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ABSTRACT 

The unambiguous identification of a counterfeiter by fingerprint evidence 

hinges on the determination whether the fingerprint was placed on the counterfeit 

note before (FB) or after inking (FA). Three counterfeiting methods, including 

color copying , offset printing and Inkjet printing have been investigated. 

A number of techniques, including 5-methoxyninhydrin/ZnCl2, DFO, DMAC, 

physical developer, colloidal gold, membrane transfer, vapor development, and 

finally, Eu-DTPA/OP have been explored in an attempt to distinguish between 

fingerprints on counterfeit currency before and after the inking. Most methods fail to 

show a difference between FB and FA fingerprints because of the permeability 

problem of the inks. However, the lipid-sensitive Eu-DTPA/OP procedure partially 

overcomes the permeabiUty problem and shows substantial difference between FB 

and FA fingerprints for color copying. There are subtie differences between before 

and after fingerprint fluorescence spectra (both 5-methoxyninhydrin/ZnCl2 and Eu-

DTPA/OP). Given that one has to contend with finger contamination, the 

spectroscopy at present may not be practically useful, but it shows potential if proper 

rare-earth-based strategies are used. 
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CHAPTER I 

INTRODUCTION 

The counterfeiting of currency is a global problem and keeps increasing every 

year. Take the United States for instance; $20 million in counterfeit bills were passed 

in the U.S. in 1993, $25 million in 1994 and $32 million in 1995 (about 80-90% of 

the counterfeit notes were confiscated before entering circulation so that the actual 

figures for counterfeit currency generated are much larger) [1,2]. 

1.1 Problem definition 

In the past, most of the counterfeit notes (about 90 percent) were produced 

with the offset printing method, which requires considerable skill and specialized 

equipment. In recent years, however, highly sophisticated and technologically 

advanced color copiers and systems composed of a computer-scanner and printer 

have become available to the general public. Statistical data indicate that the 

counterfeiting of notes using Inkjet printing and color copying has increased 

dramatically [3]. Accordingly, the counterfeiting of the three above-mentioned 

printing types are under investigation. 

The present study focuses on determining if the fingerprint on a counterfeit 

note was unambiguously placed by the counterfeiter or not. Whether one can 

identify the counterfeiter from fingerprints on the counterfeit notes depends on 



whether the fingerprints were placed on the paper before the printing ink or after, as 

shown in Fig. 1.1 (a) and (b). If the fingerprint was placed on tiie counterfeit note 

before the printing step, the corresponding person must be the counterfeiter. If the 

printing ink 
fingerprint 

paper 

fingerprint 
printing ink 

paper 

(a) before (b) after 

Fig. 1.1 Fingerprints deposited before (FB) and after (FA) the printing ink applied 

fingerprint was placed on the counterfeit note after the printing step, the 

corresponding person may be the counterfeiter, but not necessarily. Thus, a method 

is needed to detect the latent fingerprints, and, at the same time, to distinguish 

between the FB and FA cases. Ideally, after a chemical treatment, the fingerprints on 

the inked area can be seen clearly for one case but cannot be seen for the other case, 

see Fig. 1.2 (a). Another prospect is that the fingerprints in the two cases show a 

relative difference in the change from the inked area to the non-inked area (assuming 

the fingerprint covers both inked and non-inked areas). For example, the details or 

fluorescence intensity (under Hght excitation) of the fingerprints show dramatic 

change in one case but not in the other case, as shown in Fig. 1.2 (b). 



(a) 

(b) 

Fig. 1.2 An illustration of distinguishable fingerprints between FB and FA 
(a) ideal solution (the top and the bottom parts are ink and non-ink areas 
respectively) (b) another possible solution (the top and the bottom are 
ink areas with different colors and the central part non-ink area) 



Above all, the method must have the capabiHty of showing a substantial 

difference between the two cases in order to have a probative value. However, the 

printing ink is not a "solid" separator. We are confronted with two difficulties: 

(a) Some of the fingerprint residue can pass through the printing ink (about 99% of 

the fingerprint is water) when a finger is pressed against the ink surface for the FA 

case because of the permeabiHty of the ink. This will potentially reduce the 

distinguishability between the two cases, (b) During the process of the fingerprint 

development, the solution may carry the fingerprint residue or the formed product 

through the printing ink because the current methods of developing fingerprints on 

paper are basically "wet" methods. The above two points are the main reasons why 

this problem has been around for a long time without being solved. Another reason 

is that different printing types and different color inks have different properties. 

1.2 General approaches to fingerprint detection 

A fingerprint is an impression of a finger on a surface. A fingerprint has 

about 0.1 mg of material, about 99% of which is water at the instant of the 

impression. The water will soon evaporate to leave about 1 |Lig of residual material 

on the surface. About one half of the fingerprint residue is inorganic salts (mainly 

sodium chloride) and the rest is organic substances such as amino acids, lipids, urea, 

vitamins, etc. [4,5]. 



Fingerprint detection is mainly concerned with chemicals which can 

preferentially react with or attach to the fingerprint residue to form a colored or 

fluorescent product different from the background. Principally, if a chemical can 

attack one of the components in a fingerprint residue, the chemical can be used for 

fingerprint detection but it may not be sensitive enough for practical use. This study 

is mainly concerned with fingerprints on paper surfaces. The general approaches of 

fingerprint development on paper have been concentrated on detecting amino acids 

or lipids, mostiy the former. 

The luminescence detection of fingerprints on paper can be divided into two 

main steps. In the first step, the fingerprint is treated with a chemical which reacts 

with the fingerprint residue to form a luminescence product. The second step is 

conducted in a dark room. The treated fingerprint is illuminated by a laser or other 

light source (a UV lamp in our case) and observed through a filter which rejects the 

reflected laser light but transmits the fingerprint luminescence. The luminescent 

fingerprint is then photographed or recorded by a video camera [6]. 



CHAPTER II 

MATERIALS AND HNGERPRINT TREATMENTS 

The colors of American currency are green and black, but globally, currency 

notes can be any color. Accordingly, the investigation is not Hmited to green and 

black colors. There are many different kinds of fingerprint detection methods, and 

for the same chemicals, the developing procedure can have variants. A survey was 

undertaken to find out which method is suitable for this work [7]. All the existing 

methods failed to show substantial difference between FB and FA. However, the 

survey pointed out what strategies should be used and the direction of developing a 

new method for this work. This chapter describes the sample preparation process 

and the main chemicals used in this project 

2.1 Sample preparation 

Different color strips, including red, green, blue, yellow and black, are printed 

(color copying, offset printing and Inkjet printing) on copy and bond papers to 

simulate counterfeiting (see Fig. 2.1). The strips are about one to two centimeters in 

width. Fingerprints, glycine (one of the most abundant amino acids in 

fingerprints [8]) spots, RP (Ruhemann's Purple, the reaction products of ninhydrin 

analogues with amino acids) spots and TTA (Thenoyl-TrifluoroAcetone) spots are 

put on paper both before and after the printing step. The reason to use glycine spots 



is that the amount of amino acids in fingerprint residue can vary substantially from 

person to person. In order to get more reproducible results, the glycine spots are 

sometimes used as substitute for fingerprints. The glycine solution is prepared by 

dissolving glycine in methanol. TTA [9] is a sensitized ligand for lanthanides. 

