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Using easy ambient sonic-spray ionization mass spectrometry (EASI-MS), fast and non-destructive
fingerprinting identification and aging of ballpoint pen ink writings have been performed directly from
paper surfaces under ordinary ambient conditions. EASI-MS data obtained directly from the ink lines
showed that pens from different brands provide typical ink chemical profiles. Accelerated ink aging has
also been monitored by EASI-MS revealing contrasting degradation behaviors for six different
common ink dyes. As demonstrated for Basic Violet 3, some dyes display a cascade of degradation
products whose abundances increase linearly with time thus functioning as ‘chemical clocks’ for ink
aging. Analysis of questionable documents has confirmed the ink aging capabilities of EASI-MS. The
order of superimposition at a crossing point has also been determined by EASI-MS. For two
superimposed ink lines, continuous EASI-MS analysis has also shown that the EASI spray is able to
penetrate through the layers and therefore both ink layers could be characterized.

Introduction
Authenticity and dating of ink writings in questionable documents are major tasks in forensic investigations.1–7 Common
forgery includes modifications of information, such as dates or
values, and post-insertions to the original writings. This type of
forgery can be identified by showing that the suspicious ink entry
was done with a pen different from the first or by dating both the
original and newest ink writings. Although microscopic analysis
of ink line morphology is important, chemical analysis at the
molecular level may provide indisputable data in regard to the
type of pen and the age of the ink(s).
Several techniques have been used to analyze the chemical
composition of ballpoint pen ink such as thin-layer chromatography (TLC),8,9 high performance liquid chromatography
(HPLC),10,11 gas chromatography-mass spectrometry (GCMS),3–6 laser desorption ionization mass spectrometry (LDIMS)1,2,9 and matrix assisted laser desorption ionization
(MALDI).1,2 These techniques suffer, however, from the inconvenience of destroying the piece of the document used for dye
extraction. Recently, a new family of ionization techniques for
mass spectrometric analysis has been introduced and these
techniques are now known generally as ambient mass spectrometry.12,13 These techniques have opened a new area of
chemical analysis since MS can now be performed under ordinary ambient conditions and for analytes in their native environment or placed on auxiliary holding surfaces. Ambient MS is
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performed often without any sample preparation thus eliminating the need for removing a piece of the document for analyte
extraction. This feature makes such techniques very attractive for
forensic ink analysis. Indeed, imaging desorption electrospray
ionization (DESI) has been recently tested for the non-destructive forensic analysis of inks directly from paper surfaces in some
proof-of-principle experiments.14 DESI parameters were optimized for ink analysis and simulated forged writings and old
written records were investigated with very promising results.
Easy ambient sonic-spray ionization (EASI)15,16 is one of the
simplest, gentlest and most easily implemented ionization techniques for ambient mass spectrometry. An EASI source can be
constructed and installed in a few minutes from a few simple MS
laboratory parts (Fig. 1) and analyte pick-up from the surface

Fig. 1 Schematic of the EASI-MS system used to obtain, via a nondestructive procedure, instant chemical profiles of dyes from ink writing
on documents. The mounting of an EASI source requires only a Swagelok T-element, ferrules and gas tubing, and a fused-silica capillary. For
ink analysis, the EASI spray was produced using methanol as solvent and
compressed nitrogen gas.
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ballpoint pens were purchased locally in Brazil. Real cases of
questionable documents dated from different years were
provided by the Brazilian Federal Police.

(desorption) plus the ionization process are assisted only by
compressed nitrogen gas. EASI is based on supersonic-spray
ionization (SSI),17 which creates a stream of very minute solvent
droplets, both positively and negatively charged, due to the
statistically unbalanced distribution of cations and anions in
such droplets. Fig. 1 shows a schematic representation of the
operation and the desorption and ionization steps for EASI-MS.
This technique has already been successfully applied to different
analytes in different matrices such as drug tablets,16 perfumes,18
surfactants,19 and biodiesel,20 and has also been coupled to
membrane introduction mass spectrometry15 and thin-layer
chromatography.21,22
In this work, we have further investigated the use of ambient
mass spectrometry for forensic ink analysis. More specifically, we
have studied the ability of EASI-MS to provide instant and nondestructive ink fingerprinting and aging information directly
from the surface of hand-written documents. Two important
tasks of ink writing analysis – line crossing and superimposition –
have also been successfully performed.

