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ABSTRACT: Thiswork presents the first known experiments of ninhydrin sublimation in vacuum to detect latent fingerprints on thermal paper.
In this method, latent fingerprints become visible in rich detail without the background black staining known from the application of ninhydrin so-

Iutions to thermal paper.

The method involves hanging the thermal paper samples 15 cm above a heating source with dispersed ninhydrin crystals in a vacuum chamber.
The optimized conditions for ninhydrin sublimation are 50 mg ninhydrin, 2 to 5 mbar vacuum, and 150°C heating source temperature for 30 min.
The application of this method is also successful on the new euro notes. Latent fingerprints can be devel oped across the transitions from paper to

optical variable device (OVD).
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Detection of latent fingerprints on thermal paper isan increasing
problem in German police forces, because thermal paper prevails
on the credit card receipt market. Some thermal papers show back-
ground black staining on the heat-sensitive front side when treated
with ninhydrin solutions. Consequently, fingerprints and informa-
tion on the receipt will be destroyed.

Ninhydrin (2,2-dihydroxy-1,3-indandione) is the oldest and best
known detection reagent for latent fingerprints on porous surfaces
and reacts with amino acids of fingerprint sweat (1,2). In solution
the solvents start the undesirable background black staining on
thermal paper.

In literature we found some alternative methods for detection of
latent fingerprints on thermal paper: ninhydrin derivative, ninhy-
drin sandwich process (devel opment of thermal paper between dry
ninhydrin containing blotting paper under pressure for several
days), dimethylaminocinnamal dehyde (DMAC) fuming, elemental
mapping by using electron probe microanalyzer (EPMA), and io-
dine fuming for fresh fingerprints (3-7).

Our idea for better fingerprint detection on thermal paper was
the ninhydrin sublimation under reduced pressure as a solvent-free
application.

Ninhydrin with a molecular weight of 178.14 should be able to
transfer into the gas phase. In the literature we found no dataon the
sublimation and partia pressure of ninhydrin, only amelting point
of 241°C with decomposition and one non-detailed hint of using
ninhydrin fumes at normal pressure (8,9).
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After apositiveinitia experiment, we optimized the sublimation
conditions for fingerprint detection.

Experimental Setup

The experiments were carried out in a 50 by 50 by 50 cm vac-
uum chamber with afrontal glass door. Inside was a temperature-
controlled heating source 5 cm in diameter and 10 cm above the
bottom of the chamber.

The test samples were fixed in the upper part of the chamber.
The minimum distance between heating source and test samples
was 15 cm.

The samples were fixed in the chamber, and a defined amount of
ninhydrin was dispersed onto the heating source. Then pressure
was reduced to an end pressure of 2 mbar (0.2 kPa, 1.5 mm Hg or
ca 0.002 atm), which was reached after 5 to 10 min. Finally, the
heating source was switched on.

After the desired sublimation temperature was reached (which
took about 1 min), the time counting was started.

To accelerate the development under identical conditions, all test
samples were stored for 30 min in a climate chamber at 50°C and
50% RH after ninhydrin treatment. For comparison of the different
ninhydrin application conditions, the developed samples were
rated by visual examination of several people.

Results and Discussion

Intheinitial experiment, big crystalsof ninhydrin (250 mg) were
heated up to 250°C. After 4 min, new crystal needleshad grown out
of the ninhydrin, the color of which turned from whitetored. In a
light beam, some small particles were observed moving along with
the heat convection in the vacuum chamber. The same experiment
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with fine crystals of ninhydrin showed no new crystal needle grow-
ing, but many more small particles were observed in alight beam.
These small particles precipitate and form a snow-like rug at the
bottom of the chamber. After the developing treatment (50°C and
50% RH) on both sides of the thermal paper, fingerprints were de-
veloped without discoloring of the heat-sensitive side.

For systematic experiments, test samples of standard white DIN
A4 writing paper with invisible alanine squarelines (4 mmlinedis-
tance) were carried out. The alanine square lines were printed with
an aqueous solution of alanine by amodifiedink jet printer, and the
prepared papers were stored up to 20 days at room climate before
ninhydrin application was applied. The paperswerefixed at the left
side, right side, at the back, and at the top of the vacuum chamber.

The experiments should give information about the distribution
of ninhydrin gasin the chamber under different setup conditions by
contrast of the developed samples. For these experiments, the sub-
limation temperature and the ninhydrin amount used were varied.
The experimental setupsare givenin Table 1. For each experiment,
the time of sublimation and the quality of the developed samples
are noted. All these experiments were carried out by using fine
crystaloid ninhydrin (SigmaAldrich).

In experiments with 500 mg of ninhydrin heated for 30 min, 400
mg of ninhydrin were left on the heating source at 150°C, 300 mg
at 200°C, and no ninhydrin is left after 15 min at 250°C.

In experiments with 50 mg of ninhydrin, 34 mg wereeft after 60
min at 100°C and about 10 mg after 60 min at 125°C. In all other
experiments, the ninhydrin disappeared completely from the heat-
ing source.