Because it can complexed with europium ion to give strong luminescence, it can be 

used for the testing of europium related methods. 

Fig. 2.1 An illustration of color strips on paper 

2.2 Chemical fingerprint treatment 

The fingerprint treatments utilized for the development of fingerprints will be 

either standard procedures used by fingerprint examiners or procedures that have 

been pubUshed in the literature, even if they are as yet not routinely used. They are 

enumerated below: 

• 5-methoxyninhydrin (2,2-dihydroxy-5-methoxy-l,3-indanedione): reacts with 

amino acids in fingerprint residue to produce RP [10]. 



• ZnCb: reacts with RP to produce strong yellow fluorescence under blue-green 

laser excitation [11]. 

• EuCls: gives strong red narrow-band luminescence, when bonded with appropriate 

organic ligands, under UV excitation [12]. The Eu complex has a long lifetime (on 

the order of a millisecond) 

• DFO (l,8-diaza-9-fluorenone): reacts with amino acid in fingerprint residue to 

produce orange fluorescence under blue-green laser excitation. DFO is considered 

to be one of the best reagents for fluorescent detection of fingerprints [13,14]. 

• DMAC (dimethylaminocinnamaldehyde): reacts with urea in fingerprint residue to 

produce yellow fluorescence under blue-green laser excitation. DMAC can be 

used for fuming to develop fingerprints [15]. 

• PD (Physical Developer): preferentially attaches to lipids in fingerprint residue to 

form gray fingerprint marks. 

• Colloidal Gold: This is a modified PD procedure. Colloidal Gold can also be used 

for transferring fingerprint from paper to membranes [16]. 

• EDTA (ethylenediaminetetraacetic acid): A conjugating ligand to bind the 

lanthanide probe to fingerprints. 

• DTPA (diethylenetriaminepentaacetic acid): Another conjugating ligand to bind the 

lanthanide probe to fingerprints. 

• OP (ortho-phenanthroline): A sensitizing ligand to render the lanthanide 

fluorescent [17]. 
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• TTA: Another sensitizing ligand to render the lantiianide fluorescent. Much 

stronger fluorescence is produced when combined with OP. 

The 5-methoxyninhydrin/ZnCl2 treatment is used instead of the standard 

ninhydrin/ZnCl2 procedure because of its higher fluorescence yield [18]. Since the 

"wet" procedures may potentially be deleterious to FB, FA distinguishability, the 

vapor procedure, DMAC fuming is explored. The ink permeability to lipid is 

expected to be less serious than that to the amino acid so that the amino acid reagent 

approaches are supplemented by lipid-sensitive approaches, including PD, Colloidal 

Gold, membrane transfer, and finally, the Eu-DTPA/OP procedure. The stmctures 

of the above chemicals are shown in Fig. 2.2 and Fig 2.3. Since the 

5-methoxyninhydrin/ ZnCl2 and Eu-DTPA/OP are the methods of practical promise 

in this study, further details are given for these two methods in the following 

sections. 

2.2.1 Chemical reaction of the ninhydrin/ZnCl2 procedure 

Ninhydrin (2,2-dihydroxy-l,3-indiandone) was discovered by Ruhmann in 

1910 [19] and, since then it has been used as amino acid indicator [20]. However, it 

was not until the 1950s that ninhydrin was found to be useful for the purpose of 

fingerprint development [21]. Since the 1960s, ninhydrin has gained wide 

acceptance and is the most commonly used chemical reagent for developing latent 

fingerprints on porous surfaces (mainly paper) [22]. 



o 
OH 

OH 

O 

CH3O 

OH 

OH 

ninhydrin 5 -methoxy-ninhydrin 

O. 

r ^ ^ 

HgC-̂  ^CH3 

DFO DMAC 

Fig. 2.2 Chemical structures of ninhydrin, 5-methoxy-ninhydrin, DFO and DMAC 
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Fig. 2.3 Chemical structures of EDTA, DTPA, OP and TTA 

11 



Ninhydrin can react with amino acid to form a purple product called 

Ruhemann's Purple. The chemical reaction process of ninhydrin -i- amino acid has 

been well established [23] (see Fig. 2.4). However, for weak fingerprints, the 

method is not sensitive enough, especially for surfaces with near purple color. After 

a ZnCl2 treatment, the fingerprints will tum orange and glow very strongly under 

green-blue laser excitation (RP itself does not fluoresce), typically from an argon-ion 

laser, and thus sensitivity increases greatiy. Ninhydrin/ZnCb is now routinely used 

all over the world. 

Since the early 1980s, a great effort has been made to develop some 

ninhydrin analogs as alternatives to ninhydrin for the purposes of laser detection in 

concert with the ZnCl2 treatment. 5-methoxyninhydrin was one of the best so far for 

the purpose. The model for the fluorescence of Zn-RP complex was described in [24] 

(see Fig 2.5). The main reason for the fluorescence is that the two chromophores of 

RP shown in Fig. 2.4 are twisted from perpendicular to nearly coplanar after the 

ZnCl2 treatment. 

2.2.2 Chemical reaction of the Eu-DTPA/OP procedure 

Lanthanide salts have long been known for their weak luminescence by 

themselves. However, the luminescence can be greatiy enhanced by chelation with 

appropriate ligands that absorb well and intramolecularly transfer the excitation 

energy to the lanthanide ion of the complex [11]. The binding of the lanthanide to 

12 
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NH2 

a-NH2 acid Ninhydrin 
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H 
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RP Carbon dioxide Aldehyde 

Fig. 2.4 Ninhydrin reaction with amino acids, as suggested in reference [23]. 
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C - N = + ZnC^ + H2O 

RP Zinc Chloride Water 

Zn-RP 

Fig. 2.5 RP reacts with ZnCl2, as suggested in reference [24] 
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different organic Ugands has been under smdy thoroughly [25-28]. 

Eu(ni) and Tb(in) have been investigated for the purpose of fingerprint 

detection [29]. When complexed with RP, tiie Eu(III) and Tb(in) give a stronger 

fluorescence. Recentiy, some Eu complexes, namely TEC (Thenoyl Europium 

Chelate) andEuTTAPhen (Europium ThenoylTrifluoro-AcetoneOrtho-

Phenanthroline), which have very strong luminescence under UV excitation, have 

been proposed [30,31] for the use of fingerprint detection on smooth surfaces. A 

new development showed that the Eu complexes can also be use to detect fingerprint 

on porous surfaces (mainly paper) after combining with conjugating Ugands like 

EDTA and DTPA in the development procedure [32]. 

