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Latent fingerprints are left behind on various surfaces when a person touches an object, often 
invisible to the naked eye. The process of detecting these fingerprints and enhancing their vis-
ibility is vital for identifying perpetrators in criminal cases. Contrast, resolution, and the abil-
ity to see tiny details are all impacted by the different ways in which different agents interact 
with fingerprint residues and substrates. Surface type, residue composition, environmental 
variables, and safety issues all influence the best option. Empirical testing is often necessary 
to determine the most effective reagent for a particular forensic scenario. Several metal oxide 
powders, including CaO, ZrSiO₄, B₂O₃, TiO₂, and CdO, were used in this study to evaluate finger-
print detection on surfaces such phone screens, transparent glass, and black marble. Because 
of their high adhesion, clarity, and compatibility with various surfaces, ZrSiO₄ worked best on 
glass, B₂O₃ on black marble, and CdO on phone displays. 
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1. Introduction 

One of the most important aspects of forensic science 
is being able to see latent fingerprints, which are a very 
useful proof in criminal investigations. These unseen 
marks, which are made by the natural oils and mois-
ture on our skin, can only be seen with special tools [1]. 
Powder dusting is still one of the most popular enhance-
ment techniques because it is easy to use and works well, 
especially on nonporous surfaces like glass [2]. This tech-
nique depends on the fine particles’ physical attachment to 

the oils and moisture in the fingerprint residue. However, 
the sensitivity, contrast, or adaptability needed to detect 
fingerprints on difficult substrates—particularly clear or 
dark materials—can occasionally be lacking in conven-
tional black or white powders [3]. Recent developments 
have addressed these constraints by introducing colored 
metal oxide powders, which provide enhanced flexibility 
and contrast on a variety of surface types [4].

The color, particle size, chemical stability, and degree 
to which the powder sticks to the fingerprint residue are 
some of the important considerations when selecting a 
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powder [5]. Iron oxide (FeO₃), titanium dioxide (TiO₂), 
chromium oxide (CrO₃), copper oxide (CuO), and zinc oxide 
(ZnO) are frequently investigated oxides that were chosen 
for their forensic applicability and appearance [6–8], as 
mentioned in Figure 1.

On light-colored vitreous surfaces, black fingerprint 
powders—which frequently contain graphite or char-
coal—work incredibly well. On the other hand, dark sur-
faces work better with white powders, which are usually 
made of ZnO or TiO₂ [9]. More adaptability is offered by 
some cutting-edge powders, such as silver/red formula-
tions, which provide dual-color contrast, looking silver on 
dark backgrounds and brilliant red on light ones [10].

The successful application of fingerprint powders 
on vitreous surfaces requires a delicate touch and a clear 
understanding of the material’s properties [11]. The tradi-
tional powder dusting technique remains a common and 
effective approach for nonporous surfaces like glass [12]. 
Other techniques and substances are being investigated to 
improve latent fingerprint development on glass in addi-
tion to conventional dusting: magnetic powders, cyanoac-
rylate fuming, phosphorescent powders, unconventional 
and natural powders [13,14], as shown in Figure 2.

2. Experiment 

2.1. Preparation of Materials and Surface

Before applying, check if all tools (a soft brush, glass rods, 
ground marble, transparent glass, and phone screen) 
are clear of contaminants to avoid cross-contamination. 
Choose a suitable formulation for fingerprint powder that 

includes the listed compounds (such as TiO₂, which is fre-
quently used in powders because of its high sensitivity on 
a variety of surfaces, such as CdO, CaO, B2O3, and ZrSiO4, 
with orange powder),15 as shown in Table 1 and Figure 3.

To avoid further deposits, gloves should be worn while 
handling surfaces that may have latent prints. Since latent 
prints are usually made up of lipids, amino acids, and 
eccrine secretions that react with the powder, examine the 
surface in a suitable light to find possible print locations. 
Figure 4 represents the surfaces of black ground marble 
and transparent glass. 

