It has been suggested that the constituents of paper may have an
effect on the reaction between 1,2-indanedione and the amino acids present in the fingermark deposit. A
study at the University of Technology, Sydney is currently being conducted to investigate this claim
(Aumeer-Donovan, 2007).
More recently at international forums, the effect of the differing climatic and environmental conditions
in the areas where 1,2-indanedione has been tested has been raised . Humidity has been recommended
for optimum 1,2-indanedione development in the United Kingdom and Israel. whereas humidity has not
been required for successful development in similar research in Australia.

3.2 General Materials and Methods
3.2.1 Selection of Support Samples
Four porous surfaces were selected as supports for this stage of the project. The surfaces selected were
based on those used in previous research in Israel and Australia. Two porous surfaces that are notorious
for producing poor quality fingermarks, newspaper and recycled paper were selected. Another two
porous surfaces which consistently produce high quality fingermarks were also selected, white copy
paper and lined paper. The fingermarks on each surface were stored in sealed envelopes in a dark
cupboard.

Porous Surfaces

Source

Reflex A4 White Copy Paper

Office Works

Home Brand White Lined Paper

Office Works

Canon A4 Recycled Copy Paper

Office Works

Newspaper

"'The Daily Telegraph"- Sydney

Table 3.1 Surfaces used for the comparison of 1,2-indanedione formulations
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3.2.2 Preparation of Latent Fingermark Samples
Two donors were selected for the deposition of latent fingermarks. It was decided that both a good
donor and a poor donor were needed in order to produce a range in the quality of the deposited marks.
Donors were judged based on a small survey performed on 12 donors and on the experience and
judgement of the author. The first donor selected was a medium-to-heavy secretor but poor ridge detail
donor. The second donor selected was a good ridge donor and low-to-medium secretor. Both donors
were judged on their ability to develop fingermarks using ninhydrin, DFO and 1,2-indanedione. Both
subjects were the same age, however the first donor was female and the second donor was male. The
details of each subject were recorded as recommended by Jones (200 1).
Latent fingermarks were deposited by the two donors on each of the four different paper supports.
Successfully depleted fingermarks were placed onto the A4 sheets of paper using the template adapted
from Jones (1998) as shown in Figure 3.1

C)
II

C)

Ill

C) C)
II

Ill

Figure 3.1 - Schematic of layout of fingennark samples on paper

Each line represents the fin germ arks of one subject prepared by rubbing the middle three fingers onto an
oily part of the face and then placing three sets of fingermarks consecutively in positions I, II and III.
This serves to produce depleted fingermarks with decreasing amounts of residue.
Fingermark samples were aged to produce marks between 1 day and 2 years old. This was done in order
to determine the effects of aged fin germ arks on the performance of l ,2-indanedione.
All fingermark samples were stored in an A4 manila envelope in a dark drawer at standard laboratory
conditions until they reached the appropriate age.
When the fingermarks reached their appropriate ages they were removed from storage. Each A4 sheet of
paper was then cut into four strips, cuts being made through the centre of each sample area I, II and III,
shown in Figure 3.2.
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C) C)
II

Iji

C) C)
II :

Ill

Figure 3.2- 'Locations of cuts on fingermark samples on paper

The strips were then sorted and treated with one of the five 1,2-indanedione formulations. This was
achieved by spraying the solution on to the paper and placing the sample either in a heat press for 10
seconds at 165° C or a in conventional oven set at 100° C for 10 minutes.

3.3 1,2-Indanedione Formulations
3.3.1 Introduction
The formulations investigated in this area of the study are based on research and recommendations from
the Home Office Scientific Development Branch in the United Kingdom (UK HOSDB), the Division of
Identification and Forensic Science (DIFS) of the Israel National Police, BVDA International in the
Netherlands (a commercial supplier of 1,2-indanedione), and the University of Technology, Sydney
(UTS), Australia.

This area of the project will compare all recommended formulations and determine the optimal
formulation based on the evaluation of these reagents. Modifications to this formula will also be
investigated with the aim of improving the results.

3.3.2 Materials and Methods
3.3.2.1 1.2-Indanedione Formulations
Each of the five different recommended formulations were prepared on the day of use, using analytical
grade chemical reagents from Univar Chemicals. I ,2-Indanedione was donated by the Australian
Federal Police who had purchased it from BVDA International. The same analytical weighing balance
was used throughout the study.
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Formulation 1

Formulation 2

0.2 g 1,2-indanedione
8 mL glacial acetic acid
72 mL ethyl acetate
800 mL petroleum ether
880 mL working solution

0.25 g I,2-indanedione
I 0 mL glacial acetic acid
90 mL eth y I acetate
900 mL HFE 7100
I 000 mL working solution

Formulations I and 2 were recommended by the United Kingdom Home Office Scientific Development
Branch (Gardner and Merrick, 2003).
Formulation 3

Formulation 4

2g 1,2-indanedione
930 mL HFE 7100
70 mL ethyl acetate

1 g I ,2-indanedione
10 ml glacial acetic acid
90 ml ethyl acetate
900 mL petroleum ether
I000 mL working solution

I000 mL working solution

Formulation 3 is currently used in casework in Israel (Wiesner eta/., 2001 ). Formulation 4 was
proposed by the commercial supplier of 1,2-indanedione, BVDA International.
Formulation 5
3 gl ,2-indanedione
10 mL glacial acetic acid
445 mL methanol
445 mL HFE 7100
1000 mL working solution
Formulation 5 was recommended by Roux and co-workers (2000) in early research at the University of
Technology, Sydney.
Each sample was sprayed with the appropriate solution, allowed to dry, and then subjected to the chosen
development conditions.
After the initial formulation research was performed and as a result of a survey conducted (WallaceKunkel eta/., 2004) it was found that laboratories were using other 1,2-indanedione formulations that

Page

41

3. Optimisation of 1.2-lndanedione

had not been published in literatu re. One laboratory each were using the mod ified 1,2-indanedione
formulati ons li sted below.
Formulation A

Formu lation 8

Formulation C

2 g 1,2-indanedione
90 mL ethyl acetate
910 mL HFE 7100

1.5 g 1,2-indanedione
20 mL acetic acid
40 mL methanol
960 mL HFE 7100

0.8 g 1,2-indanedione
5 mL acetic acid
2 mL eth y I acetate
993 mL HFE 7100

Due to the late stage of the discovery of these additional formulations, they were evaluated against the
optimised 1,2-indanedione formulation determined in the initial investigation. The formulations were
compared as per section 3.2.2 and developed on the heat press at 165° C for 10 seconds.
3.3.2.2 Development Conditions

The optimum method of development is discussed in section 3.4; however, for the purposes of
determining the optimum formulation of 1,2-indanedione, the samples were subjected to two different
development methods: (i) heating at 100° C for 10 minutes in a conventional oven; or (ii) heated in a
heat press for 10 seconds at 165° C with no steam employed. The oven used was a Memmert
conventional oven (Model UM 400), set at 100° C, with the temperature being monitored by a calibrated
thermometer. A Singer Magic Steam Press 7 (Model MSP7) was the heat press utilised with the
temperature set at approximately 165° C, as determined by a thermocouple.
3.3.2.3 Method o(Detection

A Video Spectral Comparator 2000 (VSC 2000; Foster & Freeman, UK) was used as the imaging
system to record the fingermark development. Fingermarks were viewed under white light and in
fluorescence mode. For all samples analysed the spot filter was set to the 440 to 580 nm filter band,
50% cut-on and cut-off wavelengths respectively, and a 610 nm long pass filter.
A Polilight PL 10 (Rofin, Australia) forensic light source, coupled with the Poliview imaging system
was also used as a method of detection in the fluorescence mode. The VSC 2000, however, was used as
the primary method of detection due to its rapidity and ease of use. The VSC 2000 is an excellent
screening tool for fingermark samples, however it lacks the sensitivity of the Polilight/Poliview system.
The VSC 2000's light source is less powerful than the Polilight, the spectral characteristics of the filters
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are also less powerful and less filter combinations are available. This means that more specific detection
is limited and poor quality fingermarks may be missed using the VSC 2000. In this stage of the research,
this was not considered critical as direct comparisons of the formulations were being made.
3.3.2.4 Optimisation of Carrier Solvent

The solvents HFE 7100 ( 1-methoxynonafluorobutane), H FE 71 de ( 1-methoxynonafluorobutane mixed
with 1,2-dichloroethylene) HFC 431 Omee (1, 1,1 ,2,3,4,4,5,5,5-decafluoropentane) and petroleum ether
were all examined as carrier solvents for the optimised formulation. Formulations based on these carrier
solvents were directly compared using fingermarks split down the middle, with each side being treated
with a different formulation. Once treated with the appropriate solution, fingermark samples were
developed in a heat press and viewed using the VSC 2000.
3.3.3 Results
3.3.3.1 1,2-lndanedione Formulations

Samples treated with formulation 1 produced fingermarks with a very pale pink initial colour, which
became duller and harder to see with each depleted impression in each sample set. Fingermarks were
not able to be detected on newspaper in either absorption of fluorescence modes.
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Figure 3.3: (Top Row) All tingermarks were I month old and viewed under white light using the VSC 2000.
(Bottom Row) All fingermarks were I month old and viewed in the fluorescence mode (Exc. 440-580 nm, Em. 610-630 nm)
using the VSC 2000.

Formulation 2 also produced a pale pink initial colour, with the best initial colour observed on the A4
white paper. The depth of the initial colour however was inconsistent throughout the samples treated.
The initial colour became harder to see with each depletion level. Fingermarks developed on the heat
press appeared darker than fingermarks developed in the conventional oven. Luminescence of samples
treated with formulation 2 was good when detected by both the VSC 2000 and the Polilight.
Formulation 3 is the solution currently used in Israel (Wiesner, 2001) and has been validated by the FBI
(Kasper 2002). Samples treated with this formulation did not produce any results when heated in the
conventional oven. No visible initial colour nor luminescence could be detected on the VSC 2000 or the
Polilight. The samples were heated for over 2 hours in the conventional oven without progress in their
development.
When the samples treated with formulation 3 were heated in the heat press for 10 seconds good quality
initial colour and luminescence were achieved. A medium pink initial colour was also achieved on
newspaper using this formulation (Figure 3.4), a feat achieved by none of the other four formulations.
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Luminescence, however, could not be observed on the newspaper due to the background luminescence
of the newspaper itsel f.

Figure 3.4: I week old fingermark
treated wi th formu lation 3 and
viewed in absorption mode

Latent fingermarks treated with formulation 4 exhibited a bright pink initial colour when developed in
the conventional oven. An even brighter initial colour was obtained by using the heat press for 10
seconds. The initial colour obtained by treatment with formulation 4 appeared to be the darkest obtained
by any of the five formulations. The luminescence of marks treated with formulation 4 was of a high
quality (i.e. contrast and intensity).
Latent fingermarks treated with formulation 5 gave a medium pink initial colour, slightly lighter than
those produced by formulation 3. Unfortunately the methanol content of the formulation caused the ink
on the support as well as the lines in the lined paper to run, thus having a detrimental effect on the
clarity of the fingermarks. This can be seen in Figure 3.3J.
Of the formulations evaluated late in the research as a result of the survey returns, formulation A
developed fingermarks that were a pale pink colour and were barely visible under white light; however,
developed marks still exhibited some fluorescence. Formulation B, proved to give the best colour and
fluorescence when used to develop fingermarks. These fingermarks gave a very strong pink initial
colour and high fluorescence. Fingermarks treated with formulation C gave a medium pink initial colour
and a medium fluorescence. Formulation B was compared to the optimised 1,2-indanedione formulation
and was fo und to develop fingermarks that exhibited less fluorescence and a reduced initial colour.
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3.3.3.2 Direct Comparison o(Formulation 3 and Formulation 4

The formulation published by Wiesner and co-workers has been used in numerous publications and thus
it was decided that a more in depth study of this reagent was required. Consequently, fingermarks
developed with formulations 3 and formulation 4 were directly compared in order to unequivocally
optimise the formulation for Australian conditions. Based on the initial tests, fingermarks developed
with formulation 4 produced the best results for initial colour whilst all formulations produced good
fluorescence intensity.

Figure 3.5: Fingermark developed
with- Formulation 3 (left):
Formulation 4 (right) viewed in
absorption mode

Figure 3.6 : Fingermark developed
with - Formulation 3 (left):
Formulation 4 (right) viewed in
fluorescence mode

Figures 3.5 and 3.6 show clearly that fingermarks developed with formulation 4 are superior to those
developed with formulation 3 in both initial colour and fluorescence. Wiesner and co-workers (2001)
mentioned that the addition of acetic acid to the 1,2-indanedione formulation had a detrimental effect on
the clarity of the developed marks; however, this phenomenon was not observed in this research.
3.3.3.3 Optimisation of Carrier Solvent for Formulation 4

Although formulation 4 gave the best development of fingermarks, the solution itself was not stable for
more than 5 or 6 hours. After that time the solution visi bly degraded and thus it was decided that
alternative carrier solvents be investigated. The solvents investigated were HFE 7100 ( 1methoxynonafluorobutane ), HFC 431 Omee ( 1, I, 1,2,3,4,4,5,5,5-decafluoropentane ), HFE 71 de (1methoxynonafluorobutane mixed with 1,2-dichloroethylene) and petroleum ether.
The physical properties and toxicity of each can·ier solvent are compared in the table below.
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HFE 7100

HFE 71de

HFC 4310mee

Petroleum Ether

Physical Form
Chemical
Formula

Liquid
C4F90CH3

Liquid
1,1,1,2,2,3,4,5,5,5decafl uoropentane
CsH2F1o

Liquid
Hydrocarbon
mixture

Odor, Colour
and Grade

Clear colourless
liquid. Slight
ethereal odour
405uC

Liquid
50% HFE 71 00,
50% trans-! ,2dichloroethylene
C2H2CI2
Clear, colourless
liquid, slight
odour
410uC

Clear, colourless
n/a

Clear, colourless
liquid with
hydrocarbon odour
245uC

n/a

n/a

-46°C

41°C

55°C

20-75°C

1.37
4.8

1.58
8.4

2.5

202 (@25°C)

383 (@25°C)

226 (@ 25°C)

40 (@20°C)

1.5

1.37

1.58

0.60-0.75

-135°C
<12 ppm

N/a
Slight (<I 0%)

-83.7
140 ppm

-70°C
Negligible

49

70

n/a

0.6 @23°C

0.42 @25uC

0.67

13.6

16.6

14.1

20

0.0

0.0

0.0

0.0

320

160

1700

Autoignition
Temperature
Flash Point
Boiling Point
Density (glmL)
Vapour Density
Ref Std AIR=l
Vapour
Pressure
(mm Hg)
Specific Gravity
RefStd
WATER= I
Melting Point
Solubility in
Water
Evaporation
Rate
Ref Std
(BlJOAC=l)
Viscosity
(centipoise)
Surface Tension
(mN/m)
Ozone Depletion
Potential
Global
Warming
Potential
Toxicity

n/a Not
Flammable
61°C(@760
mmHg)
1.5
8.6

INL-HMN LCLO
1OOOOOppm/4 hrs
ORL-RAT >5g kgI

Minimally
irritating to skin
Practically nonirritating to eyes

Cost

I

As for HFE 7100
As well as
Dichloromethane
listed below
IHL-HMN
500 ppm/8hrs
ORL-RAT LD50
1600 mg kg-'
ORL-HMN
LDLO
357 mg kg-'

-

10

-·

-- - - - - - - -

ORL-RAT LD50 >
5000 mg kg-1
SKN-RBT >5000
mgkg-1
INH-RA T LC50
Ill 00ppm/4hr

$1 I 0 per Litre
$138 per Litre
$1 14.25 per Litre
Table 3.2- Chemical properties of carrier solvents
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31 centistokes

low

TL V 1350 mg/m3
300 ppm
11-ll...-HMN LCLO
3pph/5m
IVN-MAN LDLO
27000mg kg-'
ORL-RAT LD50
>5000mg kg-'
SKN-RBT LD50>
3000 mg kg-'
$46 per Litre
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Figure 3.7: 9 month old
fin germ ark HFE 71 de
solvent (left) HFE 71 00
solvent (right) viewed
under white light

Figure 3.9: 9 month old
fingermark HFE 71 de
solvent (left): HFE 7100
solvent (right) viewed
under white light

Figure 3.8: 9 month old
fingermark HFE 71 de
solvent (left): HFE 7100
solvent (right) viewed
in fluorescence mode

Figure 3.10: 9 month old
fingermark HFE 71 de
solvent (left): HFE 7100
solvent (right) viewed in
fluorescence mode

HFE 71de and HFE 7100 based formulations were found to be superior to HFC 4310mee and petroleum
ether based formulations for both initial colour and fluorescence of the developed fingermarks.
Differences between fin germ arks developed with l-IFE 7100 and HFE 71 de were not always evident,
which is illustrated in Figures 3.7 and 3.8. At times it appeared that the HFE 71 de treated fingermarks
gave slightly darker initial colour (Figure 3.9) and slightly greater fluorescence (Figure 3.1 0) than HFE
7100. A mix of HFE 7100 and HFE 7lde showed no appreciable differences. HFE 7100 gave
considerably better results than HFC 431 Omee as a carrier solvent for the 1,2-indanedione reagent. HFC
431 Omee also caused a slight ink run in the samples tested which is consistent with results reported by
Petruncino (2000) for the evaluation of carrier solvents used in the ninhydrin formulation. After
consideration of the results, the optimised formulation was based on HFE 7100 as the carrier solvent.
This decision was based on the fact that there was little difference between actual results of fingermarks
developed using the two different carrier solvents, the fact HFE 7100 did not cause ink to run on the
samples and the fact that HFE 71 de contains I ,2-dichloroethylene which increases the toxicity of the
reagent.
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3. 3.3.4 Summary o[Formulation Comparison

A summary of the results of all 1,2-indanedione formulations are shown in Table 3.3 below.
Formulation No.
1

2

3
4

5

6 (optimised)

-A
8

c

Working Solution
0.2g I ,2- lndanedione
8mL Acetic Acid
72mL Ethyl Acetate
800 mL Petroleum Ether
0.25g 1,2-lndaned ione
1OmL Acetic Acid
90mL Ethyl Acetate
100mL HFE 71 00
2.0g 1,2-lndanedione
70mL Ethyl Acetate
930mL HFE 7100
I.Og I,2-lndanedione
1OmL Acetic Acid
90mL Ethyl Acetate
900mL Petroleum Ether
0.3g I,2-lndanedione
500mL Methanol
1OmL Acetic Ac id
490mL HFE 7100
l.Og I,2-lndanedione
1OmL Acetic Acid
90mL Ethyl Acetate
900m L HFE 7 100
2g 1,2-Indanedione
90mL Ethyl Acetate
910mL HFE 7100
l.5g l ,2-1 ndanedione
20mL Acetic Acid
40mL Methanol
940mL HFE 7100
0.8g I ,2-Indanedione
5mL Acetic Acid
2mL Ethyl Acetate
993mL HFE 7100

Initial Colour

Fluorescence

X

XX

-

X

-

XX

XXX

XXX

XX

-

XXX

I-

I

XXX

X

XX

XXX

X

XX

Table 3.3 -S ummary of results of all I ,2-indanedione formulations

Key: Poor ( - )

Fair ( x)

Good (xx)
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3.3.4 Discussion
3. 3. 4.1 Stability Problems of Formulations

Although formulation 4 produced the optimum results, the solution was not consistently stable. The
solution sometimes began to visibly degrade within 5 to 6 hours. Formulation 3, used by the Israeli's, is
stable for up to 3 months but produces inferior results.
Formulation 4 used petroleum ether as a carrier solvent, but a study of alternative carrier solvents
showed HFE 7100 to give better results and thus it was decided to substitute HFE 7100 as a new carrier
solvent. The stability of this new solution (formulation 6) was greater than 2 months when stored in an
amber bottle. Substitution with HFE 71 de as a carrier solvent gave a formulation that was also
comparable in stability. The substitution of carrier solvents had a beneficial effect on both the initial
colour and fluorescence of the treated fingermarks.
3.3.4.2 Optimisation o(Formulations

The contrast created by the initial colour of the reagent on the support surfaces appeared to increase
with increasing concentration of 1,2-indanedione. This supports results published by Almog (1999).
1,2-Indanedione developed fingermarks that were highly fluorescent. Fingermarks treated with
formulations having a low active concentration were still extremely fluorescent. The increase in
concentration was also evident in the improved fluorescence of weak fingermarks .
Formulation 5, despite displaying good initial colour, was immediately ruled out due to its propensity to
make the ink in the samples run. This is an undesirable characteristic for a fingermark reagent due to the
nature of samples examined in case work such as forged cheques, handwritten documents, and other
surfaces with ink contained on them.
Fingermarks developed with formulations I and 2 showed very pale pink initial colours. Such light
initial colour was not desirable as it would make fingermark visualisation based on initial colour alone
very difficult. The fluorescence intensity of marks developed with these two formulations was also
lower than for other formulations tested. This means that poor quality fingermarks may not be detected
using this formulation when compared to one offering stronger fluorescence.
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Although fingermarks treated with formulation 3 were initially hard to develop, once developed
properly they proved to have good initial colour comparable with that produced by samples treated with
formulation 4. A greater emphasis was put on samples treated with formulation 3 due to the amount of
research already published using this formulation. Although results were not able to be replicated in this
research it is thought that ambient conditions have a significant influence on results. Jn Israel, ambient
conditions are very arid and thus excess humidity is needed in order for chemically treated fingermark
samples to be developed. Comparatively, Australia has a climate with an average temperature slightly
warmer than that of Israel; however, relative humidity is much higher, ranging from 50o/o to 75%
throughout the year. This is in comparison with Israel's relative humidity ranging between 20% and
60o/o at a maximum.
Research performed by the UK HOSDB (Gardner and Merrick, 2003) indicated that humidity can have
a detrimental effect on the quality of the fingermarks developed with 1,2-indanedione. However
extensive research performed in Israel (Wiesner eta/. , 2001) suggested that the application of humidity
to samples can produce the best results. The effects of humidity are investigated further in section 3.5
and fingermarks treated with formulation 3 will again be examined.
Of the formulations published by other researchers and the formulations broached in the survey,
fingermarks treated with formulation 4 (a 0.1 o/o w/v solution of 1,2-indanedione in petroleum ether)
produced the best results when considering both initial colour and fluorescence.

3.3.3.4 Optimisation of Carrier Solvents
The optimal carrier solvent for 1,2-indanedione reagent was determined to be HFE 71 00 when all
factors were taken into consideration (fingermark development, formulation stability, ink running on
documents, and toxicity). However, the HFE 71de solvent was found to be marginally better than HFE
7100 in terms of both initial colour and luminescence. HFE 71 00 in tum was found to be better than
HFC 431 Omee as a carrier solvent for the fingermark reagent. Petroleum ether was found to be the least
effective solvent in both quality of results and stability.
HFE 71 de was compared to HFE 7100 and HFC 431 Omee on a variety of inks. HFE 71 de was found to
cause a greater amount of ink run than the other two solvents. Due to the nature of exhibits submitted
for fingermark analysis in real cases a solvent that causes ink run may prohibit further examination and
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th us may not be appropriate. HFE 71de is a mix ofHFE 7100 (1-methoxynonatluorobutane) and 1,2di chlorothylene. 1,2-dichloroethylene makes up 49-51 o/o of the HFE 71 de solvent (Material Safety Data
Sheet - HFE 71 de, 3M) . 1,2-dichloroethylene is a more toxic than HFE 7 100. According to the material
safety data sheet produced by the manufacturer of both chem icals, 3M, exposure guidel ines are 200 ppm
for 1,2-dichloroethylene versus 750 ppm for HFE 7100 and 1,2-dichloroethylene has aquatic tox icity of
10 mg/L <Lowest LC50, IC50< 100 mg/L whereas HFE 7 100 has none. Since comparable resu lts can
be obtained usi ng a less toxic solvent, it was preferable to use HFE 71 00. With all factors considered, it
was decided that HFE 7 100 wou ld be the opt imal so lvent.
A recent study by the US Secret Service (Ramotowski, 2007) compared the two carrier solvents, HFE
7100 and petroleum ether. They found that petroleum ether worked sli ghtly better in the fluorescence
mode than HFE 7100. The health and safety of the solvents were considered, however the Secret
Service decided that they would recommend petroleum ether as the carrier solvent.

3.3.5 Conclusion
The optimal formulation of 1,2-indanedione was determined to be a 0.1 o/o w/v I ,2-indanedione solution
containing 1% w/v acetic acid, 9% w/v ethyl acetate and HFE 7100 as the carrier solvent.

3.4 Comparison of Casali Institute 1,2-Indanedione and BVDA 1,2-Indanedione

3.4.1 Introduction
The production of 1,2-indanedione was first described in the literature by Cava in 1958, but it was not
until 1997 that it was first proposed for the development of fin germ arks on porous surfaces. The Casali
Institute has manufactured 1,2-indanedione since 2000, however this was, until recently, on a relatively
small scale. The Netherlands-based company BVDA began to manufacture 1,2-indanedione in 2001
and, since that time has been the maj or international supplier. Despite this most research has been
performed using the Casali Institute 1,2-indanedione.
Since the results of research into the development of fingermarks using 1,2-indanedione has been so
varied, it was thought that the source of 1,2-indanedione may have an effect. The two d ifferent
commercial sources of manufactured 1,2-indanediones had not been directly compared by instrumental
means, or in the development of fin germ arks, and thus this study set out to address these issues.
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3.4.2 Materials and Methods
3. 4. 2.1 Visual Comparison

A visual comparison of the Casali Institute product was made against two different batches of the
BVDA product and photographs taken using a Nikon F90 SLR camera and Fuji I 00 film.
3. 4. 2. 2 Comparison o(Fingermarks

The optimised formulation of 1,2-indanedione using the BVDA product was prepared and compared to
the recommended Israeli (Wiesner eta/., 2001) formulation using the Casali Institute product. This was
to ensure that there was no difference between the formulation evaluated in this research and what was
is used in casework in Israel.
The Casali Institute product was compared to the BVDA product using the optimised formulation (0.1%
v/v 1,2-indanedione, 1% v/v acetic acid, 9% v/v ethyl acetate, 90% v/v HFE 71 00).
The Casali Institute product was then compared to results obtained with ninhydrin and DFO.
3.4.3 Results
3. 4. 3.1 Visual Comparison

Numerous batches of BVDA 1,2-indanedione were ordered throughout the course of this research. All
but one batch appeared as fine yellow crystals as show in Figure 3.11. The last batch of 1,2-indanedione
received from BVDA appeared as large orange crystals, Figure 3.12, although this product exhibited the
same batch number as all previous orders received. Once the large orange crystals were ground with a
mortar and pestle they exhibited an appearance similar to that shown in Figure 3.11 . It was found that in
order to dissolve the crystals grinding was necessary as the large orange crystals were hard to dissolve
in the selected solvents. The 1,2-indanedione received from the Casali Institute appeared as a fine dull
yellow powder as is shown in Figure 3.13.

Figure 3.11 - BVDA 1,2-indanedione Figure 3.12- BVDA 1,2-indanedione
received in early 2003
received in mid 2005
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3.4.3.2 Comparison o(Fingermarks

Figure 3.14 shows the Casali Institute compared to the BVDA 1,2-indanedione both made up using the
formulation optimised in this research. The Casali Institute 1,2-indanedione produced slightly more
fluorescence, however, on a whole there was judged to be little difference between the two products.

Figure 3.14- Fingermarks developed with 1,2-indanedione Casali Institute (Australian formulation) (left):
BVDA (Australian formulation) (right) viewed on the VSC 2000.
Exc: 440-580 nm, Em: 61 0 nm

Figure 3.15 shows an example of the Casali Institute 1,2-indanedione made up using the Israeli
formulation compared to the BVDA 1,2-indanedione made up using the optimised formulation. There
was not a great amount of difference between the two products on good quality fingermarks, there was
however slightly greater fluorescence for the BVDA (optimised) solution on poor quality fingermarks.
The initial colour of the BVDA (optimised) solution was improved for all experiments than the solution
made using the Israeli formulation with the Casali Institute 1,2-indanedione.
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Figure 3.15 - Fingermarks developed with 1,2-indanedione Casali Institute (Israeli formulation) (left):
BVDA (Australian formulation) (right) viewed on the VSC 2000.
Exc: 440-580 nm, Em: 610 nm

Figure 3.16 shows the Casali Institute 1,2-indanedione compared to DFO development. As was found
with the experiments using the BVDA product, 1,2-indanedione is consistently more fluorescent than
DFO.

Figure 3.16- Fingermarks developed with DFO (left): Casali Institute 1,2-indanedione (Australian formulation)
(right) viewed on the VSC 2000. Exc: 440-580 nm, Em: 610 nm

Ninhydrin was also compared to the Casali Institute product with results mirroring those produced by
the BVDA product shown in chapter 4.1.
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3. 4.4 Discussion
This research has shown that despite init ial appearance there is no significant difference between the
Casal i Institute and the BVDA 1,2-indaned ione products when used to develop fingermarks . An
analytical comparison of the two products is documented in chapter 5; however, no significant
differences between the two products were fou nd us ing nuclear magnet ic resonance spectroscopy, thin
layer chromatography, and infrared spectroscopy.

3.4.5 Conclusion
Despite their initial appearance, there is no any significant difference between the Casali Institute 1,2indanedione and the BVDA 1,2-indanedione. The Casali Institute 1,2-indanedione is significantly
cheaper at $230 Au for 10 g compared to $340 Au for the 10 g of the BVDA product.

3.5 Optimum Method of Development of 1,2-Indanedione

3.5.1 Introduction
There have been numerous discrepancies in the optimal development and secondary treatment of I ,2indanedione reported in the literature. Three different development methods have been recommended.
The UK HOSDB recommends heating I ,2-indanedione treated fingermarks in a conventional oven for
10 minutes with ambient humidity (Merrick et al., 2002, Gardner and Merrick, 2003), whilst Roux and
co-workers (2000) determined that heating in a heat press showed improved results over the
conventional oven. Similarly, Hauze and co-workers ( 1998) determined that I,2-indanedione treated
fingermarks were best developed using a steam iron for 20 to 30 seconds and the FBI (Kasper, 2002)
heat 1,2-indanedione treated items using a photo mounting press at 100° C for between 2 and 5 minutes.
Ramotowski and co-workers (1997) stated that there is a strong link between fluorescence intensity and
the humidity conditions used. Research from Israel supports this theory (Aimog et al., 1999). Wiesner
and co-workers (200 I) studied fingermarks developed at temperatures between 40° C and 100° C with
0% to 80% relative humidity. Optimal conditions for the development of latent fingermarks treated
with I ,2-indanedione has been proposed as I 00° C at 60% relative humidity for 20 minutes.
Researchers at the UK HOSDB found that increasing the humidity signi-ficantly decreased the
brightness of the fingermarks treated with 1,2-indanedione (Gardner and Merrick, 2003). This may be
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due to the fluorescence quenching effect of moisture, which is an effect observed with DFO
development.
There is also some conjecture as to the advantages of secondary metal salt treatment, with and without
liquid nitrogen cooling to 1,2-indanedione treated fingermarks. Ramotowski and co-workers (1997)
rated the fluorescence of 5,6-dimethoxy-1 ,2-indanedione as comparable to DFO; however, they noted
that upon the addition of zinc metal salt the fluorescence of the 1,2-indanedione treated fingermarks far
surpassed that of the DFO treated fingermarks. Similarly, Hauze and co-workers (1998) also concluded
that treatment with zinc chloride intensified the fluorescence of 1,2-indanedione treated fingermarks.
The same researchers also found that cooling with liquid nitrogen was not required to obtain optimal
fluorescence.
Roux and co workers found that zinc chloride improved the luminescence of 1,2-indanedione treated
fingermarks, with the addition of liquid nitrogen also said to improve the sensitivity of the reagent
(Roux et a!., 2000). Almog and co-workers (1999) stated that the addition of zinc chloride did not
noticeably effect the fluorescence of 1,2-indanedione treated samples.
There seems to be many conflicting results between publications as to the various conditions used to
develop 1,2-indanedione treated fingermarks. Previous publications have not examined all conditions,
rather they have selected a limited number to come up with appropriate recommendations. This research
aims to examine a large number of possible development conditions in an attempt to reconcile the
results reported in the literature to date.

3.5.2 Materials and Methods
The literature has recommended numerous development conditions as well as secondary treatments. For
the purposes of this research all recommended development conditions, listed below, will be
investigated, as well as secondary metal salt and liquid nitrogen treatment.
1.

Heat Press for 20 seconds

2.

Heated for 20 minutes at 100°C and 60o/o humidity

3.

Heated for 10 minutes at 100°C without humidification

4.

Zinc treatment to increase luminescence at room temperature

5.

Cooling with liquid nitrogen after zinc treatment
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All fingerrnarks were treated with the formulation optimised in section 3.3 (formulation 6), except
where otherwise specified.

3. 5. 2.1 Heat Press
The Singer Magic Steam Press (Model MSP7) was utilised as the heat press for the purposes of this
research. The steam press possesses five settings based on the average types of materials encountered in
pressing. The temperature of the steam press was measured and calibrated using a thermocouple.

3.5.2.2 Heated with Humidification
Fingermark samples were developed in a heat press set on the cotton setting ( 165°C) for 10 seconds
with the addition of steam.
Fingermark samples were also placed in an oven set at 100°C containing a beaker of water for up to 2
hours. A humidity gauge was not available to monitor or determine the humidity in this study.

3.5.2.3 Heated without Humidification
Fingermarks on the four porous samples chosen, treated with 1,2-indanedione, were heated to 100°C in
a Memmert brand conventional oven (Model UM 400), for between 10 and 30 minutes.

3.5. 2. 4 Metal Salt Treatment
Cadmium and zinc metal salts were prepared as per the details in Stoilovic and Lennard (2005),
included in Appendix C. The cadmium and zinc metal salt solutions were added drop wise to the I ,2indanedione treated fingermarks. These fingermarks were then viewed in luminescence mode using the
VSC2000.