EDTA and DTPA are strong chelating agents that can bind lanthanides to 

organic ligands stably [33,34]. In the new Hpid-specific chemical fingerprint 

detection method, EDTA and DTPA serve as the conjugating ligands that bind the 

Eu to the lipids in fingerprints, and then the OP and TTA serve as the sensitizing 

ligands to render the fingerprints fluorescent. The reaction process can be 

summarized in three steps [35]: 

1. The DTPA (or EDTA) reacts witii Eu to form a Eu-DTPA complex. 

2. The formed complex reacts with Hpids in fingerprint residue to chemically bind to 

the fingerprints. In the reaction, the Eu bonding to the conjugating ligand is 

partially disrupted, so that the Eu becomes reactive, but with retention of the site-

specificity to the fingerprint. 
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3. OP (or TTA) reacts with Eu to form an Eu-OP luminescent complex. 

The above three steps are illustrated in Fig. 2.6. Since the background has 

Eu-OP complex, the background also luminescences strongly. Fortunately, the 

Eu-OP complex in the areas without reacting with lipids can be washed off almost 

completely (from the luminescence perspective) under tap water. If TTA is used as 

sensitized ligand, the Eu-TTA in the background is difficult to wash off when 

fingerprints are located on counterfeit currency. That is why OP is a preferable 

sensitizing ligand for our purpose. However TTA can enhance the fingerprint 

luminescence after the Eu-DTPA/OP treatment and the washing step. The intensity 

of fingerprint luminescence is then at least an order higher than that of the Eu-OP 

alone, but, at the same time, the intensity of the background increases so that the 

contrast does not increase very much. Still, the Eu-DTPA/OP/TTA procedure can 

be a better choice for some cases (e.g., developing fingerprints on white paper). 

16 
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Fig. 2.6 An illustration of the reaction process with Eu-DTPA/OP treatment 
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CHAPTER m 

DIFFERENTIATION METHODS 

The differentiation (between FB and FA) methods can be classified into two 

categories: intensity ratio comparison and spectrum shape comparison. 

3.1 Intensity differentiation method 

There is no "standard" fingerprint sample. Fingerprints can be strong or 

weak, and the intensity comparison of FB and FA on the inked areas alone will not 

provide any useful information. However, the intensity difference between inked 

and non-inked areas may give very meaningful information. The intensity ratio of 

inked to non-inked areas is relatively independent of the strength of fingerprint. If 

the intensity ratio has a large difference between two cases, it is possible to 

dist inguish F B and F A by comparing (Inon-mked/Iinked)FB with (Inon-inked/Iinked)FA, 

where I is the fluorescence intensity. The comparison can give quantitative 

differences between the two cases. Hopefully, criteria for FB and FA can be 

established through the intensity ratio. 

3.2 Spectrum differentiation method 

Fluorescence spectra have long been used for studying the properties and 

characterization of different materials. It is also possible to use the fluorescence 

18 



spectrum method to detect the difference between FB and FA by taking advantage of 

ink absorption properties. The idea is that the FB fluorescence must pass through 

the ink and will suffer absorption by the ink and thus differ from the FA fluorescence, 

as depicted in Fig. 3.1. This is only an over-simplified picture. Light scattering also 

plays a role in the change of spectra, as will be seen later. Again, fingerprints can be 

strong or weak, and the intensity difference alone cannot provide useful information 

so that the spectral shape instead of intensity should be used for comparison, i.e., we 

should compare the normalized spectra for both cases. 

excit 

•fluor 

(a) (b) 

Fig. 3.1 An illustration of the difference of fingerprint fluoresce between two cases, 
(a)FB,(b)FA. 
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CHAPTER IV 

SPECTROSCOPY BACKGROUND 

The present study is mainly concemed with luminescence detection of 

fingerprints. Measurement of emission spectra is one of the methods used to 

distinguish FB from FA. The absorption spectra of various inks provide a guide for 

the spectrum detection method, and also for proper chemicals to treat fingerprints. 

Excitation spectra can offer information for the choice of a suitable light source. 

This chapter will give a brief overview of luminescence and three different kinds of 

spectra. 

4.1 Luminescence 

Luminescence is the spontaneous emission of photons from electronically 

excited states of matter. When molecules are irradiated with Hght of the appropriate 

wavelength, they will undergo absorption from the ground state to the excited 

electronic states. If the molecules return to the ground state from the excited states, 

the emission of photons will occur. There are two different types of luminescence: 

fluorescence and phosphorescence. Fluorescence is emission with no net change in 

spin quantum numbers. Such transitions are quantum mechanically "allowed." 

Phosphorescence is emission accompanied by a change in spin quantum numbers. 

Such transitions occur between states of different multiplicity and are quantum 

20 



mechanically "forbidden." A distinct feature of two emissions is the lifetime 

(approximately the average period of time for the electrons to remain in the excited 

states). The fluorescence lifetimes are about 10'* sec and phosphorescence Ufetimes 

from milliseconds to seconds [36]. That is why the Ufetimes are sometimes used for 

the technical definition of the two emissions. The optical transition processes (light 

absorption or emission) are illustrated in Fig. 4.1., where So, Si, and S2 refer to the 

ground, first, and second excited singlet states, respectively, while Ti denotes the 

first excited triplet state. At each of the electronic energy levels, there are a number 

S2 ^ 

Si 

absorption 

So 

internal conversion 

_••... mtersystem crossmg 

fluorescence 

phosphorescence 

Ti 

Fig. 4.1 Schematic electronic-state diagram for a two-electron system 
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of vibrational energy levels. The spin-forbidden radiationless transition (i.e., 

singlet^triplet or triplet^singlet) is called intersystem crossing. The spin-allowed 

transition (singlet->singlet or triplet-^triplet) is referred to as intemal conversion and 

generally occurs m 10"̂ ^ sec. Since fluorescence lifetimes are typically near 10'* sec, 

intemal conversion is generally complete prior to emission. An interesting 

consequence of these considerations is that the absorption spectrum of the molecule 

reflects the vibrational levels of the electronically excited states, and the emission 

spectrum reflects the vibrational levels of the ground electronic state. Usually, the 

vibrational energy level structure of the ground state is similar to that of the first 

excited singlet state. The similarity results in that the fluorescence emission spectrum 

appears to be a mirror image of the absorption spectrum, as illustrated in Fig. 4.2. 

The difference between the absorption maximum and emission maximum is usually 

called the Stokes shift. 