2.2. Powder Application Process

Apply a small amount of the powder to the bristles with a 
specific brush (fine fiberglass). This controlled application 
prevents overuse, which could obscure details. Apply even, 
gentle pressure while carefully moving the brush in light, 
circular strokes over the suspected surface. The powder 
particles will adhere selectively to the latent residues—
such as sweat deposits, oils, and other organic materials—
causing the fingerprint ridges to become visible. Brushing 
should continue until the ridge details of the print are 
well-defined, usually in 10–30 seconds, depending on the 
type of surface and the thickness of the powder.

Observation and Preservation: Once the latent impres-
sion is visible, to improve clarity, stop brushing and gently 
remove any extra powder with a soft, clean instrument or a 
light air puff. To verify ridge detail, examine the created print 
under proper forensic lighting or magnification. For docu-
mentation, take a high-resolution photo of the print or trans-
fer it to a different background using adhesive tape [16,17].

Figure (1): Selected colored metal oxides commonly used in fingerprint development powders, including Fe₂O₃, TiO₂, CuO, 
ZnO, and Cr₂O₃.
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Figure (2): Overview of alternative techniques for latent fingerprint improvement on nonporous surfaces, with magnetic 
powders, cyanoacrylate fuming, phosphorescent powders, and natural powder.

Table (1): Overview of the compositions and features of fingerprint powder.

Powder Chemical 
formula

Color Particle size Notable properties

Titanium Dioxide TiO₂ White ~100–500 nm High contrast on dark surfaces, safe
Cadmium Oxide CdO Reddish-brown ~200–600 nm High resolution on smooth surfaces, toxic, strong adhesion
Calcium Oxide CaO White ~300–700 nm Reactive, enhances moisture-based residues
Zirconium Silicate ZrSiO₄ Off-white ~400–800 nm Stable, durable, excellent adhesion on glass
Boron Trioxide B₂O₃ Transparent-White ~200–400 nm Adheres well, enhances fine ridge details

Figure (3): Compounds used in the formulation of 
fingerprint powders, for instance TiO2, CdO, B2O3, CaO, and 
ZrSiO4.

Figure (4): SEM images of various types used for 
fingerprint analysis: black ground marble and transparent 
glass.
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3. Results and Discussion

3.1. Calcium Oxide (CaO) and Zirconium Silicate 
(ZrSiO4) on the Surface of the Glass

A fingerprint was documented on a smooth, nonporous 
surface at two stages: Prior to and following the applica-
tion of a chemical detection agent.

Pre-Treatment Observation: Before the application of 
fingerprint powder compounds, the fingerprint was faint 
and lacked distinctiveness. The major lines and curves, as 
well as other ridge patterns, were hardly discernible to the 
naked eye. This restricted visibility highlights the diffi-
culty of examining latent prints that have not been treated 
and the significance of chemical enhancement methods in 
forensic fingerprint analysis.

Post-Treatment Observation: Following CaO and ZrSiO4 
treatment, the fingerprint becomes more recognizable. 
Increased ridge detail indicates (CaO and ZrSiO4) affinity 
for the fingerprint’s oily or moist remnants. Nevertheless, 
some background noise and dispersed particles are also 
apparent, which could suggest excessive application or 
nonspecific CaO and ZrSiO4 particles adhesion, as rep-
resented in Figure 5. ZrSiO4 produced superior findings 
based on comparative examination because of its stable 
adhesion and nondestructive nature, which makes it more 
appropriate for forensic applications on glass. Faster visi-
bility was offered by CaO; however, there was a risk of par-
ticle dispersion and surface abrasion.

