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Latent fingerprints are used to identify specific individuals during a forensic 
investigation. Fingerprints provide a clear and concise means of identifying an 
individual and their history. Traditional techniques for fingerprint analysis include 
metal powder and magnetic powder dusting; fluorescent dye staining; iodine fuming; 
vacuum metal deposition and many more. There are several issues with the 
conventional technologies now in use, including their sensitivity, contrast, background 
interference, toxicity and complexity. In this study, the cyanoacrylate fuming 
technique was combined with enhancing agents such as metallic and rare earth 
minerals to increase the visibility of latent fingerprints in a quick and easy approach. 
The vapours of ethyl 2-cyanoacrylate react with the fingerprint's natural compounds, 
increasing the contrast of the impression. Therefore, fingerprints are visible to the 
human eye after being treated with cyanoacrylate. Rare earth europium oxide was also 
used to improve the fingerprints. The fingerprints were sprayed with a mixture of 
europium oxide. Images of the fingerprint samples were taken and they were 
evaluated. Cyanoacrylate treatment and europium oxide deposition both enhanced 
the visibility of fingerprints. In contrast to the cyanoacrylate-treated sample, the 
europium oxide-deposited specimen stood out more clearly. Hence, rare earth 
elements improved the visibility of hidden fingerprints. 
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1. Introduction 
 

Crime scene investigations often include fingerprinting as a necessary step. The investigations 
embrace a series of patterns of fingerprint ridges which include pores, scars, deformations and line 
shapes [1]. Epidermal ridges are a result of foetal development between the 9th and 24th weeks [2]. 
These bumps are unique to each person and do not alter over the course of a lifetime. Fingerprints 
on the palms and soles of one's feet are unique to each individual, even identical twins [1,3,4]. There 
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are three different kinds of fingerprint evidence: those that can be seen, those that can be indented, 
and those that are latent. While latent fingerprints cannot be seen by the naked eye, visible and 
indented prints may be observed without any development [5]. Visual impressions are often referred 
to as patent prints. These prints don't need to be developed in order to be seen by the naked eye. 
Typically, these imprints will be visible in a material such as ink, oil, clay, dirt or blood. Finger ridge 
patterns are formed when these media come into touch with the finger. There is no need for any 
kind of optical aid to perceive these patterns [6]. Latent fingerprints are heavily influenced by sweat. 
When tiny sweat pores under the skin begin to perspire, a latent fingerprint is generated. Latent 
fingerprints are standard evidence in any criminal inquiry. Nonetheless, due to the complexity of its 
components, these prints provide the most development challenges [4]. 

Fingerprints may be made more legible using processes such as powder dusting, digital 
photography, fluorescent dye staining, vacuum metal deposition or cyanoacrylate/iodine fuming 
[7,8]. Accordingly, proper development methods are needed to make the hidden fingerprints visible 
[9]. Fluorescent granules are often used for detection [10]. Normal powders, fluorescent powders, 
metallic powders and magnetic powders are all used in powder dusting [11,12]. Other methods might 
use either vapor-phase or non-vapor-phase processes [9,13-15]. 

There are several problems with conventional approaches like low sensitivity, size inconsistency 
and strong interference from the backdrop indicating an intricate colour or pattern [7,13,16,17]. 
Moreover, brushing the powder will ruin the fingerprint details, therefore the process is complicated. 
Also, examiners' health is put at risk. There is little contrast and there is a lot of autofluorescence 
interference. There are many disadvantages to using inorganic fluorescent reagents and dyes, 
including their high cost, hazards, and environmental impacts. Today, fluorescent nanoparticles with 
high fluorescence intensity, remarkable photochemical stability and good physical and chemical 
properties are being developed for latent fingerprint (LFP) visualization. Many optical devices and 
biological applications use rare earth metal lanthanide derivatives with strong luminescence and 
electron transitions. In liquids and solids, rare earth metals typically exhibit low luminescence 
because they absorb less light. Hence, to improve the readability of latent fingerprints 
straightforwardly, this research coupled the cyanoacrylate fuming method with europium oxide. 
 