4.2 Emission spectrum and excitation spectrum 

An emission spectrum is the wavelength distribution of the emission, 

measured with a single constant excitation wavelength while an excitation spectrum 

is die dependence of emission intensity at a single wavelength upon tiie excitation 

wavelength. The experimental setup (also called spectrofluorometer) to measure 

both spectra is mainly composed of excitation source, cut-off filter, monochromators, 

photomultiplier tube (PMT), high voltage power supply, photon counter, chart 
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Fig. 4.2 An illustration of mirror image between absorption and fluorescence 
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recorder or computer with data acquisition board, as shown in Fig. 4.3. When 

emission spectra are recorded, monochromator I is set at a certain wavelength 

(usually absorption maximum) and monochromator II is scanned. (If laser is used as 

the excitation source, the monochromator I can be taken out.) Conversely, when 

excitation spectra are recorded, monochromator n is set at certain wavelength 

(usually the fluorescence maximum) and monochromator I is scanned. 

light source monochromator I 

Focusing lens 
Cut-off filter 

monochromator II 

sample 

fluor. 

Computer Photon 
Counter 

HV power 
supply 

Fig. 4.3. Schematic diagram of die setup to measure fluorescence spectra 
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4.3 Absorption spectrum 

When a beam of hght is traveling through a certain medium, it may undergo 

absorption. According to Lambert's law, the relationship of light entering the 

medium with the light emerging from the medium after traveUng a distance d can be 

expressed in the following equation: 

I^IolO Kd (4.1) 

where lo is the light intensity before entering the medium, I the intensity emerging 

from the medium (see Fig. 4.4), K the extinction coefficient and d the distance. The 

equation (4.1) can change into the following form: 

logic ( y ) = /^rf. (4.2) 

logio(Io/I) is defined as optical density (OD) or absorbance. Optical density reflects 

the absorption property of the medium. Generally speaking, the extent of absorption 

will change with the wavelength. The absorption spectmm is the dependence of OD 

upon wavelength. 

lo 

Fig. 4.4 An illustration of light absorption 
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CHAPTER V 

EXPERIMENTAL MEASUREMENTS 

This chapter describes different measurements involved in this project. The 

absorption spectra of various inks are related to the interpretation of the final results. 

The excitation spectrum of fingerprints treated with Eu-DTPA/OP is to find out the 

best excitation source for the treatment. The basic features of the emission spectra 

of fingerprints treated witii both the 5-metiioxyninhydrin/ZnCl2 and Eu-DTPA/OP 

procediu"es are given. 

5.1 Absorption spectra of various inks 

The absorption spectra of inks mainly depend on the color of the inks. A 

specific color object will reflect that color and absorb the other colors. Among the 

other colors, the complementary color is absorbed the most. For example, red is 

complementary to green. When white light (all color) strikes a green object, the 

absorption of the red color is most significant. In the color rosette (originated by 

Newton), the colors opposite one another are complementary, as shown in 

Fig. 5.1 [37]. It is an easy way to refresh the memory on color basics and find out 

relationships among different colors. However, the color rosette is only a crude 

representation of color relationships. A more accurate method is to measure the 

absorption spectra of the inks. The absorption spectra of red, green, blue and yellow 
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Fig. 5.1 The color rosette 

inks for both color copying and offset printing are measured by using a double-beam 

spectrophotometer and are shown in Fig. 5.2 and Fig. 5.3. The absorption spectra 

for both printing metiiods are basically tiie same except that tiie blue ink in offset 

printing moves up comparing with tiie color copying. This is simply because the blue 

ink of the offset printing looks "darker" in our samples. The absorption spectra are 

roughly consistent with the interpretation of the color rosette. 

5.2 Excitation spectrum of fingerprint treated with Eu-DTPA/OP 

If a fingerprint is treated with Eu-DTPA/OP procedure, it can only give 

strong luminescence under deep UV excitation. This differs from the 
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Fig. 5.2 Absorption spectra of various inks (color copying) 
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Eu-DTPA/TTA or Eu-DTPA/OP/TTA procedure. When TTA is used, botii deep 

UV and near UV can be used as excitation source. The excitation spectrum of a 

fingerprint treated witii Eu-DTPA/OP is illustrated in Fig. 5.4. The maximum 

absorption range is from about 280 nm to 290 nm. Since the excitation source for 

the spectrum measurement was a Xenon arc lamp and the UV intensity of the lamp 

for the measurement range is not uniformly distributed (it starts from about 230 nm 

and then increases linearly to about 400 nm), the spectrum is distorted. However, 

since the purpose of the measurement is to find out the best excitation wavelength 

for the Eu-DTPA/OP procedure, the technical spectrum suffices. 

5.3 Emission spectrum of RP-Zn complex 

When fingerprints are treated with ninhydrin or a ninhydrin analog, a purple 

product called RP is formed. However, RP itself does not fluoresce. After ZnCl2 

treatment, the fingerprints glow strongly under blue-green laser excitation. The 

fluorescence maximum is around 560 nm (yellow), as shown in Fig. 5.5. In this 

measurement, an orange cut-off filter (the cut-off wavelength is about 540 nm) is 

used to cut the scattered laser light (514 nm). 

Because the spectrum is broad and featureless, and because the background 

(paper) fluorescence is in about the same range, a better choice for the spectrum 

differentiation metiiod is to use rare-eartii-based fingerprint chemical treatment. 

30 



35000 

30000 -

200 220 240 260 280 300 320 340 360 380 400 

Wavelength (nm) 

Fig. 5.4 Excitation spectrum of fingerprint treated with Eu-DTPA/OP 
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Fig. 5.5 Emission spectrum of fingerprint treated with 5-metiioxyninhydrin/ZnCl2 
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5.4 Emission spectrum of Eu complex 

The specta of the rare earths have been investigated for a long time. The 

richness of the possible excited states make these materials a rich source for different 

applications such as laser material, fluorescent screens, intense hght sources and so 

on. In this study, we tried to differentiate FB from FA by taking advantages of the 

properties of rare earth complexes. 

5.4.1 Spectral features of rare-earth complex 

Rare-earth complexes have some unique spectral features. They have sharp 

lines in emission spectra and have long lifetime. As early as 1907, it was realized tiiat 

in many cases these hnes can be as narrow as those commonly observed in the 

spectra of free atoms or free molecules [38]. The narrow optical lines suggest that 

the interaction of rare-earth ions with the environment is relatively weak. 

Energy level diagrams of the rare earths are reasonably well-established both 

theoretically [39] and experimentally [40], with the pioneering theoretically work 

being done by Racah (1942-1949) [41-44]. The general electronic configuration of 

the lanthanide rare earths is 4r5s^5p^, and almost all of the observed optical 

transitions occur within the manifold of the 4f electrons. The 4f electrons are 

shielded from the surroundings by the 5s and 5p shells which have larger radial 

extensions. The 4f-^4f transitions are actually parity forbidden but are nonetheless 
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generally observed because of ligand field perturbation, therefore, the excited 4f 

states tend to have long lifetimes, on the order of a millisecond. 