3. 5. 2. 5 Liquid Nitrogg]lj9llowing Metal Salt Treatment
Liquid nitrogen was added to the 1,2-indanedione I metal salt treated fingermarks in a Styrofoam tray. A
warmed glass plate was then placed over the Styrofoam tray to prevent condensation. These fingermarks
were then visualised using the VSC 2000 at 440 to 580 nm and 480 to 620 nm bands, with long pass
filters set at 610 and 630 nm respectively.
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3.5.3 Results
3. 5. 3.1 Heat Press

Four of the five settings on the heat press were measured using a thermocouple. The results are shown
below.
Replicate
1

•• Setting °C

2

3
4
5
6

7
8

9
10
Average
Standard Deviation

120.2
123.9
121.8
120.5
121.2
121.0
121.0
120.9
119.8
121.0
121.13
1.11858

••• Setting °C

149.8
152.4
148.9
151.2
153.0
151.9
150.6
151.4
153.2
150.1
151.25
1.41441

••••• Setting °C

•••• Setting °C

166.4
163. 1
165.9
164.1
166.0
166.3
167.9
167.8
167.9
167.1
166.25
1.609865

I

182.0
18 1.4
183.8
183.3
182.5
183.8
183.4
182.1
180.3
183.3
182.59
1.147413

Table 3.4 - Results of temperature analysis of heat press settings.

The optimum conditions for the development of fin germ arks treated with 1,2-indanedione using the heat
press was determined to be on the cotton setting (.... ), approximately 165° C, for 10 seconds.
Fingermarks developed using the heat press showed superior in itial colour and luminescence to any of
the other development conditions tested.
3. 5. 3.2 Heated with Humidification

The heat press has a steam option present as a function . The use of steam during development seemed
to have a negligible effect on the results of marks treated with formulation 4. The use of steam did
however slightly improve the quality of the fingermarks treated with solution 3. Placing a beaker of
water in the 100°C oven and leaving for an hour before developing marks did not seem to effect the
results. Overall the addition of humidity to the development process did not appear to have the effect
reported in other studies.
3.5.3.3 Heated without Humidification

Fingermarks developed with I ,2-indanedione in the conventional oven without humidification were a
pale pink initial colour. Th is initial colour did not change over the 10 to 30 minute time period during
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which the fingermarks were developed. Fingermarks were left in the oven for up to 2 hours without any
change in colou r or fluorescence. The initial colou r produced using this development procedure was not
as dark as the initial colou r produced us ing the heat press. The fluorescence of the deve loped
fin germarks was a lso not as bri ght as those developed using the heat press.

3. 5. 3. 4 Metal Salt Treatment
The colour of the fingermarks treated with 1,2-indaned ione were a bright pink co lour. When zinc or
cadmium metal salts were added to these bright pink fingermarks no noticeable colour change was
observed ; however, when samples of amino acids were placed on filter paper and treated with zinc or
cadmium metal salts (after 1,2-indanedione development), a noticeable colour change occurred. The
samples of amino acids on filter paper were a pale pink colour when treated with 1,2-indanedione. This
is due to both the concentration of the amino acids as well as the dissolution of the sample over the
surface of the filter paper. Upon addition of zinc and cadmium these amino acids gave a bright pink
initial colour. Fluorescence studies also confirmed an increase in fluorescence. This indicates that there
is a reaction taking place and thus this phenomenon was investigated further in section 4.6. The same
phenomenon was not observed in the treated fingermarks as the colour of and intensity of the
fluorescence of the good fingermarks was already so great that no change was noticed . A change was
noted for weak fingermarks with a slight increase in the colour and fluorescence intensity of the
fingermarks treated with metal salts after I ,2-indanedione development.

).5~5

fdg_uid Nitrogen following Metal Salt Treatment

Cooling 1,2-indanedione developed fingermarks , which had been additionally treated using zinc or
cadmium, with liquid nitrogen showed no appreciable differences.

3.5.4 Discussion
3. 5. 4.1 . Heat Press
Temperature control and development time became crucial when developing samples on the heat press.
When samples were heated for a prolonged period of time, the samples began to degrade, the
fingermarks becoming a brown colour with quenched luminescence. It was originally thought that the
samples were 'burning'.
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It was particularly evident in samples treated with formulation 3. Some of the samples turned brown in

as little as 5 to 10 seconds, as illustrated in Figure 3.17. The areas of the fingermark sample that were
brown also showed decreased luminescence. Figures 3.18 and 3.19 show the same sample in absorption
and fluorescence modes; note that the areas of the fingermark sample that appear to be 'burnt' show
quenched fluorescence compared to the areas that are not brown.

Figure 3.17-- 1 month old mark
treated with Formulati on 3 and
developed with the heat press.
Viewed in absorption mode

Figure 3.18- 1 month old mark
treated w ith Formulat ion 3 and
developed with the heat press.
Viewed in absorption mode

Figure 3.19- 1 month old mark
treated with Formulation 3 and
developed with the heat press.
Viewed in fluorescence mode

This problem was overcome by using the heat press on the cotton setting (approximately 165°C) and
placing the sample between two sheets of paper towel. A 10 second development time was found be to
optimal as it prevented the fingermarks from turning brown.
After a study was conducted on the reaction product of 1,2-indanedione and amino acids (Chapter 5) it
was found that heating the reaction at high temperatures or for a prolonged period of time resulted in a
brown product. This phenomenon is discussed further in section 5.3.3.1 and is consistent with the
reaction between amino acids and ascorbic acid when heated (Hayashi eta/., 1983).
3.5.4.2 The Effect o(Humidity

The addition of humidity to the samples using the techniques mentioned did not seem to have an effect
on the development of the fingermarks.
The current results produced by researchers in Israel could not be duplicated. Publ ished results (Wiesner
et al., 2001) have shown that hum id ity does have a beneficial effect.

The effect of the ambient humidity that the fingermark exhi bits have been stored under has been shown
to have a great effect on the development of fi ngermarks by 1,2-indaned ione. Research by the author
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and co-authors (Sto ilovic et a/., 2007) has shown that the storage humidity is critical to the fluorescence
of fingermarks treated with 1,2-indanedione. The second humidity influence is the ambient humidity at
the time of the development of fingermarks w ith 1,2-indanedione. This concept has been investigated
and is discussed in chapter 4.6. It seems that am bient humidity must be at least 70% fo r optimal
development of 1,2-i ndanedione treated fi ngermarks. It has been suggested that a small amount of zinc
in the formulation of the reagent will counter-act thi s hu m id ity dependence and thus produce more
consistent results not only within Australia, but througho ut the world (Stoilovic eta/., 2007).

3.5.4.3 The E{fect o(Secondary Metal Salt Treatment and Liquid Nitrogen
Hauze (1998) stated that the addition of a zinc salt to 1,2-indanedione treated fingermarks changed the
initial colour of the marks to a darker pink. This colour change is indicative of a reaction taking place.
To follow the lead of ninhydrin and DFO, the addition of zinc would be expected to result in the
formation of a metal salt complex.
In this research, zinc and cadmium metal salts were added to I ,2-indanedione treated fingermarks
without notable change. No change in fluorescence was evident when the fingermarks were viewed
under the VSC 2000, nor upon cooling with liquid nitrogen. It must be noted here that the colour and
fluorescence of 1,2-indanedione treated fin germ arks was very strong and thus further investigation was
warranted .

Fut1her investigation of amino acids treated with metal salts showed that there was a visible reaction
mirroring observations by Hauze in 1998. Pale coloured 1,2-indanedione treated amino acid spots
turned dark pink on reaction with zinc or cadmium metal salts. An increase in intensity of fluorescence
was also noted .

When weak fingermarks developed with I ,2-indanedione were further treated with metal salt the colour
increased slightly as did the fluorescence. This indicates that metal salt treatment should be included in
the sequence of treatment for exhibits on porous surfaces, after development with 1,2-indanedione.
Many fingermarks treated with 1,2-indanedione exhibit strong fluorescence intensity and initial colour,
however there may be weak fingermarks that may be enhanced by using metal salt treatment.

Page 62

3. Optimisation of 1.2-lndanedione

3.5.5 Conclusion
The use of the heat press set at I65° C for I 0 seconds gives optimal results for fingermarks on porous
surfaces treated with I ,2-indanedione. This deve lopment gave fingermarks that had a dark pink initial
colour with fl uorescence superior to that obtained with DFO. Metal salt treatment should be considered
for use on weakly developed I ,2-indanedione fi ngerm arks.

3.6 Optimisation of the Method of Detection
3.6.1 Introduction
An optimised method of detection for 1,2-indaned ione treated fingermarks has never been fully
explored. Detection methods have been largely unreported in much of the literature. Wiesner (2001),
Almog (1999) and Roux (2000), and their co-workers, detected 1,2-indanedione treated fingermarks
using the Polilight forensic light source (Rofin, Australia) between 530 and 555 nm, with observation
between 549 and 610 nm. Merrick and Gardner and co-workers (2002, 2003) detected 1,2-indanedione
treated fingermarks using a Foster and Freeman Quaser 2000 with excitation at 473-548 nm and
detection at 549 nm .
The three methods of detection evaluated in this research were using the Video Spectral Comparator
2000 (VSC 2000) by Foster and Freeman (UK), the Pol iview system utilising the Polil ight by Rofi n
Australia, and the Condor Chem ical Imaging system by Chemlmage Pty. Ltd. (USA).

3. 6.1 .1 The Video Spectral Comparator 2000 (VSC 2000)
The Video Spectral Comparator, or VSC 2000/HR, developed by Foster and Freeman (UK), is
traditionally used for the examination of questioned documents. However, the high resolution camera
( 1360 x 1024), high magnification and range of lighting conditions make it suitable for the detection of
treated fingermarks . This method of detection for fingermarks has been used in other published research
(Flynn eta/., 2004, Payne eta/., 2004).
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Figure 3.20- The Video Spectral Comparator 2000 by Forster and Freeman

The VSC 2000 has UV, visible, fluorescence and infrared capabilities and is equipped with nine
different excitation filter positions ranging in bandwidth from 80-140nm within the 380-750nm portion
of the spectrum. The VSC 2000 includes both long pass and band pass observation filters . Long pass
filters transmit wavelengths longer than the stated value of the filter, whilst band pass filters allow a
narrower band of light (approximately 40nm bandwidth) to pass through.
Absorption and fluorescence in the visible region are the tools most commonly used for fingermark
detection.
3.6.1.2 The Poliview System utilising the Polilight

The Polilight forensic light source is the result of research conducted by the Australian Federal Police
and the Australian National University in the 1980s. The light source was commercialised by Rofin,
Australia. Rofin also produce an acquisition and software enhancement system called the Poliview.
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Figure 3.21 - The Polilight by Rofin, Australia

The Polilight consists of a xenon lamp with up to 11 in built band pass filters for use in the 380 nm to
650 nm range. Accessories include barrier filters and goggles for viewing through a camera or with the
naked eye.
To achieve an optimal image of a fingermark sample in the luminescence mode, a barrier filter that will
cover the maximum amount of photoluminescent emission, without overlapping with the bandpass of
the excitation filter, must be selected.
Figure 3.22 below, adapted from Stoilovic and Lennard (2005), shows the band positions of the
Polilight and barrier filters used on the PL 10 model light source.
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Figure 3.22- Barrier filters and band positions ofthe Polilight PLIO (Adapted from Stoilovic and Lennard, 2005)

3.6.1.3 The Condor Chemica/Imaging Macroscop_e
Chemical Imaging combines molecular spectroscopy and digital imaging, providing information on
morphology, composition, structure and concentration of the material.
Technology has played a vital role in the development of chemical imaging. The use of a liquid crystal
tuneable filter (LCTF) in spectroscopy combined with the use of the charged coupled device (CCD)
camera in digital imaging has enabled chemical imaging to provide high spatial and spectral resolution
with real time images.
Chemical imaging combines spectroscopic and imaging information by recording the sample as an array
at each individual wavelength, shown in Figure 3.23, with each pixel capable of having its own
individual spectra recorded . This provides both structural and compositional information.
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A.l

Figure 3.23- Sample array at individual wavelengths. Grey squares indicate the same pixel at each individual wavelength
that are combined to fonn a spectrum (Adapted from Exline et al., 2004).

In chemical imaging, light intensity is recorded as a function of both wavelength and detector pixel
location. The data set includes a full image at each individual wavelength; a fully resolved spectrum at
each individual pixel can also be recorded (Treado, 1995).

Page 67

3. Optimisation of I .2-lndanedione

·f~~hotoelectrons)
t
Information in each pixel
Spectroscopy

Sample

Spectrometer or
tunable filter

.~

~_:~ j 1---~-t-:.....:.__.--.
Wavelength (nm)

Chemical Imaging
Object or
sample

Imaging optics
plus wavelengthselection device

Array
detecto

ff ... i!\vA- l

Wavelength (nm) i.
Each pixel contains spectrum

Figure 3.24- The process of Chemical Imaging, a combination of spectroscopy and digital imaging
(Adapted from Treado, 1995)

The CONDOR TM is a chemical imaging macroscope for the analysis of samples measuring up to I
metre in length by colourimetric and fluorescence spectroscopy.

c

TM

Macro Chemical Imaging

Figure 3.25 and 3.26- The Condor Chemical Imaging macroscope (Chemlmage, 2001)

The Condor macroscopic imaging system consists of a visible range LCTF with a CCD detector on a
macroscopic platform. A Polilight PL500 was used as a light source.
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The LCTF is extremely advantageous in the fact that it replaces the often numerous detection filters
needed for analysis. The LCTF is based on the refractive index of the liquid and thus does not requi re
any moving parts. The LCTF is able to perform measurements within less than 1 nm wavelength
increments, thus greatly increasing the information obtained from an analysis. In a typical analysis,
images are captured over a wavelength range of 5 nm increments. The data set that is obtained can then
be processed using chemometric software to extract the information required (eg. to extract ridge detail
from a fin germark image).

3.6.2 Materials and Methods
Fingennarks were deposited on white photocopy paper, recycled paper and lined paper, as per section
3.2.2 and treated with the opti mised 1,2-indanedione formu lation and developed on the heat press at
165° C for 10 seconds. The fingermark samples were then examined using each of the three methods of
detection- the VSC 2000, the Polilight and the Condor.
The specifications of the three instruments used for the detection of fingermarks treated with 1,2indanedione are listed in the table 3.5.

Instrument
Manufacturer
Country of Origin
Model
Software Package
Detection Conditions

vsc 2000

Polilight

Condor CI

Chemlmage Corp.
Foster and Freeman
-USA
United Kingdom
vsc 2000
PLIO - - - -1---------------1--f------------------ChemAnalyze (7 .0) -VSC 2000 HR Software
Poliview
Excitation: 555 nm
Excitation: 440-480 nm
Excitation: 530 nm
(downtuned)
555 nm (downtuned)
560-650 nm,
Emission: 610 nm
Emission: 590 nm
5nm increments
Rofin
Australia

Table 3.5- Specifications of instruments used for detection

3. 6. 2.1 Detection o[Fingermarks using the VSC2000
The VSC 2000 was able to detect good and fair quality fingermarks under white light and fl uorescence.
The fluorescence of the fin germ arks was detected using the 440 nm to 480 nm bandpass filter for
excitation and the 610 nm to 630 nm filter for emission. Although the VSC 2000 was able to detect poor
quality fingermarks it was unable to provide enough contrast and details for these marks to be
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identifiable. Altering the excitation and emission wavelengths of the instrument only served to lighten
the background of the fingermark and not the mark itself.
The light source within the VSC 2000 did not distribute light evenly over the sample. This was a major
drawback using both colour and fluorescence as some detail was lost.

3.6.2.2 Detection o(Fingermarks using the Poliview I Polilight System
The Poliview I Polilight system was able to detect good and fair quality fingermarks with ease.
Fingermarks were detected using the 530 and 555 nm bandpass filter for excitation and the 590 nm
bandpass filter for observation. The excitation filters on the Polilight allow for the wavelength to be
down tuned which was useful when using the 555 nm filter for the detection of 1,2-indanedione treated
fingermarks . The integration features of the Poliview software allowed poor quality fingermarks to be
detected, providing enough contrast with the background to clearly identify minutiae.

3.6.2.3 Detection o(Fingermarks using the Condor Chemical Imaging System
The Condor was able to capture good quality fingermarks in the fluorescence mode. Fingermarks were
excited by the Polilight at 555 nm and images collected over a range of 560 to 650 nm with 5 nm
increments, with a 2 second exposure time. Fingermarks that were fair in quality were similar to the
same fingerm arks detected usi ng the Po lilight. The advanced software tool s of the Chemlmage software
were utilised to try to enhance the lower quality fi ngermarks but d id not offer any improvement w ith the
marks considered in this study.

3.6.3 Discussion
The VSC is a quick screening tool , which allows you to capture good quality fingermarks quickly in
both colour and fluorescence. This is good when there is a large quantity of samples to screen and is
good for research purposes. However it lacks sensitivity and thus poor quality marks may be missed and
therefore it would not be appropriate for case work.
The Poliview I Polilight system is more sensitive than the VSC 2000 with more specific filters, better
quality optics and integration allowing marks that are of lesser quality for example less fluorescence to
be picked up. The Polilight was specifically developed for fingermark detection along with a small
range of other forensic applications. The qualities of the Polilight have been widely reported (Wilkinson
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and Watkin, 1994, Stoilovic and Lennard, 2005) and it is almost universally used for forensic
applications.
The Condor is even more sensitive than the Poliview system due to its liquid crystal tuneable filter and
extensive software tools. It utilises the same light source as the Poliview system, that is the Polilight.
The Condor takes considerably more time to set up and is a great deal more expensive. For most
fingermarks it does not capture any more detail than the Poliview system. It has, however, proved useful
in previous research for poor quality marks and marks on difficult surfaces (Exline eta/., 2004, Payne et

a/., 2004). This type of detection would only be reserved for high profile cases where all other avenues
have been exhausted.

3.6.4 Conclusion
The recommended mode of detection for general use is the Poliview system utilising the Polilight
forensic light source due to its good sensitivity, reasonable price and moderate operating time.

3. 7 General Conclusion about Optimisation
The optimal formulation of 1,2-indanedione was investigated and determined to be a 0.1 o/o w/v solution
containing 1% v/v acetic acid and 9% v/v ethyl acetate in a HFE 7100 carrier solvent. The optimal
method of development of 1,2-indanedione treated fingermarks was established to be heating in a dry
heat press at 165° C for 10 seconds. Absorption and fluorescence modes using the Polilight forensic
light source was determined to be the optimal method of detection of the three methods reviewed.

3.8 Case Examples
As a result of this research, 1,2-indanedione was introduced as the primary reagent to develop
fingermarks on porous surfaces in all major crimes in New South Wales, Australia.
In late 2005 intelligence uncovered evidence of suspected terrorist activity in Australia. As a result of
this a series of raids were launched on businesses and homes within New South Wales, Queensland and
Melbourne. Many items seized in these raids were examined for fingermarks, with 1,2-indanedione
being used to treat porous surfaces.
Figures 3.27 and 3.28 show an exhibit on which fingermarks were developed using 1,2-indanedione.
The exhibit was a bank deposit slip used to pay for accommodation for a suspected terrorist training
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fac ility. The fingermark developed on the bac k of the deposit slip, Figure 3.29, was identified to one of
the suspects.
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Figure 3.27 - Front of the bank deposit slip

Figure 3.28- back of the bank deposit slip

Figure 3.29 - Fingermark developed with 1,2-indanedione on the back of the bank deposit slip
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Fingermarks were also developed on a Vodaphone prepaid mobile phone receipt (Figure 3.30). The
fingermarks (Figure 3.31 and 3.32) were also identified to suspects in the case.

Figure 3.30 - Front of Yodaphone prepaid receipt

Figure 3.31 - Fingermark developed on the front of Yodaphone receipt

Figure 3.32- Fingermark developed on the front ofVodaphone receipt
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The second case involves the stalking of a professional female golfer. Figure 3.34 shows a fingermark
developed on a threatening letter (Figure 3.33 and 3.34) which had been left on the victims vehicle.
Interestingly in this case the identification was made from a set of elimination fingermarks. The golfpro, who had given his fingerprints by his own will in order to eliminate him as a suspect was identified
and convicted of the crime.

t call you on the phon •
J l<oo your d06t61 friends.

Figure 3.33- Front of threatening letter left on victims vehicle

Figure 3.34 - Back of threatening letter left on victims vehicle

Figure 3.35- Fingermark developed with I ,2-indanedione on the back ofletter
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Chapter 4 -Applications
of 1,2-indanedione
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4.1 Comparison of 1,2-lndanedione to Conventional Regents
Two traditional methods of detection for latent fin germ arks on porous surfaces such as paper are 1,8diaza-9-fluorenone (D FO) and ninhydrin, with or without secondary metal salt treatment. Figures 4.1
and 4.2 show the chemical structures of these compounds.

0
OH

0

0
Figure 4. 1 -Chemical structure of
I ,8-diaza-9-fluorenone (DFO)

Figure 4.2- Chemical structure of ni nhydrin

Both reagents react with the amino ac ids present in the eccrine component of the fingermarks. The
reactions of both reagents with amino acids are outlined in chapter 1.
DFO is considered more sensitive than ninhydrin; however, ninhydrin is still predominately used in
routine casework due to its low cost and because it develops darker fingermarks when viewed under
white light (i.e. no special light sources is required). The higher sensitivity achieved with DFO is due to
the strong room-temperature luminescence observed in developed marks.
There is a constant search for a fingermark reagent that combines the properties of ninhydrin (strong
colour) and DFO (strong luminescence) in a single reagent. This inspired a hub of activity into the
research of ninhydrin analogues beginning in the 1980s and continuing today. In fact, it was whilst
researching ninhydrin analogues in 1995 that Joullie and co-workers discovered 1,2-indanedione. 1,2Indanedione has been investigated by a small number of research groups over the last 10 years. It has
been suggested as a replacement to DFO for the development of fin germ arks on porous surfaces. This
research will compare the optimised forrnulations of I ,2-indanedione to the most common formulations
of ninhydrin and DFO on freshly prepared samples, aged samples and real samples on white photocopy
and lined paper.
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4.1.1 Sensitivity of 1,2-/ndanedione
4.1.1.1 Introduction
The amino acid glycine has previously been used to test the sensitivity offingermark reagents (Cantu et

a/., 1993; Jones, 1998). Thus, for consistency, glycine was used in this study to determine the limit of
detection of 1,2-indanedione compared to that of conventional reagents.
Glycine is an amino acid that occurs naturally in the eccrine sweat produced by the body. As a result,
glycine is a common constituent in latent fingermarks; it is readily available and is consequently a good
choice for this procedure.
Studies on the sensitivity of ninhydrin and DFO have been performed in previous research (Jones, 1998;
Wallace, 200 I) using the serial dilution in a grid approach that is repeated in this study.

4.1.1.2 Materials and Methods
Five grids were prepared on Whatman #40 filter paper for glycine treatment. Consecutive dilutions were
made as 1:1 serial dilutions of glycine with deionised water, with the most concentrated square

consisting of 10 mg/mL glycine and the least concentrated square consisting of 7.4 x 1o-8 mg/mL
glycine.
5

~-tL

of each solution was applied to the grid with the first and second squares being blanks of nothing

and deionised water respectively.

-·----

,.--

Blank

1.25 x I 0- 1
mg/mL

3.9 X 10-3
mg/mL

1.2 X I 0 4
mglmL

Deionised
Water

6.25 X 10-2
mg/mL

2.0 X 10-3
mglmL

6.1 X 10-5
mg/mL

10 mglmL

0.5 mg/mL

0.25 mg/mL

3.125 X 10-2
mglmL

1.56 x I 0-2
mglmL

9.8 X 10-4
mglmL

4.9 X 104
mg/mL

2.4 X I 04
mg/mL

1.5 X 10- 5
mg/mL

7.4 X 10-8
mg/mL

3.lxl0- 5
mglmL

7.8 X 10-3
mglmL

Figure 4.3- Sensitivity of reagent concentration grid (glycine concentrations specified)
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The first and second grids were developed using 1,2-indanedione, followed by zinc and cadmium metal
salt treatment and cooling in liquid nitrogen. These grids were examined after each treatment using the
VSC 2000 with excitation at 440 to 480 nm and detection at 610 nm and the Polilight with excitation of
530-555 nm, using the 565 nm filter with the down-tuning the 590 nm filter for observation. The grids
were photographed on the VSC 2000.
The third and fourth grids were treated with ninhydrin and allowed to develop for 24 hours before
viewing under white light on the VSC 2000 and the Polilight. These grids were then treated with zinc
and cadmium metal salts and viewed in the fluorescence mode on the VSC 2000 and under the Polilight.
The fifth grid was treated with DFO by spraying the solution twice, allowing it to dry between
applications. This grid was developed using the heat press set on the highest setting ( 180°C) for 10
seconds and viewed in the fluorescence mode on the VSC 2000 and under the Polilight.
The lowest concentration detected for each application was recorded. Images were captured for each of
the grids using the VSC 2000.
4.1.1.3 Results
White Light

Fluorescence

(mg/mL)

(mg/mL)

1,2-Indanedione

2.0 x 1o-j

2.4

Ninhydrin

2.0 x 1o- 3

Reagent

f---

3.9

10 -:r---

X

10-4

na
2.4X 10-

-------~--- -

DFO
--- - - - - - - - - - - - - - - - - 1,2-Indanedione +Z inc
-1,2-lndanedione +Cadmium

9.8X 10-4

6.1

9.8X 10-4

6.1 X 10-::,

Ninhydrin+ Zinc + N2

2.0 X 10-j

4.9 Xl0 4

Ninhydrin+ Cadmium+ N2

2.0 X 10-3

4.9Xl0 4

X

x to- 5

Table 4.1 -Sensitivity of I ,2-indanedione compared with conventional reagents and treatments
using the amino acid glycine (figures indicate lowest concentration of glycine detected)

4.1.1.4 Discussion

1,2-Indanedione, ninhydrin and the ninhydrin metal salt complexes were able to detect glycine down to

a concentration of 2.0 x 1o- 3 mg/mL using white light only. The sensitivity of DFO was slightly less
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detecting a concentration of 3.9 x 1o- 3 mg/mL. The metal salt complexes of 1,2-indanedione were the
most sensitive, detecting glycine down to a concentration of9.8 x 1o-4 mg/mL under white light.

In the fluorescence mode, DFO and 1,2-indanedione were comparable in their ability to detect glycine at
a concentration of 2.4 x 1o-4 mg/mL. The metal complexes of ninhydrin were not as sensitive, detecting
glycine at a lowest concentration of 4.9 x 1o- mg/mL.
4

The addition of the metal salt solutions to the 1,2-indanedione treated glycine grid did not cause a colour
change; it did however appear to make the amino acid spots a slightly darker pink. The metal salt
treatment did increase the sensitivity of the reagent both under white light and in the fluorescence mode,
however cooling with liquid nitrogen did not appear to have an effect.

4.1.1. 5 Conclusion
1,2-Indanedione is as sensitive as ninhydrin for the detection of the amino acid glycine, using white
light only. 1,2-indanedione is also as sensitive as DFO for the detection of the amino acid glycine by
fluorescence. The addition of metal salts to 1,2-indanedione increases the sensitivity of the reagent.

4. .1.2 Comparison to Ninhydrin and DFO
4.1.2.1 General Materials and Methods
Ninhydrin, its subsequent metal salt treatments, and DFO solutions were made up as per Stoilovic and
Lennard (2005) as listed in Appendix C.
Fingermark samples of varying ages were treated with ninhydrin, post ninhydrin metal salt treatment,
DFO and 1,2-indanedione.

Direct comparisons between each conventional treatment and the 1,2-

indanedione formulation optimised in Chapter 3 (formulation 6) were made using fingermark samples
that had been directly cut down the middle.

4.1.2.1.1 Comparison to Ninhydrin
The ninhydrin treated fingermarks were dipped once in a ninhydrin solution, allowed to dry and placed
in an envelope in a dark cupboard for 24 hours. The ninhydrin treated fingermarks were then directly
compared to the other half of the fingermark sample freshly treated with 1,2-indanedione, with
visualisation using the VSC 2000 and white light illumination.
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Metal Salt Treatment
The zinc and cadmium metal salt solutions were added drop wise to the treated ninhydrin and 1,2indanedione developed fingermarks. These fingermarks were then viewed under the VSC 2000 and the
Polilight.
Metal Salt Treatment Using Liquid Nitrogen
L iquid nitrogen was added to the fingermarks treated with metal salt solutions by placing the sample
and the liquid in a Styrofoam tray. A warmed glass plate was then placed over the Styrofoam tray to
prevent condensation. The fingermarks were visualised using the VSC 2000 using the 440 to 580 nm
and 480 to 620 nm filter bands with long pass filters set at 610 nm and 630 nm respectively.

4.1.2.1. 2 Comparison to DFO
The DFO and 1,2-indanedione treated fi n germ arks were sprayed with the respective reagent and
allowed to dry. The DFO treated fingermarks were developed using a heat press set on the highest
sett in g (1 80°C) fo r 30 seconds, wh ilst the 1,2-indanedione treated fin germarks were developed on the
cotton setting ( 165°C) for 10 seconds.
T he treated fi ngermarks were then compared using the VSC 2000 fo r detect ion under both white light
and luminescence modes with excitation at 440-580 nm and detection at 610 nm.
At a later stage of the project, a new DFO formulation was recommended at the International
Fingermark Research Group (IFRG) Meeting in London in May 2003 (Fitzgerald and Sears, 2003). This
formulation was compared to the 1,2-indanedione and the AFP DFO formulations .
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4.1.2.2 Results
4.1.2.2.1 Comparison of 1,2-Indanedione with Ninhydrin

Figure 4.4: 8 month old fingermark treated
with l ,2-indanedione (left) and ninhydrin
(right) viewed under white light.

Figure 4.5: 8 month old fingermark treated
with ninhydrin (left) and 1,2-indanedione
(right) viewed under white light.

Figures 4.4 and 4.5 show the direct comparison of ninhydrin and I,2-indanedione in the absorption
mode. The Ruhemann's purple colour produced by ninhydrin is far superior in contrast to the pink
colour produced by I ,2-indanedione. However the initial colour produced by these 1,2-indanedione
treated fingermarks created sufficient contrast for detection.
4.1.2.2 Ninhydrin Metal Salt Treatment using Liquid Nitrogen

Liquid Nitrogen on Zinc Treated Samples
Upon treatment with the zinc metal salt solution, the ninhydrin treated fingermarks were seen to turn an
orange colour, consistent with the formation of a zinc metal co-ordination complex. The 1,2indanedione treated fingermarks did not exhibit an obvious colour change after zinc metal salt
treatment.
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Figure 4.6: 3 month old fingermark treated
with 1,2-indanedione (left) and zinc
metal salt post ninhydrin treatment
(right) and cooled with liquid nitrogen
Viewed in fluorescence mode

Figure 4. 7: 3 month old fingermark treated
with zinc metal salt post ninhydrin
treatment (left) and I ,2-indanedione
(right) and cooled with liquid nitrogen
Viewed in fluorescence mode

The zinc treated ninhydrin fingermarks did not exhibit any significant room temperature fluorescence.
Cooling to 77K by the addition of liquid nitrogen caused the ninhydrin fingermarks to fluoresce. The
fluorescence of the ninhydrin complex was, however, not comparable with the fluorescence of the 1,2indanedione treated fingermarks, as is shown in Figures 4.6 and 4.7.
Liquid Nitrogen on Cadmium Treated Samples
The addition ofthe cadmium metal salt solution to the ninhydrin treated fingermarks caused the sample
to tum a red colour, consistent with the formation of a cadmium complex. The 1,2-indanedione treated
fingermarks did not exhibit an obvious colour change after cadmium metal salt treatment.
Upon cooling with liquid nitrogen, the ninhydrin treated portion of the fingermark exhibited strong
fluorescence. The 1,2-indanedione treated portion of the fingermark, shown in Figures 4.8 and 4.9, was
significantly more luminescent for all samples analysed.
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Figure 4.8: 8 month old fingermark treated
Figure 4.9: 8 month old fingermark treated
with 1,2-indanedione (left) and cadmium
with 1,2-indanedione (left) and cadmium
metal salt post ninhydrin treatment (right)
metal salt post ninhydrin treatment (right)
and cooled with liquid nitrogen.
and cooled with liquid nitrogen.
Viewed in fluorescence mode
Viewed in fluorescence mode
(Note: The quality of the /atentfingermarks were smudged)

4.1.2.2. 3 Comparison of 1, 2-Indanedione with DFO

Figure 4.10 shows a direct comparison of fingermarks treated with 1,2-indanedione and DFO captured
using a Nikon F90 camera with Fuji 400 film. The 1,2-indanedione treated fingermarks are significantly
more fluorescent than the DFO treated fi ngermarks.

Figure 4.10: Fresh fingermarks treated with 1,2-indanedione (left) and AFP DFO
formulation (right) . Exc: 530 nm, Det:590 nm

Page 83

4. Applications of 1.2-Indanedione

Figures 4.11 to 4.12 show the direct comparison of 1,2-indanedione and DFO viewed on the VSC 2000
with excitation range 440-520 nm and emission from 610 nm.
The 1,2-indanedione treated portion on the right is far more lum inescent than the DFO portion of the
treated fingermark on the left.