Glass: before and after adding CaO and ZrSiO4
The methods and efficacy of CaO and ZrSiO4 for latent fin-
gerprint detection on glass surfaces are very different. CaO, 
being a basic oxide, interacts readily with moisture and res-
idues left by fingerprints, often enhancing contrast because 
of its hygroscopic nature, which can help in revealing ridge 

details. However, sensitive surfaces can be at risk because 
of its strong reactivity and possible abrasiveness [18]. On 
the other hand, ZrSiO₄ is a ceramic substance that is ther-
mally stable and chemically inert, offering a more durable 
and safe option for fingerprint development. It works pri-
marily through its ability to adhere finely to fingerprint 
residues without damaging the substrate, making it partic-
ularly suitable for forensic applications involving smooth, 
nonporous surfaces like glass. ZrSiO₄ is typically chosen for 
its nondestructive characteristics and long-term depend-
ability in forensic investigations, even if CaO might provide 
faster or more visible results [15,19].

3.2. Boron Oxide and Titanium Oxide on a Surface of 
the Black Marble

Pre-Treatment Observations: Upon first examining the 
untreated granite surface, a very faint latent fingerprint 
was found. The granite’s reflecting qualities and coarse 
texture significantly reduced the ability to see ridge 
details. Because of the mostly unidentifiable ridge pat-
terns, the print was not suitable for biometric examination 
in its initial state.

Post-Treatment Observations: The clarity and contrast 
of the latent fingerprint significantly improved after boron 
trioxide (B2O3) and TiO2 was applied. Both primary ridge 
features and finer details were more clearly visible as a 
result of the reagent’s strong adhesion to the remaining fin-
gerprint constituents. Bifurcations, ridge ends, and other 
details were well apparent in spite of the substrate’s chal-
lenging nature. Ridge flow analysis revealed that the fin-
gerprint pattern was an ulnar loop, which is distinguished 
by ridge lines that enter from the thumb’s radial side and 
curve toward the left hand’s ulnar (pinky) side. The over-
all ridge continuity and the existence of recognized details 
suggested that the print quality was sufficient for classi-
fication and possible identification, as shown in Figure 6.

B2O3, with its capability to form a thin, adherent film, 
works well with the organic residues in latent prints, produc-
ing a clear and stable visualization of ridge details even on 
the greatly polished, nonporous surface of black marble. On 
dark surfaces, its comparatively low reflectivity also reduces 
background interference, improving contrast and legibility. 
The white, highly reflecting powder TiO₂, on the other hand, 
can produce a striking visual contrast with the black mar-
ble’s dark background. However, because of its powdery tex-
ture and tendency to scatter light, it may obscure fine details 
or over-deposit in nonprint areas, decreasing clarity [20]. 
While TiO₂ is useful for quick visual detection because of its 
brightness, B₂O₃ in general yields better results for detailed 
fingerprint study on black marble, offering higher fidelity in 
ridge structure preservation and minimizing false positives 
from surface irregularities [21].

3.3. Titanium Oxide and Cadmium Oxide (CdO) on the 
Surface of a Phone Screen

Pre-Treatment Observation: Prior to the application of the 
reagent, the latent fingerprint looked poorly defined and 

Figure (5): Latent fingerprint on glass surface: post-
treatment with CaO, and post-treatment with ZrSiO4. 
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Figure (6): Latent fingerprint on black marble: post-
treatment with TiO2, and post-treatment with B2O3.

irregular. Ridge lines were indistinct, and the general pat-
tern lacked enough contrast and resolution for accurate 
classification or biometric analysis. This limited the abil-
ity to identify key features for example ridge endings and 
bifurcations, presenting considerable challenges for foren-
sic evaluation and pattern recognition.

Post-Treatment Observation: When it comes to latent 
fingerprint detection on phone screens, CdO and TiO2 have 
rather different properties and efficacy, which are typi-
cally smooth, reflective, and prone to smudging. TiO2, a 
popular white powder with strong light-scattering char-
acteristics, improves fingerprint visibility by contrasting 
the glossy surface with the print, especially in oblique or 
ultraviolet (UV) light. Its particle nature, however, can 
occasionally result in uneven deposition and obscure 
tiny ridge characteristics, particularly on surfaces like 
polished screens or glass. In contrast, CdO, though less 
commonly used because of concerns of toxicity, has been 
noted for its high sensitivity to latent residues and can 
produce sharp, high-contrast ridge detail with fine reso-
lution. Because CdO tends to stick to fingerprint residues 
more selectively, details are easier to see. Nonetheless, its 
application requires stricter safety protocols. For normal 
use, TiO₂ is still safer and easier to get, but in controlled 
settings where ridge pattern analysis is crucial, CdO might 
provide better resolution, as shown in Figure 7.