5.4.2 Intramolecular energv transfer in Eu(ni) chelate 

It is possible for excited atoms and molecules to transfer the excitation energy 

to other atoms or molecules [45,46]. As mentioned earlier, the fluorescence of Eu 

salts is weak, because the absorption of the Eu ion itself is very low. The 

fluorescence can be dramatically enhanced when the ion is bonded to appropriate 

organic ligands. In 1942, Weissman [11] pointed out that in the process UV energy 

(in a broad band) is absorbed by the organic ligand of the lanthanide complex which 

then can "hand over" the energy to the rare-earth ion. Thus, the complex emits the 

line spectrum of the rare-earth ion. The complete mechanism of energy transfer in 

rare-earth chelates was published by Crosby et al. [47,48] (see Fig 5.6). The 

absorption of ultraviolet energy excites the chelate to the excited singlet (SO state. 

The dissipation of the absorbed energy take place in mainly two ways. The excited 

singlet state may interact with the So ground state through radiative transition, 

Sj^So (prompt ligand fluorescence), giving rise to molecular fluorescence. On the 

other hand, the energy transition may take place via non-radiative intersystem 

crossing from tiie Si state to the triplet (TO state. From tiie triplet state the 

molecule can return to tiie ground state by means of a spin-forbidden transition 

(Xj_^So, molecular phosphorescence) or the excitation can be transferred to the 
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central lanthanide ion. The latter is a special feature of the lanthanide chelates, which 

has no parallel in either the fluorescence or the phosphorescence of organic 

molecules. Essentially, this process consists of a transfer of energy from the triplet 

state of the ligand to some appropriate 4f energy level of the lanthanide ion. When 

receiving energy from the triplet states, the ion comes to a resonance state and can 

undergo a radiative transition resulting in the characteristicline emission of the ion 

(ion fluorescence). However, not all excited energy levels of the lanthanide ions 

have this ability. Those that do, and are therefore responsible for the metal-ion 

fluorescence, are generally designated as "resonance levels." For many Eu 

complexes, the only transitions observed in the fluorescence spectra are from the two 

resonance levels Do and Di to the lower four levels F0...4 of the ground 

multiplet [49]. 

The luminescence spectrum of fingerprints treated with Eu-DTPA/OP is 

illustrated in Fig. 5.7. From Table 5.1 [50], the four peaks (580, 592, 614, and 

c 7 7 

619 nm) in the spectrum can be easily identified as tiie transitions of Do-> Fo, Fi, 

''F2 and ^Di^^F4. The intensity ratio between the peaks is very stable for tiie same 

Eu complex [49] so tiiat tiiese peaks can facilitate tiie discrimination between FB and 

FA cases, as long as the ink absorbance shows significant variations over the 

pertinent spectral range. 
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Table 5.1 Low-lying energy levels for europium(ni) (adapted from [50]) 

Eu(III) 
Level 
•'Fo 

'F, 

'F, 

'F3 

'F4 

'F5 

'Fa 

U 
=D, 

'Da 
'D3 

'D. 

Energy (em"̂ ) 
0 

360 

1020 

1887 

2865 
3909 

4980 

17277 

19028 

21519 
24408 

27670 

5.5 Data processing 

When fingerprint fluorescence spectra are measured, the fluorescence of the 

measurement is not only the fingerprint fluorescence, but the background 

fluorescence as well. It may be necessary, or at least desirable, to subtract out this 

background [6]. The procedure to do so will be illustrated in example form. 

Suppose a fingerprint on white paper is treated with Eu-DTPA/OP procedure. Both 

tiie fingerprint and tiie paper fluoresce, as well as the unwashed Eu-OP left on the 

paper. In order to obtain tiie "real" fingerprint fluorescence, we need to go through 
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several steps. In the first step, a region containing no fingerprint is illuminated and 

tiie background emission spectrum is measured. Then tiie fingerprint region is 

illuminated and the spectrum, which now is a superposition of tiie fingerprint and 

background emission, is obtained. In the region containing the fingerprint, some of 

the illuminating Ught which would otherwise reach the substrate to cause background 

emission may be absorbed and/or scattered by the fingerprint residue. Also, substrate 

emission may be lost by scattering from the fingerprint residue. The background 

luminescence content in the spectrum taken from the fingerprint region may therefore 

be lower than the spectral intensity obtained from the region without fingerprint, as 

show in Fig. 5.8. (It is more obvious in the range from 550 nm to 580 nm.) So, in 

the second step, the background fluorescence spectrum is corrected by normaUzing 

the (fingerprint+ background) and the background spectra at a certain point (e.g., 

555 nm) far from the fingerprint signal (in this example, the fingerprint signal occurs 

between about 580-620 nm), as shown in Fig. 5.9. This is done by inspection of the 

two spectra to make a best choice. In the third step, the background spectrum is 

subtracted from fingeprint+background spectrum to yield a "real" fingerprint 

spectrum, as shown in Fig 5.10. The last step (optional) is filtering. If the signal has 

too much noise, a smoothing filter can be used to filter out the noise, as shown in 

Fig. 5.11. In this example, the filtering step is unnecessary. However, for some 

weak fingerprints, especially in the deep color inks, the signal-to-noise level is not 

very high. The filtering step can make the data more reliable. 
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5.6 Intensitv scanning measurement 

To measure the intensity ratio in the intensity differentiation metiiod, we can 

eitiier use tiie setup in Fig. 4.2 by setting both monochromators at some specific 

wavelengths (absorption and emission maximum, respectively) or replace tiie sample 

with tiie scanning device shown in Fig. 5.12. The advantage of using the scanning 

device is that the intensity change from inked to non-inked areas along a ridge of the 

fingerprint can be measured [51] and thus give more accurate result. The scanning 

results are illustrated in Fig. 5.13. 

Laser Optical Fiber Optical Fiber Detection 
Device 

Fig. 5.12 Scanning device 
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CHAPTER VI 

RESULTS AND DISCUSSIONS 

Among the three different kinds of printing methods, color copying is under 

the most thorough study. All the methods described in Chapter II have been tested 

for color copying. The financial constraints precluded investigation of offset printing 

with the Eu-DTPA/OP procedure. For Inkjet printing, the ink is too sensitive to any 

kind of solution, such as water, methanol, acetone, etc. For example, the final step 

of Eu-DTPA/OP procedure is washing with tap water. The ink will bleed seriously 

and thus the sample will be damaged. However, if the sample is sprayed with 

chemicals/ methanol solvent (it is better to add freon to the solvent), the bleeding 

problem can be avoided. 

6.1 Color copving 

Ahnost all tiie methods described in Chapter n do not show obvious 

differences between FB and FA except for the Eu-DTPA/OP procedure so tiiat tiie 

intensity differentiation metiiod is not applied to most chemical approaches. 