Figure 4. I I: Fresh fingermark
treated with DFO (left):
1,2- 1,2-indanedione (right).
Exc:440-480 nm, Det:610 nm

Figure 4.12: Fresh fingermark
treated with 1,2-indanedione
(left): DFO (right) Exc: 440-480
nm, Det:61 0 nm

Figure 4.13: 9 month old fingermark
treated with 1,2-indanedione (left):
DFO (right) viewed under white light

Figure 4.13 compares 1,2-indanedione and DFO under white light. The bright pink colour of 1,2indanedione undoubtedly creates more contrast with the background than the DFO; however, DFO as a
fingermark reagent is not generally used for its initial colour.
At the International Fingermark Research Group (IFRG) meeting in 2003, a new DFO formulation with
a mixed HFE 7100 and HFE 71 de carrier solvent was recommended by the Home Office Scientific
Development Branch (HOSDB) (Fitzgerald and Sears, 2003). Thus this new DFO formulation was
compared to the DFO formulation used by the AFP and to the optimised 1,2-indanedione formulation.
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Figure 4.14: 9 month old fingermark treated
with AFP DFO formulation (left) and
HOSDB DFO formulation (right)
Exc:440-480 nm, Det:61 0 nm

Figure 4.15: 9 month old fingermark treated
with HOSDB DFO formulation (left) and I ,2indanedione (right) Exc:440-480 nm, Det:6I 0 nm

Initially it seemed the new DFO formulation, recommended by the HOSDB in 2003, showed increased
sensitivity over both the DFO formulation currently used by the AFP as shown in Figure 4.14 and the
optimised fonnulation of I ,2-indanedione. Figure 4.15 shows a 9 month old fingermark treated with the
HOSDB DFO and I ,2-indanedione on the day the solutions were made up. Clearly DFO shows
enhanced sensitivity. Figure 4.16 shows a fingermark on paper treated with these satne solutions 1 day
after the solutions were made up. The I ,2-indanedione treated portion of the fin germ ark now appears to
show increased fluorescence over the DFO treated portion of the fingermark.

Figure 4.16: 9 month old fingermark treated
with HOSDB DFO formulation (left) and 1,2indanedione formulation (right)
Exc:440-480 nm, Det:61 0 nm

Figure 4.17: 9 month old fingermark treated
with HOSDB DFO formulation (left) and I ,2indanedione formulation (right)
Exc:440-480 nm, Det:61 0 nm
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Figure 4.17 shows a fingermark treated with the two solutions 1 week after the solutions were made up.

It seems as if the sensitivity of the DFO has decreased again, thus indicating that the fluorescence
produced by the DFO solution reduces over time. At no t ime did the clarity of the D FO solution appear
cloudy or unstable.
These experiments were performed numerous ti mes and each time the fl uorescence produced by the
DFO sol ution decreased over a peri od of ti me from the day that it was made up. Figures 4.1 8 and 4.19
show more examples of thi s decreased flu orescence 1 week after the sol utions were made up.

Figure 4.18: 9 month old tingermark treated with
I ,2-indanedione (left) and HOSDB DFO
formulation (right) Exc:440-480 nm, Det:61 0 nm

Figure 4.19: 9 month old fingerrnark treated with
HOSDB DFO formulation (left) and I ,2-indanedione
fonnulation (right) Exc:440-480 nm, Det:6 10 nm

4.1. 2. 3 Discussion
The Ruhemann's purple colour produced by ninhydrin is darker than the bright pink colour produced by
the treatment of latent fingermarks with 1,2-indanedione. The initial colour produced by 1,2indanedione treated fingermarks is, however, darker than the initial colour ofDFO treated fingerrnarks.
The DFO solution with the HFE 7100 I HFE 71de mixed can·ier solvent was shown to produce
enhanced fluorescence over the 1,2-indanedione solution initially; however, after a time period of 1
week the fluorescence intensity produced by of the DFO solution had decreased whilst the intensity of
the 1,2-indaned ione solution had not. It is preferable to have solutions that are stable fo r prolonged
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amounts of time in order to enable their efficient use in fingermark laboratories, This DFO solution;
however, did not provide reproducible results over time and hence its shelf-life may be in question.
From the results of this comparison of 1,2-indanedione with the conventional reagents, ninhydrin is still
the reagent of choice when using white light alone (i.e. when the fluorescence mode is not available or
is not practical).
1,2-Indanedione treated fingermarks have proven to be consistently more fluorescent than fingermarks
treated DFO when direct comparisons between the two were made. The results produced by fingermarks
treated with 1,2-indanedione in both initial colour and fluorescence are of high quality. The results
shown are of a standard able to produce identifiable fingermarks. If these comparisons are taken in the
context that ninhydrin and DFO are two different treatment processes, whilst 1,2-indanedione is a single
treatment process, then the results show that 1,2-indanedione compares well with the combination of the
two reagents in terms of both colour and fluorescence intensity. Not only is the time taken to perform
two treatments double that of a single application, ninhydrin treated fingermarks require development
for at least 24 hours to produce optimal results. In laboratories where the sheer amount of casework is
enormous, these factors would save a great deal of time.

4.1.2.4 Conclusion
The advantage of 1,2-indanedione over ninhydrin and DFO is that 1,2-indanedione gives both good
initial colour and strong room-temperature flu orescence with one single treatment. In casework, this is
quite significant as both a cost and time savi ng exerc ise.

4.2 Sequencing of 1,2-Indanedione
The position of 1,2-indanedione in sequence with ninhydrin and DFO was investigated .

4.2.1 Materials and Methods
Sets of five sheets of randomly deposited fingermarks previously developed with the optimised I ,2indanedione formulation (formulation 6) were treated with ninhydrin and DFO as a secondary treatment
by dipping them in a working solution of the reagent. The DFO treated sheets were dipped twice and
developed in a heat press at 180°C for 30 seconds whilst the ninhydrin treated sheets were then left to
develop for 24 hours in a dark storage cupboard .
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Five sheets of fingermarks previously developed with ninhydrin and five sheets of fingermarks
previously developed with DFO were sprayed with 1,2-indanedione as a secondary treatment, allowed
to dry and developed on the heat press at 165°C for 10 seconds.
Both sequence alternatives were viewed under the Polilight using white light and excitation at 505nm
with visualisation using the orange goggles.
4. 2. 2 Results

The sequential combination of ninhydrin then 1,2-indanedione resulted in little if any change. The
components that had already reacted with ninhydrin showed no reaction with 1,2-indanedione.
There was some reaction with components that ninhydrin had not fully reacted with, these appeared as
minute fluorescent specs. No extra identifiable minutiae were detected.
The sequential combination of 1,2-indanedione then ninhydrin caused a change to the initial colour of
the fingermarks from bright pink to red/violet colour, shown in Figures 4.20 and 4.21. No change in
initial fluorescence of 1,2-indanedione was observed.
The sequential combination of 1,2-indanedione and DFO in either arrangement did not result in any
significant change.

Figure 4.20- Fingermarks treated with a sequence
of 1,2-indanedione followed by ninhydrin and captured
under white light

Figure 4.21 - Fingermarks treated with a sequence of
1,2-indanedione followed by ninhydrin and captured
under white light

4.2.3 Discussion

DFO and 1,2-indanedione fluoresce under similar conditions and thus a reagent sequence involving
these two reagents did not show any significant change. This result was in contrast to results obtained
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by Wilkinson (2003) who stated that when exhibits prev iously treated with 1,2-indanedione were dipped
in DFO they showed dramatically improved results. Th is is most likely attributed to the fact that a
different 1,2-indanedione formulation was used by Wilkinson, a reagent that was evaluated in section
3.3 as inferior to the optimised formulatio n used in this evaluation. Differences in environmental
cond itions may also explain th is discrepancy.
Roux and co-workers (2000) conducted a preli minary investigation into the position of 1,2-indanedione
with DFO and ninhydrin. Since they too used a different form ulation the results cannot be directly
compared.

4.2.4 Conclusion
The sequential study established that 1,2-indanedione can be used in sequence before ninhyd rin when an
increase in contrast under white light is desired. It has been shown in this particular study that no further
identifiable features have been developed as a consequence of secondary treatment with ninhydrin.

4.3 Analysis of Real Samples
4.3.1 Introduction
In 2001, Wiesner and co-workers compared 1,2-indanedione and DFO by evaluating I 000 used cheques
obtained from a major Israeli bank. Each of the two fingermark reagents were used to treat 500 cheques,
with 1,2-indanedione developing 50% more fingermarks than DFO and 46% more fingermarks than the
sequential combination of DFO and ninhydrin.
Wilkinson used 1,2-indanedione to process real case exhibits, in Canada, both in the laboratory and in
the field, comparing two 1,2-indanedione formulations and two DFO formulations. One of the 1,2indanedione formulations (Wiesner eta/., 2001) was discarded one week into the laboratory trial due to
instability and poor performance. The two DFO formulations and the remaining 1,2-indanedione
formulation (Gardner and Merrick, 2003), were used to process the exhibits, with 80 cheques being
treated with each reagent. 1,2-lndanedione was the poorest performing reagent out of each of the three
reagents in the laboratory trial. The remaining 1,2-indanedione formulation was removed from the field
trial after 3 months due to poor performance.
Interestingly Dalrymple (2005) has reportedly used 1,2-indanedione in Canada on real exhibits with
extremely good results, highlighting the need for such discrepancies to be addressed.
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4.3.2 Materials and Methods
Used student examination booklets were obtained from the UTS Centre for Forensic Science. These
booklets consisted of 8 x A4 pages and had been used by students in the course of their exams in spring
semester 2003 ; thus, fingermarks had been deposited in a random and realistic manner. Initially, one
hundred sheets were analysed by each of the fingermark reagents- ninhydrin, DFO and 1,2-indanedione
(refer to Appendix C). One hundred sheets were also analysed using a sequence of DFO then ninhydrin.
The reagents were applied by those methods listed in sections 3.4 and 4. 1.2. Due to a discrepancy in the
resu lts for the ninhydrin and DFO treated sheets with previous research, a further 200 sheets were
analysed for each reagent and a further 100 sheets were analysed for the sequence of the two reagents.
Each sheet was viewed under white light. DFO and 1,2-indanedione treated sheets were subsequently
examined using the Polilight at 505 nm and 530 nm excitation and observed using orange (550 nm) and
red goggles (590 nm).
Fi ngermarks were counted if 6 or more minutiae could be observed by a non fingerprint expert. This
standard was used to ensure consistency throughout the study.

4.3.3 Results
Reagent Applied

Ninhydrin

DFO

Ninhydrin
+DFO

1,2- lndanedione

1,2-lnda nedione
Add itional

1,2- lndanedione
T otal

Viewing
Conditions

White Light

Exc: 505 nm
Obs: Orange
Goggles
{EW 550nm)

White Light

Exc: 530 nm
Obs: Red
Goggles
(EW 590nm)

283

140

White Light
Exc: 530 nm
Obs: Red
Goggl es
(EW 590nm)
423

2.8

1.4

4.2

Total
Fingermarks
Detected ( 100 sheets
Average
Fi ngermarks
per page

291

205

White Light
Exc: 505 nm
Obs: Orange
Goggles
(EW 550nm)
281

2.9

2.0

2.8

I

Table 4.2- Results of the analysis of A4 student examination sheets

4.3.4 Discussion
Initially one hundred pages were examined with each reagent. Ninhydrin recovered marginally more
fi ngermarks than 1,2-indanedione under white light. This was surprising considering that 1,2indanedione is generally utilised for its fluorescence alone; however, it produced similar results under
white light to a reagent which is the primary fingermark reagent for porous surfaces.
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1,2-lndanedione visualised substantially more fingermarks than DFO, supporting results obtained by
Wiesner and co-workers (2001). The differences from the study conducted by Wilkinson (2003), as
discussed in section 4.2, could be due to the optimised formulation being used in this research and to
different ambient conditions.
Results involving operational trials on casework have been published, showing that DFO reveals two to
three times more latent fingermarks than ninhydrin (McComiskey, 1990; Pounds and Allman, 1991).
These results were not duplicated in this research and thus another two hundred sheets were analysed
with each reagent as verification. This second set of results showed insignificant differences from the
original number of detected fingermarks and thus the final results in table 4.2 for ninhydrin and DFO
were an average of 300 sheets developed with each reagent.
The combination of ninhydrin and DFO developed slightly less fingermarks than ninhydrin itself,
although the difference in number is negligible, previous research has suggested that a sequence of
ninhydrin and DFO develop more fingermarks than ninhydrin alone (Pounds and Allman, 1991). This
research was conducted using 1, I ,2-trichlorotrifluoroethane (Fiuorisol) as a solvent. This solvent is now
a banned CFC . It is a general consensus that there has never been a solvent tested that gives superior or
comparable results with DFO as were produced when fluorisol was used as the solvent. Thus the results
obtained in the research performed by Pounds and Allman ( 1991) can not be directly compared to the
results obtained in this research.
Overall, using white light and fluorescence 1,2-indanedione developed at least 45% more fingermarks
than ninhydrin, DFO, or a combination of the two reagents. A study by the US Secret Service
(Ramotowski and Bicknell, 2007) presented after completion of this research showed that an improved
'lndZn' (1,2-indanedione containing zinc) formulation, discussed later in section 4.5 .4, developed
significantly more fingermarks on a sample set of200 envelopes than DFO.
One hundred sheets were analysed by 1,2-indanedione followed by ninhydrin in a sequence, however no
further identifiable fingermarks were developed.

4.3.5 Conclusion
When detected using a combination of white light and fluorescence, 1,2-indanedione visualised more
fingermarks than a combination of ninhydrin and DFO.
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4.4 Cost Efficiency of 1,2-lndanedione Comparative to Conventional Reagents

4.4.1 Introduction
Although the quality of latent fingermarks developed by a reagent is the main priority, the cost of the
reagent does influence the choice of reagent for routine use by a fingerprint laboratory. Most fingerprint
laboratories today are run directly by the government or are a specialised branch of the police force, and
thus they are subject to budgetary limitations.
For a new fingermark reagent such as I ,2-indanedione to be used in casework, the reagent must meet
the quality standard as well as being either comparable or more cost effective than the conventional
techniques used. Thus a cost efficiency analysis of I ,2-indanedione compared to ninhydrin and DFO
must be performed.

4.4.2 Materials and Methods
A price study was initially conducted in August 2003. A second price study was conducted in
November 2006. The prices of all reagents were supplied by the manufacturers and distributors of the
reagents and chemicals- Sigma, Ajax Chemicals, Optimum Technology, 3M and BVDA.

4.4.3 Results
!

F'ormulation

DFO

1,2-lndanedione I 1,2-Indanedione
Optimised (BVDArptimised (Casal~

Cost of Solid

$446 per I Og

$250 per I Og

Cost (AU$) per
litre
(August 2003)

100.55

Cost (AU$) per
litre
(November 2006)

109.95

Ninhydrin

- - - - - - - "--·- - - - - - - - - $460 per 1Og

$65 per 25g

93.15

109.53

91.76

101.86

161.15

147.08

Table 4 .3 - Price comparison of fingermark reagents
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4.4.4 Discussion
In the initial price study there was only a small price difference between DFO and 1,2-indanedione.
It seemed that in the 3 years between price studies, the cost of the carrier solvents increased. The most
significant increase was noted in the HFC 4310 mee carrier solvent. This price increase meant that 1,2indanedione was significantly cheaper per litre than both ninhydrin and DFO. This amount will be
magnified the greater the quantity of solution employed. The New South Wales Police Fingerprint
Laboratory currently goes through 8 to 10 litres of ninhydrin solution per week and 1 litre of DFO
solution per week. Thus, if 1,2-indanedione were used instead of ninhydrin and DFO, a massive saving
would be made each year without a sacrifice in quality of results (in fact according to this research,
results would be expected to improve).

4.4.5 Conclusion
1,2-Indanedione is not only a time saving technique in the detection of latent fin germ arks but also a cost
saving technique. This could have a significant impact on fingerprint laboratories around the world,
particularly when improved detection sensitivity is taken into consideration.

4.5 Development of Fingermarks on Difficult Backgrounds and Surfaces using 1,2-Indanedione

4.5.1 Introduction
The types of porous samples encountered in fingermark case work range from hamburger wrappers,
used cheques, paper bags, receipts, numerous types of coloured paper, and cardboard, to countless other
surfaces.
Background colours and patterns can have a detrimental effect on the detection of the latent fingermarks
on a surface. For example, paper that fluoresces at the same wavelength as a treated fingermark can
render that particular reagent useless. Background pattern can also obscure the detail of the fingermark
needed for identification.
It is for these reasons that each new fingermark reagent should be tested on various types of samples.
Thus 1,2-indanedione was tested on numerous porous and semi-porous surfaces to determine its
capabilities on various backgrounds.
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4.5.2 Materials and Methods
Fi ngermarks were deposited on various paper samp les, listed in table 4.4 below.

r---

BRAND

SAMPLE

Woolworths Supermarket Home Brand

Brown Paper Bag

Offi ce Works

White Enve lopes

Office Works

Man ila Envelopes

Office Works

Inter Office Ye llow Envelopes

Office Works

Li ned White Card

Offi ce Works

Li ned Yellow Card

Office Works

Lined Pink Card

Office Works

Li ned Blue Card

Office Works

Lined Green Card

Office Works

Facsimile Paper

Office Works

Fluorescent Green Lined Paper

Office Works

Fluorescent Pink Lined Paper

Office Works

Fluorescent Yellow Line Paper

Office Works

I

Office Works

White (Top Sheet) Receipt Paper
Carbon Copy (bottom sheet) Receipt Paper

J

Bunnings

--

Wood

--------------------------------- -------------------------------------------Bunnmgs

Wallpaper

Table 4.4 - Various background supports used for 1,2-indanedione evaluation

Each sample was sprayed once with the optimised 1,2-indanedione formulation and allowed to dry
before being developed in a heat press on the cotton setting (approximately 165°C) for 10 seconds.
Each sample, with the exception of wallpaper and wood, was then viewed under the VSC 2000 and the
Condor chemical imaging system and images were captured. The wallpaper and wood samples were
viewed under the VSC 2000 and the Polilight.
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4.5.3 Results
Fingermarks with good initial colour were not detected on the brown paper bag, the fluorescent pink
paper or the carbon rece ipt backing. On the brown paper bag and the carbon paper pale pink marks
could be seen with some fain t ridge detail ; however, this ridge detail was unable to be detected under
the VSC 2000. The Condor also failed to enhance th is detail.

Pink marks could be seen on the

fluorescent pink paper; however, the background colou r prohibited ridge detai I from being seen. Highquality initial colour was obtained on all other surfaces, as is represented in Figures 4.22, 4.23 and 4.24
shown below, on a rece ipt, a yellow envelope and a white business envelope.

Figure 4.22- Fingermark on receipt
paper viewed under white light

Figure 4.23 - Fingennark on yellow
envelope viewed under white light

Figure 4.24- Fingermark on white
envelope viewed under white light

Good luminescent results were obtained on all surfaces except the fluorescent yellow, fluorescent pink
and carbon paper samples. The fluorescence of the pink and yellow papers themselves, at the observed
wavelengths, prohibited the detection of the fingermarks. The carbon paper was also fluorescent at these
wavelengths, thus inhibiting the visualisation of the 1,2-indanedione fluorescence. Figures 4.25, 4.26
and 4.27 show the fluorescence of fingermarks treated with 1,2-indanedione on a yellow envelope,
facsimi le paper and green fluorescent paper.
The Condor Chemical Imaging system failed to enhance any of the fingermarks where detail could not
be seen on the VSC 2000.
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Figure 4.25- Fingermark on yellow
envelope.
Exc:440-480 nm, Det:61 0 nm

Figure 4.26- Fingermark on
facsimile paper.
Exc:440-480 nm, Det:61 0 nm

Figure 4.27- Fingermark on
fluorescent green paper.
Exc:440-480 nm, Det:61 0 nm

Fingermarks were successfully developed on multi-coloured wallpaper. Under white light, pink areas
were sometimes visible; however, upon exciting the fingermarks at the correct wavelengths, good
quality fingermarks were observed. Figure 4.28 depicts the wallpaper the fingermarks were developed
on, whilst Figure 4.29 shows a close up of the same piece of wallpaper viewed under green light.

Figure 4.28- Wallpaper viewed under white light
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Figure 4.29- Fingermark developed on wallpaper
and viewed using a Polilight. Exc: 530 nm,
Em: 590 nm. Captured using a Nikon F90
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Fingermarks were also detected on raw wood. Pink ridges were visible under white light, shown in
Figure 4.30. The Polilight was able to successfully detect ridges using an excitation of 530 nm
combined w ith a 590 nm band pass filter.

Fig 4.30- Fingermark developed on raw wood
and viewed under white light

Fig 4.31 - Fingermark developed on raw wood
and viewed using a Polilight. Exc: 530 nm,
Em: 590 nm. Captured using a Nikon F90

4.5.4 Discussion
Ridge detail was not detectable in the absorption mode on several surfaces including brown paper, and
carbon paper. It was initially thought that the increased sensitivity offered by the Condor would enhance
these fingermarks however this was not the case.
Overall I ,2-indanedione did not visualise fingennarks on any paper surfaces that other fingermark
reagents have traditionally had difficulties with, such as brown paper and carbon paper. This supports
the notion that a sequence of reagents should always be used in order to fully exploit the development of
the fingermarks.
Fingermarks were however, developed successfully on wallpaper and wood . In a laboratory setting
these fingermarks were developed using the heat press after 1,2-indanedione treatment. This would not
work operationally, however, and other methods such as a hair-dryer may need to be investigated as a
heat source.

4.5.5 Conclusion
1,2-Indanedione was able to detect, using both initial colour and fluorescence, fingermarks on many
difficult surfaces including yellow paper, facsimile paper, wa llpaper and raw wood . However, there

Page 97

4. Applications of 1.2-Indanedione

were some surfaces tested that 1,2-indanedione was not successful on and these include traditionally
problematic surfaces such as carbon paper and fluorescent yellow and pink paper.

4.6 Zinc Metal Salt Treatment Study

4.6.1 Introduction
There is much conjecture in the I iterature as to the advantages of secondary metal salt treatment with
and without the addition of liquid nitrogen to 1,2-indanedione treated fingermarks. Ramotowski and coworkers ( 1997) rated the fluorescence of 5,6-dimethoxy-1 ,2-indanedione as comparable to DFO;
however, they noted that upon the addition of zinc metal salt the fluorescence of the I ,2-indanedione
treated fingermarks far surpassed that of the DFO treated fingermarks. Similarly Hauze and co-workers
(1998) also concluded that treatment with zinc chloride intensified the fluorescence of 1,2-indanedione
treated fingermarks. They also found that cooling with liquid nitrogen was not needed to obtain optimal
fluorescence. The same group found that the addition of zinc to the 1,2-indanedione formulation before
treatment enhanced both the colour and the fluorescence of the fingermarks developed however it
considerably reduced the shelf life of the reagent.
Roux and co-workers (2000) asserted that the addition of zinc chloride improved the luminescence of
1,2-indanedione treated fingermarks, and in fact they found that zinc treatment made some fingermarks
visible that were previously unseen. The addition of liquid nitrogen was also said to improve the
sensitivity of the reagent.
Alrnog and co-workers ( 1999) stated that the addition of zinc chloride did not noticeably affect the
fluorescence of 1,2-indanedione treated samples.
In Chapter 3.5, the effect of secondary metal salt treatment on 1,2-indanedione treated fingermarks was
examined. It was found that on the fingermarks themselves, little if any difference was noted. However,
secondary metal salt treatment of spots of amino acids prepared for a spectroscopy study and treated
with 1,2-indanedione showed a significant increase in both the colour and fluorescence of the spots.
These results warranted a further study into the effect of metal salt treatment on 1,2-indanedione
developed fingermarks and thus this study set out to investigate the effects of the secondary treatment
using a number of different variables, including environmental conditions.
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4.6.2 Materials and Methods
General
All experiments were conducted using 4 different fingermark donors and were conducted in duplicate in
Canberra, ACT, and Sydney, NSW. Fingermarks were deposited on white and recycled photocopy
paper as sets of four depletion impressions.
Zinc metal salt was used exclusively due to the occupational healthy and safety risks of cadmium and
the fact that cadmium is not approved for use at the Australian Federal Police laboratories where some
of the testing was carried out. The fingermarks were then cut through the centre of the middle
fingermark as per Jones (1998), with adjacent portions of the fingermarks treated with different
methods. All fingermarks were developed using a heat press for 10 seconds at 165°C.
The 1,2-indanedione formulation previously optimised in Chapter 3 was used throughout this research .
Zinc metal salt solutions were made according to the Australian Federal Police Standard Operating
Procedures. A solution of 1,2-indanedione including zinc metal salt is referred to as IndZn and was
made up using 100 mL of 1,2-indanedione solution with the addition of 2 mL of zinc metal salt working
solution.
Fingermarks were detected using a Polilight light source, appropriate filters, and a camera fitted with a
macroscopic lens.
Testing in Canberra was performed in the Australian Federal Police laboratories where humidity was
measured with a humidity gauge and determined to be between 50- 55o/o, with an average temperature
of22°C. Testing in Sydney was performed at the University of Technology, Sydney laboratories where
humidity was determined to be between 70- 80o/o, also using a humidity gauge, with an average
temperature of 23°C.
All sets of tests were carried out in both Sydney and Canberra using fingermarks from the same sets of
samples, that is fin germ arks deposited at the same time on the same type of paper by each donor.
1,2-lndanedione V l ,2-Indanedione + steam
Fingermarks were treated with 1,2-indanedione. One portion of the fingermarks were treated with steam
from boiling water before both portions of the fingermarks were developed on the heat press.
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1,2-lndanedione V IndZn
One portion of the fingermarks was treated with 1,2-indanedione whilst the other portion offingermarks
were treated with the IndZn solution. Both portions were then developed on the heat press.
lndZn V 1,2-Indanedione +Zinc metal salt
One portion of the fingermarks were treated with the lndZn solution whilst the other portion of the
fingermarks were treated with 1,2-indanedione, developed in a heat press followed by the addition of
zinc metal salt.
lndZn + steam V lndZn
Both portions of the fingermarks were treated with the lndZn solution. Before development on the heat
press one portion of the fingermarks were treated with steam from boiling water.

4.6.3 Results
1,2-lndanedione V 1,2-Indanedione + steam
Fingermarks treated with 1,2-indanedione with and without steam showed no difference in colour or
fluorescence when developed in Sydney; however, the fingermarks from the same donor on the same
support showed significant differences when developed in Canberra (Figure 4.32).

Fig 4.32- Fingermarks developed on recycled paper in Canberra with
1,2-i ndanedione and steam (left): I ,2-indanedione (right) under white light

1,2-lndanedione V lndZn
Fingermarks treated with 1,2-indanedione and the IndZn mixture showed significant differences in
Sydney and Canberra. In Canberra, the fluorescence of 1,2-indanedione was significantly less than the
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fluorescence of the fingermarks deposited by the same person on the same support treated in Sydney.
The IndZn mixture exhibited brighter fluorescence on samples treated in both locations; however, the
fingermarks developed in Canberra showed significant differences (Figure 4.36). The pink colour
developed by the lndZn mixture was significantly darker in Canberra (Figure 4.35) than the 1,2indanedione treated fingermarks; the colour difference between these two treatments in Sydney;
however, was not noticeable to the naked eye (Figure 4.33).

Figure 4.33 - Fingerrnarks developed in Sydney with
lndZn (left): 1,2-indanedione (right) under white light

Figure 4.34 - Fingermarks developed in Sydney with lndZn
(left): 1,2-indanedione (right). Exc:530 nm Em: 590 nm

Figure 4.35 - Fingerrnarks developed in Canberra with
1,2-indanedione (left): lndZn (right) under white light

Figure 4.36 - Fingerrnarks developed in Canberra with
1,2-indanedione (left):IndZn (right). Exc :530 nm Em:590 nm

IndZn V 1,2-Indanedione +Zinc metal salt
There were no differences between fingermarks treated with the IndZn mixture and fingermarks treated
with 1,2-indanedione with post zinc metal salt treatment developed in Sydney, as shown in Figures 4.37
and 4.38. There was a small difference in both the intensity of the colour and fluorescence of
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fi ngermarks developed with the lndZn mixture and the 1,2-indanedione with post zinc metal salt
treatment in Canberra. This small difference is shown in the Figures 4.39 and 4.40 respectively.

Figure 4.37- Fingermarks developed in Sydney with 1,2indanedione plus zinc (left): lndZn (right) under white light

Figure 4.38- Fingermarks developed in Sydney with
lndZn (left): 1,2-indanedione plus zinc (right). Exc:530 nm
Em: 590 nm

Figure 4.39 - Fingermarks developed in Canberra with 1,2indanedione plus zinc (left): lndZn (right) under white light

Figure 4.40- Fingermarks developed in Canberra with
I ,2-indanedione plus zinc (left): lndZn (right) . Exc:530 nm
Em : 590 nm

IndZn + steam V IndZn
There was no difference in the intensity of colour and fluorescence of marks developed with the IndZn
mixture with and without steam in Sydney. There was, however, a slight difference in fingermarks
developed with the same sequence in Canberra as shown in the Figures 4.43 and 4.44.
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Figure 4.41 - Fingermarks developed in Sydney with
IndZn (left): lndZn plus steam (right) under white light

Figure 4.42- Fingermarks developed in Sydney with IndZn
(left): IndZn plus steam (right). Exc:530 nm Em:590nm

Figure 4.43 - Fingermarks developed in Canberra with
lndZn plus steam (left): lndZn (right) under white light

Figure 4.44- Fingermarks developed in Canberra with
IndZn plus steam (left): IndZn (right) Exc:530 nm
Em: 590 nm

Further research performed by Stoilovic and co-workers. (2007) as an extension to this research has
reported a solution to the difference in results caused by ambient humidity.
4.6.4 Discussion
Ambient conditions obviously have a substantial effect on the development of 1,2-indanedione treated
fingermarks. It was at first believed that perhaps the explanation for the difference in results of 1,2indanedione treated fingermarks was the amount of metal salt present in the fin germ ark deposits which
could be influenced by environmental contamination. And, thus, the addition of metal salt to the 1,2indanedione solution before treatment could eliminate this variable. This was, however, proven not to be
the case, by using fingermarks deposited by the same donors on the same supports in both locations and
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obtaining significantly different results. It is obvious that the ambient conditions have a significant
effect on the quality of fin germ arks developed with 1,2-indanedione, which was shown by the
significantly different humidity conditions in the two laboratories where the experiments were carried
out and also by the highly variable results obtained around the world. It is proposed that the reason for
the differences in the results between the two locations is caused by the humidity that is trapped in the
paper before treatment. This hypothesis was tested on a day in which Canberra experienced unusually
high humidity of70o/o and the results supported the theory. It seems that at ambient humidity of70o/o
and above, the addition of zinc either post 1,2-i ndanedione treatment or alongside 1,2-indanedione
treatment has little to no effect. However at ambient humidity under 70o/o, the addition of zinc metal salt
to the 1,2-indanedione treatment has a significant effect and produces consistently enhanced results.
Further studies on the effect of metal salts, based on the initial work reported here, have been carried out
by Stoilovic and co-workers. (2007), who have proposed a stable 1,2-indanedione formulation. This
formulation differs from the formulation proposed in this research by using 3% dichloromethane and
6o/o ethyl acetate as opposed to 9o/o ethyl acetate. When 2 mL of zinc metal salt solution was added to
I 00 mL of this 1,2-indanedione solution, the fingermarks developed were of excellent quality in both
initial colour and fluorescence. The ambient humidity did not appear to affect the quality of the
fingermarks and the addition of steam did not alter the results.
Recent work by the US Secret Service (Ramotowski and Bicknell, 2007) presented on completion of
this research evaluated the IndZn formuiations proposed by Stoilovic eta/ (2007). They found that
sometimes the 1,2- indanedione plus zinc formulation gave superior results to the IndZn formulation.
This is similar to the results observed in this research . These anomalies are most likely caused by the
changing ambient conditions and the sensitivity 1,2-indanedione has shown to have to humidity.
Ramotowski (2007) also reported that by increasing the amount of zinc in the solution from 1.96 %, as
recommended by Stoilovic eta/ (2007) to 7.41% you achieve optimal colour and fluorescence.
Almog eta/ (2007) have also reported improved results by using zinc in working solutions of other
reagents used on porous surfaces, such as ninhydrin and 5-methoxyninhydrin. These one stage zinc
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containing solutions are named dual reagents as they develop both colour and fluorescence in a one
stage treatment.
Due to the variable environmental conditions around the world and the fact that 1,2-indanedione seems
to be critically influenced by the ambient conditions such as humidity, it is important to consider the
addition of zinc to all I ,2-indanedione working solutions regardless of the humidity. The addition of the
zinc metal salt to the solution appears to make it more robust and thus less dependant on external
conditions such as humidity.
4.6.5 Conclusion
It has been determined that the ambient humidity under which latent fingermarks have been stored has

an effect on the performance of I ,2-indanedione and the quality of the fingermarks developed. Areas
with an ambient humidity of less than 70o/o would benefit by the addition of a small amount zinc metal
salt solution to the 1,2-indanedione solution before treatment, whereas, areas with an ambient humidity
of 70 % or higher may find the addition of metal salt of little benefit. Despite the latter situation, it is the
recommendation of this research that all 1,2-indanedione working solutions should include the addition
of zinc metal salt. This increases the robustness of the process and causes the development of latent
fingermarks with 1,2-indanedione to be less influenced by external conditions such as humidity. This
inclusion should in turn increase the consistency of results obtained when 1,2-indanedione is used to
develop latent fingermarks in different areas throughout the world.
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5.1 Amino Acid Reagents- General Introduction
T he mechanism of action of ninhydrin has been extensively studied and the reaction
product, Ruhemann ' s purple, has been isolated and characterised (Friedman , 1974).

Figure 5.1- Chemical structure ofRuhemann's purple

The amine group in the amino acid reacts with ninhydrin (in its triketone form) via Schiffs
base condensation in which water is lost to form an imine, also known as a Schiffs base.
Decarboxylation followed by the addition of a water molecule and the loss of an aldehyde
causes the formation of an amine which then undergoes further reaction with another
ninhydrin molecule to form Ruhemann's purple. This process is illustrated in Figure 5.2.

