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In forensic examinations of documents the legitiynakthe age of an ink entry is often an essewfigdstion.
Ballpoint ink contains equivalent amounts of dysslyents and resins. After the ink is depositedoaper, its
composition begins to change qualitatively and ¢jtetively. The aim of this investigation is to ddop mass
spectrometric methods of analysis for dyes andesé/to evaluate the aging processes of blue Ialljpak
entries with only minimal or without chemical tremnt. First the influences of the ionisation stepMatrix
Assisted Laser Desorption lonisation (MALDI) andska Desorption lonisation (LDI)-MS) and of the emyad
preparation techniques were evaluated. Then thgyambcesses was characterised.

The reference substances used were, on the one faneddyes (methyl violet and ethyl violet) andiveats
(propanediol, cresol, benzyl alcohol, hexylene glyand phenoxyethanol) purchased from chemical conigs
and, on the other hand, ballpoint ink and solveixtumes provided by the BKA (Bundeskriminalamt, @amny).
BIC® ballpoint entries (Cristdl' medium blue) was used for analysis performed tiréom paper.

In the first part of this work, degradation of ttiges was studied. For this, ballpoint ink entriagpaper were
artificially aged by exposure to light (high pressuenon lamp) and heat (oven 100°C) over diffepemiods of
time. Afterwards small pieces of paper were cut amslinted directly on the target. These samples were
analysed with an LDI mass spectrometer. The efiethe wavelength of the degrading light was alsmlied,
by using different glass filters between the xetight source and the sample. In addition, natugih@ was
studied using blue ballpoint ink entries on papdiiciv were monitored over several months. One bafch
samples was stored in the dark, while the otherfixas to a window and exposed to day light. Agaismall
piece of paper was cut and mounted directly ortdhget. LDl measurements were performed and cordpare

In the second part of this work, the solvents wex&racted from the paper and analysed with a GC-MS
instrument with an Electron Impact (El) source. Hging effect corresponding to evaporation of sulsdrom
the paper was monitored over a short period of.time

First results show that LDI-MS and GC-MS are veoyvprful tools to analyse dyes and solvents resyelgti
Results are reproducible (relative standard devnalielow 10%) and quantitative and qualitative iinfation
can quickly and easily be gained with minimal sarleparation.

Mass spectrometric analysis of dyes with LDI and INDA shows that the fragmentation of the molecutar i
increases with laser irradiance. Therefore, analgbiaged samples has to be performed at threghatiiance
and in comparison to non-aged samples. The infli@f the irradiance on fragmentation is less puoced for
LDI than for MALDI. The use of matrix (2,5-dihydrgkenzoic acid) or hydrochloric acid for the prepiaraof
the sample also promotes the fragmentation of yee.dlhe dye ethyl violet was found to be morelstablight
than methyl violet. The aging experiments showrangt correlation of dye degradation to the duratdtight
exposure, which is not observed for exposure ta. iggical degradation of ballpoint dyes is chagaisied by
the loss of CH groups. The use of wavelengths close to the abenrpnaxima of the dyes promote this
degradation. For natural aging, differences arenlesi depending on paper location, seasons anddiey$o
the fact of different light fluencies.

Meanwhile ballpoint ink solvents vaporized rapidlyroom temperature and can’t be detected anyniteaa
relatively short period of time.

The difficulties in determination of the age of iektries will be discussed. The state of the adlys and
solvent analysis allows to determine the approx@aae of an ink entry, if both the exact storagedd®mns and
the initial composition of the ink are known andhié aging process is still going on.