TiO2 performs differently on phone screens compared 
to black marble as a result of the distinct surface prop-
erties of each substrate. On phone screens, which are 
typically reflective, smooth, and frequently coated with 
oleophobic layers, by producing a contrast between the 
print and the glossy background, TiO₂ can improve the 
visibility of fingerprints. However, unless lighting is well 
regulated, its reflective surface may produce glare and 

Figure (7): Latent fingerprint on a reflective phone screen: 
applying TiO2, and applying CdO. 

its small particle nature may result in uneven adherence, 
potentially hiding finer ridge details [22]. On the other 
hand, TiO₂ offers a striking visual contrast because of its 
white color against the dark background of the black mar-
ble, a dark, frequently polished stone with slight surface 
flaws. While this contrast is beneficial, the light-scatter-
ing effect of TiO₂ can sometimes result in reduced clarity 
of fine details, particularly if the powder accumulates in 
the marble’s natural crevices [23,24]. While TiO₂ requires 
more careful application and lighting control to get clear 
ridge detail suited for forensic examination on phone 
screens, it is often more successful on black marble for 
general contrast [25–27].

According to the results, ZrSiO4 worked best on trans-
parent glass, providing excellent clarity with little inter-
ference from the background. On black marble, B2O3 + TiO2 
produced outstanding results, particularly because of the 
film-forming properties of B₂O₃ and the strong contrast of 
TiO2. Although CdO + TiO2 produced high-resolution prints 
on phone screens, the usage of CdO is less suitable for nor-
mal forensic work because of toxicological concerns. CaO, 
on the other hand, produced findings that were mild, but 
its higher reactivity resulted in more background noise. A 
performance summary table was made in order to give an 
understandable overview of each powder’s efficacy on var-
ious surfaces (Table 2). 

4. Conclusion 

The preparation and application of fingerprint devel-
opment powders using colored metal oxides represent 
a vital area within forensic science, offering improved 
capabilities designed for visualizing latent fingerprints 
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Table (2): Summary of performance by surface and powder.

Powder Best surface Contrast Detail clarity Background noise Safety concerns
CaO glass medium moderate medium mildly reactive
ZrSiO4 glass high high low safe
CdO +TiO2 Phone screen high very good medium toxic (CdO)
B2O3 + TiO2 Black marble excellent excellent low safe

on surfaces of vitreous material. Using the special prop-
erties of metal oxides such as FeO₃, TiO₂, and CrO₃, foren-
sic investigators can obtain exceptional contrast and 
detail, even on difficult backgrounds. Evidence recovery 
is being advanced through the continuous development 
of powder formulations, including the investigation of 
magnetic and phosphorescent variations, as well as care-
ful application techniques. This study found that B₂O₃ on 
black marble, zirconium silicate (ZrSiO₄) on transparent 
glass, and CdO on phone screens were the most effective 
fingerprint powder and surface combinations. On glass 
surfaces, ZrSiO₄ showed excellent stability and clarity, 
making it appropriate for maintaining delicate ridge 
details without causing substrate damage. Fingerprint 
visibility was improved on the dark, polished surface of 
black marble by B₂O₃, which also reduced background 
interference and produced outstanding contrast. Because 
of its strong adherence to latent residues, CdO produced 
high-resolution ridge patterns on shiny and smooth 
phone screens in spite of its potential toxicity. These 
findings highlight how crucial it is to choose fingerprint 
powders according to the particular surface type in order 
to achieve the best detection accuracy possible during 
forensic investigations.
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