~o ·
0

~~~

~N=%:3
0

Figure 5.2 - Reaction mechanism of ninhydrin with amino acids (Wilkinson, 2000)

Herod and Menzel ( 1982) pub Iished evidence of a further reaction taking place with the
addition of metal salts to the Ruhemann 's purple complex and suggested the formation of a
metal salt complex.
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Numerous research papers were published on metal salt complexes of ninhydrin, including
proposed structures of the complexes (Menzel and Almog, 1985; Burkina and Senov,
1972; Kanke eta!. , 1972; Fritz and Swinehart, 1975). However, there was either no
evidence offered to support the suggested complex ratios or there was no structure
proposed . In 1986, Lennard investigated zinc, cadmium, and mercuric complexes of
Ruhemann 's purple. The sodium salt of Ruhemann's purple (RP) was prepared by react ing
ninhydrin with glycine. The complexes were then prepared by reacting the Ruhemann's
purple with zinc, cadmium, and mercury metal salts. Stoi lovic eta!. (1986) al so publi shed
results of cadmium complexati on of Ruhemann 's purp le utilising liquid nitrogen to
enhance fluorescence.
The formation of the coordination complex was determined using Jobs method where:
M + nL

~

MLn, with M= metallic ion, L = ligand capable of coordinating with M, and

1:n is the metal-to-ligand ratio. Using Jobs method, Lennard ( 1986) was able to determine
that the ratio of metal to ligand for each of the metal complexes was 1:1 (i.e. one molecule
ofRuhemann's purple per metal ion).
Structural studies were only able to be performed on the cadmium complex as crystals
were not able to be isolated for the zinc or mercuric complexes. X-Ray diffraction revealed
that the cadmium-- Ruhemann 's purple complex is a 6 coordinated complex, with RP
acting as a tridentate ligand in a distorted octahedral coordination environment (Figure

5.3).

©L}N{©
o

-o

\/

, .. N

:,'

M = Zn, Cd, Hg
X= Cl, I, N03

0

0 - M .•
/
\ • ' tQH2
H20
X

Figure 5.3- Metal salt- Ruhemann 's purple complex (Lennard, 1986)
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Davies and co-workers ( 1995) also studied the complexation reactions between
Ruhemann's purple and zinc and cadmium metal salts. They determined that a 2:1
metal:ligand complex was formed when polar solvents were used due to the high
ionization of the metal salt, and that a 1:1 complex was formed when less polar solvents
were used.
The mode of action of DFO and amino acids has also been characterised and proceeds in
a similar pathway as the ninhydrin reaction (Figure 1.15).
Conn and co-workers (200 1) attempted to prepare zinc metal complexes of the adduct
after reaction with DFO in order to determine their crystal structure; however, they found
that the product was not crystalline and thus characterisation could not be performed.
No other investigations into the reaction mechanism of the product of DFO and amino
acids with metal salts have been reported, although chemical tests suggest that there is a
complexation reaction taking place.
Ascorbic Acid, Figure 5.4, is a naturally occurring product also known as Vitamin C. It is
commonly used as a nutritional food additive and/or to increase food stability (Davies
and Partridge, 1991 ). Dehydroascorbic acid (Figure 5.5), the most common oxidation
product of ascorbic acid, reacts with alpha amino acids to form a red compound. This
product has been used as an identification process for amino acids in thin layer
chromatography (Majcherczyk et al., 1983; Yokoyama and Hiramatsu, 2003). This
reaction has been extensively studied in the biological field (Rogacheva et al., 1995;
Kurata and Fujimaki, 1974). Ascorbic acid reacts with amino acids to form a red colour, a
phenomenon that was first reported by Koppanyi eta! ( 1945). In recent years it has come
under notice as a potential fingermark reagent (Turner, 2004) the reaction process of
which is currently under investigation by researchers at the University of Technology,
Sydney (Aumeer-Donovan eta!., 2005).
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Figure 5.5- Chemical structure of
dehydroascorbic acid

Figure 5.4- Chemical structure of
ascorbic acid

5.1.1 1,2-Indanedione
1,2-Indanedione is a relatively new fingermark reagent that is yet to be completely
explored. In 1999, Petrovskaia and co-workers set out to investigate the reaction pathway
of 1,2-indanedione with amino acids (Figure 1.1 ). They were unable to isolate the
reaction product and postulated a number of possible structures for the reaction product
(Figure 1.17).
Indanediones are stable yellow solids. 1,2-fndanedione possesses 2 potential sites for
attack by nucleophiles. 1
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Figure 5.6 - Possible pathways of 1,2-indanedione reaction with two possible sites of attack (Taylor, 2001)

1 Very recently Almog, J. , Stepanov, N. and Dubnikova, F in Protection of the carbonyl groups in 1,2-indanedione: propellane versus
aceta/formation (Tetrahedron Letters 2008 49( II) 1870-1876), showed that some nucleophiles attack at C I on the I ,2-indanedione

molecule. This article showed that it is possible that ' soft ' nucleophiles attack at Cl while hard nucleoph iles attack at C2 . Thts
information has not been considered in the dtscusston of this chapter as 1t was published after the thesis was submitted for
examinatton.
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The actual site under which the attack occurs was determined by Taylor who analysed the
products of the reaction between 1,2-indanedione and 3,5-dimethoxyanal ine (200 1).
1,2-diones enolize under basic conditions forming an unstable enolate. This instability is
caused by strong electron-vibronic interaction and thus under these conditions 1,2indanedione behaves as a nucleophile (Taylor, 2001 ). When nucleophiles react with
amines, complex products are formed. This assists in understanding the reaction between
I ,2-indanedione and the amino acids in a fin germ ark.
Taylor found that the isolation and characterisation of the untrapped dipoles was
impossible. NMR and MS spectral data were inconclusive. Chromatography was also
unsuccessful. The products did not elute from silica or alumina. Dipoles were able to be
trapped as their cycloadducts which were easily isolated and x-ray analysis was
performed on the crystals obtained.
Honours research at Deakin University in Australia, being conducted at the same time as
this research project, investigated the product formed when 1,2-indanedione was reacted
with the amino acids glycine, alanine and L-phenylalanine (Mills, 2004). Electrospray
mass spectrometry was perfonned on the three different amino acid reactions and it was
found that the same mass (M + 1) ion was present, suggesting that the side chain of the
amino acid does not appear to influence the structure of the pink compound formed. It
was also noted that clusters of peaks were present in the mass spectra with a difference of
146 m/z value. This indicates the possible formation of an oligomer with a repeating unit
of 146. Two fragments were suggested as the possible repeating unit (Figures 5. 7 and

5.8).

Figure 5.7- Repeating unit m/z 146 (Mills, 2004) Figure 5.8- Repeating unit m/z 146 (Mills, 2004)
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5.1.2 Characterisation of 1,2-lndanedione
Literature has shown that thus far a complete characterisation of the product formed
between 1,2-indanedione and amino acids has not been successful. In addition, no attempt
has been made to isolate and identify the product formed when the 1,2indanedione/amino acid product is further treated with metal salts.
The aim of this research was to gain more information on both of these reaction products
utilising reaction conditions and instrumental methods that had not been previously
considered. Simple reactions between different amino acids and 1,2-indanedione, and
secondly with metal salts, were performed and observed in order to establish optimal
conditions for the formation of the expected reaction products. Instrumental methods
such as fluorescence spectroscopy, infrared spectroscopy, UV-visible spectroscopy,
nuclear magnetic resonance spectroscopy, mass spectroscopy, elemental analysis and
thermal analysis were all used to gain some insight into the characteristics of the product
formed between 1,2-indanedione and amino acids, and the further reaction with metal
salts.

5.2 Materials and Methods
5.2.1 General Instrumentation
5. 2.1.1 Chromatography_
Chromatography is a powerful analytical separation technique. The basis for
chromatography is that the separation of sample components is based on their differential
distribution between a mobile and a stationary phase. There are various types of
chromatography including column chromatography, gas chromatography, and thin layer
chromatography. In this research, thin layer chromatography was employed as the
separating method.
Thin layer chromatography (TLC) is most often performed on silica gel plates having
particles of diameter 50-150 J..Lm in layers between 250-500 J..Lm thick. TLC is performed
by spotting a small amount of sample solution, using a glass capillary above the bottom
of the plate. Several samples can be placed adjacent to each other and the spots allowed
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to evaporate (to remove solvent residues). The plate is then placed in a glass developing
tank containing the equilibrated mobile phase. It is important to cover the tank to prevent
evaporation of the mobile phase and to ensure a saturated atmosphere (which ensure
reproducible development). The mobile phase travels up the absorbent layer by capillary
action, with each sample component being distributed between the mobile and the
stationary phase leading to variations in rates of movement, and hence separation of the
components. Once the mobile phase has reached a height close to the top of the plate, the
plate is removed from the tank and allowed to dry. Visualisation of the separated
compounds can be performed by a number of means, including observation under white
light, fluorescence under UV, or by use of a spray reagent.

5.2.1.2 UV-Visible Spectroscopy (UV-Vis)
UV- Visible spectrophotometry offers moderate to high selectivity and sensitivity over a
1o-

4

-

1o-s M concentration range and is a quick and useful tool for both quantitative and

qualitative analyses. UV-Visible spectroscopy is based on the generation of spectra that
relate to the absorption of the electromagnetic energy of the UV -visible region.
Information can be obtained on colour (i.e. absorption spectrum in the UV-visible range)
and UV absorption.
A typical UV -visible spectrometer (Figure 5.9) is composed of one or more light sources
(eg. hydrogen or deuterium for UV, and tungsten or halogen for the visible region), a
wavelength selector (monochromator), a sample cell (eg. quartz or silica cuvette), a
detector (usually a photo diode array- PDA), a signal processor, and an output device.
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Figure 5.9- Schematic of a standard UV-Visible spectrometer
Accessed 9/2/2005)

(http://www . cem.msu.edu/~reusch/YirtualTex:t/Spectmy/UV- Yis/uvspec.htm

UV spectra of the compounds synthesised in this research were recorded in various
carrier solvents. The measurements were performed on a Carey 3E UV-Visible
spectrophotometer.

Figure 5.10- Carey 3E UV-Visible spectrometer
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5. 2.1. 3 Fluorescence Spectroscopy
Fluorescence occurs when light is emitted from molecules being excited to a higher
energy level via the absorption of electromagnetic radiation. Fluorescence offers greater
sensitivity than absorption spectrophotometry due to the low background of the
fluorescence signal. Fluorescence occurs when the excited state is of the same electron
spin state as the ground state.
A fluorescence spectrometer operates via a sample beam passing though an excitation
monochromator, transmitting radiation that excites fluorescence and excluding the
wavelengths where the sample emits. The sample fluoresces in all directions and is
observed at a 90° angle to the excitation beam to decrease interference. The emitted
radiation then passes through an emission monochromator to a detector. It is possible to
record an emission spectrum for a fixed excitation wavelength, and to record an
excitation spectrum for a fixed emission wavelength. These spectra can then be used to
determine the maximum excitation wavelength and the maximum emission wavelength .
In this study, fluorescence spectra were obtained from amino acid spots developed on
filter paper with 1,2-indanedione and metal salts by a LS50 Perkin Elmer
spectrotluoriphotometer. Excitation spectra were measured at room temperature with an
excitation slit of 5 nm and emission slit of 15 nm. Emission spectra were measured at
room temperature with an excitation slit of 15 nm and emission slit of 5 nm.

,t<-':
,(

.}

Figure 5.11 - LS50 Perkin Elmer spectrometer
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5.2.1.4 Mass Spectrometry
A mass spectrometer converts molecules of a sample to ions. These ions are then
accelerated in an electric field and separated according to their mass-to-charge ratio.
These separated ions are then detected and a spectrum produced. A mass spectrum, put
simply, is a graph of number of particles versus their mass-to-charge ratio. An organic
molecule can generally be identified based on its characteristic mass spectrum.

Electrospray Mass Spectrometry (ESMS)
Electrospray ionisation involves passing the sample, in solution, through a small capillary
to which a high voltage (4-5kv) has been applied. This voltage transfers energy or charge
to the solvent droplets. The charge is negative or positive depending on the polarity of the
capillary. The solvent is then exposed to a dry gas, which passes in the opposite direction
to the droplets and forces the solvent droplets apart, inducing a charge on the molecules
within the droplets. When the droplets break, the ions move closer together and continue
to evaporate until they are eventually solvent free. These solvent-free ions are then passed
through the mass analyser and detected.
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Figure 5.12 - Standard electrospray ionisation source (Burkitt et. a/, . 2003)

In this study mass spectroscopy analysis was performed on a Perkin Elmer SCIEX API
365 LC/MS/MS system. Direct injection straight into the MS was used, therefore
bypassing the LC application of the instrument. ChemAquire was used for acquisition of
the data.
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Figure 5.13 - Electrospray ionisation mass spectrometer

5. 2.1. 5 Infrared Spectroscopy

Infrared spectroscopy (IR) is a quick and non-destructive technique. It provides valuable
information on the molecular structure of a compound and gives information on the types
of functional groups present. Infrared spectroscopy is based on the fact the vibrations
within molecules show characteristic absorption bands in the infra-red region of the
electromagnetic spectrum.
In this study, mid-infrared spectra (450-4000 cm- 1) of the compounds were obtained by
employing trans1nission infrared spectroscopy using a potassium bromide disc. A Nicolet
Magna-IR 760 Spectrometer was used for data collection.

Figure 5.14 -Nicolet Magna infrared spectrometer
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5.2.1.6 Nuclear Magnetic Resonance Spectroscopy (NMR)
Nuclear magnetic resonance spectroscopy can be used to determine the structure of a
compound. NMR spectroscopy exploits the magnetic properties of certain nuclei. When
1

placed in a magnetic field, NMR active nuclei (such as H or

13

C) absorb at frequencies

characteristic of that isotope. Depending on the local chemical environment (i.e. bonding
within the molecule), different nuclei in a molecule will resonate at slightly different
1

frequencies. The most common nucleus studied in NMR is H. The number of peaks in
1

such an NMR spectrum will correspond to the different H environments within the
molecule. NMR spectroscopy is also commonly used to analyse the
1

In this study, H-NMR and

13

13

C nucleus.

C-NMR data were obtained at a magnetic field strength of

300 MHz, with the sample dissolved in various deuterated solvents. Solid NMR was also
perfonned. 5 mm sample tubes were utilised for analyses. The NMR measurements were
performed on a Bruker DRX 300 MHz nuclear magnetic resonance spectrometer at 25°C.

Figure 5.15- Bruker DRX 300 MHz nuclear magnetic resonance spectrometer
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5. 2.1. 7 Thermal Analysis

Thermogravimetric analysis (TGA) measures the weight loss of samples upon heating, in
either a nitrogen or air atmosphere. Samples are heated in a furnace from room temperature
up to 900 °C. TGA systems have high resolution balances that can measure small weight
changes, with sample sizes ranging from 5 to 15 mg. The Differential Scanning
Calorimeter (DSC) measures the energy absorbed or released by a sample as a function of
time and temperature.
5.1. 2. 8 Elemental Analysis

Organic elemental analysers are used to determine the number of carbon, hydrogen,
oxygen, sulphur and nitrogen atoms that exist within a compound. The analysers oxidise
the compounds at high temperatures (approx 950°C) to convert them to a gaseous state
before separating them by chromatography or specific absorbents. The form of detection
is most commonly thermal conductivity.

Reduction Tube

Combustion Tube

He

Detectors

Sample Volume

Figure 5.16- Schematic diagram of an elemental analyser

5.2.2 General Experimental Methods
Rotary Evaporation

Solvents were evaporated using a rotary evaporator under reduced pressure (water pump)
at a temperature of 35°C.
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Quenching in Ice Bath

Dry ice baths were made up of solid C02 in acetone and quenching took place for between
5 and 10 minutes.
Vacuum Drying

All samples were dried under vacuum at a pressure of 0.1 mm/Hg for no less than 4 hours.
Thin Layer Chromatography (TLC) Separation

50 mg of each adduct and metal alt product was individually dissolved in 1 mL of acetone
and deposited on a thin layer chromatography plate (BDH- Silica Gel 60F 254 20 em x
20cm, 2mm thickness) for purification. The TLC plates were developed using an optimised
mobile phase containing 45 % (v/v) petroleum ether, 45 % (v/v) ethyl acetate and 10 o/o
(v/v) n-propanol. The product band was identified visually and removed from the plate
along with the silica and dissolved in acetone. The solution (slurry) was filtered under
vacuum using a sintered glass crucible. The product solution was then evaporated and
dried under vacuum before being weighed.
5.2.3 Investigation of Some Properties of 1,2-/ndanedione

Two sources of 1,2-indanedione exist on the market: BVDA International and the Casali
Institute. In previous research, one of the two brands was used by the different
researchers, but the two were never c01npared side-by-side. To rule out any discrepancies
a brief study on the two 1,2-indanediones was performed, by the methods outlined below.
Electrospray Ionisation

Mass~ectrometry

1,2-Indanedione was dissolved in a small amount of propanol and analysed by
electrospray ionisation mass spectrometry (ESMS).
Nuclear Magnetic Resonance Spectroscopy
1,2-Indanedione was dissolved in various deuterated solvents and analysed by 1H and
nuclear magnetic resonance spectroscopy
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Infrared Spectroscopy
A small amount of I ,2-indanedione was mixed in a 3: I ratio with potassium bromide. The
mixture was then pressed and made into a disc and analysed by infrared spectroscopy.
UV-Visible Spectroscopy

A solution of I o-4 1,2-indanedione was made up using n-propanol and analysed by UVvi sible spectroscopy.

5.2.4 Colour and Fluorescence Spectroscopy Study
The following amino acids were dissolved in deionised water (lmg/mL) and spots
deposited in triplicate on Whatman # 1 filter paper, which had been previously divided
into a 25 square grid (the first square consisting of a deionised water blank).
Alanine

Glycine

Glutamic Acid

Serine

Tyrosine

Ornithine

Aspartic Acid

Leucine

The filter paper was then sprayed with the optimised formulation of I ,2-indanedione,
investigated in chapter 3, and developed using a heat press. The second and third spots for
each amino acid were then treated with zinc and cadmium metal salt solutions as per
Stoilovic and Lennard (2005). After the colour and fluorescence of the spots had been
captured under white light and in the fluorescence mode using the Polilight, the
fluorescence spectra of each spot was acquired.
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5.2.5 Preliminary Study of the Reaction between 1,2-Indanedione and Amino Acids (Part A)
5.2.5.1 Materials
Reagents used in this study were all analytical grade quality obtained from local suppliers- acetic
acid (BDH), ethyl acetate (APS), petroleum spirit (BDH), methanol, ethanol (Ajax), propanol
(BDH), alanine (Sigma), glycine (BDH), serine (Sigma), acetone (Chem-Supply), hexane (Ajax).
I ,2-Indanedione was obtained from BVDA international.

5. 2. 5. 2 Heating under Reflux
Three reactions mixtures were prepared: 0.5 g of 1,2-indanedione and 1.5 g of amino acid
(serine, glycine or alanine) were added to a round bottom flask. 50 mL of methanol was
added and the flask was heated on a hot plate under reflux for 72 hours.
After the mixtures were allowed to cool the solutions were filtered by gravimetric
filtration. The precipitate was collected. A small aliquot of each solution was retained for
thin layer chromatography. The solutions were each then evaporated on a rotary evaporator
and dried under vacuum and weighed. Attempts to purify the solid by recrystalisation were
performed using acetone and hexane. The product was dried under vacuum and weighed.
A melting point measurement was attempted however the products did not melt at
ternperatures up to 360 °C (the upper limit of the melting point apparatus).
A UV -vis study was conducted on the three reaction mixture solutions, the three filtrates
collected, the three amino acid starting materials, and 1,2-indanedione. Attempts to
measure NMR spectra of the products obtained were also performed, however these
spectra proved to represent a mixture of compounds.

5.2.5.3 Reduced Heating with Acid
Separate quantities of 0.25 g of 1,2-indanedione were added to two round bottom flasks
and dissolved in 2.5 mL acetic acid and 25 mL of ethyl acetate; 150 mL of petroleum ether
was then added to each flask. 0.25 g of alanine and 0.25 g of glycine were each dissolved
in 4 mL of deionised water and added to the round bottom flasks (i.e. alanine added to one
flask and glycine added to the second). The reaction vessels were heated for 2 hours at
80°C on a water bath with continuous stirring. Each solution was analysed by ESMS and
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spectra obtained. The liquid was then decanted off and the remaining green sludge and
purple solid dissolved in acetone and purified by recrystalisation with the product dried
under vacuum. This solid was then analysed by ESMS and NMR spectrometry. The
decanted liquid was evaporated off using a rotary evaporator and the solid weighed and
subsequently analysed by ESMS.
5. 2. 5. 4 Reduced Heating without Acid
0.25 g 1,2-indanedione was weighed into each of two round bottom flasks and dissolved in
25 mL of ethyl acetate; 150 mL of petroleum ether was then added to each flask. 0.25 g of
alanine that had been dissolved in 4 mL of deionised water was added to the round bottom
flasks containing the ethyl acetate. The reaction vessels were heated for 2 hours at 80°C on
a water bath with continuous stirring.
The solvent was then evaporated using a rotary evaporator and the solid weighed. The solid
was then analysed by ESMS.
5.2.5.5 Reaction without Heat
A solution of glycine and 1,2-indanedione in methanol was stirred at room temperature for
24 hours without a visible reaction taking place.
A second attempt at a reaction without heat was performed by dissolving both glycine
(0.0 12 g) and alanine (0.0 12 g) separately in I mL of de ionised water. 1,2-Indanedione
(0.2g) was dissolved in 50 mL of propanol and the amino acid solution was then added to
the 1,2-indanedione solution and shaken. The solutions were allowed to sit with
intermittent shaking for approximately 45 minutes before being filtered by gravimetric
filtration. The filtered solution was then evaporated off on the rotary evaporator and
vacuum dried before being weighed.
Recrystalisation was attempted with various solvents, however this was unsuccessful.
5. 2. 5. 6 Limited Reaction by Quenchi!lg
The amino acids glycine (0.0 12 g) or alanine (0.0 12 g) were dissolved in 1 mL of
de ionised water. 1,2-Indanedione (0.200 g) was dissolved in 50 mL of propanol. The
amino acid solution was then added to the 1,2-indanedione solution and stirred for 1
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minute before being cooled in a dry ice and acetone bath at a temperature of- 40°C. After
the solutions had cooled they were evaporated and weighed on an analytical balance. Thin
layer chromatography was attempted to purify the reaction mixtures.

5.2. 5. 7 UV-Visible Spectroscopy Study o{l,2-Indanedione and Amino Acid Products
1,2- lndanedione (0.028 g) was reacted with alanine (0.008 g), us ing 20 mL of 5 differen t
solvents (ethanol, acetone, n-propano l, isopropanol and acetone:dimethyl sulfoxide
(DMSO) (50:5 0)). Due to the sensitivity of UV-V isible spectroscopy, smaller amounts
and ratios of the reactants were used. The reactions were mon itored over a period of 1
hour then after 24 hours.

5.2.6 A Further Study of the Reaction between 1,2-Indanedione and Amino A cids (Part B)
Preliminary studies of the reaction between 1,2-indanedione and amino acids were
conducted in Part A. From these results it was determi ned that a more advanced study of
the reaction needed to be performed, in order to characterise the I ,2-indanedione product.
Among the parameters investigated were the effects of water content, reaction temperature, reaction
time, and amino acid R-group on the reaction with 1,2-indanedione. These reactions were studied
using thin layer chromatography, electrospray mass spectrometry, UV/visible spectroscopy, and
nuclear magnetic resonance spectroscopy.

5.2.6.1 Study o[the R Group o{the Amino Acid
Three amino acids with different R groups were chosen to study their reaction with 1,2indanedione: alanine, cysteine and !-proline (Figure 5.17, 5.18 and Figure 5.20). Urea
(Figure 5.19) was also chosen due to the possibility of reaction with 1,2-indanedione. The
three amino acids and urea are used in various experiments throughout Part B, with
conditions as specified in the relevant sections.
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H,Nli:Y
:-0
SH

H

OH

Figure 5.17- Chemical structure of alanine

Figure 5.18- Chemi cal structure of cysteine

Figure 5.19 - Chemical structure of urea

Figure 5.20- Chemical structure of proline

5. 2. 6. 2 Temperature and Time Study

Room Temperature
Each of the three amino acids and urea, dissolved in 1 mL of deionised water, were
reacted with 200 mg of I ,2-indanedione in a 1:2 molar ratio in 70 mL of n-propanol. The
reactions were allowed to progress at room temperature for a minimum of 50 hours
before being evaporated and dried.
Quenched after I minute
Separate quantities of 1,2-indanedione ( 100 mg) were dissolved in 35 mL of n-propanol
and reacted individually with an equimolar amount each of the three amino acids, and
urea, dissolved in 1 mL of deionised water. The solutions were mixed in a round bottom
flask and then allowed to sit for 1 minute before being quenched in an ice bath for
approximately 5 to 10 minutes. The solvent was then evaporated and dried, and coloured
reaction products were obtained.
Quenched after 20 minutes
Each of the three amino acids and urea, dissolved in 1 mL of water, were reacted with
100 mg of 1,2-indanedione dissolved in 35 mL of n-propanol in a molar ratio of 1:2. Each
reaction was continuously stirred for 20 minutes before being quenched in an ice bath.
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Solvents were evaporated and the remaining material dried under vacuum; coloured
products were obtained.
Further Analysis
These reaction products were dissolved in 3.0 mL of n-propanol and separated using 20 x
20 em silica thin layer chromatography plates utilising a mobile phase of 80% v/v
acetone and 20% v/v dichloromethane.
Fractions were collected by scraping off the silica for the observed bands. Extraction was
performed by vacuum scintillation filtration in n-propanol, followed by two 15 mL
washes of solvent through the silica. The solvent was then evaporated and the products
dried under vacuum.
After TLC separation had been performed, the fractions collected for each amino acid
reaction were analysed by 1H-NMR and ESMS.

5.2.6.3 Water Content
Alanine was the only amino acid used in this study. Alanine was reacted with 1,2indanedione in a molar ratio of 1:2. Alanine was dissolved in different amounts of
de ionised water for each experiment, these are listed below in table 5.1. The water
content used in all other experiments was the minimum water content used in these
reactions, i.e. 3% v/v.

Experiment
I
2
3

-- ,_ _____Water Content _L{o
3

-.,

v~

4

5

8

4

5
6

10
15

Table 5.1 -Content of water contained in each experiment
1

Time versus colour of the reaction were noted for each experiment and H-NMR spectra recorded on
samples with a water content of 4%, 8% and 20% v/v.
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The products from reactions between I ,2-indanedione and alanine were subjected to
different analyses as is indicated below.

5. 2. 6. 4 Study by Solid Nuclear Magnetic Resonance Spectroscopy
Solid NMR analyses were performed on a Bruker 300 MHz (DRX) narrow bore Nuclear
Magnetic Resonance Spectrometer operating at 75.5 MHz for carbon and 300 MHz for
proton. Results were analysed using XWIM-NMR software.
The solid NMR sample was prepared using approximately 100-300 mg of the 1,2indanedione and alanine product packed into 4mm zirconia rotors with Kel-F caps and
spun at the magic angle (54.74°).

5.2.6.5 Free Radical Study on the Product o{l,2-lndanedione and Alanine
Three reactions were prepared using 1,2-indaned ione and alanine in a ratio of2: 1 innpropanol. The reactions were each placed on a magnetic stirrer. Oxygen gas was bubbled
through one reaction vessel, nitrogen gas was bubbled through the second vessel, and the
third vessel remained as a control. The reactions were allowed to progress for 30 minutes
before being evaporated and dried under vacuum. The product of each reaction was then
analysed by high resolution mass spectrometry.
Satnples of each reaction were sent to the University of New South Wales for Electron
Spin Resonance measurements.

5. 2. 6. 6 Thermal Analysis
Thermogravimetry (TG) and derivative thermogravimetry (DTG) curves were obtained
using a thermogravimetry analyser, model TGA-2900, over a temperature range of 25 to
600 °C.
The sample was heated at a rate of 5 °C per minute under a dynamic air atmosphere, with
a sample weighing 4. 79 mg in a platinum crucible.
Differential scanning calorimetry (DSC) curves were obtained on a DSC50 cell
(Shimadzu) over a temperature range of 25 to 600 °C, with a heating rate of 5 °C per
minute under a dynamic air atmosphere. The sample weight was 3.1 mg in an aluminium
crucible.
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5. 2. 6. 7 Elemental Analysis

Selected samples were sent for elemental analysis at the Australian National University.
Microanalysis was carried out on a Carlo Erba 1106 instrument for the evaluation of
carbon, hydrogen and nitrogen content. 1 mg of each sample was com busted, with gas
chromatography used for separation and detection of each component.

5.2. 7 Study of the Reaction between 1,2-/ndanedione, Amino Acids and Metal Salts (Part C)
This study was conducted as no prior research had been published into the reaction
properties of 1,2-indanedione, amino acids and metal salts.
Zinc and cadmium reaction products were prepared in a similar manner to the 1,2indanedione I amino acid products. Alanine (8 mg) was dissolved in 1 mL of de ionised
water and reacted with 28 mg 1,2-indanedione dissolved in 20 mL of ethanol. A small
amount of zinc chloride (26 mg) or cadmium nitrate (36 mg) dissolved in 2 mL of
ethanol, was then added to the solution upon mixing. The solutions were allowed to react
for 30 minutes before being dried under vacuum.
The samples were analysed by the following techniques:
UV-Visible Spectroscopy
Electrospray Mass Spectroscopy
Nuclear Magnetic Resonance Spectroscopy
Infrared Spectroscopy
UV -visible spectra were collected between 300 nm and 700 nm on reaction mixtures
before evaporation, as follows: zero time, followed by every 10 minutes up to 30 minutes,
and then at 1 hour and 24 hours.
For the ESMS direct injection analysis, samples were dissolved in a 50:50 mixture of
ethanol and methanol and analysed over the ranges of 100- 600 m/z. NMR spectroscopy
samples were dissolved in 0.6 mL of deuterated acetone or deuterated DMSO in 5mm
sample tubes and 1H proton spectra were collected. Tetramethylsilane (TMS) was used as
an internal reference. Infrared spectra of the compound in potassium bromide discs were
collected between 500- 4000 cm- 1 in the transmittance mode.
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5.3 Results and Discussion
5.3.1 Investigation of Some Properties of 1,2-Indanedione
5. 3.1.1 Electrospray Mass Spectroscopy
No differences were found in the mass spectra of the Casali Institute and BVDA
manufactured 1,2-indanediones. As a result, there is no evidence of impurities as these
would be expected to show additional fragments in the mass spectra.
The mass spectra collected for the Casali Institute and BVDA 1,2-indaned ione samples
are shown in Figures 5.21 and 5.22 respectively.
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Figure 5.21 - Electrospray mass spectrum of Casali Institute 1,2-indanedione
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Figure 5.22- Electrospray mass spectrum of BVDA 1,2-indanedione

The fragments from both sources of I ,2-indanedione show peaks at m/z 102, I 18, 128, 132
and 162 with a base peak of 146.

5.3.1.2 Nuclear Magnetic Resonance Spectroscopy
To assist in the study of the purple product formed from the reaction of alanine and 1,2indanedione, the 1H-NMR and

13

C-NMR of 1,2-indanedione itself was determined in

solution using deuterated chloroform as the solvent. These results are shown in Figures
5.23, 5.24, 5.26 and 5.27.
The 1H-NMR spectrum of 1,2-indanedione is shown in Figure 5.23. The region of7.2
to 8.0 ppm has been expanded in Figure 5.24 to show the peak assignments.
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1

From the spectra, we were able to deduce the chemical shifts of the H atoms in 1,2indanedione and assign them to the structure, as shown in Figure 5.25. The signals between
1

7.4 and 8.0 ppm, shown clearly in the expanded H-NMR spectrum in Figure 5.23,
correspond to the four hydrogen atoms on the aromatic ring.
The singlet at b 3.62 ppm represents the methylene group of the five-membered ring in the
1,2-indanedione structure, which integrated to two protons as shown in Figure 5.23 . These
results correlate with the results reported by Wilkinson (2000) using the Casali Institute
product and Mills (2004) using the BVDA product. While the aromatic region, shown in
the expanded spectrum (Figure 5.24), had different splitting from the results reported by
Wilkinson, the two sets of triplets at b 7.49 and 7.74 ppm (J=7.53Hz) are doublets of
doublets where the central signal of each doublet has overlapped. This is reinforced by the
enhanced central spike that is also shown in our spectra. The singlet at b 7.2 ppm is the
solvent peak for CDCh, whilst the signal at b 1.5 ppm is the water in the solvent.
7.89

H
7.49

7.74

H

0
H
H

7.54

3.62

Figure 5.25- 1 H Chemical shifts of I ,2-indanedione
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The

13

C-NMR spectrum confirmed the structure of 1,2-indanedione. The spectra showed

a characteristic peak at 8 36.6 ppm of the methylene in the five-member carbon ring. Two
different carbonyl signals are shown at 8 187.0 and 199.7 ppm. The peaks at 8 125.6
127.4, 128.6, 136.7, 137.6 and 146.5 ppm represent the carbons ofthe aromatic region.
All values are in close correlation with those reported in a similar study performed by
Wilkinson (2000). The NMR studies showed that there were no differences between the
samples of 1,2-indanedione, received from the two sources, BVDA International and the
Casali Institute.

5.3.2 Colour and Fluorescence Spectroscopy of 1,2-lndanedione and Amino Acids
Amino Acid
Alanine
Glycine
Serine
Tyrosine
Leucine
Ornithine
Aspartic Acid
Glutamic Acid

Colour when treated
with 1,2-lndanedione

Colour when treated
with Zinc Metal Salt

Pink/Brown
Pink
Brown
Extremely Pale Pink
Pale Pink
Purp_le
Pale Pink/Brown
Pale Pink

Bright Pink
Pink
Dark Pink
Pale Pink
Bright Pink
Dark Pink/Purple