2. Methodology 
2.1 Fuming and Humidity Control in Cyanoacrylate Method 
 

Cyanoacrylate fumes can be deposited over the latent fingerprint in the presence of controlled 
humidity to form clear and stable prints. In this method, the fumes and the humidity can be 
controlled by various setups. Here the fumes were controlled by three different methods and 
fingerprint patterns were monitored. In the first setup, the fumes were developed under direct heat 
without humidity, whereas the second method followed with the formation of fumes under wet 
cotton to enhance the humidity and finally, the third method produced the fumes by placing water 
in a beaker inside the chamber to create the controlled humidity. 
 
2.2 Cyanoacrylate Fuming Method using Ethyl 2-Cyanoacrylate 
 

Acetone was used to clean the grime off micro glass slides. Patterns of fingerprints (the donor 
was the first author) were captured on tiny glass slides. The ethyl 2-cyanoacrylate glue was stored in 
a container made from tightly folded and packed aluminium foil [18]. Ten drops of 2-cyanoethyl 
acrylate were added to the container and it was set on a hot plate [19]. The glue bottle was put on a 
hot plate and a beaker of water, 100 ml in capacity was placed nearby. Over time, fingerprints lose 
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their moisture content, making it more difficult to create a clear pattern. Higher relative humidity in 
the chamber was achieved by increasing the proximity of the water reservoir, thus increasing the 
pattern's moisture content [7]. The chamber was used to house the sample (Figure 1). On the other 
side of the hot plate, the sample was placed. The sample is arranged in a way that maximizes its 
exposure to the chamber's gases. The sample was left in the sealed chamber for 30 minutes of 
exposure to the vapours. The samples were then taken for analysis. 
 

 
Fig. 1. Fume Chamber with Fingerprint Sample 

 
2.3 Characterization of Europium (III) Oxide 
2.3.1 Morphology and crystallinity 
 

X-ray crystallography and scanning electron microscopy were used to examine the europium (III) 
oxide morphology. The crystalline structure of the material is reflected in this study. Fluorescence 
spectroscopy was used to study the metal's fluorescence [20-22]. 
 
2.3.2 Thermal analysis 
 

The thermal stability of the europium (III) oxide was analyzed at different temperatures and its 
corresponding UV absorbance value and photoluminescence intensity were measured. Further to 
know the thermal stabilization of the deposition material europium (III) oxide, thermo gravimetric 
analysis and differential thermal analysis (TGA and DTA) were performed Phase transition and weight 
loss percentage were studied at a particular temperature range of 100 – 500°C [23]. 
 
2.4 Europium (III) Oxide Deposition 
 

Europium (III) Oxide solution was prepared by dissolving 0.03 grams of europium (III) oxide in 1 
millilitre of concentrated nitric acid. The fingerprint template was gathered and placed inside the 
chamber. The fume cupboard includes a hotplate, a storage space for ethyl-2 cyanoacrylate and a 
water supply. 30 minutes of ethyl 2-cyanoacrylate treatment is performed on the sample. Once the 
fingerprint pattern had been removed from the chamber, the europium solution was sprayed on it 
and left to cure at ambient temperature for 30 minutes [24-26]. 
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2.5 Minutiae Characterization 
 

The subtle spots in an individual's latent fingerprint patterns are the minutiae. In forensic 
contexts, these aspects are utilized to describe and display fingerprints. NIST's Fingerprint Minutiae 
Viewer (FpMV) was used to examine the fingerprints that were created in this investigation. This 
allows one to make out the ridge patterns and other features [27]. 
 
3. Results 
3.1 Characterization of Europium (III) Oxide 
3.1.1 Morphology and crystallinity 
 

X-ray diffraction examinations were used to analyze europium (III) oxide and the resulting peaks 
were compared to those formed by the JCPDS, which had the same 2 Theta values [28]. The SEM 
study, which was used to characterize the morphology, reveals the distinctly spherical shape of the 
europium metal oxide [29]. In addition, the red emission of europium oxide is shown by the creation 
of emission peaks at 371 nm, 592 nm, 612 nm, and 624 nm in fluorescence spectroscopic 
measurements. Figure 2 showed the morphological and fluorescence spectra of europium (III) oxide. 
 

