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Abstract Enhancement of the sebaceous components of
fingermarks is often performed using an aqueous staining
solution. We propose an alternative approach using a
bodipy-based lipid-selective dye (LD540) in a fluorous
solvent. This fluorous approach can result in excellent
retention of the spatial distribution of lipids and can be used
on substrates unsuited to treatment with aqueous solutions.
We demonstrate the new possibilities enabled by using
fluorous solvents by staining fingermarks on an NaCl salt
plate and on a block of ice.

The enhancement of fingermarks is often assumed to be a well-
developed and routine endeavour. However, there is still a need to
understand the processes of fingermark deposition and to determine
optimal methods for enhancing fingermarks on different substrates.
These investigations are practical, but also provide opportunities for
fundamental studies of fingermark composition, fingermark-
substrate interactions, solubility and, in the case of sebaceous
fingermark enhancement, partitioning of enhancement dyes into
lipid-containing material.

Latent fingermarks are most commonly composed of secretions from
the sebaceous and/or eccrine glands." > The fingertips do not have
sebaceous glands, but the lipid-containing material from these glands
is transferred to the hands during normal activity." * Forensic
scientists have targeted sebaceous residues in several scenarios,
including after evidence has been immersed in water or after
attempted development of eccrine residues.*® While the standard
method to enhance sebaceous fingermarks has been with physical
developer,” because this technique is experimentally challenging
several groups have recently reported the successful use of simpler
dye partitioning techniques similar to those used for staining lipids
in histology.*® % ° Thus, when a sebaceous fingermark is treated
with an aqueous solution of a dye such as Nile Red the dye partitions
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from the aqueous solution into the sebaceous deposit, which is itself
insoluble in the aqueous solution. There is active investigation into
how the fingermark components enhanced by physical developer
differ from those enhanced by aqueous dye partitioning, with some
researchers focussing on single solvent properties such as dielectric
constant or polarity.® The focus on a single parameter to describe
solubility in sebaceous fingermark enhancement has led to
statements such as “..such (finger)marks are removed by the action
of organic solvents.”!
Several lines of study show that solubility cannot in general be
explained with just one parameter. Thus, Curran and co-workers
have mapped polarity and fluorophilicity of solvents to rationalise
observed behaviour in fluorous separations,'® ' while Durkee has
applied Hansen’s 3-parameter solubility model to rationalise the
optimisation of solvents in cleaning applications.'>'* Hansen links
an overall solubility parameter (8yycr1) to parameters associated with
the dispersion, polarity and H-bonding properties of a solute or
solvent through the equation
ngerall = slziispersion + 812)olar + 6%1—bonding
This model then predicts that solvents are more likely to dissolve a
solute when AR is small, where
ARZ = 4(6dispersion, solvent — 8dispersion, solute)2

+ (8polar, solvent — spolar, solulfe)2

+ (SH—bonding, solvent — SH—bonding, solulfe)2
Tables of the Hansen parameters are available, together with
operational methods for estimating parameter values for new
substances.'* 4
The success of partitioning dyes from an aqueous solution into
sebaceous secretions can then be predicted from a plot of Hansen
parameters (Figure 1). In this Figure, methyl oleate, triglycerides
(shown as “lard”) and cholesterol are representative of component
classes within sebaceous secretions and so have been used to define
the region “sebum”. Thus, Hansen solubility parameters indicate
that an aqueous solution should not dissolve the major sebaceous
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components. Nile Red is more soluble in the sebaceous material
than in the aqueous solution and so partitions into the fingermark.
The focus of this present study, however, is the portion of the graph
in Figure 1 at low dispersion and polarity.

The fluorous solvent HFE-7100 (a mixture of methyl
nonafluorobutyl ether and methyl nonafluoroisobutyl ether) is a
commonly-used carrier solvent in eccrine fingermark enhancement,
and we and others have investigated its effect on sebaceous
fingermarks. While dyes in HFE-7100 can successfully enhance
some sebaceous fingermarks, especially if the fingermarks are
charged by first rubbing the fingers on areas of skin rich in
sebaceous glandst (vide infra), HFE-7100 can cause the removal of
some sebaceous marks, and this is consistent with the comparability
of its Hansen solubility parameter values with those of some
sebaceous components. Since Nile Red had been successfully used
for enhancement of fingermarks we first trialled using fluorous
solutions of this dye. Our investigations showed that Nile Red is
insoluble in HFE-7100, and when sufficient methanol (0.2% v/v) or
isopropanol (4.5% v/v) was added to HFE-7100 to increase the
solubility of Nile Red the resulting solution could dissolve sebaceous
fingermarks. This is consistent with the use of an HFE-7100:
isopropanol azeotrope for specialty cleaning.!?
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Figure 1. Graph showing Hansen solubility parameters for selected common

solvents (blue), two fluorinated solvents (green), and three materials

representative of sebaceous sections (red). Units of axes: MPa'?,

We then synthesised the recently-reported lipid-selective bodipy dye
LD540," '® and investigated its solubility in fluorous solvents and
partitioning behaviour into fingermarks. LDS540 is soluble in neat
HFE-7100 and in 1:1 blends of HFE-7100 with
perfluoromethyldecalin or perfluorooctane. Blends of HFE-7100
with perfluoroalkanes (e.g. perfluorohexane (PFC-5060),
perfluorooctane or perfluoromethydecalin) have Hansen solubility
parameters more dissimilar to sebaceous secretions than neat HFE-
7100 and so are less likely to dissolve fingermark components. The
original reports of LD540 did not provide full chemical
characterisation, so we have included that in the Electronic
Supplementary Information.