Bright Pink
Bright Pink

Colour when treated
with Cadmium Metal
Salt
Bright Pink
Pink
Dark Pink
Pale Pink
Bright Pink
Dark Pink/Purple
Bright Pink
Bright Pink

--

Table 5.2 - Results of reaction between amino acids, 1,2-indanedione and metal salts on titter paper

Different coloured spots were obtained when different amino acids were treated with the
1,2-indanedione solution. The colours ranged from brown, to pink and purple. Although
the colours appeared different to the eye they are all of a similar hue. This indicates that
reaction is not going to completion and that intermediates in the reaction remain where
the R group of the amino acid is still present and hence the colouration of the reaction
mixture varies depending on the R group.
The secondary reaction with zinc and cadmium metal salts produced spots of essentially
the same colour for all of the amino acids, although the intensity, determined by
fluorescence spectroscopy, differed somewhat. It is well known that when ninhydrin
developed fingermarks are treated with various metal salts the colour changes as a result
of the formation of a coordination complex. If 1,2-indanedione proceeds along the same
reaction pathway as ninhydrin, it is possible that a coordination complex is also forming
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in the reaction between I ,2-indanedione, amino acids and metal salts. It is possible that
the increased intensity in colour and fluorescence is due to the extended conjugation of
the bonds in the complex. This theory can only be explored with a thorough study of the
reaction product from both the 1,2-indanedione + amino acid reaction and the product
subsequently formed upon treatment with a metal salt. A second possibility is that the
colour change upon the addition of metals salts is due to a catalytic reaction, with the
metal salt acting as a catalyst. This theory will also need to be explored.
Excitation and emission spectra for the reaction product of amino acids and 1,2indanedione (Figure 5.28) and the same product post-treated with a zinc salt (Figure 5.29)
were obtained. The excitation spectra for the two reaction products are very similar,
however the emission spectrum of the metal salt product displays a small but distinct shift
towards shorter wavelengths compared to the initial product. The intensity of the
excitation and emission spectra of the metal salt product is approximately 2.5 times
stronger than for the reaction product of I ,2-indanedione and amino acids (calculated as a
ratio of maximum intensity and respective background luminescence at 400 nm). This
perhaps indicates a catalytic reaction.
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Figure 5.28- Fluorescence spectra for the reaction product formed between glycine and 1,2-indanedione,
recorded at room temperature: l . Excitation; 2 Emission
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Figure 5.29- Fluorescence spectra for the reaction product formed between glycine and I ,2-indanedione
followed by zinc metal salt treatment, recorded at room temperature. 1. Excitation; 2 Emission

The excitation and emission maxima for both the initial reaction product, 550 nm and 560
nm respectively, and the metal salt product, 555 nm and 560 nm respectively, are very
close together, i.e. the separation (Stokes shift) is very small. This suggests that, in
practical terms, it would be impossible to establish ideal conditions for the fluorescence
detection of the product. With current filters and excitation devices, the optimal
conditions for excitation are obtained using a band pass filter at 505 nm, with either a 550
nm long pass filter (orange goggles) or an IF 565 filter.
Since the product formed when different amino acids react with 1,2-indanedione has been
shown to differ in colour and in the intensity of fluorescence, it was decided that more
than one amino acid would be used in subsequent experiments regarding the preparation
of the reaction product.
This initial study was a good starting point towards an understanding of the reaction
between 1,2-indanedione and different amino acids, and shows that more research needs
to be performed in order to determine the actual reaction between a fingermark deposit
and 1,2-indanedione. The first step is to isolate the reaction product formed between
Page
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amino acids and 1,2-indanedione, and then to characterise the product using instrumental
methods. A further study is also required to determine the effect that the addition of metal
salts has on the reaction product and to characterise the product. A preliminary approach
to achieving these aims has been performed as part of this research.

5.3.3 Preliminary Study the Reaction between 1,2-Indanedione and Amino AcidsPart A
5.3.3.1 Heating under Reflux and Lowering the Temperature with and without Acid
Glycine, alanine and serine were heated with 1,2-indanedione under reflux for periods
between 2 and 72 hours. Initially, the glycine and alanine reaction mixtures turned a
purple colour, whilst serine turned a peach colour. Within an hour, the reaction mixtures
had all turned a dark brown colour.
The precipitate collected from the reaction mixture was found to have the same UV -vis
spectrum as the amino acid starting materials. This suggested that there was an unreacted
amino acid remaining at the end of the process. Considering that a large excess of amino
acids was used in the reactions, this is not surprising.
Thin layer chromatography of the three amino acid solutions were run against a 1,2indanedione standard. The amino acid reaction products all showed a spot at the same Rf
value as the 1,2-indanedione standard; however, these reaction products also showed a
second spot just below the first. This second spot was also sometimes seen as tailing in
other mobile phases. All of the reaction mixture spots were luminescent under long-wave
UV light, whilst the 1,2-indanedione standard spot was not.
Heating the reactions at a lower temperature and for shorter periods of time, 2 to 6 hours,
also gave a brown final product. The addition of acetic acid to the initial reaction did not
have an obvious effect, with this mixture also generating a brown coloured product.
Attempts at purifying the reaction by recrystalisation was unsuccessful with all samples.
Measurements of the melting point of the products was attempted; however, none of the
products melted at temperatures up to 360°C, which was the limit of the apparatus.
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H-NMR spectra of the brown glycine reaction product showed extremely broad peaks.

This indicates that the product was either an oligomer or a macromolecule. Impurities
were ruled out after the same spectra were given after purification by thin layer
chromatography. Electrospray ionisation mass spectra of the glycine and serine products
indicated that a macromolecule had formed .
These results indicate that heating the reaction mixture leads to a progression in the
reaction between I ,2-indanedione and amino acids, with reactions occurring that are
additional to those observed between I ,2-indanedione and fingermarks. This presumption
is based on the fact that the initial reaction gives a colour similar to the product of the
reaction between fingermarks and I ,2-indanedione, and that the reaction keeps
progressing to form a brown coloured product. As previously discussed (section 3.5.4.1 ),
upon heating 1,2-indanedione treated fingermarks using a heat press for a certain period
of time, the fingermarks turned brown. It was assumed that the fingermarks were burning
due to high temperatures. In light of the research performed on the reaction, it is likely
that what was assumed to be 'burning' of the fingermarks was the same progression to a
brown coloured macromolecule that is formed when I ,2-indanedione and amino acids are
reacted in solution with heat. This phenomenon is also observed in the reaction between
amino acids and ascorbic acid. Hayashi and co-workers (1983) found that ascorbic acid
oxidises quickly to dehydroascorbic acid which, when reacted with amino acids, forms
red coloured pigments. Hayashi and co-workers also found that these pigments, when left
for a period of time or when exposed to an increase in temperature transform into a
brown reaction mixture. This browning is caused through additional reaction of the red
pigmented compound with another molecule of ascorbic acid. The ascorbic acid and
amino acid mixture has been studied and found to be made up of free radicals. Similar to
the ascorbic acid reactions, it is likely that the brown product formed in the reaction
between I ,2-indanedione and amino acids, with prolonged heating, is a macromolecule or
high molecular weight compound. At this stage of the research, it was decided that
heating the reaction and leaving it to progress for long periods of time is unfavourable to
our investigation as it contributed to the reaction progression from the pink colour
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observed with fingermarks to a brown coloured macromolecule. Thus it was decided that
the reaction should be performed without heat.

5. 3. 3. 2 - Reaction without Heat
The reaction of alanine and glycine with 1,2-indanedione was attempted without heat
using different solvents. Glycine added to 1,2-indanedione in methanol immediately
turned a purple colour. After stirring for 30 minutes the colour had changed to a
pink/peach. The same reaction was noted for alanine; however, upon stirring, the colour
reverted to a red wine colour. Alaoui and co-workers (2005) reported that when glycine is
reacted with 1,2-indanedione in methanol at room temperature 'the reaction product looks
yellow'. Despite numerous attempts following the exact reaction method described in
their paper, the reaction between glycine and I ,2-indanedione in methanol immediately
gave a purple colour. In their research, Alaoui and co-workers reportedly characterised
this yellow solution by gas chromatography mass spectrometry, identifying the reaction
products as 2-carboxymethyliminoindanone and 1,2-di(carboxymethylimino)indane;
however, the results of this work have not been replicated either in this study or in
research conducted in Israel (Aimog, 2005).
Glycine added to 1,2-indanedione in ethanol and allowed to stir over 24 hours produced a
pale orange/peach colour with a white precipitate. Glycine or alanine added to l ,2indanedione in petroleum ether gave a pale brown/purple colour after approximately 1
hour. When alanine or glycine were added to the 1,2-indanedione in propan-1-ol the
solution turned a bright purple colour within a few seconds. A white precipitate also
formed in the solution upon mixing. After the alanine solution was left for 45 minutes
with intermittent stirring, the colour settled to be a rose colour. When the solution was
evaporated, the colour of the precipitate was a dull purple/rose colour (Figure 5.30).
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Figure 5.30- Product of 1,2-indanedione
and alanine in a round bottom flask

Figure 5.31 -Product of 1,2-indanedione
and glycine in a round bottom flask

When the glycine solution was left for 45 minutes with intermittent stirring the solution
returned to the yellow colour of the starting material, 1,2-indanedione. A white precipitate
also formed upon the addition of glycine, with this being removed by filtration. A melting
point analysis and UV- Visible spectroscopy later showed that this precipitate was excess
glycine. When the solution was evaporated on the rotary evaporator, the solid product was
a dark purple colour (Figure 5.31 ).
From an NMR and MS study, Wilkinson (2000) reported that, when 1,2-indanedione is
dissolved in methanol, a hemiketal is fom1ed, and the reactivity of 1,2-indanedione towards
amino acid is diminished. This may explain the lack of colour change gained by the Alaoui
research team and would explain the colour change after time back to a yellow colour
acquired in this research when glycine was reacted with 1,2-indanedione. It does not,
however, explain the two reaction products described by the Alaoui research group.
Wilkinson recommends that the use of alcohols in 1,2-indanedione formulations should
be avoided. This research showed that the reactivity of the reaction of 1,2-indanedione in
methanol, ethanol and propan-1-ol with amino acids increases with chain length of the
alcohol. This reactivity was judged by the colour change and stability of the colour
change of the reaction product. It was also evident that the particular amino acid used in
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the reaction also affects the reactivity, a variable that was not examined in the Wilkinson
study.

5.3.3.3 Analysis ofthe Reaction Products by Instrumental Analysis
Electrospray ionisation mass spectroscopy and nuclear magnetic resonance spectroscopy
were performed on the products obtained after the reaction of I ,2-indanedione with glycine
and alanine. The electrospray mass spectrometry showed that the product from both amino
acids had formed what appeared to be an oligomer with a repeating unit of 146 amu. The

mlz peaks of interest were 375, 521, 667, 813, 959 and 1105, as shown in Figure 5.32.
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Figure 5.32 - Electrospray mass spectrum of the 1,2-indanedione and alanine product indicating oligomer
formation

This same phenomenon was observed by Mills (2004) who suggested two possible
repeating units for the oligomer as shown in Figures 5.7 and 5.8.
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The H-NMR spectra indicated that the reaction products were a mixture and thus minimal
information could be gleaned from these spectra at this point.
Attempts were made to stop the reaction progressing to an oligomer. It was decided that
the best way to do this would be to quench the reaction using cold temperatures after only
allowing the reaction to progress for a short time. A dry ice and acetone bath was used in
an effort to achieve this quenching effect. When the quenched sample was analysed by
electrospray mass spectrometry it was found that this process did appear to limit the
oligomer formation as shown in Figure 5.33. This offered improved mass spectra and thus
it was decided that quenching would be used for future experiments.
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Figure 5.33- Electrospray mass spectrum of 1,2-indanedione and alanine quenched for 5 minutes using a dry
ice bath

Infrared spectroscopy was performed on the purple product formed between 1,2indanedione and alanine. This spectrum, shown in Figure 5.34, was compared to an
infrared spectrum collected from a sample of Ruhemann's purple. The peaks and
assignments of the two compounds are shown in Table 5.3.
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Figure 5.34 - Infrared spectrum of the product fmmed between 1,2-indanedione and alanine

I ,2-lndanedione Product
Peak (cm- 1)
Assignment
3410
N- H stretch
C = 0 stretch
1717
1596
C = C aromatic
C = C aromatic
1460
1297
C- N stretch
1208
C- 0 stretch
] 153
C- 0 stretch
734
ortho distributed ring

Ruhemann's Purple
Peak (cm- 1)
Assignment
3410
N-H
1724
C = 0 stretch
1593
C = C aromatic
-1469 or 1419
C = C aromatic - 1292
C- N stretch
1200
C- 0 stretch
1157
C- 0 stretch
741
ortho distributed ring

Table 5.3- Comparison of the peaks and assignments of the infrared spectrum of the 1,2-indanedione
product with Ruhemann's purple

Although the fingerprint regions of the spectra are different there are many peaks at similar
locations, indicating that the two products may have similar structures. This in tum
suggests, that the reactions may be proceeding via similar mechanisms.
UV-Visible spectroscopy of the 1,2-indanedione and alanine product confirmed that there
was a coloured reaction product. When the UV -visible spectra of 1,2-indanedione is
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compared with the spectra of the product of 1,2-indanedione and amino acids, a slight
difference can be seen in the visible region. 1,2-Indanedione exhibits a peak in the region
4 70 nm- 480 nm. The product of 1,2-indanedione and alanine causes a slight shift, with
a maximum absorption observed in the range of 476 nm- 486 nm. This reaction was also
monitored over time and there was no change in the general shape of the peaks; however,
an increase in intensity was noticed as reaction time increased. This indicates that the
reaction proceeds relatively slowly at room temperature.
A study of the reaction in different solvents was performed using UV -visible
spectroscopy to determine if the solvent had any significant effect on the reaction (Figure

5.35). There appeared to be no significant change in the reaction with the exception of the
acetone:DMSO solvent mix. In this case, there was no peak in the region of 4 76 nm to
486 nm, as was comn1on in all other reactions; however, there were two peaks at 513 nm
and 550 nm. This suggests that the 1,2-indanedione and alanine reaction progresses
differently in the presence ofDMSO. The fact that two peaks exist in the spectrum
indicate that the mechanism of the reaction may differ from that which occurs in all other
solvents tested .

Figure 5.35 - UV-Visible spectrum of 1,2-indanedione and alanine in different solvents (time= 1 hour)
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5.3.3.4 Summary o(Part A o(the Study o(l.2-Indanedione and Amino Acids
The first part of this study gave some insight into the best ways to optimise conditions in
order to obtain the desired 1,2-indanedione/ amino acid reaction product (i.e. the same
reaction product formed on reaction with latent fingermarks). Heating the reaction caused
the production of a brown macromolecule, similar to that obtained in the reaction of amino
acids with ascorbic acid at high temperatures (Hayashi eta/. , 1983) and similar to that
observed when 1,2-indanedione treated fingermarks are overheated. Since the desired
product for this study was the pink/purple colour found in the normal reaction between 1,2indanedione and fingermarks, it became clear that heat should not be used in further
characterisation experiments.
The reaction at room temperature, formed an oligomeric mixture with a repeating unit of
146 amu. The formation of the oligomer appeared to be inhibited when the reaction was
only allowed to progress for a short period of time before being quenched at low
temperatures. Thus it was determined that quenching the reaction in a dry ice and acetone
bath should be used for all future experiments.
From the numerous solvents tested, it was determined that n-propanol was the optimal
solvent as it reacted quickly and offered greater stability. lt is possible from the colours of
the different reactions prepared that 1,2-indanedione may produce slightly different
reaction mixtures with different atnino acids.
This study gave us some insight on how to approach the second part of the study. It was
evident that the effect of the R group of the amino acid needed to be investigated and the
effect of the reaction time and temperature also examined.
A consistent amount of water was used in all experiments to dissolve the amino acid. It is
acknowledged that water content in fingermarks is variable and thus the effect of water on
the formation of the desired product should be investigated. The effects of metal salts is
also a significant area of interest that needs to be investigated, once more information on
the initial adduct is gained.
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5.3.4 A Further Study into the Reaction of 1,2-Indanedione and Amino Acids- Part B
5.3.4.1 Study o{the R-Group o{Amino Acids
The results of the different temperatures on the reaction of 1,2-indanedione with 3
different amino acids as well as urea inn-propanol are shown in the Table 5.4.

Temperature
Conditions
Room
Temperature
Quenched after
1 minute
Quenched after
20 minutes

Alanine

Purple
pH-5
Dark Purple
pH-5
Light Red

Cysteine

Colour

Light Beige
pH- 4-5
Light Pink
pH-2-3
Yellow

Proline

Black
pH-5
Dark green
pH-6-7
Green

Urea

No colour change
pH-5
No colour change
pH-5
No colour change
pH-5

Table 5.4- Physical appearance of different amino acids and urea when reacted with 1,2-indanedione at
different temperatures

The physical appearance of both the alanine and cysteine reactions was similar in hue to
the reaction that takes place between 1,2-indanedione and fingermarks. Figures 5.36 and
5.37 show the mass spectra for the product of 1,2-indanedione and alanine and 1,2indanedione and cysteine quenched after 1 minute, respectively. The mass spectra of the
two different amino acid products also suggests that the initial reaction pathway is
similar, with both reactions possessing a fragment at m/z 145. Nevertheless, the peaks
shown in the mass spectra after this stage suggest that each reaction progresses along a
different route.
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Figure 5.37 - Electrospray mass spectrum of the 1,2-indanedione and cysteine reaction quenched after 1
min ute
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There are more positive ion peaks in the mass spectrum for the alanine reaction product
compared to that for the cysteine product. Suggested fragments supporting the proposed
reaction mechanism are shown in Figure 5.38.

0
NH

(a) m/z 145

(b) m/z 173

(c) m/z294

(d) m/z 439

Figure 5.38- Proposed mass fragments for the 1,2-indanedione and alanine reaction mixture

The fragment proposed for m/z 294 supports the theory suggested in previous research
(Petrovskaia, 1999) that the I ,2-indanedione and alanine reaction progresses toward a
Ruhemann 's purple type product. This fragment, minus the NH4+ion is the same fragment
proposed by Petrovskaia as the product of the 1,2-indanedione and alanine reaction. The
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fragment that exists at m/z 374 is likely to be the same molecule (mass 275) with a
propanol solvent molecule (mass 60) and potassium ion (mass 39) attached, also lending
support to the Petrovskaia product.
The TLC that was performed on the products of the reaction of 1,2-indanedione and
alanine showed that there was always two bands, or what appeared to be one band of dark
colour with a lighter colour lagging at the end of the initial band. This suggests that there
were perhaps two products of the reaction which were similar enough to elute around the
same time, making separation difficult. The mass spectrum of the 1,2-indanedione and
alanine reaction product show a major m/z peak at 374, mentioned above, and a smaller
peak at m/z 439. It is possible that this peak at m/z 439 represents the product shown in
Figure 5.3 8. This is a similar product to hydrindantin a colourless by product formed in the
reaction between ninhydrin and amino acids (Wigfield et al., 1980).
The main fragments shown in the mass spectrum of the 1,2-indanedione and cysteine
product have m/z values of 145, 203 and 249. These m/z values are likely to correspond
with the fragments shown in Figure 5.39.

0

0

OH

;{

-N
(a) m/z 145

0

(b) m/z 203

(c)

m/z 249

Figure 5.39- Proposed mass fragments for the 1,2-indanedione and cysteine reaction mixture
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Figure 5.40 - Electrospray mass spectrum for the 1,2-indanedione and proline reaction mixture quenched
after 1 minute

The product of the reaction between 1,2-indanedione and proline was dark green/black in
colour ind icating a reaction had taken place. The mass spectrum, shown in Figure 5.40,
demonstrates a similarity of peaks with respect to the other two amino acid reactions
indicating that the reaction with proline more than likely follows a similar pathway to the
other amino acids.
The main fragments shown in the mass spectrum of the 1,2-indanedione and proline
product have m/z values of200, 328, and 345. These m/z values correspond with the
fragments shown in Figure 5.39. The fragment at m/z 328 is a chromophore which
explains the dark green I black colour observed and reported in Table 5.4.
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0
(b) m/z 328

(a) m/z 199

Page

150

5. A Study ofthe 1.2-Indanedione/ Amino Acid Reaction

;/

0

0
(c)

m/z 345

Figure 5.41 - Proposed mass fragments for the 1,2-indanedione and proline reaction mixture

Proline was, however, eliminated from further studies as the product obtained was an oil
and extremely difficult to isolate from the reaction mix.
From the physical appearance of the reactions between 1,2-indanedione and urea, as well
as the mass spectra of the reaction mixtures, it appears that no reaction had taken place.
This is in parallel with work conducted by Aumeer-Donovan (2007) which showed that
no reaction took place between urea and 1,2-indanedione on paper.
The results of the R-group study show that the reaction pathway may be influenced by the
amino acid used in the reaction. This is in contrast to the results obtained by Mills (2004).
The amino acids used by Mills were all similar in structure and likely to cleave at the
same or a similar point and thus liable to produce the same product. The amino acids used
in this part of the current study were structurally quite different, possibly explaining the
different results obtained.
Akin to Ruhemann's purple, it is probable that the product of 1,2-indanedione and amino
acids is ionic. This factor influences 1H-NMR results causing broad peaks and creating
difficulty with interpretation. From the mass spectra, it is also likely that the reaction of
1,2-indanedione and amino acids produces a mixture, which was also indicated by the
NMR spectra. The small amount of information gleaned from the NMR spectra shows that,
when amino acids were added to 1,2-indanedione, the defined peaks in the aromatic area
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decrease. Paramagnetism was seen in fractions taken from the products of the alanine and
cysteine reactions, but not in the proline reaction.
According to the mass and NMR spectra, it appears that the hypothesis proposed in Part A
of the research, that the R-group of the amino acid does have an effect on the pathway and
product of the reaction, has been confirmed.
5.3.4.2 Study ofthe Effect of Water Content on the 1.2-Indanedione and Alanine Reaction

The solubility of 1,2-indanedione and amino acids is an issue. The amino acids must be
dissolved in water before being reacted with the 1,2-indanedione in a non-polar solvent.
This study was performed to determine the effect that differing amounts of water would
have on the reaction.
Table 5.5 shows the results of the colours observed when different quantities of water were
added to the 1,2-indanedione and alanine reaction.
Time

0 sec

JO/o
tight Purple

30 sec

Mid Purple

1 min

Dark Purple

2 min

Dark Purple

5 min

Dark Purple

10 min

Dark Purple

13 min

Purple/Red

20 min

Light Red

Quenched Light Red
(after 20
mins)
Muddy Red
Dried

Water Content (%vlv) versus Observed Colour
4o/o
5°/o
8o/o
15°/o
10°/o
Light Purple
Dark
Dark Yellow Dark Yellow No Change
,__
Yellow
Light Purple
Light
Dark YeiJow Dark Yellow Over all the
Purple
time
Mid Purple
Light
Light Red Dark Yellow periods the
___ PuEE_le
yellow
Dark Purple Light Red
Light
Dark Yellow colour
Red/Brown I Red Tinge changed
become
Dark Purple Light Red
Light
Dark
Red/Brown Yellow/Red slightly
darker
Tinge
Light
Light
Light
Light Red
Brown
Purple/Red
Red/Brown
-Red/Brown
Light
Light Brown Light Red Slight Red
Brown
Tinge
Light Brown
Light
Light Brown Light Brown Slight Red
Brown
Tinge
Red
Dark
Red
Yellow
Red
Light Brown

__________

Muddy Red Muddy Red Dark Red

Light Brown Pink/Purple

Table 5. 5- Water content versus the colour, over time, for the 1,2-indanedione and alanine reaction
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The results suggest that increasing water content makes the reaction proceed slower, as
observed by the colour changes taking place as the reaction proceeds. Reactions taking
place with a water content above 10% v/v never reaches the colour seen in the reaction
with 3o/o v/v water.
In terms of the reaction that takes place between 1,2-indanedione and the amino acids in
fingermarks, these results suggest that increasing the water content in the reaction
1

mixture may retard the reaction kinetics. A 1H-NMR study confirmed these results. HNMR spectra were taken of reactions between 1,2-indanedione and alanine with 4%, 8%
and 20% v/v water content.
It is also possible that the water content may influence the pathway of the reaction, i.e.

reactions may occur other than the reaction that is of interest in this research. Rogacheva
and co-workers ( 1995) found that the optimal water content for the reaction between
glycine and ascorbic acid is 25% v/v. When the water content is increased above this
amount the yield of the final product decreased. It is possible that the reaction between
1,2-indanedione and alanine follows in the same manner. Future research involving the
isolation of a pure compound could calculate yields to confirm this assumption.
Due to difficulties in characterising the 1,2-indanedione reaction product by liquid NMR,
the next study involved attempts at product characterisation using solid NMR CPIMAS.

5.3.4.3 Solid NMR Study o{the Product o{l,2-Jndanedione and Alanine
Figure 5.43 shows the

13

C solid NMR CP/MAS spectrum of the I ,2-indanedione and

alanine product. Table 5.6 references the assignments of the peaks as compared with those
of 13 C solution NMR of the same product.

Page 153

5. A Study ofthe 1.2-lndanedione/ Amino Acid Reaction

i...«

-

100

150

200

Figure 5.42 -

13

13

50

(ppm]

C Solid NMR spectrum of the 1,2-indanedione and alanine reaction product

C Environment
1
2
3
4
5

6
7
8

13

CSolution Peak
(a-ppm)
26.6

-

64.1
126.0
136.5
142.5
19 1.7

-

CP/MAS Peakl
(o-ppm)
25.5
38.5
63.6
127. 7
135.9
150.1
193. 7
201 .6

Tabl e 5. 6- Tab le of the 13 C environment assignments for the peaks observed in the solution and sol id state
NMR spectra for the 1,2-i ndaned ione and alan ine reaction product

The solid state NMR shows a peak at 863.6 ppm which denotes a single carbon to oxygen
(C-0) bond shifted to the upfield, suggesting that the compound is ionic in structure. An
ionic structure also explains the broad peaks present in the aromatic region of the spectra as
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well as the problems encountered in obtaining NMR spectra in solution. In addition, there
are two peaks relating to two different carbonyl groups. This spectrum supports the
suggested structure of the 1,2-indaned ione and alanine product that is shown in Figure
5.42.

Figure 5.43- Proposed structure of the main reaction product of I ,2-indanedione and alanine

5.3.4.4 Free Radical Study ofthe Product o(1.2-Indanedione and Alanine
This study was conducted to see how the product of the 1,2-indanedione and alanine
reaction oxidises under different conditions and to see if any of these conditions quench the
free radical or paramagnetism. A theory was put forward that the pink

rea~tion

product

formed is a free radical that is extremely unstable and thus, over time and in the presence
of oxygen in the air the reaction progresses to an oligomer. This would not happen to
fingermarks on paper as the reaction system is closed. Thus this theory was tested using
nitrogen and oxygen blanketing during the reaction. Unfortunately, no difference was
noted in the three reactions and there was no difference in the mass spectra of the three
samples.
The electron spin resonance signal was very low in intensity for each sample signifying
that the reactions only had a small amount of paramagnetism. Free radicals are extremely
unstable and thus it is extremely hard to monitor these species; attempts were made in this
study, however they were unsuccessful.

5. 3. 4. 5 Thermal Analysis
The thermal stability of the reaction product of 1,2-indanedione and alanine was studied by
thermogravimetric analysis. Thermogravimetry (TG), derivative thermogravi metry (DTG)
and differential scanning calorimetry (DSC) curves were obtained over a temperature range
of25 to 600 °C.
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Sample: Sample N2
Size: 4 .7978 mg
Method: Ronald 1
Comment SC/min to 600C

TGA-DTA

Run Date: 20-Jun-2006 15:30
Instrument: 2960 SOT V3.0F
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Universal V4 1D TA Instruments

Figure 5.44 - TGA-DTA curve for the 1,2-indanedione and alanine reaction mixture

Figure 5.44 shows TGA-DTA curves for the 1,2-indanedione and alanine product. The
thermal decomposition of this product occurs in three steps, with DTA peaks at 85 and
160 (related to dehydration ) and at 425 °C. The weight loss observed between 85 and
160 °C may be attributed to an intramolecular reaction involving the loss of water and
carbon dioxide molecules. The DTA curve shows a mass variation of7.4% and 10.9%. It
is likely that these variations are caused by the loss of water (7.32%) and carbon dioxide
(10.92%) from the molecules. This study also shows that the compound is stable above
400 °C.
The DSC curve shows that at 124 °C the product starts to become unstable which shows
that the compound is paramagnetic, supporting earlier NMR results which also suggested
paramagnetism.
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5. 3. 4.6 Elemental Analysis
Elemental analysis supports the results obtained by the thermal analysis, showing that the
1,2-indanedione and alanine product has seven molecules of water and six molecules of
carbon dioxide. Rogacheva and co-workers (1995) found similar results in the elemental
analysis of the product of ascorbic acid and glycine.

5.3.4. 7 Summary o(the Study o(the 1,2-Indanedione and Amino Acids (Part B)
Through the analysis of the reaction between 1,2-indanedione and alanine, cysteine and
proline, this study has shown that 1,2-indanedione reacts differently with different amino
acids. When combined with urea, 1,2-indanedione did not produce a visible reaction, nor
a reaction detectable by mass spectroscopy. Mass spectroscopy suggests that the reaction
of 1,2-indaned ione with alanine and cysteine may initially follow a similar pathway,
whilst the reaction with proline is significantly different.
Increasing the content of water in the reaction was found to retard the reaction kinetics.
This was determined by observation of the colour of the reactions with differing water
contents and was confirmed by nuclear magnetic resonance spectroscopy. It is possible that
the concentration of water in the reaction may influence the path the reaction takes
therefore affecting the range of colours observed.
Solid state nuclear magnetic resonance spectroscopy indicated that the product of 1,2indanedione and alanine is ionic, which helps explain the problems that were encountered
with separation and isolation of the product. Thermal and elemental analysis confirmed
that decomposition of the reaction product releases water and carbon dioxide molecules.
The results obtained in this research support the proposal by Petrovsakaia ( 1999) that the
main reaction product of 1,2-indanedione and amino acids is a Ruhemann's purple type
product with a molecular mass of275.
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5.3.5 Preliminary Study of the Reaction between 1,2-lndanedione, Amino Acids and
Metal Salts (Part C)
The effect of the addition of a metal salt to the 1,2-indanedione and alanine reaction has
not been previously reported. It is possible that the addition of metal salts to the reaction
may impact on the formation of the desired reaction product and may also limit the side
reactions that result in a mixture of compounds.

5. 3. 5.1 Metal Salt Reaction Preparation
With the addition of zinc nitrate or cadmium nitrate, the 1,2-indanedione/amino acid
solution immediately turned a bright pink colour that progressed to an iridescent
orange/pink colour as shown in Figures 5.45. The colour change indicates that there is a
reaction taking place. Upon evaporation of the solvent, the product became a dark pink
colour, Figure 5.46, darker than the colour produced when 1,2-indanedione is reacted
with amino acids alone.

Figure 5.45 - Product of 1,2-indanedione
alanine and zinc metal salt in solution

Figure 5.46 - Solid product of 1,2-indanedione,
alanine and zinc metal salt
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5.3.5.2 UV-Visible Spectroscopy
Figure 5.47 shows the UV-visible spectra recorded for the reaction of 1,2-indanedione
with alanine and zinc over a 24 hour time period including a 1,2-indanedione alanine
reference. There is a peak present at 409 nm in the initial period of the experiment. By the
time the reaction has progressed 24 hours this peak at 409 nm is no longer visible. This
indicates that there is a reaction intermediate present, which is responsible for the peak at
409 nm in the earlier stages of the reaction, but which is not present after 24 hours. As the
reaction time progressed, the absorbance of the peaks at 502 nm and 540 nm in the metal
salt reaction increased. It is possible that these two peaks at 502 nm and 540 nm are from
the reaction of the amino acid I 1,2-indanedione product with the zinc metal salt. Similar