  
(a) (b) 

 
(c) 

Fig. 2. (a) XRD pattern of europium (III) oxide with reference JCPDS peak, (b) SEM micrograph of 
europium (III) oxide, (c) Fluorescence spectrum of europium (III) oxide 
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3.1.2 Thermal analysis 
 

The europium (III) oxide was a thermally stable compound whose thermal stability was analyzed 
at different temperatures. The thermal stability was recognized by its photoluminescence intensity, 
UV absorbance and quantum yield. Due to changes in temperature, there was no deterioration of 
photoluminescence in the compound. Furthermore, the change in temperature increases the 
quantum yield and photoluminescence characteristics of the europium (III) oxide (Figure 3). From 
Figure 4, it was clear that the photoluminescence is high with an intensity of 294 (a.u.) at the 
temperature of 100 ℃. Then there was reduced photoluminescence at – 4 ℃ with an intensity of 167 
(a.u.). Table 1 visualizes the photoluminescence effect of europium (III) oxide at different 
temperatures. From the thermal analysis, the DTA curve showed the endothermic and exothermic 
phenomena in the temperature range of 100 – 500  C̊. There was an exothermic reaction at the 
temperature, 146 ℃, 164 ℃, 348 ℃, 371 ℃ and 404 ℃ [30]. Whereas the endothermic reactions 
occur at the temperature, 241℃, 276℃ and 312℃. Correspondingly, the TGA curve represents three 
weight loss percentages at the temperature, 146 ℃, 216 ℃, 332 ℃ and 480 ℃. The weight loss is 
mainly due to the water evaporation, dehydration and phase transitions and energy transitions of 
the material. This was taken as a first derivative curve and phase transitions at each temperature 
were studied. The first small peak at the temperature range of 66℃ - 200℃ was due to dehydration 
and the formation of europium oxide without any water molecules. The second largest peak 
corresponding to the weight loss between 277 ℃ and 332 ℃ is due to the phase transformation of 
EuO to Eu2O3. Whereas the final peak at 381℃ and 458 ℃ which is nearly equal to the last weight 
loss region of 332℃ and 480℃ is due to the phase transformation of Eu2O3 to Eu3O4. 
 

  
(a) (b) 
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(c) 

Fig. 3. TGA and DTA curves of europium (III) oxide at the temperature range of 0 – 500 ℃. (a) 
Exothermic and endothermic reactions of europium (III) oxide in DTA curve, (b) Weight loss percentage 
of europium (III) oxide by TGA graph, (c) Phase transformation for the corresponding weight loss at 
different temperatures in TGA curve 

 

 
(a) 
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(b) 

Fig. 4. Temperature stability study of europium (III) oxide a) 
Photoluminescence intensity at different temperature storage of 
europium (III) oxide, b) UV absorbance of stored europium (III) 
oxide at varying temperatures 

 
Table 1 
Photoluminescence effect and quantum yield of the europium (III) oxide at different temperatures 
S.No. Compound Temperature (C) UV Absorbance 

(a.u.) 
PL Intensity 
(a.u.) 

Quantum Yield (%) 

1. Europium (III) 
oxide 

-4  0.338 167 57 
2. 30 0.604 245 48 
3. 60 0.362 225 76 
4. 85 0.307 215 81 
5. 100 0.604 294 49 

 
3.2 Enhancing Fingerprint Pattern by Controlled Humidity 
 

Fingerprints were developed by different fuming techniques at controlled humidity. The humidity 
plays a vital role in forming clear and stable patterns of the latent fingerprints through the 
cyanoacrylate fuming method. So, three humidity conditions were maintained in the fuming chamber 
and the fingerprints were developed. Among them, the chamber formed fumes with direct heat 
without humidity has developed a poor fingerprint pattern, whereas the chamber with a wet cotton 
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plug maintaining moderate humidity without heat triggers very fast fumes for only a few seconds 
and the fumes were deposited here and there on the fingerprint patterns as the fumes were not 
controlled. Finally, in the third chamber, the humidity was controlled and maintained throughout the 
reaction. Fumes were formed in a controlled manner and deposited at a precise position of the 
fingerprints. Thus, in this study, humidity control is highly necessary to form a clear and stable 
fingerprint pattern. Figure 5 shows the fingerprint patterns developed at three different humidity 
[31]. 
 