However, tiie spectrum differentiation method can show small differences between 

tiie two cases with tiie 5-metiioxyninhydrin/ZnCl2 treatment. For the Eu-DTPA/OP 

procedure, botii intensity and spectrum differentiation methods can be used to show 

the difference between the two cases. 
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6.1.1 5-metiioxyninhydrin/ZnCl2 approach 

Both fingerprint and fingerprint simulation samples have been measured 

under excitation by the 514 nm line from an Ar laser. For tiie simulation samples, 

glycine and RP samples tiie results are ahnost the same as expected so that only the 

results of glycine sample are given. Fig. 6.1-Fig. 6.4 show the spectra of fingerprint 

and glycine samples for both FB and FA on green and blue inks. We attribute the 

differences in FA and FB fingerprint spectra to fluorescence absorption by the 

printing ink. The FA-FB spectral difference is roughly in keeping with the ink 

absorption. The glycine samples show more difference than the fingerprint samples. 

The reason is probably that when measuring the fingerprint fluorescence, only the 

ridges have fluorescence but when measuring the glycine spot, the whole spot area 

has fluorescence. For the yellow ink, no difference has been detected. This is 

understood by looking at the absorption spectmm of the yellow ink. The absorbance 

of the yellow ink is almost a constant (close to zero) from about 530 nm to 700 nm. 

The results with red ink are very interesting. The fingerprint fluorescence 

cannot be seen because it is overwhehned by the red ink fluorescence. Surprisingly, 

however, the fingerprint can be seen from the backside of the paper. This does not 

happen witii other ink colors. For the simulation samples (botii glycine and RP), the 

FA fluorescence spots can be seen clearly while the FB spots cannot been seen, or 

more strictiy speaking, the intensity of the FB spots is about the same as that of the 

paper background. For the fingerprint samples, the intensity of FA sample tends to 
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be stronger tiian that of FB sample. Furthermore, tiie intensity of tiie FA sample in 

the (red) inked area on the backside of the paper is stronger (about two-fold) than 

that of the same sample in non-inked area on tiie front side of tiie paper, and, also tiie 

fluorescence maximum shifts from about 560 nm to 580 nm (see Fig 6.5). It is very 

clear that there is a red shifting as well as absorption. These facts indicate that a 

chemical reaction, which enhances the fluorescence of fingerprints, occurs between 

the treated fingerprint (or glycine, RP spots) and the red ink. Now, two questions 

arise about the facts, namely: 

1. Why do the FB and FA have completely different results for simulation samples 

(both glycine and RP) that never occurs to other inks? 

2. Why do the simulation samples not agree with fingerprint sample? 

In order to answer the questions, the processes of making samples need to be 

considered. When the FB glycine or RP spots (solvent is methanol) are placed on 

the paper, the spots soak into the paper almost completely, only tittle glycine or RP is 

left on the surface of the paper. However, for the FA case, the glycine or RP are on 

top of the ink or soak into the ink so that the extent of chemical reaction is stronger 

than that of FB cases. When a fingerprint is placed on the paper, because of the lipid 

content, it may not soak into the paper as much as the glycine or RP spots so that 

there is more fingerprint residue left on the surface of the paper than glycine or RP 

spots and thus the results could be different. 
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Typical spectra for both FB and FA in the red inked area have been measured 

on the backside of the paper. The results are given in Fig. 6.6. Note that the FB and 

FA positions are switched because the measurements are from the backside of the 

ink. The results show that both shifting in FA case is more serious than FB case. 

Absorption effect is also observable. 

6.1.2 Eu-DTPA/OP approach 

Botii differentiation methods described in Chapter III have been tested for 

this chemical treatment. The results are given below. 

6.1.2.1 Intensity differentiation metiiod 

After the Eu-DTPA/OP treatment, the fingerprints show substantial 

difference between FB and FA for red, green, blue and black inks, as shown in 

Fig 6.7-Fig. 6.10. For tiie picture of black ink (Fig. 6.10), tiie proper development in 

the inked area requires long exposure, such tiiat the non-inked area is so grossly 

overexposed that no fingerprint detail is seen. The intensity ratios for different inks 

is measured at 614 nm and given in Table 6.1. 

The differences are attributed to three possible reasons: 

1. Ink absorption. 

2. The excitation intensity for FB is weaker than for FA. 
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Excitation light can reach FA fingerprint directly but has to undergo 

absorption before reaching FB fingerprint. The absorption spectra of various inks 

are given in Fig. 6. 11. It is easy to see that absorption favors red and green inks. 

Table 6.1 The intensity ratio comparison for various inks 

ink color 
red 

green 

blue 

black 

^non-inked/J^inked/FB 

11±1 

23 ±2 

21 ±3 

280 ±44 

\-^non-inked/-^inkedJFA 

2.3 ±0.1 

8±1 

9 ± 1 

113 ±20 

3. The FB fingerprints are not fully developed. 

Water is intentionally used as main solvent for Eu-DTPA and OP in order to 

solve the permeability problem of the inks. It takes some time (on the order of 

minutes) for the water to carry chemicals to the FB fingerprints. The process and 

chemical reaction take less than two minutes. This has no parallel in amino acid-

sensitive methods. The 5-methoxyninhydrin/ZnCl2 procedure needs about one day at 

room temperature. The DFO procedure needs about 20 minutes at high temperature. 

The exact time for the water to penetrate the inks is difficult to measure. However, 

we can get the related information through other measurements. 
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Fig. 6.11 Absorption spectra of various inks (color copying) in UV range 
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At the instant when a drop of water is placed on paper, it is like a small ball. 

The water start to wet the undemeath area. When the underneath area is almost 

completely wet, the water begins to spread. The time for a drop of water to start 

spreading and the time for the water to soak into the inks completely have been 

measured, as shown in Table 6.2, where Ti is time to start spreading and T2 to soak 

into the ink completely. Methanol starts to spread ahnost at the instant when it is 

placed on paper. It soaks into different inks within one minute. It is important to 

realize that the time given in Table 6.2 is for reference purpose only. It does not 

necessarily mean that before Ti, no chemicals can reach FB fingerprints. However, 

with water as main solvent, fingerprint bleeding occurs and thus the details of the 

fingerprint are lost. Also, OP is only partially soluble in water. A littie methanol has 

to be used in the OP solution. 

Table 6.2 The time for water to soak into various inks 

ink color 

red 
green 

blue 

yellow 

Hght blue 

black 

non-inked 

Ti(min.) 

4 

4.5 

3 

1 

1 

10 

1 

T2(min.) 

30 

29 

20 

17 

16 

over 40 

8 
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The methods fails to show differences between the two cases for yellow and 

light blue inks since all three points described above do not favor tiiese two colors. 