results were obtained using zinc salt in different solvents. This would indicate that the
complete reaction of 1,2-indanedione, alanine and metals salts progresses via a coloured
intermediate, present in the UV -visible spectrum as a broad peak at 409 nm. The same
reaction was carried out using cadmium metal salt and peaks at 508 nm and 541 nm were
observed, however there was no corresponding peak at 409 nm. Cadmium is known to
react much more quickly than zinc under certain circumstances. Cadmium and zinc have
similar electron configurations, however cadmium has the potential for six ligand bonds
and the ability to form an octahedral complex, whereas zinc has the potential for four
ligand bonds to form a square planar or tetrahedral complex. This means that cadmium is
likely to be more reactive than zinc and perhaps no coloured intermediate persists for any
significant period of time due to the speed at which the reaction proceeds.
The peaks that are found in the reactions of cadmium and zinc with the alanine and 1,2indanedione product are similar to the peaks found in the UV -visible spectrum of the
reaction between alanine and 1,2-indanedione alone. Therefore it is also possible that the
metal salt is acting as a catalyst in the reaction enhancing the formation of the peaks in
those regions.
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Figure 5.47 - UV-Visible spectra recorded for a mixture of 1,2-indanedione, alanine and zinc chloride
inn-propanol. The reaction was monitored over a 24-hour period. Spectra labelled l ,2-indanedione +alanine
at time= 0 and reaction after24 hours. Each spectrum in between shows the general progression fi·om
time= 0 to time= 24 hours

5.3. 5. 3 Electrospray Mass Spectroscopy
Electrospray mass spectra were collected of the compounds f01med when both zinc and
cadmium metal salts where added to the 1,2-indanedione alanine mixture. Figure 5.48
shows the mass spectrum of the zinc compound with a cluster of peaks present from m/z
355.0 to m/z 361.2. This cluster of peaks was not present in the 1,2-indanedione and
alanine reaction and thus is indicative of a reaction taking place with the zinc metal salt.
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Figure 5.48 - Electrospray mass spectrum of the reaction product of 1,2-indanedione with alanine and zinc
chlori de

The cadmium salt compound also demonstrated a reaction taking place. There are a
significant number of additional peaks in this spectrum, Figure 5.49, many more than
with the product formed with the zinc metal salt.
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Figure 5.49 - Electrospray mass spectrum of the reaction product of 1,2-indanedione with alanine and
cadmium nitrate

Both of the metal salt reaction mixtures were analysed over an extended period of time
without any change in the mass spectra obtained. This once again demonstrates that a
reaction is occurring with the addition of metal salts to the 1,2-indanedione amino acid
mix. It also shows that the metal salt reaction mixture is more stable than the 1,2indanedione amino acid product.
The most abundant peak in the zinc metal salt reaction mentioned previously was m/z
357.0. This peak represents the mass of the ligand proposed by Petrovskaia eta/ (2001) at
275, added to the most abundant zinc isotope (48.63%) at 64 with the addition of a water
molecule, mass 18. The second most abundant peak correlates to the second most abundant
zinc isotope (27.99%) which has a mass of 66. The third peak at 361.2 corresponds to the
zinc isotope (18.75%) with a mass of 68 . These results indicate either a tetrahedral or
square planar zinc complex.
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The cadmium complex spectrum possesses peaks at m/z 405 and 407 nm, which
correspond to the cadmium isotopes with a mass of II2 and II4 with the addition of the
ligand of mass 275 and one water molecule (mass 18). Low abundance cadmium isotopes
are also represented such as 110 and 108 with peaks at m/z 403 and 401 respectively.
5. 3. 5. 4 Nuclear Magnetic Resonance Spectroscopy

Figure 5.50 shows a comparison of the 1H-NMR spectrum of I ,2-indanedione, 1,2indanedione and alanine, and I ,2-indanedione, alanine and zinc metal salt.
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Figure 5.50- Proton nuclear magnetic resonance spectra: ( 1) I ,2-indanedione, (2) I ,2-indanedione and
alanine; and (3) 1,2-indanedione, alanine and zinc metal salt

1,2-Indanedione dissolved in deuterated acetone shows a clear 1H-NMR spectrum,
indicated in black, as was discussed in section 5.3.1 .2. When alanine is added to the
solution, indicated in red, the definition in the aromatic region appears to decrease
(discussed in section 5.3.4.1). The NMR spectrum of the I ,2-indanedione and alanine

Page

163

5. A Study of the I .2-Indanedione/ Amino Acid Reaction

product also shows an upfield shift of the methene group, suggesting that there are isomers
present in the product. The addition of zinc chloride to the 1,2-indanedione and alanine
reaction appears to slightly improve the quality within the aromatic region of the NMR
spectrum indicated in green. The peaks are more defined and there are a greater number of
peaks present in the aromatic region at 7.6 ppm indicating that a compound with more than
one aromatic region has been formed. A downfield shift of the methene group is also noted
in this spectrum.
The spectra were recorded on crude reaction mixtures rather than pure compounds. The
isolation of a pure compound may have facilitated structural determination.

5. 3. 5. 5 Infrared Spectroscopy

Infrared spectroscopy was performed on the zinc and cadmium reaction products (Figures
5.51 and 5.52). The two metal salt products were found to have similar spectra as indicated
by the peaks in Table 5.7.
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Figure 5.5 I - Infrared spectrum of the reaction products of I ,2-indanedione with alanine and zinc chloride
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Figure 5.52- Infrared spectrum of the reaction products of I ,2-indanedione with alanine and cadmium nitrate

Table 5.7 shows the peaks and assignments for the metal salt products compared to the
1,2-indanedione/amino acid product, which is presented in Figure 5.34.
Cadmium Metal Salt Complex l ,2-lndanedione/ Alanine product
Peak (em-')
Peak (cm- 1)
Assignment --Ass~gnment
N- H stretch
3489
Water
3410
3085
C- H stretch
- - --- - - r--C- H stretch
2925
C- H stretch
2925
1716
171 1
C = 0 stretch
C = 0 stretch
1717
C = 0 stretch
1625
1664
C = N aromatic
C = N aromatic
1596
C = C aromatic
1595
C = C- C aromatic
C = C - C aromatic
1596
1441
C = C aromatic
C = C aromatic
1463
C = C aromatic
1460
C- N stretch
1301
1306
C- N stretch
1297
C- N stretch
C- 0 stretch
1246
C- 0 stretch
1208
1237
C- 0 stretch
C-0-C
C- 0 stretch
1085
1080
I 153
C-0-C
Ortho distributed ring
Ortho distributed ring
736
Ortho distributed ring
734
735
550
545
Metal - 0 ligand
Metal- 0 ligand
Zinc Metal Salt Complex
1
Peak
(cm)
c - - · - - - - " -f---~~ent
3446
water

-

Table 5.7- Comparison of the peaks and assignments for the infrared spectra recorded for the
zinc metal salt complex, the cadmium metal salt complex and the I ,2-indanedione/alanine product

Similar absorption bands -3446/3489 cm-1, 2925 cm- 1, 1716/1711 cm- 1, 1664/1625 cm-

1
,

1596/1595 cm- 1, 735/736 cm- 1, 550/545 cm·1 - are found in the spectra of the two different
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1,2-indanedione and metal salt compounds. This indicates that the two metal salt
compounds follow the same reaction pathway. Proposed functional group assignment of
these absorption bands assist in suggesting a structure for the products. Spectral
information shows an absorption band in the mid 1600s which is likely to be due to the
mixture of 1,2-indanedione, reaction products and intermediates within the solution. The
peaks at 550 nm in both the cadmium and zinc metal salt reaction products indicate the
formation of a metal to carbonyl bond which supports the hypothesis that a catalytic
reaction is occurring.

5.3.5.6 Summary o(the Study o{the Reaction Product of1.2-Indanedione. Amino Acids_
and Metal Salts
The unequivocal characterisation of the metal salt product formed with the 1,2indanedione and alanine product would require the isolation of a pure starting compound.
As the product of 1,2-indanedione and alanine could not be successfully separated and
purified, a pure starting material could not be employed in this study. The separation of
the metal salt reaction product was also unsuccessful using thin layer chromatography
and thus the characterisation was performed on the crude metal salt reaction mixture that
included reaction by-products, intermediates and any unreacted starting materials that
may have been present.
In future research the method of separation could be further optimised by improving the
mobile and stationary phases of the thin layer chromatography. Other methods of
separation, such as column chromatography, could also be investigated.
All experiments conducted in this work were performed in solution. It is possible that the
reaction between fingermarks, 1,2-indaned ione and metals salts occurring on paper could
differ from the reaction in solution and that future work should investigate the reaction on
a cellulose support. This will better reflect that actual reaction with fingermarks on paper.
When this research on the reaction between metal salts, 1,2-indanedione and amino acids
was begun there was a general assumption that the reaction would be similar to the
reaction between ninhydrin, am ino acids and metal salts, in which Ruhemann 's purple is
formed. This assumption was based on the fact that from research performed by
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Petrovskaia ( 1999), it seemed that the reaction between I ,2-indanedione and amino acids
proceeds along a similar pathway as the reaction between ninhydrin and amino acids.
This was reinforced by the results of the research conducted in this thesis, although
confirmation was unable to be obtained. The preliminary investigation into the reaction
between metal salts, 1,2-indanedione and amino acids performed here produced
conflicting results. Spot tests, uv-visible spectroscopy and infrared spectroscopy indicated
that the reaction is likely to be catalytic whilst electrospray mass spectroscopy indicated
the formation of a metal salt complex. Research performed since this study was
concluded and whilst this thesis was being written (Shimmon, 2007, Patton, 2007,
Spindler, 2008) clearly indicates that the reaction between 1,2-indanedione, amino acids
and metal salts is catalytic in nature. The results of the electrospray mass spectroscopy in
this research which indicated a metal salt complex formation can be explained by the fact
that the starting compound of 1,2-indanedione and amino acids was not pure, nor could
the reaction product be separated and thus the suggested complex that has formed may
have been with a reaction intermediate or impurities. Further research to confirm this
assumption would have to include pure starting materials and purification of the reaction
product of 1,2-indanedione, amino acids and metal salts.

5.4 Conclusion
Although the isolation and the unequivocal characterisation of the product formed in the
reaction of 1,2-indanedione and amino acids is far from complete, this study provided
some insight on the most favourable conditions to assist in that task.
The product formed in the reaction of 1,2-indanedione and fingermarks is a pink coloured,
highly fluorescent compound. It is likely that this product is formed very early on in the
reaction in solution and, if the reaction is allowed to progress, an oligomer is formed. (It
would appear that the reaction on paper, under normal circumstances, does not progress to
this point). Thus, to isolate the desired product from a solution reaction, the reaction needs
to be stopped at an early stage to prevent oligomer formation. Quenching in a dry ice and
acetone bath was found to reduce oligomer formation. Heat was also found to be
detrimental to the reaction causing it to form a high molecular weight brown compound.
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The R group of the amino acid was found to affect the reaction, with the 1,2-indanedione
reaction with alanine, cysteine and proline all found to produce different product mixtures.
Urea was found not to react with 1,2-indanedione in solution at all.
Thin layer chromatography and mass spectroscopy suggest that two products are formed in
the reaction between 1,2-indanedione and alanine, likely to be of similar structure and
contributing to the problems encountered in separation and purification. Nuclear magnetic
resonance spectroscopy also confirmed the presence of a mixture rather than one product.
Despite obtaining conflicting results in some of the experiments, the UV-Visible
spectroscopic analysis performed in this study as well as subsequent work undertaken by
others (Shimmon, 2007, Patton, 2007, Spindler, 2008) indicate that the reaction between
zinc and cadmium metal salts and the 1,2-indanedione and amino acid reaction mixture is
likely to be catalytic in nature. These reaction products were found to exhibit greater
intensity in colour and fluorescence than the initial reaction product, enhancing the
formation ofthe peaks in the UV-Visible spectra.
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6.1 5-Methylthioninhydrin

6.1.1 Introduction
5-Methylthioninhydrin (5-MTN) has been identified as one of the most successful
ninhydrin analogues used to develop fingermarks on porous surfaces (Almog eta/. , 1992)
(Figure 6.1 ). Latent fingermarks developed with 5-MTN appear as dark purple ridges
similar to the Ruhemann's purple colour obtained after ninhydrin treatment. When treated
further with zinc or cadmium metal salts, these fingermarks are luminescent at room
temperature, and can be captured using a 490 nm or 505 nm excitation band, respectively,
as per metal salt post ninhydrin treatment (Stoilovic and Lennard, 2005).

Figure 6.1 -Chemical structure of 5-methylthioninhydrin

In 1992, Almog eta/. asserted that 5-MTN was more luminescent than ninhydrin prints
treated with metal salts, and at least comparable to 1,2-diazofluoren-9-one (DFO) (Almog

eta/., 1992). Despite these reported results, it seems that 5-MTN is still not widely used
for latent fingermark development across the world.
5-MTN was prepared in 1990 through research performed by Joullie and co-workers in
conjunction with the United States Secret Service. Tests showed this analogue to be more
successful than any other ninhydrin analogue including DFO (Heffner eta!., 1991 ).
In 1993, Cantu and co-workers compared ten amino acid reagents- ninhydrin, DFO and
eight other ninhydrin analogues. Cantu's results indicated that thieno(f)ninhydrin, also
prepared by the Joullie group, gave superior results to 5-MTN, which rated second in
intensity after zinc metal salt treatment. 5-MTN was determined to be comparable to
DFO (Cantu eta!., 1993).
In 2000, BVDA International started to manufacture and commercialise 5-MTN;
however, since this time, no further studies have been published. Responses for a survey
focussed on the development of fingermarks on porous surfaces (Wallace-Kunkel eta/.,
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2004) showed that none of the 37 respondent laboratories from 9 different countries used
5-MTN as a fingermark reagent. However, recent communication with BVDA suggested
that Spain and Turkey, two countries not considered in the survey, use 5-MTN on a
regular basis (Zonjee, 2005).
This study aimed to evaluate the commercially produced 5-MTN, including
determination of the optimum carrier solvent, and to compare it with reagents commonly
employed for fingermark detection on porous surfaces.

6.1.2 Materials and Methods
6.1.2.1 Reagents
All reagents used in this research were prepared using analytical grade chemicals from
Univar Chemicals (ethyl acetate, petroleum ether), 3M (HFE 7100, HFC 431 Omee),
BVDA International (5-methylthioninhydrin, 1,2-indanedione), BDH (acetic acid), Sigma
(ninhydrin, zinc nitrate, methyl-tert-butyl ether, ethanol) and Lumichem (DFO).

6.1. 2. 2 Preparation of Latent Fingermark Samples
Fingermarks from 3 different donors were deposited on A4 sheets of Reflex white copy
paper (80 gsm) using a method adapted from Roux and co-workers (Roux et al., 2000).
After the fingermarks were deposited they were stored in paper envelopes in a dry and
dark cupboard and allowed to age between 1 hour and 2 months. The fingermarks were
cut down the middle as per the procedure in section 3.2.2, with each side treated with a
different reagent. This allowed the fingermarks to be directly compared based on initial
reaction colour under white light and fluorescence of the reaction product using the
Polilight forensic light source (Rofin, Australia).

6.1.2.3 Carrier Solvent Study
In previous research (Wallace-Kunkel eta!., 2007), it has been shown that the carrier
solvent can have a significant effect on the ability of a reagent to visualise fingermarks on
porous surfaces. The recommended solvent for use in the 5-MTN formulation is
petroleum ether (BVDA, 2005); however no other solvents appear to have been
evaluated. Thus, the effect of the carrier solvent on the results produced using 5-MTN
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were assessed in this study. Three solvents were chosen based on their common
employment as fingermark reagent carrier solvents around the world at the present time.
These solvents were petroleum ether, HFE 7100 and HFC 431 Omee. The 5-MTN
formulations employed were all based on that recommended by BVDA International
(BVDA, 2005):
1.7 g 5-MTN
5 mL acetic acid
12.5 mL absolute ethanol
52.5 mL ethyl acetate
50 mL methyl-tert-butyl ether
360 mL carrier solvent
Treated samples were developed by either a heat press set at 165° C for 10 seconds or by
leaving them overnight in the dark at room temperature.
After viewing the results under white light, the samples were treated with zinc metal salt
solution, using the formul ation recommended by the Australian Federal Police (Sto ilovic
and Lennard, 2005): 0.24o/o w/v zinc nitrate, 5.4% v/v absolute ethanol, 0.6% v/v acetic
acid, using HFE 7100 as a carrier solvent. The samples were then viewed under white
light through a 490 nm band pass filter, and in the fluorescence mode at room
temperature (505 nm excitation, KV550 barrier filter) using the Polilight forensic light
source.

6.1. 2. 4 Comparison with Conventional Reagents
5-MTN was also compared with conventional reagents for the treatment of latent
fingermarks on porous surfaces- ninhydrin and DFO (Stoilovic and Lennard, 2005),
according to formulations recommended by the Australian Federal Police, and 1,2indanedione (0. 1% w/v 1,2-indanedione, 1% v/v acetic acid, 9o/o v/v ethyl acetate, using
HFE 7100 as a carrier solvent). 5-MTN and ninhydrin samples were also treated further
with zinc metal salt solution. Over 40 direct comparisons between each conventional
reagent and 5-MTN were made using latent fingermarks that had been cut down the
middle. The fingermarks were then examined using the Polilight forensic light source
under white light, usi ng appropriate fluorescence settings at room temperature for DFO
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and 1,2-indanedione comparisons, and with cooling under liquid nitrogen for ninhydrin
comparisons. Images were captured using a Nikon F90 SLR camera and Fuji 400 film.

6.1. 2. 5 Spectroscopy Study
Absorption spectra for a fingermark treated with 5-MTN were measured using a Leica
microspectrophotometer. Fluorescence spectra for fingermarks treated with 5-MTN and
zinc and cadmium metal salts were obtained using a LS50 Perkin Elmer
spectrofluoriphotometer. Excitation spectra were measured at room temperature with an
excitation slit of 5 nm and emission slit of 15 nm. Emission spectra were measured at
room temperature with an excitation slit of 15 nm and emission slit of 5 nm.

6.1. 2. 6 Price Comparison
Current prices in Australian dollars were obtained from the local suppliers of each
chemical (Sigma- ninhydrin, methyl-tert-butyl-ether; Lumichem- DFO; BVDA5MTN and 1,2-indanedione; 3M- HFE 7100; BDH- acetic acid; Ajax Chemicalsethanol, acetic acid, petroleum ether).

6.1.3 Results and Discussion
6.1.3.1 Carrier Solvent Study
There was no significant difference in the quality of the fingermarks developed with the
5-MTN formulations based on the three different carrier solvents (petroleum ether, HFE
7100 and HFC 4310 mee ). Figures 6.2 and 6.3 show representative results from the three
carrier solvents, illustrating the lack of significant differences between these
formulations.
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Figure 6.2- Comparison of 5-MTN in HFC 431 Omee (left) and petroleum ether (right) carrier solvents.
Viewed using white light and photographed using a Nikon F90 camera and Fuji 400 speed photographic
film

Figure 6.3- Comparison of 5-MTN in HFE 7100 (left) and petroleum ether (right) carrier solvents. Viewed
using white light and photographed using a Nikon F90 camera and Fuji 400 speed photographic film

This was a surprising result as previous research into the effect of the same three carrier
solvents- petroleum ether- HFE 7100 and HFC 431 Omee- on the formulation of 1,2indanedione showed that there were significant differences observed (Wallace-Kunkel et
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a/., 2007). Similar studies on the effects of carrier solvents on ninhydrin (Hewlett and
Sears, 1997 ( 1-2)) and DFO (Geide, 1995) have also shown differences.
Developed fingermarks were further treated with a zinc metal salt solution, excited using
the Polilight forensic light source set between 505 and 530 nm, and viewed using KV
550/0G 590 band pass filters at room temperature. Once again, there was no noticeable
difference in the intensity of fluorescence of the fingermarks developed with the different
formulations.
Petroleum ether is the cheapest and most readily available solvent. It is, however, highly
flammable leading to significant occupational health and safety concerns. HFC 431 Omee
is more expensive than HFE 7100, although both solvents are non-flammable. HFE 7100
is also recommended as a carrier solvent for many of the current fingermark reagents
(Stoilovic and Lennard, 2005; Wallace-Kunkel eta/., 2007) and thus would be on hand in
many fingerprint laboratories. Based on cost, safety considerations and availability, it is
recommended that HFE 7100 is used as a carrier solvent for this reagent.
6.1.3.2 Comparison with Conventional Reagents
The colour produced by 5-MTN in developed fingermarks is comparable to that of
ninhydrin and in some cases creates more contrast with the support. The colour produced
is a dark purple but is slightly brighter than the Ruhemann's purple colour produced by
ninhydrin. Figures 6.4 and 6.5 show typical results obtained using the two reagents.
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Figure 6.4 - Comparison of5-MTN (left) and ninhydrin (right), viewed using white light and photographed
using a Nikon F90 camera and Fuji 400 speed photographic film

Figure 6.5 - Comparison of ninhydrin (left) and 5-MTN (right), viewed using white light and photographed
using a Nikon F90 camera and Fuji 400 speed photographic film

When zinc metal salt was used to treat these fingermarks, the 5-MTN treated marks
became a brighter purple colour whilst the ninhydrin marks produced the characteristic
orange colour.
Figure 6.6 shows a comparison of the developed prints viewed at room temperature using
490 nm and 505 nm excitation bands. The ninhydrin treated portion of the fingermark did
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not exhibit any significant fluorescence emission at room temperature, whilst the 5-MTN
treated portion exhibited strong fluorescence. When the fingermark was cooled using
liquid nitrogen, the ninhydrin treated portion of the fingermark exhibited enhanced
fluorescence, but the intensity remains inferior to that observed for the 5-MTN treated
portion.

Figure 6.6 -Comparison of 5-MTN (left) and ninhydrin (right) after metal salt treatment; viewed at room
temperature using Polilight excitation at 505 nm and viewing through an KV 550 nm filter. Photographed
using a Nikon F90 camera and Fuji 400 speed photographic film

When 5-MTN treated fingennarks are treated with a metal salt solution, luminescent
ridges are produced; however, the fluorescence of the background is also enhanced,
creating poor overall contrast. This is also demonstrated in Figure 6.6.
Although it appears, at times, that the 5-MTN/metal salt combination may be comparable
to DFO development of the same fingermark, DFO tended to produce more contrast and
better overall clarity.
5-MTN was compared to 1,2-indanedione and the latter reagent displayed far more
intense fluorescence as displayed in Figure 6.7. This was consistent both before and after
the fingermarks were treated with metal salt treatment. When development was compared
under white light, the 5-MTN treated portion of the fingermark provided more contrast
than the 1,2-indanedione portion due to its darker reaction product.
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Figure 6.7- Comparison of5-MTN (left) and 1,2-indanedione (right). Viewed at room temperature using
Polilight excitation at 530 nm and viewing through an 00 590 nm barrier filter. Photographed using a
Nikon F90 camera and Fuji 400 speed photographic film

The absorption spectrum for a fingermark developed with 5-MTN shows a maximum at
around 550 nm. The absorption spectrum for 5-MTN development post-treated with
cadmium and zinc metal salt solutions shows a shift in the maximum to around 530 nm.
(Figure 6.8).
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Figure 6.8 - Absorption spectra for a fingermarks treated with 5-MTN I. Fingermark developed with
5-MTN; 2. Fingermark developed with 5-MTN and cadmium metal salt; 3. Fingermark developed
with 5-MTN and zinc metal salt

The absorption spectra of a ninhydrin developed mark shows two maxima at
approximately 410 and 560 nm, whilst post treatment with zinc and cadmium metal salts
show maxima at 490 nm and 510 nm respectively.
Fluorescence spectra for 5-MTN developed fingermarks treated with a zinc metal salt
solution are shown in Figure 6.9. The excitation maximum was found to be at
approximately 535 nm whilst the emission maximum was at approximately 565 nm.
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Figure 6. 9 - 1. Emission spectra of a fingermark treated with 5-MTN and zinc metal salt at room
temperature. Excitation slit= 15 nm; Emission slit= 5 nm; Aex = 500 nm;
2. Excitation spectra of a fingermark treated with 5-MTN and zinc metal salt at room temperature.
Excitation slit= 5 nm; Emission slit= 15 nm; Aem = 620 nm

By comparison the excitation and en1ission maxima for ninhydrin developed fingermarks
9

post treated with a zinc metal salt solution and cooled to 77 K are 490 and 535 nm
respective Iy.
The fact that the main excitation and emission bands of 5-MTN are close together means
that it is impossible to select conditions to achieve the maximum sensitivity and thus
optimise the detection of the compound. This problem is not encountered with
fingermarks developed with ninhydrin and post treated with metal salts; however, it is
encountered with the fluorescent product formed upon the development of fingermarks
treated with 1,2-indanedione (Wallace-Kunkel et al., 2007).
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6.1.3. 3 Price Comparison
Based on current Australian dollar prices as at June 2005, one litre of 5-MTN using
petroleum ether as a solvent wou ld cost approximately $242; using the safer, less
fl ammable alternative HFE 7100 carrier solvent would cost approximately $29 1.
Comparatively, ninhydrin (Stoilovic and Lennard, 2005) wou ld cost approx imately $92
per litre, DFO (Stoilovic and Lennard, 2005) would cost $110 per litre, and I ,2indanedione (Wallace-Kunkel eta/., 2007) would cost $105 per litre.

6.1 .3. 4 General Discussion
5-MTN was reported to be a high-quality reagent for fingermark detection as early as
1990 (Heffner eta/., 1991). Much research was performed on the reagent in the 1990's
(Almog eta/., 1992; Heffner eta/., 1991; Cantu eta/., 1993) and the company BVDA
International began to manufacture the reagent in 2000. Since this time, no research or
validation of the reagent has been published, using the BVDA product. A study involving
the effect of carrier solvents has also not been performed.
5-MTN offers advantages over ninhydrin, in the fact that it produces highly fluorescent
marks at room temperature. Thus, for those laboratories using only ninhydrin to develop
fingermarks on porous surfaces, 5-MTN may be a better alternative, offering strong
initial colour and strong fluorescence without the need for cooling. However, for
laboratories already using DFO or 1,2-indanedione, the inclusion of 5-MTN into their
repertoire of reagents would be of little benefit. Unlike 5-MTN, strong room temperature
luminescence is obtained with DFO and 1,2-indanedione without the need for secondary
metal salt treatment.
The results of a recent survey (Wallace-Kunkel eta/., 2004) show that the reagent is not
widely used. One possible reason for this could be that the cost of the reagent is
considerably higher than for ninhydrin, DFO and 1,2-indanedione. Ninhydrin is relatively
inexpensive and it is manufactured by a number of different companies for a number of
different applications. Ninhydrin is well established as the principal fin germark reagent
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for porous surfaces and it is ingrained in fingerprint laboratories around the world
principally due to it being a cost-effective and straightforward process.

6. 1.4 Conclusions
5-Methylthion inhydrin is a viable alternative to ninhydrin for the treatment of
fingermarks on porous surfaces. It offers results that are at least comparable to ni nhydrin
under white light, with the add itional benefit of fluorescence at room temperature after
metal salt treatment.

6.2 The Development of Fingermarks on Thermal Paper
6.2.1 Introduction to Thermal Paper
Thermal paper was first introduced in the 1950s; however, the type of thermal paper that
is in use today was first manufactured in 1960 by the NCR laboratories in the USA and
used commercially in 1964. The application of heat to the paper allows text or pictures to
be reproduced without the transfer of pigment. In the 1980s, with the introduction of
facsimile machines, thermal paper became increasingly common in criminal cases.
Today, there are many more uses for thermal paper and it has become ingrained in our
society. The main manufacturers of thermal paper are the Japanese company Ricoh, and
the Japanese and German joint venture Kazan (Truffi, 2000). Thermal paper is used in a
wide range of applications in various fields including, label1ing (eg. bar-codes), checkout
receipts, badges and other security devices, entry tickets and boarding passes, and
facsimiles.
Each of the different types of thermal paper applications require specific characteristics,
for example a protective layer for labels, and thus thermal papers will differ slightly in
composition. However, the active layers of all thermal papers, that is the layer that turns
black when heated, are composed of similar components (Truffi, 2000).

6.2.1.1 Composition
In general, thermal paper is composed of 3 layers: a paper-based layer, a primer layer,
and a thermal (active) layer (Figure 6.1 0). Protective layers may also be present.
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Protective layer
Active layer
Primer
Paper
Protective layer
•

e

•

Leuco dye
Developer
Activater
Figure 6.10- Layers of thermal paper (Pasquier, 2005)

The paper-based layer is a fibrous layer that provides the mechanical support to the sheet
of paper itself. The primer layer serves to prevent the migration of the active ingredients
from the thermal layer to the paper-based layer. The active layer of the paper is composed
of three major components: a leu co dye, a co reactant, and an activator. The leuco dye is
the precursor responsible for the colour of the image/text. Most leuco dyes are made up
of tluorane based compounds, the most common being 2,6-diaminofluorane, which gives
a black colour (Truffi, 2000). The coreactant, also referred to as the developer, is a weak
acid, such as bisphenol derivatives or sulfones, which changes the leuco dye into the
coloured material by protonation and opening of the lactone ring (Figure 6.11; Figure
6.12).

HO

OH

Figure 6.11 -An example of a developer: Phenol, 4,4'-(1-methylethylidene)bis
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+
Figure 6.12- Example of reaction creating colour in the active layer (Truffi, 2000)

The activator, also known as a sensitiser, is a binding agent that melts when heat is
applied, acting as a solvent to bring together the leuco dye and the developer (Figure

6.13).

~

v

~0~0~
.·
Figure 6.13 -An example of an activator: Ethylene glycol diphenyl ether
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Other additives may be present in the thermal layer to enhance sensitivity or stability. In
addition, a protective coating can be added on one or both sides of the sheet depending on
the stabil ity and durability required.
6.2.1. 2 Printing Mechanism
An image is created on thermal paper through the use of heat in the printing mechanism.
Within a thermal printer during the printing process, electrical impulses are transferred to
a printing head composed of miniaturised resistors. The resistance creates heat impulses,
by Joule effect, which in tum are transferred to the paper. Resistors are between 100 to
350 Jlm wide and can reach from 300°C to 400°C for 0.5 to I millisecond. The head
comes in to contact with the paper creating the heat needed to create a good quality image
(Truffi, 2000).
The type of leuco dye and developer used in the thermal paper influences the stability of
the image created. In thermal papers used today, the image tends to fade. Light and
moisture speed up the deterioration of the image and the paper (Archives Advice, 1999).
6.2.1.3 The Problem o(Developing Fingermarks on Thermal Paper
Many fingermark reagents require a significant amount of polar solvent to dissolve. The
sensitivity of the active layer makes thermal paper ineligible for treatment by such
reagents for the development of latent fingermarks. Polar solvents dissolve the activator
in the paper which has the same effect as applying heat to the surface and thus turns the
paper completely black (3M Product Information). This is a significant problem in
forensic work as such treatment renders the thermal paper useless for evidential purposes.
The HOSDB (2003) claim that by doubling the amount of alcohol in the formulation of
DFO and ninhydrin the black colouration is removed from the paper. In recent years,
there have been several studies into the different reagents and methods used to develop
fingermarks on thermal paper. These studies, and the reagents tested, are described
below.
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6.2.1. 4 Introduction to Research that has been Performed on Thermal Paper
1,2-Indaned ione
The formulation of 1,2-indanedione proposed by Wiesner (200 1) (0.2% w/v 1,2indanedione dissolved in a solution of 7% ethyl acetate and 93% HFE 7 100) was used by
Stimac (2003b) for the successfu l development of fi n germ arks on thermal paper without
the darkening of the surface of the paper.
ThermaNin
ThermaNin is a commercial product recently introduced by BVDA as a reagent for the
development of latent prints on thermal paper. Information on the product (BVDA
Product Information) reveals that "Japanese researchers have published that hemiketals of
ninhydrin, obtained by exchanging the water molecule in ninhydrin (also known as 1,2,3indanetrione monohydrate) for an alcohol, are soluble in apolar solvents like petroleum
ether without the need for polar solvents" and that such a product is now available under
the name of ThermaNin. However, no information on the exact chemical structure is
given. Hansen and Jouille, in a recent tutorial review, reported work from Takatsu and
co-workers on ninhydrin hemiketal derivatives for the development of prints on thermal
paper (Hansen and Jouille, 2005). They particularly mention that the ninhydrin hemiketal
obtained from 3,5,5-trimetyl-1-hexanol (Figure 6.14) is "currently used and commercially
available" to detect fingermarks. It is believed by the author that this product could be the
commercially available ThermaNin but it has not been possible to confirm this
hypothesis.

0

HO

0

Figure 6.14 - Ninhydrin derivative from 3,5,5-trimetyl-l-hexanol

ThermaNin in solution is extremely sensitive towards water. Small amounts of water
sticking to the walls of gl assware could react with ThermaNin, thus separating into
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ninhydrin and alcohol (BVDA Product Information), and reducing the shelf life of the
working solution. The supplier proposes the use of different carrier solvents with 0.4g of