In the 500 mg experiments on all test papers, sharp square lines
were observed in good contrast all over the sheet surface after de-
velopment in the climate chamber. By visual comparison, no influ-
ence of the heating source temperature was observed. The sample
from the top of the vacuum chamber was slightly better contrasted
than the other three sample sheets, which showed a slight decrease
of contrast from the bottom to the top of sample sheets.

In the experiments at 250°C and with variation of the ninhydrin
amount, the contrast on the test sheets decreased with the decreas-
ing ninhydrin amount.

In the 50 mg experiments, the contrast increases with decreasing
the temperature of the heating source.

Tests with up to 30 samples (7 by 10 cm) of aanine square line
standard writing paper and thermal paper hanging paralel in the
upper part of the chamber were also successful. All samples
showed rich detailed and sharp developed lines.

TABLE 1—Time of sublimation by different temperatures and ninhydrin
amounts; visual quality of sample contrast: + = good, 0 = bad, — = no
development; + = no experiment.

Amount of Used Ninhydrin

Temperature of
Hedting Source  500mg  250mg  200mg  100mg 50 mg
250°C 15min lsmin - 15min 15min
+ + + 0
200°C 30min + 30nmin + +
+ +
150°C 30min - - - 30min
+ +
125°C + + + + 60min
+
100°C + + + + 60min
0

All these experiments show that ninhydrin gas is distributed in
the chamber and is able to develop latent fingerprints. It is possible
to develop many samples in a time-efficient way with one treat-
ment in the chamber. Through the heat, ninhydrin molecules can be
transferred into the gas phase. After some time, which depends on
the heating source temperature and amount of ninhydrin used, nin-
hydrin molecules aggregate to small particles that are visible in a
light beam and that precipitate to the chamber bottom without use.

The chamber pressure does not reach more than 5 mbar during
the sublimation process. This indicates that the partial pressure of
ninhydrin cannot be very high and only a small amount of ninhy-
drin isavailable in the gas phase. Obviously, the maximum ninhy-
drin gas concentration is reached when the aggregated small parti-
clesare observed in alight beam.

The quality of developing fingerprints increases with the num-
ber of ninhydrin molecules reaching the amino acids of the latent
fingerprints. Thisis possible by increasing the contact time of the
sample to the ninhydrin gas and by increasing the ninhydrin gas
concentration, which has its limit due the physical properties of
ninhydrin. Because increasing the ninhydrin gas concentration is
only possible by increasing the chamber temperature, which is
limited by the properties of thermal paper. Treatment of less heat-
sensitive samples may be done by higher temperature. As shown
in Table 1, increasing the heating source temperature means a
short application time but produces a higher amount of wasted
ninhydrin precipitate. With decreasing temperature, less ninhy-
drin will be wasted as precipitate but a longer application time is
needed. According to the visual evaluation of al test samples, we
consider 50 mg ninhydrin at 150°C for 30 min to be the optimal
conditions.

In Fig. 1, some fingerprints on thermal paper developed by nin-
hydrin sublimation are shown. The application of ninhydrin subli-
mation is also successful for the detection of latent fingerprints on
the new euro notes across the transitions from paper to optical vari-
able devices (OVD). The dipping method fails on these security
marks, probably due to the non-porous surface of the OVD, but
with ninhydrin sublimation fingerprints become readily visible on
the OVD (Fig. 2).

Conclusions

Ninhydrin sublimation is very useful for porous samples. The
described tests show that it works on normal white paper, thermal
paper, and euro notes. Each sample material has an age up to 20
days, stored at room climate before ninhydrin treatment. The opti-
mized conditions for ninhydrin sublimation are 50 mg Ninhydrin,
2 to 5 mbar vacuum, and 150°C heating source temperature for 30
min. It has been shown that it is possible to treat many paper sam-
ples in one run. The ninhydrin sublimation takes not much more
time than the commonly used dipping process.

Further advantages result from thelack of organic solventsin the
sublimation process. Costs for purchase and disposa of the sol-
vents can be saved as well astime for preparing the solutions.

Onvisua comparison of aanine square-lined normal paper sam-
ples dipped in ninhydrin solution versus the same treated with nin-
hydrin sublimation, the dipped samples showed slightly better con-
trast (Fig. 3).

Further investigations are planned to improve contrast, based
on densitometric measurement, for objective comparison of grad-
ual differences. Furthermore, the sample materials have to be en-
larged (different paper quality and other (semi) porous surfaces)
in consideration of sample age up to one year, and the vacuum
sublimation of other reagents like 1,8-diazafluoren-9-one (DFO),
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FIG. 2—Fingerprints on euro notes across the OVD developed by ninhydrin sublimation, (&) front side of a 50 € note; (b) front side of a 20 € note, (c)
front side of a 10 € note.

i

)

2

FIG. 3—Comparison of ninhydrin development of alanine square lined
paper, |eft sublimated, right dipped.

1,2-indandione, dimethylaminocinnamaldehyde (DMAC), or 8-
hydoxyquinoline will be tested.
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