6.2.1.2 Spectrum differentiation method 

The fingerprint emission spectra for red, green, and blue inks have been 

measured. The spectra are all normalized at 592 nm. Unfortunately, the peak at 

580 nm is weak (closed to the noise level), but otherwise a better choice. The peak 

at 614 nm serves the discrimination between FB and FA. In other words, the ratio 

(I614/I592) can be used as the differentiation tool for FB and FA. For convenience of 

discussion, R will be used below to stand for (I6i4/l592)- There is no obvious 

difference between the two cases for blue ink after normalization because the 

absorbance is almost a constant from 592 nm to 614 nm. For the green and red ink, 

small differences have been detected, as shown in Fig. 6.12 and Fig. 6.13. Since light 

scattering also plays a role in the change of R, which can be illustrated by comparing 

the emission spectrum of FA fingerprint on green ink and that of fingerprint on white 

paper (see Fig. 6.14), the emission spectra of Fig. 6.12 and Fig. 6.13 are measured 

with similar intensities of fingerprints on the inked areas for FB and FA. By 

comparing the emission spectra with the absorption spectra, we can see that the 

result of green ink agrees with our interpretation while the result of red ink does not. 

The reason is not quite clear yet. This is discussed below. 
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Fig. 6.12 Emisssion spectra of FB and FA fingerprints treated with 
Eu-DTPA/OP (green ink, color copying) 
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Fig. 6.13 Emission spectra of FB and FA fingerprints treated with 
Eu-DTPA/OP (red ink, color copying) 
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Fig. 6.14 Emission spectra of strong FA fingerprint on green (color copying) 
and non-inked areas treated with Eu-DTPA/OP 
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The Zn complex shows a red-shift effect on the red ink, as mentioned in 

6.1.1. If a similar situation occurs for the Eu complex, it will result in the 

enhancement of the red (614 nm) component more tiian that the orange (592 nm) 

component. For fingerprints on white paper, R is 2.90 (± 0.01). For FA fingerprints 

on red ink, the R increases with the intensity of the fingerprint, from 3.6 (the 

fingerprint can barely be seen) to 5.0 (the strongest fingerprint that has ever been 

measured), as illustrated in Fig. 6.15. Since the difference is so big between FA on 

red ink and fingerprint on white paper that it may not be completely due to light 

scattering. In the Zn complex case, the extent of chemical reaction of FA case is 

larger than that of FB case. The shifting effect is stronger than absorption effect. 

Furthermore, for fingerprints with similar strengths, the intensity of FA fingerprint on 

the red ink is much stronger than that of FA fingerprints on green or blue ink. This 

can be understood by looking at the data in Table 6.1. The ratio (Inon-inked/Iinked)FA 

of red ink (2.3) is much smaller than that of green ink (8) and blue ink (9) that 

indicates the intensity of green (or blue) ink drops much more when crossing from 

non-inked to inked area than that of red ink. Remember that the red ink has almost 

no absorption at 614 nm comparing with the green or blue inks, but the difference 

between FB and FA is most significant. 

From the facts described above, it is reasonable to beheve that a chemical 

reaction, which enhances the intensity of fingerprint on the red ink occurs between 
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Fi6.15 Emission spectra of a strong FA fingerprint on red (color copying) 
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the Eu complex and the red ink, resulting in the disagreement with the absorption 

interpretation. 

6.1.3 Discussion 

A number of different methods have been tested for color copying printing 

(see Appendix A), Only the Eu-DTPA/OP procedure yields a substantial difference 

between FB and FA. The procedure has several advantages over the other methods 

in this work as summarized below: 

1. It is Upid-sensitive. 

This may be crucial for large difference between FB and FA. Since the amino 

acids are water soluble, the water in the fingerprint can carry the amino acids passing 

through the ink. Erasing fingerprints has been attempted (by pencil eraser or knife 

blade) before fingerprint treatment with the idea that FA fingerprints would be 

obUterated but not FB fingerprints (in the inked area). However, after the DFO 

treatment, the fingerprints can still be seen. The results indicate that the ink does not 

stop the amino acids from passing through the ink. It is believed that inks are less 

permeable to lipids than other components in fingerprint residue so that the 

permeability problem is partially solved because of this lipid-sensitive procedure. 

2. It has short processing time. 

It takes about one or two minutes to complete the fingerprint development so 

that less chemicals reach the FB fingerprint. 
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3. The luminescence maximum is far from that of the background and excitation. 

The paper (or ink on the paper) usually give yellow fluorescence (around 

560 nm) which is far from the absorption maximum (around 285 nm). The Stokes 

shift is about 330 nm which can reduce some practical drawbacks. 

4. The emission spectrum of formed complex contains some sharp lines. 

The feature is generally not important in ordinary fingerprint work. 

However, the feature is helpful for the spectral differentiation method. The spectral 

difference between FB and FA is easier to interpret. It also helps to understand the 

properties of various inks. 

5. The formed complex has long hfe time. 

The feature makes die suppression of background via time-resolved imaging 

techniques possible [51]. 

Because of the light scattering of tiie inks that results in similar change of the 

spectral ratio (I614/I592), and because die FB fingerprint is usually very weak and 

dius its spectrum is difficult to measure, the intensity differentiation metiiod may 

become more practical than the spectral differentiation metiiod for the Eu-DTPA/OP 

procedure. 

6.2 Inkjet printing 

Since die inks of Inkjet printing are too sensitive to any kind of solution, any 

metiiod that needs to wet tiie sample seriously cannot be appUed to tiiis printing type. 
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Fortunately, there must be a chemical reaction between the FB fingerprint and the 

inks, because the outline (or sometimes die details) of FB fingerprints in the ink areas 

can be seen without any chemical treatment that does not happen to the FA 

fingerprints. The reason is probably the higher temperature when the inks contact 

the FB fingerprints. 

For the green ink, after 5-methoxyninhydrin/ZnCl2 treatment, the FB finger

prints tend to be stronger (see Fig. 6.16) under green laser light (514 nm) excitation. 

When using blue laser light (476 nm) as the excitation source, FA fingerprint lost all 

the details or cannot be seen (depending on the strength of the fingerprints). 

However, the details or the outiine of the FB fingerprints can still be seen. 

Fig. 6.16 The photographs of FB (left) and FA (right) treated witii 
5-methoxyninhydrin/ZnCl2 (green ink Inkjet printing) 

Spectral differentiation metiiod dose not apply to tiiis printing type because 

the ink fluorescence is very strong. The intensity of ink fluorescence is on the same 

order as that of the fingerprints but in a different range (die ink fluorescence 
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maximum is about 650 nm). Many samples have been measured and no consistent 

differences have be observed because it is difficult to get the "real" fingerprint 

emission spectrum. 