   
(a) (b) (c) 

Fig. 5. Enhanced fingerprint pattern at three different humidity (a) Without humidity, fumes 
produced at direct heat, (b) Without heat, fumes produced from the wet cotton plug, (c) With 
humidity, fumes produced in the presence of water 

 
3.3 Improving Fingerprint Patterns with Ethyl 2-Cyanoacrylate: 
 

Fingerprints were treated with ethyl 2-cyanoacrylate for 30 minutes and photographed. 
Fingerprint samples were studied both before and after being exposed to cyanoacrylate fumes. A 
maximum of 60 minutes was allotted for fingerprint development. Latent fingerprints before 
cyanoacrylate treatment and after treatment with cyanoacrylate fumes for 30 minutes and 60 
minutes are represented in Figure 6(a), Figure 6(b) and Figure 6(c) respectively. Cyanoacrylate-
treated fingerprints showed better visibility when compared to untreated fingerprints. However, not 
much difference was observed between the 30 minutes and 60 minutes of treated fingerprints. 
Hence, 30 minutes of exposure to cyanoacrylate fumes was preferred for further analysis. 
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(a) (b) (c) 

Fig. 6. Latent fingerprints (a) before and after cyanoacrylate exposure for (b) 30 minutes and 
(b) 60 minutes 

 
3.4 Europium (III) Oxide Deposition 
 

After treatment with cyanoacrylate fumes, the latent fingerprints were further enhanced using 
europium (III) oxide deposition. Europium (III) oxide is observed to exhibit strong luminescence and 
electron transitions when exposed to UV light of 395 nm. Fingerprints after cyanoacrylate vapor 
treatment with and without europium (III) oxide deposition were analyzed. Figure 7 displays the 
comparison of Latent Fingerprints (a) Before and (b) After Ethyl 2-Cyanoacrylate Exposure and (c) 
After Europium (III) Oxide Enhancement. 
 

   
(a) (b) (c) 

Fig. 7. Comparison of Enhanced Latent Fingerprint (a) Before and (b) After Ethyl 2-
Cyanoacrylate Exposure and (c) After Europium (III) Oxide Enhancement 
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Compared to fingerprints treated with ethyl 2-cyanoacrylate, fingerprints exposed to europium 
(III)oxide were more distinct and legible. 
 
3.5 Minutiae Results of the Treated Sample 
 

The finest fingerprints were examined with the help of the fingerprint Minutiae Viewer. Grayscale 
analysis of europium (III) oxide and cyanoacrylate-enhanced fingerprints allows for the identification 
of minutiae details. Analysis of the fingerprint treated with ethyl 2-cyanoacrylate revealed 66 discrete 
features (Figure 8). Figure 9 shows that fingerprints treated with europium (III) oxide showed 104 
minutiae points. Europium (III) enhanced and processed fingerprints were used extensively in these 
investigations. This is because the grayscale of the europium (III) oxide-enhanced image is greater 
and the background noise is smaller than the grayscale of the other fingerprint types. 
 

 
Fig. 8. Minutiae points found in ethyl 2-cyanoacrylate treated fingerprint through 
FpMV tool 
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Fig. 9. Minutiae points found in Europium (III) oxide enhanced and treated fingerprint 
through FpMV tool 

 
The natural chemicals of the fingerprint undergo a reaction when exposed to the vapours of ethyl 

2-cyanoacrylate, which increases the contrast of the impression. Therefore, fingerprints are 
discernible to the naked eye after cyanoacrylate treatment has been applied to the surface. In 
addition, europium oxide which exhibits strong luminescence and electron transitions was used so 
that the fingerprints could be improved. 
 
4. Conclusions 
 

The simple cyanoacrylate fuming procedure using ethyl 2-cyanoacrylate vapours enhanced the 
visibility of latent fingerprint imprints. The fingerprint patterns that resulted from applying 
cyanoacrylate were distinct and easy to see. The compounds in the fingerprints interacted with the 
vapours of ethyl 2-cyanoacrylate and increased the contrast of the fingerprint. As intended, this 
approach was both quick and inexpensive. Europium (III) oxide was analyzed for thermal stability 
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under different fuming conditions, which provides evidence for the best material for the stable 
visualization of latent fingerprints. The fingerprint sample was treated with europium (III) oxide 
solution after being treated with ethyl 2-cyanoacrylate. The sample treated with europium (III) oxide 
was transparent and easily observable. The level of noise in the background was highly reduced. 
Incredibly distinct fingerprints may be obtained from ultra-pure europium nanoparticles. 
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