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Abstract

Multiple methods were explored to increase the resolution of fingermarks
obtained through cyanoacrylate (CA) fuming, or improve the ease of resolving
fingermarks.

The first method explored was the development of sublimation based co-
polymerized coloring. This research stream is an expansion of the work which produced
CN-Yellow with an attempt to stretch the excitation range of the fluorescent effect to 530
nm so that it can be used with existing lasers. Many different colorants were evaluated for
appropriate fluorescent responsiveness. Once appropriate colorants were identified, they
were co-fumed with CN-Yellow in a closed chamber and evaluated with an ALS for
detection at 530nm. Colored CA Fingermarks, detectable with a 530nm laser, were
successfully produced.

The second method explored was the modification of evidence temperature.
Samples of multiple materials were cooled 6°F-20°F below ambient and were CA fumed
side by side with fingermarks which had not been cooled. The resulting fingermarks were
weighed, tested for opacity and color uptake via dye staining. Our research as shown
improvements in visibility: due to increase in opacity and color uptake, of CA
fingermarks when the evidence is cooled 6°F-20°F.

The third method explored was the use infrared detection. Fingermark samples
were prepared on Plexiglas and aged for two weeks to allow them to fade. The samples
were then examined with infrared cameras at ambient temperature and cooled to force
condensation and improve infrared visibility. While methods did yield fingermarks, no



prints were resolved which would not have been detectable by more economical visible
light means.

The fourth aspect of the research was to find a way to disperse nano-particles onto
CA prints. Nano-particles can be applied in a variety of ways ranging from spraying
liquid dispersions to creating dust clouds. However, when the particles are produced on
the fingermark itself, it is possible to lock the color into the CA matrix with subsequent
fuming. Carbon black nano-particles were therefore produced by burning oil and
directing the vapor stream onto the print.

The final aspect of the research was to develop a commercially viable temperature
and humidity controlled chamber to chill the evidence and allow for standard fuming. A
unit was developed and can be purchased through Sirchie Corporation.
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Executive Summary

There are many existing methods for evolving and visualizing fingermarks with
cyanoacrylate (CA). This research is directed to produce methods to enhance fingermark
recovery. The research includes five aspects each designed to either increase the ease of
fingermark development or increase the sensitivity of the fingermark development
process.

Expansion of Absorption and Emission Spectra of CN-Yellow to 530 nm

The first aspect of the research was expansion fluorescent excitation range of CN-
Yellow to 530 nm. CN-Yellow is a subliming polymer that can incorporate color in a
single fuming step when used in place of traditional CA. CN-Yellow produces a yellow
fingermark which fluoresces when excited by photons from 365nm to 505 nm. The
reasoning behind the desired expansion was that multiple agencies with limited budgets
have already invested in single wavelength ALS at 530nm, a wavelength that works with
some existing latent chemistries.

Many colorants were examined for fluorescence and visibility at 530nm. Though
this trial and error process, multiple dyes were identified a candidates. Through
subsequent testing, a sublimation dye, Sublaprint Red R70011 was identified as the best
performer.

When heated by itself onto a white tile with cleanly deposited fingermarks, the
Red R70011 produced colored prints visible when viewed with an ALS between 470 —
530nm. However, even though the dye adhered to the fingermarks there was no stability
in the matrix, and the dye could be easily removed. The next step of the research was to
combine the Red 70011 with CN-Yellow and determine if the dye could be locked the
CN-Yellow matrix and adds to the chromatic effect.

A series of cleanly deposited fingermarks on American Olean glazed ceramic
white wall tiles were allowed to age for a minimum of two days before testing started.
Vapor streaming and chamber tests were conducted using a custom built mica-topped hot
plate with temperature ranges between 100 — 900 degrees F. Dye materials and CY-
Yellow were burned in Tri Tech Forensics aluminum fuming trays and the temperatures
were taken with a TIF 7800 quick TEMP Infrared Thermometer with laser sighting. All
measurements were taken using a digital Acculab Scale with sensitivities between 0.001
—120g, and a 12 cubic foot custom build cyanoacrylate chamber was used for all full
scale tests.

For visual inspection a Rofin Polilight Flare Plus with removable heads and
Sirchie orange and red barrier filters were used for all photography and result
determination.

The first test conducted was a visual half and half mixture, heated at a
temperature of 450 degrees Fahrenheit. The complete mixture was allowed to sublime off
with the tile held between 4-6 inches away before a full visual inspection was made.
Positive results between 365-530nm were obtained with stable fingermarks locked in the
cyanoacrylate matrix.

Ratio tests using the vapor streaming technique were conducted starting with a set
0.5g of CN-Yellow and an equal weight of R70011. Ratios were then adjusted. The CN-
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Yellow amount remained the same and the amount of R70011 was decreased 0.1g at a
time.

Through multiple tests, a ratio of 0.5g CN-Yellow to 0.1g R70011 was proven to
be the best working ratio for vapor streaming the sublimation material. Consistent results
with fluorescence between 365 — 530nm were achieved on multiple substrates, include:
white tile, glass, plastics, aluminum, and steel.

This ratio increases linearly for
full sized chamber tests. The dye Image 1
mixture works in a standard
cyanoacrylate chamber, hot plate
requirements of 450 °F, and a steeping
period of between 10 — 15 minutes.
For the test chamber of 12 cubic feet, a
ratio of 3g CN-Yellow to 0.5g R70011
provided the best working results.

After multiple tests on varies
substrates the only limitation for this
material appeared to be on copper,
where the fluorescence faded after a
few days. As desired, a sublimation
material has been created to assist
agencies with limited ALS
wavelengths. Fingermark detection at
530nm was successful. (Image 1)

Fingerprint Evolved with Red 70011

Cyanoacrylate Dew-Point

The second aspect of the research
focused on improving the visibility of Image 2
deposited CA by varying the temperature
of the evidence relative to the ambient in
an enclosed chamber environment. Testing
has shown that if evidence is cooled,
fingermarks developed with CA fuming
become more visible.

Image 2 shows three test tubes.
The top test tube was processed at 46°F;
the middle test tube at 65°F and the
bottom test tube at 74°F. Images were
obtained using oblique lighting. All three
test tubes were simultaneously processed
in the same chamber. The only difference was the test tubes surface temperature.
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Conclusion

Based upon the independent scoring of twelve, trained latent examiners, the
results of this analysis indicate that Fuming Orange should be considered as a viable
option to the current protocol of employing the secondary treatment of dye staining non-
porous items of evidence. The quality of latent fingermarks produced with Fuming
Orange exceeded all expectations and has now been proven to provide better
development than dye staining with Rhodamine 6-G.

An added benefit of utilizing this new process, in addition to saving time and
reducing costs is that with an appropriate alternate light source, the development of the
latent prints can be observed, reducing the risk of overdevelopment. Latent examiners
and evidence technicians should experiment with the product and become comfortable
with its use before attempting to process actual evidence and should consider following
up with dye staining until they are confident in its abilities.

This study will be expanded and further testing conducted on multiple materials
with the results put forth for publication. To date, several varieties of plastics, ceramics,
glass and multiple metals have been processed with Fuming Orange with identical results
as in this study. Ceramic tile with fingermarks deposited over three years ago have been
processed with Fuming Orange with very positive results. Future analysis will include
concentrating specifically on the quality of development on aged latent fingermarks
utilizing the “forced condensation” phenomenon of cooling the evidence immediately
prior to fuming. Preliminary experiments have shown a substantial increase in the
luminescence of latent prints processed with Fuming Orange when the substrate has been
pre-chilled.
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