6.3 Offset printing 

Financial constraints precluded the exploration of the Eu-DTPA/OP 

procedure in this printing type. The offset printing has features similar to Inkjet 

printing in that the FB fingerprint can sometimes be seen without chemical treatment 

but this is not observed as frequently as in the Inkjet printing. The emission spectra 

of fingerprint and glycine on the green ink with 5-methoxyninhydrin/ZnCl2 treatment 

have been measured and are illustrated in Fig. 6.17 and Fig. 6.18. The emission 

spectrum of TTA sample treated with EuCls/OP procedure have also been measured, 

and are shown in Fig. 6.19. For comparison purposes, the emission spectrum of the 

TTA samples with color copying is also given in Fig. 6.20. From the spectroscopy 

perspective, the results of the offset printing are in agreement witii tiiose of color 

copying. 
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Fig. 6.17 Emission spectra of FB and FA fingerprints treated with 
5-methoxyninhydrin/ZnQ2 (green ink, offset printing) 
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Fig. 6.18 Emission spectra of FB and FA glycine spots treated with 
5-metiioxyninhydrin/Zna2 (green ink, offset printing) 
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Fig. 6.20 Emission spectra of FB and FA TTA spots treated with 
EUCI3/OP (green ink, color copying) 
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CHAPTER VII 

CONCLUSION 

A new fingerprint development approach, namely the Eu-DTPA/OP 

procedure, has partially overcome tiie permeability problem of the inks and shows 

substantial difference between FB and FA fingerprints for red, green, blue and black 

colors (color copying). Because the two peaks (592 and 614 nm) used as the 

discrimination tool are close, the spectral differentiation method is not quite effective 

for the time being. However, things may change after combining the terbium with 

the europium chemical treatment. Terbium has sharp luminescence at about 490 and 

540 nm. The absorption spectra have substantial change from 490 to 614 nm for red, 

green and blue inks that will make the spectral differentiation method much more 

effective and reliable. Other lanthanides beside europium and terbium may be worth 

investigating too. 

For the Inkjet printing, unfortunately, the Eu-DTPA/OP procedure cannot be 

tested mainly because of the final washing step in the procedure. Only relatively 

"dry" chemical treatment can be applied to the inks of inkjet printing so that the 

5-methoxyninhydrin/ZnCl2 treatment is still the best choice. Since the inks react 

differentiy witii FB and FA fingerprints, the problem is partially solved without too 

much effort. 
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The Eu-DTPA/OP procedure has not been tested for offset printing 

because of the financial constrains. The glycine and fingerprint samples treated with 

5-methoxyninhydrin/ZnCl2 and TTA sample treated with EuCyOP show that the 

results are similar to those of color copying. 

7.1 Recommendations for future research 

The recommendations for the future work are summarized below: 

1. Find a method for mixing europium and terbium in the first step of chemical 

treatment (Eu-DTPA/OP) to make the spectral differentiation method more 

flexible and reliable. 

2. Optimize the Eu-DTPA/OP procedure. 

3. Apply the Eu-DTPA/OP procedure to offset printing. 

4. Develop a relatively "dry" Eu-base method to use for inkjet printing. 
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APPENDIX A 

THE RESULTS FROM THE FIRST STAGE OF SURVEY 

Table A.l The methods and results from the first stage of survey 

1 

2 

3 

4 

5 

6 

Materials and Methods 
5-methoxyninhydrin + ZnCl2 

The sample is dipped into (or 
sprayed by) 5-methoxyninhydrin 
first, and after the prints tum 
purple, dipped into (or sprayed 
by) ZnCl2. 

5-methoxyninhydrin + EuCls (or 
EU(N03)3) 

Same as above. 
Physical Developer 

Standard method. 

Colloidal gold 

Standard method. 
Colloidal gold + membranes 

Standard method. 

DFO 

The sample is dipped into the 
DFO solution. 

Results 
When used on the glycine spots it 
produces strong fluorescence for both 
FB and FA; when used on fingeiprints 
the fluorescence is not strong enough in 
the deep green (or black) inked area for 
both FB and FA samples. For the blue 
ink samples, the fingerprints can be 
seen clearly in both cases. 
Basically the same as above, but the 
fluorescence is weaker. The sample is 
excited by UV lamp. 

Since the color of the product of the PD 
+ fingerprints is gray, the fingerprints 
cannot be seen clearly in the green (or 
black) inked area. For the blue ink or 
yellow ink, the fingerprints can be seen 
in both cases. 
Similar to above. 

Among all the investigated membranes 
only the Immobilon-P and the 
Immobilon-NC transfer membranes 
work for some kinds of paper. For the 
bond paper the transferred fingerprints 
can barely be seen. For the copy paper 
the result is worse. 
Can produce strong fluorescence for 
both FB and FA fingerprints on the 
inked area. 
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Table A.l continued. 

7 

8 

9 

10 

11 

12 

13 

Materials and Methods 
DFO 

Before dipping into the DFO, the 
fingerprints on the inked area for both 
FB and FA are erased with a pencil 
eraser first or scratched with a knife. 
DMAC 

The filter paper is dipped into the 
DMAC solution. After drying, filter 
paper is put on the sample and steam 
ironed. 
DFO 

As 8, but the iron is filled with acetic 
acid instead of water. 
DMAC 

Fuming. 
2',7'-dichlorofluorescein [53] 

The fingerprint on the inked area is 
erased first and then the sample is 
dipped into the solution. 
5-methoxy-ninhydrin + ZnCl2 

Comparing the fluorescence intensity 
of the fingerprints between white area 
and inked area by scanning across 
both areas in both cases. 
9-methylanthracene + 
coumarin 535 [54] 

Fuming. 

Results 
Same as 6. The results indicate that 
the ink does not stop the amino acid 
of the fingerprint residue from passing 
into paper. 

The fluorescence is not strong enough 
to be seen in the green (or black) 
inked area in both cases. 

Similar to 8. 

The fingerprints look essentially the 
same in both FB and FA on blue 
inked areas. 
The fluorescence is not strong enough 
in the green (or black) inked area in 
both cases. 

Does not give useful information. 

The result is similar to 10 but the 
fluorescence is weaker mainly because 
the excitation source is a UV lamp. 
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Table A.l continued. 

14 

15 

Materials and Methods 
Semi-dry electrophoresis device + 
membrane 

Standard method 

5-methoxy-ninhydrin + ZnCb 

Emission spectrum in printing inked 
area 

Results 
This method aims at transferring the 
polar components of fingerprint 
residue from the paper to the 
membrane but nothing is seen on the 
membrane except the ink. 
After normalization, there is a small 
difference between tiie FB and FA 
cases. See text. 
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APPENDIX B 

THE RECIPES OF EU-DTPA/OP TREATMENT 

1. Formulation of reagent solutions: 

Solution A: 75 mg EuCls, 10 ml acetone, 100 ml water, and excess DTPA. 

Solution B: 100 mg ortho-phenanthroline, 10 ml methanol, 100 ml water. 

2. Procedure: 

(a) Spray solution A on fingerprint sample. 

(b) Spray solution B on fingerprint sample. 

(c) Wash the fingerprint sample under tap water. 

(d) Examine (or take picture of) the sample under deep UV (better around 285 nm) 

excitation. To get the best result, a red cut-off (cut the light with wavelength 

below 600 nm) filter should be used. 
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