ThermaNin per I OOml of working solution with petroleum ether, heptane, pentane and
HFE 71 00 as a carrier solvent.
Nin-dry
The 'nin-dry' procedure was introduced by McMahon in 1998 to overcome the problems
that solvents may cause when developing fingermarks on paper. The procedure involves
dissolving ninhydrin in acetone (2-3% w/v) and soaking pieces of blotting paper in the
solution. The blotting paper is then allowed to dry before being used to press against each
side of the piece of paper on which fingermark development is desired. All of the papers
are then placed in a plastic bag for a period of three to seven days to allow development
to proceed. Alternatively heat from an iron may be used to speed up the process. Such a
procedure can be adapted for the development of fin germ arks on thermal paper, albeit
without the use heat acceleration. Many fingerprint laboratories, including until recently,
the New South Wales Police Forensic Service Group have been using this process for
many years.
Ninhydrin
Stimac (2003b) also proposed a ninhydrin formulation for treatment of thermal paper,
1.5% w/v ninhydrin in HFE 71IPA (HFE 7100 with 5% isopropanol), refluxed at
temperatures below 150°C before being dissolved in HFE 7100

(3M Product

Information). Stimac has reported that this solution consistently developed latent prints
with minimal damage to the thermal paper (Stimac, 2003a).
Other methods
Other methods of developing fingermarks on thermal paper include sublimation of
ninhydrin in a vacuum chamber under reduced pressure (Schwarz and Frerichs, 2002).
This method showed promising results, however the contrast needed to be improved. This
technique was not considered for this work due to material requirement.
A pre) iminary study on the use of hair dryers for the development of latent prints on
thermal paper has recently been published by Wakefield and Armitage (2005). On the
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two types of thermal paper used, they found that fingermarks were developed on the
active side of the paper when a temperature of 45 to 47°C was applied. This technique
could be used to rapidly develop latent prints on thermal paper at the scene (Wakefield
and Armitage, 2005). The sensitivity of the method has not been evaluated and prints
older than two weeks and on the non-active side of the thermal paper cannot be
developed with this method.

6.2.2 Materials and Method
The purpose of this research was to compare some of the previously published methods
for the development of fingermarks on thermal paper, ninhydrin for thermal paper
(NFTP), nin-dry and 1,2-indanedione, with the relatively new reagent ThermaNin, on
which no previous work has been published. A novel method for the development of
fingermarks on thermal paper, indanedione-dry (or ind-dry), was also tested and
compared with the optimal method.

6. 2. 2.1 General Materials and Methods
The study was broken up into two stages. Stage one was an initial evaluation of two
different ninhydrin fonnulations, the four different ThennaNin formulations and 1,2indanedione on deliberately deposited fingermarks on thermal paper. The second stage of
the project evaluated the best ninhydrin and ThermaNin formulations against 1,2indanedione on normally handled thermal receipts.
The formulations of the three different reagents used (ninhydrin with two different
formulations, 1,2-indandione, and four formulations of ThermaNin) are listed in
Appendix C.
Reagents used in this research were all analytical grade- ninhydrin (Sigma-Aldrich), 1,2indanedione and ThermaNin (BVDA International), ethyl acetate and acetone (ChemSupply), petroleum spirit (APS), isopropanol (Merck), pentane (Lab-Scan) HFE 7100
(3M), and cyclohexane (Mallinckrodt).
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6.2.2.2 Application. Development and Evaluation o(Solutions
Nin-dry
Two pieces of filter paper were cut to sample size, then soaked in the ninhydrin solution
in a glass dish. They were then allowed to dry completely for several minutes before
being pressed on each side of the sample to be treated .
The samples were sandwiched between two pieces of filter paper soaked in the solution,
sealed in a plastic bag, and left for development for five days. To help the transfer of
ninhydrin from the filter paper to the samples, approximately 2kg in weight was applied
on the surface of a standard A4 paper sheet.
Other techniques
For all other techniques, the solution was poured in a glass dish and the samples were
then dipped, dried, dipped a second time, and dried before development.
Solutions were freshly prepared or used within twelve hours after preparation as some the
solutions appeared to be unstable. In all cases, solutions that had precipitated were
discarded.
Samples treated with other techniques were placed in paper envelopes or cardboard
boxes, thus protected from light. An uncovered Petri dish half filled with water was put
with the samples to increase humidity. Samples were left to develop for 48 hours.

6.2.2.3 Evaluation o(Samples Developed
The effect of the solutions on the background and ink was evaluated. The evaluation
scheme was based on three levels: good, medium and poor (marked++,+ and-).
"Good"(++) was accorded to samples without ink run, little or no darkening of the active
side, and no background noise from the reagent. Ink running and background noise were
evaluated on the non-active side.
"Medium"(+) was given to samples where one ofthese parameters was not optimal but
did not compromise the development or the observation of latent prints.
"Poor" (-) was given when the development or the observation of latent prints could be
(or was) compromised.
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The development of fingermarks was evaluated based on the clarity and the level of detail
exhibit by the fingermarks as judged by a non-fingerprint expert. Only fingermark detai l
at leve ls 1 and 2 were considered. The same marking scheme as for the background was
used (i.e. good, med ium and poor, or ++,+ and- ) as dep icted in Figure 6.1 5.

NO

Has a print been revealed ?

YES

Is the print usable for identification
or exclusion ?

NO

YES
NO

Is there a good contrast ?

YES

Figure 6.15 -Evaluation scheme used for the evaluation of revealed tingermarks

6. 2. 2. 4 Part 1: Evaluation of all Techniques on Thermal Paper
tn the initial stages of the evaluation, ninhydrin, nin-dry, 1,2-indanedione and ThermaNin
were used to develop fingermarks on one type of thermal paper: "Thermal Fax Rolls"
from Dick Smith Electronics. Fingermarks on fresh thermal paper were analysed, as were
fingermarks deposited on the same type of paper after it had been processed through a
facsimile machine.
Fingermarks were deposited on both the active and non-active sides of the paper. Due to
time constraints, only one donor, judged to be an average donor by the author, deposited
the fingermarks. The fingermarks analysed were fresh, with two depletion prints being
deposited.
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6.2.2.5 Evaluation o(the Best Techniques on Different Thermal Paper
For the second part of the evaluation, the less efficient techniques presented in part I were
abandoned .
Nine different types of thermal paper samples were employed (Table 6.1 ), all collected
after being normally handled and thus likely to carry randomly deposited latent marks ..
Known fingermarks were deposited on both the active and non-active sides of the paper.
All samples collected and used during this work were treated like any forensic evidence:
i.e. protected from light and humidity, stored in envelopes and handled with gloves.
Deposited fingermarks were allowed to age for between one week and one month before
treatment with the selected reagents.

Sample

Origin of sam pies

Designation
a

Coles supermarket receipts

b

Cash connect A TM receipts

c

Convenience store receipts

d

Restaurant kitchen receipts

e

LiquorLand receipts

f

Rediteller receipts

~-----

g

Sydney Buses tickets

h

Hoyts cinema tickets

1

Westpac ATM receipts

Table 6.1 - Origin of samples used as substrates in part II

6.2. 2. 6 Evaluation o(Novellnd-dry Method
Sheets of Whatman #40 filter paper were soaked in a 10% w/v solution of l ,2indanedione in a 10% v/v ethyl acetate, 90 o/o v/v HFE 7100 solvent mixture and then
allowed to dry.
Samples were then placed between two sheets of the treated filter paper and placed in a
sealed zip lock plastic bag and left to develop, with a 2 kg weight added for pressure for 3
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days. These samples were directly compared to the optimal method from the first part of
the study- the 1,2-indanedione formulations proposed by Stimac (2003b ).

6.2.3 Results and Discussion
6.2.3.1 Evaluation o[Different Carrier Solvents (or ThermaNin
Dissolution of ThermaNin in pentane (with 0.5% isopropanol) was very quick. The
solution was stored in an amber bottle; however, after 24 hours, a white precipitate was
observed at the bottom of the solution.
ThermaNin dissolved easily in cyclohexane and the solution showed no signs of
instability after 24 hours. However, after 4 days, crystals were visible at the bottom of the
solution.
ThermaNin was barely soluble in HFE 71 00; even after the addition of 1.5% ethyl
acetate, it took ThermaNin approximately 30 minutes to dissolve. When samples were
dipped in 200 mL of the solution, a white precipitate appeared after treatment of the
equivalent of one standard A4 sheet of thermal paper samples. Within 24 hours of
preparation, needle like crystals had formed at the bottom of the amber glass storage
bottle.
Dissolution of ThermaNin in petroleum ether presented no difficulty; however, after 24
hours, some crystals had already formed against the wall of the bottle.
Based on these results, it would appear that the cyclohexane and petroleum ether based
ThermaNin solutions are the most stable.
Some of the solutions used appeared to be unstable and/or proved difficult to prepare.
The preparation of a stock solution for NFTP is relatively time consuming. Ninhydrin is
not soluble in HFE 7100 and 5o/o isopropanol aids only slightly. Over 3 hours ofretluxing
was required to completely dissolve the ninhydrin crystals. As recommended by 3M,
temperatures of above 150°C were avoided as HFE 7100 starts to decompose at high
temperatures (Stimac 2003b). The stock solution was stored in a dark glass bottle. After
six or seven days, some crystals of ninhydrin started to form against the glass, showing
some instability in the solution. The solution was not used after this had occurred. The
insolubility of ninhydrin in HFE 7100, with some humidity trapped on the glass walls, is
probably the major cause for the formation of crystals on the glass.
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ThermaNin solutions are generally very unstable. According to the ThermaNin product
information (Ashbaugh, 1999), ThermaNin in solution is very sensitive to humidity:
when coming into contact with water, it decomposes into ninhydrin and an alcohol. As
humidity is usually trapped on the surface of the glass, BVDA proposes the use of plastic
or aluminium containers for the preparation, application and storage of ThermaNin
solution.
In this study, all solutions were prepared fresh and used immediately and plastic storage
containers were not needed. However, this should be considered in future work or in
operational situations.

6.2.3.2 Development o{Fingermarks
Overall, all reagents developed latent prints, some with a higher sensitivity than others.
The results are summarised in Tables 6.2 and 6.3. Reagents were generally able to reveal
latent prints of better quality and higher sensitivity if the print was located on the nonactive side rather than on the active side. Fingermarks deposited on paper that had been
processed in a fax machine with text printed on it showed better development, including a
higher sensitivity for depleted prints, than fingermarks placed on non-processed paper.
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Table 6.2 - Summary of results from part 1 on processed paper
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Table 6.3 - Summary of results from part 1 on non-processed paper

Nin-Dry
The advantages of the "nin-dry" technique are the lack of ink run and the lack of
background darkening due to the fact that samples are not in contact with a soiution.
However, fingermarks developed with nin-dry were low in contrast, as shown in Figure
6.16, and depletion prints were not able to be developed.
The original "nin-dry" procedure for normal paper included heating during development
(McMahon, 1998). Heating could improve the transfer of ninhydrin from the blotter to
the sample, hence increasing sensitivity; however, this method cannot be used for thermal
paper. Development time could also be increased to seven days (or more), but, compared
to other techniques, this would induce operational delays, which are difficult to justify.
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Figure 6.16- Fingermark developed on active
side with "nin-dry" under white light

Figure 6.17 - Same fingermark, enhanced
contrast with Adobe Photoshop®

Ninhydrin for Thermal Paper
The ninhydrin formulation for thermal paper (NFTP) is a very "soft" technique for the
active layer of thermal paper. No darkening of the active layer was observed when
samples were dipped in the solution. However, the sensitivity of the technique on the
active side of the paper was low. Fingermarks developed with NFTP, as demonstrated in
Figure 6.18 created, a similar low contrast as the nin-dry procedure. Depletion
fingermarks did develop some ridge detail however there was not enough detail for
comparison purposes.

It is possible that the low concentration of ninhydrin in the working solution (0.2o/o w/v),
compared to normal ninhydrin fonnulations (at least 0.4o/o w/v), and the absence of acetic
acid (which darkens thermal paper), has an influence on the quality of fingermark
development. Increasing the ratio of the stock solution in the working solution could
improve the results, though the concentration of isopropanol could start to affect the
active layer. This issue could be a consideration for future research. It would not be
possible to increase the concentration of ninhydrin in the stock solution due to the poor
solubility of ninhydrin in the carrier solvent HFE 7100.
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Figure 6.18- Fingennark developed on
active side with NFTP under white light

Figure 6. I9 - Same fingennark, enhanced
contrast with Adobe Photoshop ®®

1,2-Indanedione
1,2-Indanedione proved superior to all other methods when developing fingermarks on
thermal paper. Fingermarks were developed on both the active side and non-active side,
and depletion prints were also consistently developed with good quality. Figures 6.20 and
6.21 give an example of the quality of the fingermarks developed on the active side of the
thermal paper.

Figure 6.21 -Same fingennark as figure 6.20,
inverted contrast with Adobe Photoshop®

Figure 6.20- Fingermark developed on active side
with 1,2-indanedione; Excited at 530 nm, observed
at 550 nm

ThermaNin
The four carrier solvents HFE 7100, pentane, petroleum ether and cyclohexane were
evaluated for use in the ThermaNin reagent. Cyclohexane gave inferior results, causing
the deterioration of the active side of the thermal paper, as shown in Figure 6.22. The
active side of the paper turned grey or black, and the fin germ arks developed were
diffused, generally making them unusable for the fingermark comparison process. No ink
running was observed but information printed on processed paper was largely faded.
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These results confirm the research of Hewlett and Sears who also observed disappointing
results when they used cyclohexane as a carrier solvent for ninhydrin on normal paper
(Hew lett and Sears, 1997; Hewlett et a/. , 1997).

Figure 6.22- Processed paper treated with ThermaNin in cyclohexane

Pentane, HFE 7100 and petroleum ether all gave similar results in developing strong and
depleted fingermarks on the active side of the thermal paper. Figures 6.23 and 6.24 show
a depleted fingermark developed on the active side of the thermal paper with ThermaNin
using HFE 7100 as a carrier solvent. HFE 7100, petroleum ether and pentane all caused
minor discolouration of the background, however the latter seemed to cause the least
discolouration . One interesting thing to note was that the HFE 7100 based ThermaNin
solution did develop a depleted fingermark on the active side of non-processed paper
where all other techniques failed.

·.

Figure 6.23 - A depleted fingermark developed on
active side with ThermaNin in HFE 7100

Page

Figure 6.24- Same fingermark, enhanced contrast
with Adobe Photoshop®
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General Discussion
Overall, the sensitivity of reagents on processed paper (printed beforehand with a fax
machine) were generally higher than on non-processed paper. However, it is important to
consider that this part of the study considered only one brand of fax paper and different
papers may have different compositions and thus results may vary.
In general "nin-dry", NFTP and ThermaNin in cyclohexane gave disappointing results.
The sensitivity of these reagents was significantly lower than for other techniques
evaluated. Cyclohexane also had a detrimental effect on the active layer of the thermal
paper. Due to these poor results, these treatments were discarded for the second part of
the evaluation.
The same donor using the same procedure deposited all latent fingermarks on the same
day and thus the differences in sensitivity observed could not be attributed to signi·ficant
differences in fingermark composition. However, the possibility that different results
could be obtained with different fingermark composition (from other donors) cannot be
ruled out.
For the second part of the study, solutions of I ,2-indanedione and ThermaNin in pentane,
HFE 7100 and petroleum ether were evaluated. These four solutions were applied to nine
different types of thermal paper samples in order to determine their relevant efficiencies
for latent fingennark detection .

§.2.3.3 Second Evaluation on Multiple Types of Thermal Paper
6. 2.3.3.1 Latent Fingermarks and Background
During this evaluation, samples were collected from local shops that had been normally
handled. This meant that the samples would be expected to contain latent prints of
unknown origin. In addition to the known fingermarks deposited during sample
preparation, unknown latent prints were also revealed on various samples with various
formulations. These prints were not taken into account for the evaluation.
The samples of thermal paper collected almost always had text or images printed on the
non-active side. In part one of this study, the best fingennarks were developed on the
non-active side of the paper; nothing was printed on the active side and fingennarks were
relatively difficult to develop. In the second part of the study, the background printing
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tended to decrease the efficiency of the solution on the non-active side, whilst better
quality fingermarks were developed on the active side of the paper.
As was determined in part one of the study, samples treated with 1,2-indanedione gave
the best results overall. Background noise was only observed in one sample. In 7 out of 9
samples, 1,2-indanedione developed fingermarks with a higher sensitivity than the three
ThermaNin solutions evaluated. Good results were obtained, using 1,2-indanedione, on
up to the

3rd

set of depletion fingermarks on the active side, with an example provided in

Figures 6.25 and 6.26. On the non-active, I ,2-indandedione seemed less affected by
background images than ThermaNin, most likely because of the luminescence generated.
The active side was also minimally affected by solvents, when using I ,2-indanedione,
with very little darkening of the active layer.

Figure 6.25 - 3 depletion fingermark developed on
active side with 1,2-indanedione. Excited at 530 nm,
observed at 550 nm

Figure 6.26 Same fingerrnark, as figure 6.25, and
inverted contrast with Adobe Photoshop®

The HFE 7100 based ThermaNin formulation gave slightly better results than the pentane
and petroleum ether based formulations, due to the darkening of the active layer and the
background noise caused by the latter two carrier solvents. ThermaNin in HFE 7100 did
show the potential to be as sensitive as 1,2-indanedione on some samples, however these
results lacked consistency. An example of the good results obtained with ThermaNin in
HFE 7100 is shown in Figures 6.27 and 6.28.
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Figure 6.27 depletion fingerrnark developed on
active side with TherrnaNin in HFE 7100

6.28- Same fingerrnark as Figure 6.27, enhanced
contrast with Adobe® Photoshop®

As previously mentioned, pentane and petroleum ether as carrier solvents for ThermaNin
had adverse effects on the active layer creating significant background noise (Figures

6.29 and 6.30). The sensitivity of these fom1ulations, regardless of the background noise,
was generally worse, or at best, equal to ThermaNin in HFE 7100.

Figure 6.29 - Background noise created on a
sample treated with TherrnaNin in pentane

Figure 6.30- Darkening of the active layer on a sample
treated with TherrnaNin in petroleum ether
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6.2.3.3.2 Summary of Results
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Key for tables
Ink & background

++
+

No background darkening or noise or ink running
Light background darkening or noise or ink running
Severe background darkening or noise or ink running

Fingerrnarks

++

Good contrast and easy identification

+

Medium contrast and identification possible
Poor contrast and identification hard or impossible
no observation possible

6.2.3.4 Enhancing Solution Sensitivity with Acetic Acid
Acetic acid can be added to ninhydrin or 1,2-indanedione solutions to enhance the
sensitivity of the reaction. As such, 0.5o/o v/v of glacial acetic acid was added to the
previously used formulations of 1,2-indanedione and ThermaNin in HFE 7100. Various
samples with known prints were dipped into these solutions. As was expected, the acid
had a very strong effect on the active layer. Intense darkening of the paper was observed
in all cases, with almost no useful prints revealed. This effect is shown in Figure 6.31

6.31 -Effect on the active layer of a solution of 1,2-indandione containing 0.5% v/v acetic acid

When heat is applied to the thermal paper with the aim of printing an image, the leuco
dyes and developers are mixed together. As depicted in Figure 6.31, leuco dyes are
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protonated by the acidic developer and colour is created by the opening of the lactone
ring. Acetic acid probably has the same effect as the developer, causing the active layer
to tum black, thus explaining the effect observed when samples were dipped in the
solutions containing acetic acid.
Acetic acid is therefore not recommended in any reagent formulations for thermal paper.

6.2.3.5 Novel Method for Thermal Paper Treatment- Ind-dry
The 1,2-indanedione solution suggested by Stimac (2003b ), and found to be optimal in a
comparison against other treatments for thermal paper, was compared to a novel method
for treating fingermarks on thermal paper, 'ind-dry'. This method is based on the nin-dry
method proposed by McMahon (1998), which has been widely used in forensic
laboratories over the past 5 years.
Figure 6.32 shows a fingermark developed with ind-dry for the left half and with the
Stimac 1,2-indanedione formulation for the right half. The colour and fluorescence of the
fingermarks developed by the two methods were comparable for all the applications
performed. The advantage that the ind-dry treatment has over the 1,2-indanedione
formula is the absence of solvent which will prevent ink run. This advantage, however, is
not significant as the solvent in the 1,2-indanedione formulation, HFE 71 00, causes
minimal ink run.

Figure 6.32- Fingermark developed with lnd-dry
(left) and 1,2-indanedione (right). Viewed using
530 nm excitation and 550nm observation
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Figure 6.33 shows a case example of a fingermark developed on a thermal paper rece ipt
from a retai l store. This fingermark was identified and the offender was subsequently
charged.

Figure 6.33- 1,2-Indanedione developed fingennark on a receipt viewed using 530 nm excitation and
550nm observation

6. 2. 3. 6 Price comparison
Table 6.13 shows the price per litre of all the formulations used in this work according to
their composition. Unfortunately, as is displayed in the results obtained, the trend is "the
higher the efficiency, the higher the price". Although 1,2-indandione gave the best
results, it has the highest price and is more than two times more expensive than the "nin-

dry" technique. In operational labs already using 1,2-indanedione, there would be no cost
impact. The ind-dry technique, however, is considerably more expensive and thus should
only be used when there is a real concern of ink-run.

$/ml or g
petroleum ether
HFE 7100
ethyl acetate
isopropanol
acetone
cyclohexane
pentane
ninhydrin
thermanin
1,2-indanedione

· - 1-

·-···-

71

11 8

Table 6.5 --Price comparison of reagents for thermal paper
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6.2.3. 7 General Discussion
Overall, 1,2-indanedione gave the best results on thermal paper, developing latent
fingermarks with higher sensitivity, better consistency, and the least amount of adverse
effects on the background. ThermaNin was not able to produce results on a comparable
level to 1,2-indanedione using any of the carrier solvents tested.
The composition of thermal papers can vary in multiple ways: different developers, leuco
dyes or activators, as well as different paper-based layers or protective layers. All of these
factors can affect the reaction between latent residues and fingermark reagents. No
attempt was made in this study to explain these effects, but significant differences in the
way a formulation revealed fingermarks on two different samples was observed and
could be attributed to differences in paper compositions.

Operational view-point
All reagents used are laboratory reagents and need to be used under standard laboratory
conditions. 1,2-indanedione and ThermaNin both require 48 hours of development after
treatment. Nin-dry, however, takes five days (or more), which could be an issue in
laboratories that require high throughput.
In order to view the results obtained, 1,2-indanedione requires a light source such as the
Polilight or similar, whereas ThermaNin and ninhydrin developed marks can be observed
under white light. However, this should not be an issue as most operational labs already
have such light sources.
The New South Wales Police have been using 1,2-indanedione, since 2004, generally for
major crimes. This means that using a modified formulation of 1,2-indanedione for
thermal paper would not pose any real operational problems. The formulation of l ,2indandione with HFE 7100 as carrier solvent also does not induce occupational health
and safety issues. As a direct result of this research, the New South Wales Police
laboratories began using the modified 1,2-indanedione formulation (Stimac, 2003b) on
thermal paper in August 2005, thus replacing 'nin-dry' method used previously.
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6.2.4 Conclusion
Since the increase in the use of thermal paper in the past 5 to 10 years, several techniques
have been proposed for the development of latent fingermarks on such surfaces. One such
reagent has been commercialised under the name of ThermaNin, however no comparison
had been performed between this reagent and other reagents proposed for thermal paper.
This was the basis for this study in which, ThermaNin, 1,2-indanedione, nin-dry, and
ninhydrin for thermal paper (NFTP) were evaluated.
The best results were achieved by using the formulation of I ,2-indanedione proposed by
Stimac (2003b) for use on thermal paper. This formulation showed good sensitivity with
minimal background interference.
ThermaNin in HFE 7I 00 gave reasonable results, in terms of sensitivity and background
staining, but was found to be very unstable towards water. Solutions had to be freshly
prepared and, even then, humidity left by in the solution by treated samples made
ThermaNin

precipitate.

Solutions prepared

with the other solvents evaluated,

cyclohexane, pentane and petroleum ether, were also very unstable. Samples treated with
these carrier solvents displayed more background noise, and fingermarks were developed
with less sensitivity.
The others techniques ("nin-dry" and NFTP) were found to be significantly less sensitive
when used to develop fingermarks, however minimal background noise was noted.
l ,2~Indanedione was found to be the most efficient reagent for the development of latent
fingermarks on the thermal paper samples, compared to the other techniques tested. The
main drawback of I ,2-indanedione is its relatively high cost (ca. $180 per litre),
compared to other more conventional reagents. However, this should not be a major
concern when obtaining optimised results is the main focus.

Page 206

7. General Conclusions and Recommendations for Further Research

General Conclusions
and
Recommendations
for Further Research

Page 207

7. General Conclusions and Recommendations for Further Research

7.1 Fingermarks on Porous Surfaces -A Survey
The survey sent out to a vast number of persons and a range of laboratories worldwide,
showed that only 34% of the respondents had used 1,2-indanedione in any form of work;
however, most had heard of the reagent.
Ninhydrin is used in 91-100% of casework where porous exhibits are collected whilst
DFO is used only on 40% of casework coming through the laboratories. There seems to
be no standard formulations for the fingermark reagents surveyed with 16 different
ninhydrin formulations and 18 different DFO formulations were recorded as being
utilised by the responding laboratories. These formulations differed in the active
concentration of the solution, the type of carrier solvent and the other constituents
contained within the reagent solution. Considering that only 34 laboratories responded to
this survey, the sheer amount of different formulations is staggering.
The reasons for such a wide variety in formulations are likely to be first and foremost
cost, as most laboratories run under a budget, and secondly the availability of research.
Numerous research publications are released every month but it is unknown how many
organisations have either the access, exposure or the time to utilise suggested research
conclusions and recommendations. Most laboratories generally operate under standard
operating procedures and thus a change to a formulation will need to be validated 'inhouse' a process which is not necessarily available. Thus many laboratories are perhaps
not operating to their optimum level and thus in turn, missing valuable evidence.
Some suggestions were made to address this issue. The first was to employ technicians
whose main job focus would be on research and development, this may however be
unattainable due to budgetary constraints. The second suggestion would be to have a
strong collaboration and partnership with local universities. Students are constantly
looking for research projects, often as a requirement of the course, and thus organisations
can utilise these students to perform research that is relevant to both the organisation and
university and provides valuable results for both.
This survey and discussion were published in the Journal of Forensic Identification in
2004 and it would be interesting to conduct a similar survey to determine if any of the
trends in laboratories and research had changed, particularly with the different number of
reagent formulations being employed in casework. An updated survey would expect to
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find the number of laboratories using 1,2-indanedione on the increase considering the fact
that there has been a significant body of work on the reagent since 2004.

7.2 Optimisation of 1,2-/ndanedione
The evaluation of 8 different recommended 1,2-indanedione formulations showed that
the formulation recommended by BVDA International, one of the manufacturers of 1,2indanedione, gave the optimum results. A problem lied in the fact that this formulation
was unstable and thus further research was performed in order to stabilise the formula. It
was found that by substituting the petroleum ether carrier solvent with HFE 7100 the
reagent was stable for greater than 2 months with the addition of an increase in the
quality of the results.
A study of the development conditions showed that 1,2-indanedione is extremely
sensitive to environmental conditions, especially humidity. The optimal development
condition for fingermarks in Sydney, NSW were found to be on the heat press set at 160
°C for 10 seconds. Secondary treatment with metal salts is also recommended for weak
prints.
The optimal method of detection was found to be the Polilight, by Rofin Australia due to
its good sensitivity, reasonable price and simple operation. In comparison the VSC 2000
does not allow enough selectivity and the Condor Chemical Imaging system is relatively
time consuming and costly for everyday casework.
The two different manufactured I ,2-indanediones (BVDA International and the Casali
Institute) were compared with no appreciable differences between the two noted.
As a result of this research, 1,2-indanedione and the recommended formulation and
development procedures were introduced for all major crime casework in the NSW
Police laboratories. It is recommended; however, that each laboratory carry out their own
investigations into the optimal formulation and development method of 1,2-indanedione
in line with their own geographical and environmental conditions.
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7.3 Applications of 1,2-/ndanedione

The optimised formulation of 1,2-indanedione was directly compared to ninhydrin and
DFO through a sensitivity study, laboratory comparison and the evaluation of real and
random samples. The sensitivity of detection using amino acid spots, showed that 1,2indanedione is as sensitive as DFO in fluorescence mode with a secondary treatment of
1,2-indanedione with zinc or cadmium metal salts proving even more sensitive. 1,2Indanedione was also found to detect amino acids with the same sensitivity as ninhydrin
under white light. Although ninhydrin provides a darker colour upon reaction with
fingermarks than 1,2-indanedione, creating more contrast, a test on real and randomly
laid samples showed that 1,2-indanedione actually developed relatively the same number
of fingermarks as ninhydrin using white light. When coupled with fluorescence detection
1,2-indanedione developed 30% more fingermarks than ninhydrin and over 50% more
fingermarks than DFO. It seems from these results that 1,2-indanedione is a superior
reagent to both ninhydrin and DFO, which are still the most commonly used reagents to
detect ftngermarks on porous surfaces. A price study conducted into the cost of the three
reagents showed that in November 2006 the cost of the 1,2-indanedione reagent was
actually less than both ninhydrin and DFO. This is due to the increasing cost ofHFC
431 Omee the carrier solvent recommended by the AFP for both DFO and ninhydrin, a
solvent which is not used by 1,2-indanedione.
1,2-Indanedione was used to attempt to develop fingermarks on a variety of difficult
surfaces. 1,2-I ndandione performed well on all samples except those which fluoresced at
a similar wavelength (pink paper and newspaper) and notoriously difficult surfaces such
as carbon paper and brown paper. It was interesting to note the development of good
quality fin germ arks on wallpaper and raw wood using 1,2-indanedione, although these
samples were cut to laboratory size and developed on a heat press. It would be interesting
to further investigate and expand on the development of fingermarks using 1,2indanedione on similar semi porous surfaces commonly encountered at crime scenes such
as brick and giprock and to determine a suitable method of development as obviously a
heat press would not be practical at a crime scene.
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A further zinc metal salt study showed that there were significant differences in the
performance of 1,2-indanedione between Canberra, ACT and Sydney, NSW which differ
in ambient humidity by 20 to 30 %. It seems that when fingermarks are treated in an
ambient humidity of70% or more, they produce excellent initial colour and fluorescence,
as is reflected in this research; however, at humidity levels below 70%, the performance
of the reagent decreases. The addition of a small amount of zinc ( 1. 96%) to the reagent
solution seems to counteract the discrepancies in results related to humidity. Thus it is