We have enhanced both charged and uncharged (or “natural”)
fingermarks on glass substrates to meet the minimum criteria of a
Phase 1 trial as proposed by the International Fingerprint Research
Group (IFRG)."” We have then used charged fingermarks to
investigate behaviour of the LD540 in fluorous solvents on novel
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substrates. Exposure of one-day old charged and uncharged
fingermarks on glass microscope slides to solutions of LD 540 (0.1
mg mL") in HFE-7100: perfluorooctane 1:1 for 5 min resulted in
similar enhancement to that observed for a 5 min soak in a basic
methanolic aqueous Nile Red solution, although the LD 540 solution
resulted in slightly brighter fluorescence and slightly improved
retention of fine details in the lipid pattern, Figure 2 and
Supplementary Information. LD540 in neat HFE-7100 also
developed charged fingermarks and showed some enhancement of
non-charged marks but was not as good as the other two solutions,
with luminescence intensities 5-10 times lower than for the fluorous
solvent blend, Supplementary Information. The brightness reduction
may have been due to some dissolution of the fingermark or
decreased partitioning of the dye into the fingermark. In all cases,
the fingermarks were illuminated with a Rofin Polilight using a filter
centred at 505 nm with 40 nm bandwidth, and were imaged with a
Canon DSLR camera with 100 mm macro lens and a 550 nm
longpass filter, with imaging controlled with DSLR Remote (Breeze
Systems) and collecting both jpg and raw (CR2) images. The
fluorescence from the charged fingermarks was easily detected,
while the uncharged fingermarks gave limited development and
required much longer camera exposure times (ca. 10-fold) or wider
apertures than the charged fingermarks (Supplementary
information).

Figure 2. Comparison of enhancement of charged fingermark with LD540 in
HFE7100:perfluorooctane 1:1 (upper) and Nile Red in aqueous methanol
(lower). Further comparisons of charged and uncharged fingermarks are in
the Supplementary Information.

Using fluorous solvents enables the enhancement of lipid deposits on
substrates that are not suitable for contact with aqueous solutions.
As a first demonstration we deposited charged sebaceous
fingermarks on a sodium chloride infrared plate, stored the plate
overnight in a desiccator, then developed the fingermarks with
LD540 in HFE-7100:perfluoromethyldecalin 1:1 the following day,
Figure 3. We also enhanced sebaceous fingermarks on a toffee, as
representative of a sugar based food item that was unsuited for water
treatment.
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Figure 3. Fluorescence image of fingermarks deposited on NaCl plate and
then enhanced with LD540 in HFE-7100:perfluoromethyldecalin 1:1

As a final demonstration, we deposited charged fingermarks on a
block of ice at -16 °C and then attempted to enhance fresh
fingermarks and fingermarks that were 1 and 2 days old. The
enhancement solution was LD540 in either HFE 7100 or HFE-7100:
perfluorooctane 1:1 pre-cooled to -16 °C. Some LD540 precipitated
during the cooling of the dye solutions, so the solutions were
saturated with LD 540 when used. Fluorescent imaging of the
fingermarks was performed while the ice was placed in an insulated
box cooled with dry ice. Similar quality fingermark images were
obtained for both LD540 solutions. This demonstrated a) that
sebaceous fingermarks can be deposited on ice b) that these
fingermarks can retain their integrity for at least 2 days and c) that
the fingermarks can then be enhanced. To our knowledge this is the
first report of the enhancement of a fingermark on ice.

Figure 4. Fluorescence image of fingermark deposited on ice at -16 °C, left 2
days, and then enhanced with LD540 in HFE-7100 at -16 °C.

Conclusions

Solutions of LD540 in mixed fluorous solvents can stain lipids
and related biological material within sebaceous fingermarks.
The fluorous solvent offers advantages in terms of retention of
spatial detail of the fingermark minutiae, non-reactivity, and
decreased likelihood of dissolution of substrate or materials of
interest compared to an aqueous solution. However, as noted
by the IFRG further studies of the enhancement of uncharged
(natural) fingermarks from a range of donors and with a range
of times since deposition are needed before this method can be
recommended as a replacement for any current fingermark
enhancement technique.'”” Our demonstration that we can
enhance sebaceous fingermarks on ice suggests that this
fluorous approach might also be useful for staining lipids in
frozen sections of tissue or for staining biofilms on ice. These
advantages need to be balanced with the substantially greater
cost of the fluorous solvents compared to aqueous staining
solutions, with the solvents we have blended with HFE-7100
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being particularly expensive. In addition, users should be
aware that the perfluorocarbons have very high global warming
potential, so that the techniques described here should be used
sparingly and where possible with capture and recycling of the

fluorous solvents.

Acknowledgements

We thank Siyu Peng for performing the NMR characterisation
of the LD540. We thank the University of Auckland for
financial support of this research.

Notes and references

“ Forensic Science Programme, School of Chemical Sciences, University
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+ For uncharged fingermarks, hands were washed and then normal
activities were undertaken for 2 h prior to fingermark deposition.
“Charged’ fingermarks were prepared by wiping fingers across the
forehead immediately prior to fingermark deposition. The fingermark
donors consented to their prints being used as part of this study.
Electronic Supplementary Information (ESI) available: [Synthesis and
characterisation of LD540, details of enhancement solutions, images of
charged and uncharged fingermarks on glass, images of different aged
fingermarks on ice]. See DOI: 10.1039/c000000x/
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