recommended that zinc be included in the reagent formulation which should give a
consistency in the results obtained around the world.

7.4 Characterisation of the 1,2-/ndanedione Technique
Although a full characterisation of the product formed when 1,2-indanedione reacts with
amino acids was unable to be performed, this study was able to provide insight into the
reaction through analysis by numerous instrumental methods.
It was confirmed that there were no differences between the Casali Institute and the
BVDA 1,2-indanedione compounds.
Preliminary reactions between 1,2-indanedione and amino acids proved that heating the
reaction mixture led to the formation of a high molecular weight compound that was
brown in colour and not fluorescent. A similar phenomenon is observed in the reaction
between ascorbic acid and amino acids.
Mass spectroscopy showed that when the reaction between 1,2-indanedione and amino
acids was allowed to progress at room temperature, an oligomeric mixture formed with a
repeating unit of 146. The progression of the oligomer was found to be suppressed by
quenching the reaction after a period of 1 to 5 minutes using a dry ice and acetone bath.
Infrared spectroscopy showed that the product had similar peaks to Ruhemann's purple
and thus the product may have a similar structure. Further structural studies will be
needed to prove this suggestion.
UV-Visible spectroscopy of the reaction between I ,2-indanedione and alanine in
different solvents showed no ditTerences apart from the DMSO/acetone solvent. The
reaction mixture in this solvent did not show peaks at 476 nm and 486 nm as did all other
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solvents, instead two peaks at 513 nm and 550 nm were produced suggesting that the
reaction progresses differently in the presence of DMSO. This is an area that should be
investigated further, perhaps expanding on the list of solvents used in this study.
Increasing the water content of the reaction retarded the reaction kinetics. A reaction with
water content greater than 10% never reached the colour produced in the reaction
containing 3% water. Rogacheva et al. (1995) calculated the optimal water content for
the reaction between glycine and ascorb ic acid. The same principles cou ld be appl ied to
the reaction between 1,2-indanedione and am ino ac ids and thi s avenue shou ld be
investigated further.
Significant problems were encountered in the separation and purification of the reaction
product. TLC proved unsuccessful as did recrystalisation. This meant that all analyses
were performed with impurities. Solid NMR indicated that the product was ionic which
explains the problems encountered when separation was attempted. NMR and thermal
analysis of the product suggested that the product is paramagnetic, which would also
influence separation of the compound. Other methods of separation need to be explored
in order to fully characterise the reaction product between 1,2-indanedione and amino
acids.
A study of the R group showed that the reaction pathway may be influenced by the amino
acid used in the reaction. Three structurally different amino acids, alanine, cysteine and
proline were used to react with 1,2-indanedione in solution. The mass spectroscopy of the
products produced upon reaction with alanine and cysteine show that the reaction may
initially be progressing along the sarne path with a fragment of mass 145. However the
peaks indicate the reactions take on different routes. The mass spectrum of the prol ine
does not show any similar peaks to the other two amino acids and the reaction product is
also sign ifi cantly different in colour, being a dark green as compared to a pinkish colour.
The fragments fo und in the mass spectrum of the alanine reaction support the theory
suggested in research by Petrovskaia ( 1999), that the reaction progresses towards a
Ruhemann's purple type product.
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A preliminary study of the secondary reaction produced when metal salts were added to
the 1,2-indanedione and amino acid mixture showed a possibility of either a catalytic
reaction or complex formation occurring. This research showed that the addition of metal
salt significantly increases the colour and fluorescence of the compound formed between
1,2-indanedione and amino acids, a reaction which is stable over a time period of at least
24 hours. Preliminary IR, MS and NMR studies showed that zinc and cadmium metal
salts act in a similar manner within the reaction. This part of the study is an area that can
be significantly investigated further. The addition of zinc to the 1,2-indanedione
fingermark reagent has already been shown to decrease the environmental sensitivity of
the reagent and provide consistent results. Further research into different metal salts as
well as the determination of the exact nature of the reaction may provide information that
will increase the capabilities of the 1,2-indanedione reagent. Such research is being
undertaken currently at Canberra University in collaboration with the University of
Technology, Sydney.
7.5 Other Applications for Fingermark Development on Porous Surfaces
5-Methylthioninhydrin was proposed as a fingermark reagent in the early 1990's with
much promise and research reported in the following years. However since the
commercial manufacture of the compound in 2000, no validation or research had been
published. This research determined that petroleum ether was the optimal carrier solvent
for the reagent.
This study found that although 5-MTN offers a considerable advantage over ninhydrin,
because it produces fluorescent fingermarks at room temperature as well as good initial
colour, it is significantly inferior to both DFO and 1,2-indanedione for the development
of fingermarks on porous surfaces. 5-MTN is also twice as expensive as any of the
fingermark reagents, ninhydrin, DFO and 1,2-indanedione. However it 5-MTN would be
a viable alternative to laboratories using only ninhydrin to develop fingermarks on porous
surfaces.
Thermal paper is generally a problematic surface for the development of fingermarks.
This is because many fingermark reagents contain polar solvents and polar solvents
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dissolve the activator in thermal paper causing it to turn black. This study compared a
number of reagents for the development of fingermarks on thermal paper.
A reagent for use on thermal paper, ThermaNin, has recently been introduced by BVDA
International. This study found that ThermaNin is particularly unstable with the best
stability obtained using cyclohexane (stable for 3 days) and petroleum ether (stable for 1
day).
A modified formulation of ninhydrin for use on thermal paper in a HFE 7100 carrier
solvent proved to be very time consuming to prepare and unstable. A 'nin-dry' method,
was also evaluated as well as a modified version of 1,2-indanedione.

It was determined that 1,2-indanedione significantly outperformed the other reagents for
the development of fingermarks on porous surfaces, developing fingermarks on both the
active and non-active sides of the thermal paper and developing weaker fingermarks with
greater consistency than the other three reagents.
A novel method of developing fingermarks on thermal paper using 1,2-indandione, based
on the 'nin-dry' method was trialled . 'lnd-dry' produced fingermarks comparable in
intensity of colour and fluorescence as the 1,2-indanedione formulation used. A price
comparison study of the reagents, proved; however, that the 'ind-dry' formulation was
more than twice as expensive as the 1,2-indanedione formulation and thus for normal
circumstances would not be reasonable.

7.6 General Conclusions
Although more research is needed into the characterisation of the mechanism of the
reaction between amino acids and 1,2-indanedione, including the actual effect of adding a
metal such as zinc to the solution, the work presented in this thesis indicates that 1,2indanedione has matured into a reagent of choice for the detection of latent fingermarks
on porous surfaces, including for applications on thermal paper.

Page 214

References

References

Page 215

References

Alaoui, I.M. , Menzel, E.R., Farag, M., Cheng, K.H. & Murdock, R.H. (2005) Mass spectra
and time-resolved fluorescence spectroscopy of the reaction product of glycine with 1,2indanedione in methanol Forensic Science International 152: 215-219
Almog, J ., Hirshfeld A., Frank A. & Grant H. ( 1992) 5-Methylthioninhydrin and related
compounds: A novel class of fluorogenic reagents Journal of Forensic Sciences
37(3): 688-694
Almog, J., Springer, E., Wiesner, S., Frank, A., Khodzhaev, 0 ., Lidor, R. , Bahar, E.,
Varkony, H., Dayan, S. & Rozen, S. (1999) Latent fingerprint visualisation by 1,2indanedione and related compounds: Preliminary results Journal of Forensic Sciences
44(1 ) : 114-118
Almog, J. (2005) Personal Communication
Almog, J., Levinton-Shamuilov, G., Cohen, Y. & Azoury, M. (2007) Fingerprint Reagents
with Dual Action: Colour and Fluorescence Journal of Forensic Sciences 52(2): 330-334
Anthonioz, A. (2003) Personal Communication
Australian Government, National Archives of Australia (1999) Archives-Advice, Thermal
papers: how to use and keep documents created on it.
Ashbaugh, D. (1982) Poroscopy Journal of the Canadian Mounted Police Gazette 45(2):
12-17
Ashbaugh, D. ( 1991) Ridgeology Journal of Forensic Identification 41 ( 1): 16-64
Aumeer, S. (2002) Generation of a "Standard Fingerprint" for Quality Assurance Purposes

Honours Thesis, Department of Chemistry, Materials and Forensic Science, University of
Technology, Sydney

Page

216

References

Aumeer-Donovan, S. (2004) The Generation of a "Standard Fingerprint" for Quality
Assurance Purposes - Current Standards and Recommendations. Presented at the 1 ih
International Symposium on the Forensic Sciences. ANZFSS conference, Auckland, New
Zealand

Aumeer-Donovan, S., Shimmon, R., Turner, F., Maynard, P., Lennard, C., Stoilovic, M.,
Roux, C. (2005) The Investigation of Ascorbic Acid as a Potential Fingermark Reagent on
Porous Surfaces Presented at the 1 7'h Meeting of the International Association of Forensic
Sciences. Hong Kong, China

Aumeer-Donovan, S. (2007) Personal Communication
Barclay, F. ( 1991) Friction Ridge Identification based on Pore Structure: A Case Study
Identification Canada 14: 7-9

Burkina, A.Y. & Senov, O.L. (1972) Sodium Salt ofDiketohydrindylidenediketohydrindamine as a Photometric Reagent for Lead, Mercury and Bismuth Ions. Zh.
Ana/y Khim 27: 473-378

Burkitt, W.L. , Derrick, P.J., Laffite, D. & Bronstein, I. (2003) Protein-Ligand and ProteinProtein Interaction Studied by Electrospray Ionization and Mass Spectrometry.
Biochemical Society Transactions 31 (5): 985-989

BVDA (2004) 1,2-Indanedione Product Information, BVDA International
BVDA (2005) 5-Methylthioninhydrin Product Information, BVDA International
BVDA (2005) ThermaNin Product Information, BVDA International
Cantu, A.A., Leben, D.A ., Jouille, M.M., Heffner, R.J. & Hark, R.R. (1993)
A Comparative Examination of Seven Amino Avid Reagents for Visualizing Amino Acid
(Glycine) on Paper Journal of Forensic Identification 43: 744-747
Page

217

References

Cava. M.P. , Litle. R.L. & Napier, D.R. (1958) Condensed Cyclobutane Aromatic Systems.
V. The Synthesis of some a-Diazoindanones: Ring Contraction in the Indane Series

Journal of the American Chemical Society 80(9): 2257-2263
Champod, C., Lennard, C., Margot, P. & Stoilovic, M. (2004) Fingerprints and Other

Ridge Skin Impressions ! st ed.: CRC Press: Boca Raton, FL, USA
Cole, S. (200 1) Suspect Identities: A History of Fingerprinting and Crimina/Identification
Harvard University Press ,Cambridge, MA, USA
Conn, C., Ramsay, G., Roux, C. & Lennard, C. (2001) The Effect of Metal Salt Treatment
on the Photoluminescence ofDFO-Treated Fingerprints. Forensic Science International
116:117-123.
Dalrymple, B. & MacKillican, J. (2000) Fingerprints (Dactyloscopy), Encyclopaedia of

Forensic Science Editor Siegel, J. 854-862
Dalrymple, B. (2000) Identification and Classification Encyclopaedia of Forensic Science
Editor Siegel, J. 869-877
Dalrymple, B. (2005) lndanedione Case Reports. 51h International Fingerprint Research

Group Meeting The Hague, Netherlands
Davies, 1. & Partridge, D. (1991) Vitamin C: Its Chemistry and Biochemistry Royal
Society of Chemistry
Davies, P.J., Kobus, H.J., Taylor, M.R., Wainwright, K.P. (1995) Synthesis and Structure
of the Zinc (II) and Cadmium (II) Complexes Produced in the Photoluminescent
Enhancement of Ninhydrin Developed Fingerprints Using Group 12 Metal Salts Journal of

Forensic Sciences 40(4): 565-569

Page 2 18

References

Didierjean, C., Dehart, M. & Crispino, F. (1998) New Formulation ofDFO in HFE7100.

Fingerprint Whorld 24(94): 163-167
Exline, D.L., Wallace, C., Roux, C., Lennard, C., Nelson M.P., Treado, P.J. (2004)
Forensic Applications of Chemical Imaging: Latent Fingerprint Detection Using Visible
Absorption and Luminescence Journal of Forensic Sciences 48(5): 1047-1053
Fitzgerald, L. & Sears, V. (2003) Ninhydrin and DFO on Thermal Coated Papers.

lh

International Fingerprint Research Group Meeting St Albans, United Kingdom
Flynn, K., Roux, C., Du Pasquier, E., Maynard, P., Lennard, C. & Stoilovic, M. (2004) The
Evaluation of Spray Reagents for the Detection of Latent Fingerprints at the Crime Scene.

Journal of Forensic Sciences 43: 707-715
Friedman, M. & Williams, L.D. (1974) Stoichiometry of Formation ofRuhemann's Purple
in the Ninhydrin Reaction Bioorganic Chemistry 3: 267-280
Fritz, H.L.& Swinehart, J.H. ( 1975) Kinetics of Nickel (li) Complexation Reactions in
Nonaqueous Solvents II. Ammonium Salt of 2,2 '-Nitrilodi-1 ,2-indandione (Ruhemann 's
Purple) and 4-(2-Pyridylazo)resorcinol (PAR) inorganic Chemistry 14(8): 1935-1939
Gardner, S.J. & Hewlett, D. (2003) Optimization and initial evaluation of 1,2-indandione
as a reagent for fingerprint detection Journal of Forensic Sciences 48(6): 1288-1293
Geide, B. (1995) Detection of Latent Fingerprints- DFO without CFC Proceedings of the

International Symposium on Fingerprint Detection and Individualisation Ne'rium, Israel.
95-97
Grigg, R., Mongkolaussavaratana, R., Pounds, C.A. & Sivagnanam, S. (1990)
1,8-Diazafluorenone and Related Compounds. A New Reagent for the Detection of aAmino Acids and Latent Fingerprints Tetrahedron Letters 31: 7215-7218

Page 219

References

Hansen, D. & Jouille, M. (2005) The Development of Novel Ninhydrin Analogues

Chemical Society Reviews (34), 408-417
Hauze D.B., Petrovskaia 0., Taylor B., Joullie M.M., Ramotowski R. & Cantu A.A. (1998)
1,2-Indanediones: New reagents for visualizing the amino acid components of latent prints.

Journal of Forensic Sciences 43: 744-747
Hayashi, T., Namiki, M. Tsuji, K. (1983) On the Yellow Product and Browning ofthe
Reaction of Dehydroascorbic Acid with Amino Acids Agricultural Biological Chemistry
47(5): 1003-1009
Hayashi, T., Namiki, M. & Tsuji, K. (1983) Formation Mechanism ofthe Free Radical
Product and Its Precursor by the Reaction of Dehydro-L-ascorbic Acid with Amino Acid

Agricultural Biological Chemistry 4 7(5): 1003-1009
Heffner R.J. & Joullie M.M. ( 1991) Synthetic routes to Ninhydrin, preparation of
Ninhydrin, 5-Methoxyninhydrin and 5-Methylthioninhydrin Synthetic Communications
21 : 2256
Herod, D. W.& Menzel, E.R.' ( 1982) Laser Detection of Latent Fingerprints: Ninhydrin
Followed by Zinc Chloride Journal of Forensic Sciences 27: 513-518
Hewlett, D.F .& Sears, V .G. ( 1997) Replacements for CFC 113 in the Ninhydrin Process:
Part 1 Journal of Forensic Identification (47) 3: 287-299
Hewlett, D.F., Sears, V.G. & Suzuki, S. (1997) Replacements for CFC113 in the Ninhydrin
Process: Part 2 Journal of Forensic Identification (47) 3: 301-305
Home Office Police Scientific Development Branch (2003) Thermal Papers- No More
Problems! Fingerprint Development and Imaging Update Publication No 6/2003 4-5

Page 220

References

International Association for Identification (2007) !AI History [online] Available
http://www .theiai.org/history/ ( 17I 12/207)
Jones N. (1998) The Evaluation of 1,2-Indanediones for the Visualisation of Latent Prints
on Porous Surfaces. Honours Thesis, Department of Chemistry, Materials and Forensic

Science, University of Technology, Sydney, Australia
Jones, N .E., Davies, L.M., Russell, C.A.L., Brennan, J .S. & Bramble, S.K. (200 I)
A Systematic Approach to Latent Fingerprint Sample Preparation for Comparative
Chemical Studies Journal of Forensic Identification 51 (5): 504-515
Jones, N. (2002) Personal Communication
Kanke, M., Inoue, Y., Watanabe, H. & Nakamura, S. (1972) Spectrophotometric
Determination of Mercury by using Ruhemann's Purple Bunseki Kagaku 21: 622-626
Kasper, SP., Minnillo, DJ. & Rockhold, AM. (2004) Validating TND (1 ,2-Indanedione)

FBI Forensic Science Communications 4(4)
Knowles, A. ( 1978) Aspects of physicochemical methods for the detection of latent
fingerprints Journal of Physics E: Scientific Instruments 11: 713-721
Koppanyi, R., Vivino, A.E. & Veitch Jr, F. (1945) A Reaction of Ascorbic Acid with
Amino Acids Science 541-542.

a-

Kurata, T. & Fujimaki, M. (1974) Monodehydro-2,2' -iminodi-2(2')-deoxy-L-ascorbic
Acid, a Radical Product from the Reaction of Dehydro-t-ascorbic Acid with an a-Amino
Acid Agricultural and Biological Chemistry 38( 10): 1981-1988
Lennard, C.J. (1986) New Amino Acid Specific Fingerprint Reagents PhD Thesis,

Australian National University, Canberra, ACT, Australia

Page

221

References

Lennard, C.J,. Margot, P,. Stoilovic, M. & Warrener, R.N. (1986) Synthesis ofNinhydrin
Analogues and Their Application to Fingerprint Development: Preliminary Results.

Journal of the Forensic Science Society 323-328
Lennard, C.J,. Margot, P,. Stems, M. & Warrener, R.N. (1987) Photoluminescent
Enhancement ofNinhydrin Developed Fingerprints by Metal Complexation: Structural
Studies of Complexes Formed Between Ruhemann's Purple and Group lib Metal Salts

Journal of Forensic Sciences 32(3): 597-605
Lennard, C.J., Margot, P.A, Stoilovic, M. & Warrener, R.N. (1988) Synthesis and
Evaluation of Ninhydrin Analogues as Reagents for the Development of Latent
Fingerprints on Paper Surfaces Journal of the Forensic Science Society 28: 3-23
Lennard, C.J., & Margot, P.A. (1987) Sequencing of Reagents for the Improved
Visualisation of Latent Fingerprints Proceedings of the International Forensic Science

Symposium on Latent Prints, FBI Academy, Quantico, Virginia, U.SA. 141-142
Majcherczyk, C., Baylocq, D., Rabaron, A. & Pellerin, F. (1983) Action deL' Acide
Ascorbique sur les Amines Primaires et les Acides Alpha Amines Talanta 30(1): 72-74
Margot, P., & Lennard, C. (1994) Fingerprint Detection Techniques. Institut de Police
Scientifique et de Criminologic, Universite de Lausanne, Switzerland, (6th Revised
Edition).
McMahon, P. ( 1998) Procedure to develop latent prints on thermal paper The Print
14(2): 4
McComiskey, P. (1990) DFO: A Simple and Quick Method for the Development of Latent
Fingerprints Fingerprint Whorld 16: 64-65

Page 222

References

Menzel, E.R. & Almog, J. (1985) Latent Fingerprint Development by Frequency-Doubled
Neodymium: Yttrium Aluminium Garnet (Nd:YAG) Laser: Benzon(t)ninhydrin Journal of

Forensic Sciences 30: 371-382
Merrick, S., Gardner S.J., Sears, V.G. & Hewlett, D.F. (2002) An operational trial of
ozone-friendly DFO and 1,2-Indanedione formulations for latent fingerprint detection

Journal of Forensic Identification 52(5):595-605
Mills, K. (2004) An Investigation into 1,2-Indanedione and Genipin as Photoluminescent
Reagents for the Visualisation of Latent Fingerprints Honours Thesis, Deakin University,

Melbourne, Australia
Oden, S., & von Hofsten, B. (1954) Detection of fingerprints by the ninhydrin reaction.

Nature 173: 449
Pasquier, J. (2005) A Comparison of Techniques for the Revelation of Latent Prints on
Thermal Paper Summer Project Department of Chemistry, Materials and Forensic Science,

University of Technology, Sydney, Australia
Patton, E. (2007) Investigations into 1,2-Indanedione as a Reagent for the Detection of
Latent Fingermarks Honours Thesis, Curtin University, Western Australia
Payne, G. (2002) Applications of Chemical Imaging to the Detection of Latent
Fingerprints Honours Thesis, Department of Chemistry, Materials and Forensic Science,

University of Technology, Sydney, Australia
Payne, G., Reedy, B., Lennard, C., Comber, B., Exline, D. & Roux, C. (2004) A Further
Study to Investigate the Detection and Enhancement of Latent Fingerprints using Visible
Absorption and Luminescence Chemical Imaging Forensic Science International
150:33-51.

Page 223

References

Petrovskaia, 0. (1999) Design and Synthesis of Chromogenic and Fluorogenic Reagents
for Amino Acid Detection. PhD Thesis, University of Pennsylvania, USA
Petrovskaia, 0., Taylor, B.M., Hauze, D.B., Carroll, P.J. & Joullie, M.M. (200 1)
Investigations of the reaction mechanisms of 1,2-indanediones with amino acids Journal of

Organic Chemistry 66(23): 7666- 7675
Petruncino A. (2000) A Comparative Study for the Evaluation of Two Solvents for Use in
Ninhydrin Processing of Latent Print Evidence Journal of Forensic Identification 50(5):
462-469
Pollack, J. (2002) United States v Plaza. Cr. No. 98-362-10,11,12.
Pounds, C.A. & Allman, D.S. (1991) The Use of 1,2-Diazafluoren-9-one for the
Fluorescent Detection of Latent Fingerprints on Paper: Results of Laboratory and
Operational Trials Technical CRSE No. 740, Central Research and Support Establishment,
Aldermaston, U .K
Pounds, C.A. & Grigg R., Mongkolaussavaratana T. (1990) The Use of 1,2-Diazotluoren9-one (DFO) for the Fluorescent Detection of Latent Fingerprints on Paper. A Preliminary
Evaluation Journal of Forensic Sciences (35): 169-24 7
Ramotowski, R., Cantu, A., Joullie, M. & Petrovskaia, 0. (1997) 1,2-Indanediones: A
Preliminary Evaluation of a New Class of Amino Acid Visualizing Compounds.

Fingerprint Whorld 23: 131-140
Ramotowski, R. & Bicknell, D. (2007) Evaluation of the new 1,2-indanedione-zinc
reagent. 61h Biennial Meeting of the International Fingerprint Research Group, Canberra,

Australia

Page 224

References

Ramsay, G. ( 1997) Metal Salt Treatment of Fingerprints Developed using D FO Honours

Thesis, Department of Chemistry, Materials and Forensic Science, University of
Technology, Sydney, Australia
Rogacheva, S.M., Kuntcheva, M.J., Panchev, I.N. & Obretenov, T.D. (1995) L-Ascorbic
Acid in Nonenzymatic Reactions. 1. Reaction with Glycine. Z Lebensm Unters Forsch.
200:52-58
Roux, C., Jones, N., Lennard, C. & Stoilovic, M. (2000) Evaluation of 1,2-lndanedione and
5,6-dimethoxy-1 ,2-Indanedione for the detection of latent fingerprints on porous surfaces

Journal of Forensic Sciences 45(4):761-769
Ruhemann, S. J. (1910) Cyclic Di- and Tri-ketonesJournal ofthe Chemical Society 97:
1438-1449
Ruhemann, S J. ( 191 0) Triketohydrindene Hydrate. Journal of the Chemical Society 97:
2025-2031
Saferstein, R. (200 1) Criminalistics: An Introduction to Forensic Science

th ed.; Prentice

Hall, Englewood Cliffs, NJ, USA
Schwartz, L. & Frerichs, I. (2002) Advanced Solvent-Free Application ofNinhydrin for
Detection of Latent Fingerprints on Thermal Paper and Other Surfaces. Journal of

Forensic Sciences 47(6): 1274-1277
Shimmon, R. (2007) Personal Communication
Spindler, X., Lennard, C., Shimmon, R., Roux, C. (2008) Mechanism Studies on the

Indanedione-Zinc Reagent Abstract for the 18th International Association of Forensic
Science Conference. New Orleans, Louisiana, USA

Page 225

References

Stimac, J. (2003 (a)) Thermal & Carbonless Paper: A Fundamental Understanding for
Latent Friction Ridge Development Journal of Forensic Identification 53(2): 185-197
Stimac, J. (2003 (b)) Thermal Paper: Latent Friction Ridge Development via I ,2lndanedione. Journal of Forensic Identification 53(3):265-271
Stoilovic, M., Kobus, H., Margot, P. & Warrener, R. (1986) Improved Enhancement of
Ninhydrin Developed Fingerprints by Cadmium Complexation using Low Temperature
Photoluminescent Techniques Journal of Forensic Sciences 31 (2):432-445
Stoilovic, M. & Lennard, C. (2000) The Application of Light in Forensic Science & A

Modern Approach to Fingerprint Detection and Enhancement Australian Federal Police
Workshop Manual
Stoilovic, M. & Lennard, C. (2005) Fingerprint Detection & Enhancement. Incorporating

the Application of Optical Enhancement Techniques in Forensic Science Australian
Federal Police Workshop Manual
Stoilovic, M., Lennard, C., Wallace-KunkeJ, C. & Roux, C. (2007) Evaluation of a 1,2Indanedione Formulation Containing Zinc Chloride for Improved Fingermark Detection on
Paper Journal of Forensic Identification 57( 1):4-18
3M, Material Safety Data Sheet HFE-711PA 3M TM Novec TM Engineered Fluid.
Taylor, B. (2001) Personal Communication
Treado, PJ (1995) Chemical Imaging Reveals more than the Microscope Laser Focus

World 31(10):75
Truffi, B. (2000) Le Papier Thermique Extract from a PhD thesis "Elaboration de

nouveaux papiers thermique" The French School of Paper and Graphic Industry.

Page 226

References

Turner, F. (2004) The Use of Ascorbic Acid as a Fingerprint Reagent Honours Thesis,

Department of Chemistry, Materials and Forensic Science, University of Technology,
Sydney, Australia
Wakefield, M. & Armitage, S. (2005) The Development of Latent Fingerprints on Thermal
Paper using a Novel, Solvent-Free Method Journal of Forensic Identification 55(2): 202213
Wallace, C. (2001) Forensic Applications of Chemical Imaging. Honours Thesis,

Department of Chemistry, Materials and Forensic Science, University of Technology,
Sydney, Australia
Wallace-Kunkel, C., Roux, C., Lennard, C. & Stoilovic, M. (2004) The Detection and
Enhancement of Latent Fingermarks on Porous Surfaces- A Survey Journal of Forensic

Identification 54(6):687-705
Wigfield, D., Buchanan, G., Croteau, S. (1980) On Ruhemann's Purple Canadian Journal

ofChemistry 58(3):201-205
\Viesner, S., Springer, E., Sasson, Y. & Almog J. (200 1) Chemical development of latent
fingerprints: 1,2-lndanedione has come of age Journal of Forensic Sciences 46(5): 10821084
Wilkinson, D.A. & Watkin, J.E. (1994) A Comparison of the Forensic Light Sources;
Polilight, Luma-Lite and Spectrum 9000 Journal of Forensic Identification 44(6): 632-651
Wilkinson D. (2000) Spectroscopic Study of 1,2-Indanedione Forensic Science

International 114:123-132
Wilkinson, D. (2000) Study of the reaction mechanism of 1,8-diazafluoren-9-one with the
amino acid, L-alanine Forensic Science International} 09(2): 87-103

Page 227

References

Wilkinson, D. (2003) The Results from a Canadian National Field Trial Comparing Two
Formulations of 1,8-Diazatluoren-9-one (DFO) with 1,2-Indanedione. Identification

Canada 26(2), 8-18
Yokoyama, S. & Hiramatsu, J.l. (2003) A Modified Ninhydrin Reagent Using Ascorbic
Acid Instead of Potassium Cyanide Journal of Bioscience and Bioengineering 95(2):
204-205
Zonjee, J. (2005) Personal Communication

Page 228

Appendices

Appendices

Page 229

Appendices

APPENIDXA
Refereed Publications
Wallace-Kunkel, C., Roux, C., Lennard, C. & Stoilovic, M. (2004) The Detection and
Enhancement of Latent Fingermarks on Porous Surfaces -A Survey Journal of Forensic

Identification 54(6): 687-705
Wallace-Kunkel, C., Lennard, C., Stoilovic, M. & Roux, C. (2006) Evaluation of 5Methylthioninhydrin for the Detection of Fingermarks on Porous Surfaces and
Comparison to Conventional Reagents Identification Canada 29(1 ): 4-13
Wallace-Kunkel, C., Lennard, C., Stoilovic, M. & Roux, C. (2007) Optimisation and
Evaluation of 1,2-lndanedione for use as a Fingermark Reagent and its Application to
Real Samples Forensic Science International168: 14-26 Awarded National Institute of

Forensic Science (NIFS) Best Technical Article for 2007
Stoilovic, M., Lennard, C., Wallace-Kunkel, C. & Roux, C. (2007) Evaluation of a 1,2lndanedione Formulation Containing Zinc Chloride for Improved Fingermark Detection
on Paper Journal of Forensic Identification 57( 1): 4-18
Conference Proceedings
Jones, N., Wallace, C., Roux, C., Lennard., C. Optimisation of 1,2-Indanedione for use as
a fingerprint reagent. International Fingerprint Research Group Meeting 2003
Wallace, C., Roux, C., Lennard, C., Stoilovic, M. Optimisation of 1,2-Indanedione for

use in casework. I 00 years of fingerprinting in Australia. NSW Police Forensic Services
Group Conference November 2003
Wallace-Kunkel, C., Roux, C., Stoilovic, M., Lennard, C. Optimisation of 1,2-

Indanedionefor use as a fingerprint reagent 17th International Symposium ofthe
Australian New Zealand Forensic Science Society. Wellington, New Zealand March
2004

Page 230

Appendices

Wallace-Kunkel, C., Roux, C., Lennard, C., Stoilovic, M. Fingerprints on Porous

Surfaces- A Survey 17th International Symposium of the Australian New Zealand
Forensic Science Society. Wellington, New Zealand March 2004 (Awarded Best Poster
for Identification Science section)
Wallace-Kunkel, C., Roux, C., Lennard, C., Stoilovic, M. 1,2-Indanedione- A

Replacement for Ninhydrin and DFO? International Association of Identification, St
Louis, Missouri, USA. August 2004
Wallace-Kunkel, C., Roux, C., Lennard, C., Stoilovic, M. Fingerprints on Porous

Surfaces- A Survey. International Association of Identification, StLouis, Missouri,
USA. August 2004
Lennard, C., Wallace-Kunkel, C., Roux, C., Stoilovic, M. 1,2-Indanedione- Is it a

Useful Fingerprint Reagent? 57th Annual Symposium of the American Academy of
Forensic Science. New Orleans, USA. February, 2005.
Roux, C., Wallace-Kunkel, C., Aumeer-Donovan, S., Shimmon, R., Turner, F., Maynard,
P., Lennard. C., Stoilovic, M. Detection ofLatent Fingermarks on Porous Surfaces:

Reagents and Quality Assurance. International Fingerprint Research Group Meeting. The
Hague, The Netherlands. April 2005.
Wallace-Kunkel, C., Roux, C., Lennard, C., Stoilovic, M. Evaluation of Commercially

Available 5-Methylthioninhydrin. International Association of Forensic Sciences, Hong
Kong, China. August 2005.
Wallace-Kunkel, C., Roux, C., Stoilovic, M., Lennard, C. Optimisation and

Characterisation of 1,2-Indanedionefor use as a Fingermark Reagent in Australia
International Association of Forensic Sciences, Hong Kong, China. August 2005.

Page 231

Appendices

Wallace-Kunkel, C., Shimmon, R., Roux, C., Lennard, C., Stoilovic, M. Characterisation

of 1,2-lndanedione with Amino Acids and Metal Salts. International Association of
Forensic Sciences, Hong Kong, China. August 2005.
Wallace-Kunkel, C., Roux, C., Lennard, C., Stoilovic, M. Evaluation of Commercially

Available 5-Methylthioninhydrin. 18th International Symposium of the Australian and
New Zealand Forensic Science Society, Perth, Australia. April2006.
Wallace-Kunkel, C., Pasquier, J., Roux, C., Lennard, C., Stoilovic, M. The Development

of Fingerprints on Thermal Paper. 18th International Symposium of the Australian and
New Zealand Forensic Science Society, Perth, Australia. April 2006.
Wallace-Kunkel, C., Shimmon, R., Roux, C., Lennard, C., Stoilovic, M. Characterisation

of 1,2-lndanedione with Amino Acids. 18th International Symposium of the Australian and
New Zealand Forensic Science Society, Perth, Australia. April 2006.
Roux, C., Wallace-Kunkel, C., Lennard, C., Stoilovic, M. 1,2-Indanedione - Where are

we now?. 18th International Symposium of the Australian and New Zealand Forensic
Science Society, Perth, Australia. April 2006.

Wallace-Kunkel, C., Lennard, C., Stoilovic, M, Roux, C., Shimmon, R., Thompson-Laing,
M, Lennard, A . Further Studies on 1,2-Indanedione: Effect of Different Amino Acids
and Metal Salt Treatment and Development of an Improved Formulation 61h Biennial

Meeting of the International Fingerprint Research Group, Canberra, Australia. March
2007
Invited Papers
Wallace, C., Roux, C., Lennard, C., Stoilovic, M. Optimisation of 1,2-Indanedione for

use as a fingerprint reagent New South Wales Police Forensic Services Group Research
Forum February 2004

Page 232

Appendices

APPENDIXB

SURVEY- FINGERPRINTS ON POROUS SURFACES

1. What are the standard chemical reagents used for the development of latent
fingerprints on porous surfaces in your laboratory?
0

Ninhydrin

0 DFO

0

Ninhydrin + Zinc Salt

0 1,2-Indanedione

0

Ninhydrin + Cadmium Salt

0 Other (please list) .......................... ..

2. Please estimate the percentage(%) of casework (porous surfaces only) that each
reagent is used on.
Ninhydrin

1,2-Indanedione

DFO

0

0 - 10%

0

0-IOo/o

0

0 - 10%

D

11 -20%

0

11-20%

0

11-20%

0 21-30%

0 21-30%

D 21-30%

0 31-40%

0 31-40%

D 31 -40%

0 41-50%

0 41 - 50%

D 41-50%

0 51 --60%

0 51-60%

0 51-60 o/o

0 61 -70%

0 61 -70%

0 61 -70%

0

71-80%

0 71-80%

0 71-80 o/o

0

81-90 o/o

0 81-90%

0 81-90 o/o

0

91- 100%

0 91- 100%

0 91- 100%
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3. What are the formulations of the Ninhydrin and DFO reagents currently used in you
lab?

4. Please indicate your awareness of the fingerprint reagent 1,2-Indanedione.
D Never heard of it

(Please go to question 9)

D Have heard of it but have never used it

(Please go to question 9)

D Have used it in research

(Please go to question 5)

D Have used it in casework

(Please go to question 5)

D Is used regularly (please circle:casework I research I other)(Please go to question 5)

Comments:

5. What is the formulation of 1,2-Indanedione is used in your laboratory?

6. How do you rate 1,2-Indanedione as a fingerprint reagent compared with the
conventional reagents Ninhydrin and DFO? (Please Explain).

7. Have you ever performed research in your laboratory on 1,2-Indanedione?
D Yes (Please go on to question 8)
D No (Please go on to question 9)

8. Please explain briefly the research you have performed and any results obtained.
Please include the method of detection, the parameters of the experiment and if any
image enhancement was used in your work. Feel free to reference published research.
(Attach paper if necessary)
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9. Have you ever performed any research on fingerprint analogues for the treatment of
latent fingerprints on porous surfaces? If so please briefly explain or include references.
(Attach paper if necessary)

10. Can you be contacted to discuss the research you have performed? If so, what method
of contact would you prefer?

11. How would you describe your level of satisfaction with the fingerprint reagents
currently used in your laboratory?

0 Completely Satisfied

0 Moderately Satisfied

0 Unsatisfied

12. Is your laboratory keen to try new reagents if they may improve the results you are
getting?

0 Willing to try new reagents

0 Unwilling to try new reagents

0 Follow strict standard operating procedures (SOP'S), which do not allow new reagents
to be investigated
13. What factors determine the type of chen1ical reagents for treatment of latent
fingerprints on porous surfaces that are used in your laboratory?

0 Cost of Reagent

0 Ease of Use (time I effort)

0 Quality of Results

14. Would your laboratory consider changing their procedures and incorporating 1,2Indanedione into the treatment sequence if the reagent was found to produce higher
quality results than conventional reagents?

0 Yes

ONo

0 Depends (please elaborate)
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Formulations
DFO (AFP)

Stock Solution

Working Solution

8 gDFO

90 mL DFO stock solution

300 mL Dichloromethane

910 mL HFC 4310mee carrier solvent

640 mL Methanol
60 mL Acetic Acid
1000 mL stock solution
DFO CIFRG)
0.25 g DFO
30 mL Methanol
20 mL Acetic Acid
750 mL HFE 7100
250 mL HFE 7lde
1000 mL Stock Solution
NINHYDRIN

Stock Solution

Working Solution

80 g Ninhydrin

50 mL Ninhydrin stock solution

700 mL Absolute Ethanol

950 mL HFC 431 Omee carrier solvent

100 mL Ethyl Acetate
200 mL Acetic Acid
1000 mL stock solution
ZINC METAL SALT TREATMENT

Stock Solution

Working Solution

8 g of Zinc Chloride

6 mL Zinc Stock solution

180 mL Absolute Ethanol

94 mL HFC 4310 mee

20 mL Acetic Acid

100 mL working solution

200 mL stock solution
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CADMIUM METAL SALT TREATMENT

Stock Solution

Working Solution

8 g of Cadmium Chloride

6 mL Zinc Stock solution

180 mL Absolute Ethano l

94 mL HFC 4310 mee

20 mL Acetic Acid

I 00 mL working solution

200 mL stock solution
OPTIMISED 1,2-INDANEDIONE
1 g 1,2-Indaned ione
10 mL Acetic Acid
90 mL Ethyl Acetate
900 mL HFE 7lde
1000 mL working solution

Thermal Paper Solutions
NIN-DRY Solution
30 g ninhydrin
1000 mL acetone
Filter paper soaked in solution and dried
NFTP- Ninhydrin Formulation for Thermal Paper

Stock Solution:

Working Solution

1 g ninhydrin

15 mL stock solution

3.5 mL isopropanol*

100 mL HFE 7100

62.5 mL HFE 7200
Retl ux for 3 hours at 7 5° C

•NFTP: 5% isopropanol in HFE-7100 was used in place ofHFE-71JPA due to availability
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1,2-INDANEDIONE (for thermal paper)
2 g 1,2-indanedione

70 mL ethyl acetate
930 mL HFE 7100

THERMANIN CHFE 7100)

THERMANIN (other solvents)

5 g ThermaNin

5 g ThermaNin

5 mL isopropanol

5 mL isopropanol

15 mL ethyl acetate

995 mL pentane OR petroleum ether

980 mL ethyl acetate

OR cyclohexane

Table A . I is a summary of grade and suppliers of the solvents and reagents used for this
work.

Petroleum ether

Grade

AR

NIA

Supplier
APS

3M

Chem-Supply

Merck
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