Experiments were performed on a single quadrupole mass
spectrometer (LCMS-2010EV – Shimadzu Corp., Japan)
equipped with a home-made EASI source described in detail
elsewhere.16 A flow rate of methanol at 20 mL min1 and
compressed N2 at a pressure of 100 psi were used to form the
EASI spray. The capillary-paper and surface-entrance angles
were ca. 30 .
Ink lines were made on ordinary print paper (Chamex high
white sheets from International Paper Co.) and analyzed by
EASI-MS directly from the paper surface without any sample
preparation or extraction. For the accelerated aging study, ink
samples were exposed to a 60 W incandescent lamp for variable
periods of time.

Experimental

Results

Reagents and samples

Ink fingerprinting

HPLC-grade methanol and formic acid were purchased from
Burdick & Jackson (Muskegon, MI, USA). The blue and red

Ballpoint pens usually contain a combination of several common
dyes that vary from brand to brand.1–7 Five dyes frequently used

General experimental procedures

Fig. 2 Structures of the dyes detected by EASI-MS in the ink samples analyzed.
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Fig. 3 EASI(+)-MS fingerprints of fresh ink writings from blue (A–C) and red (D) pens (left) and after accelerated aging performed with a 60 W
incandescent light for 72 h (right).

in blue ballpoint pen ink composition were detected in the
samples analyzed (Fig. 2): Basic Violet 3 (m/z 372), Basic Blue
26 (m/z 470), Basic Blue 7 (m/z 478), nickel phthalocyanine
(m/z 571) and 1,3-dimethyl-1,3-ditolylguanidine (m/z 268). In red
pens, ions of m/z 443 were detected, which may correspond to
either Basic Violet 10 or Basic Red 1, or both. Basic Violet 3 is the
most common dye used in blue pens (low cost and intense blue
color) and was detected in all of the blue samples analyzed.
Fig. 3 (left) presents EASI(+)-MS fingerprints for three blue
pens and one red pen, which characterize the fingerprints
obtained from various pens. Acidic methanol was used as the
solvent due to its improved ability to selectively desorb ink dyes
from paper surfaces.14 Note that EASI-MS reveals characteristic
chemical profiles for each ink owing to varying dye composition.
These fingerprints may reveal that different pens have been used
to produce the writings in a questionable document, particularly
when comparing the original writing with suspicious writing.
Ink aging
Degradation profiles of all of the dyes were studied by accelerated aging. Initially, the ink writings on the paper surface were
exposed to light for 72 h. Fig. 3 (right) shows EASI-MS of the
degraded inks. Note that Basic Violet 3 (m/z 372) and Basic Blue
26 (m/z 470) form a serial cascade of very typical degradation
This journal is ª The Royal Society of Chemistry 2010

products separated by 14 m/z units: m/z 372, 358, 344, 330, 316,
302 and 288 for Basic Violet 3 and m/z 470, 456, 442, 428, 414 for
Basic Blue 26 owing to replacement of methyl groups by
hydrogen.
Basic Blue 7 (m/z 478) also displays a unique cascade of
‘chemical clocks’ and structurally diagnostic ions separated by 28
m/z units: m/z 478, 450 and 422 (Fig. 3B) owing to degradation by
successive replacements of ethyl groups by hydrogen. The EASIMS fingerprints of Fig. 3C are interesting since they show no
detectable degradation products for two dyes: 1,3-dimethyl-1,3ditolylguanidine (m/z 268) and nickel phthalocyanine (m/z 571).
This is an important finding for aging studies since these dyes
seem to be unaltered during ink aging, so their presence among
other degradable dyes may serve as internal standards for ink
aging.
EASI-MS for the red ink (Fig. 3D) also shows the typical
cascade of degradation product ions: m/z 443, 415, 387 and 359
(as well as a likely minor homologous series: m/z 457, 429, 401)
from ethyl/H replacements from one of the isomeric dyes Basic
Violet 10 or Basic Red 1, or from both.
The most common blue ink dye, Basic Violet 3 (m/z 372), was
then chosen to be monitored during accelerated ink aging. Ink
writings from a single pen applied on paper were exposed to the
incandescent light for variable periods of time. Fig. 4 shows the
EASI-MS fingerprints for the fresh ink and that after 19 h of light
Analyst, 2010, 135, 745–750 | 747

Fig. 4 EASI(+)-MS fingerprints obtained for (a) a fresh blue ink writing
and (b) after accelerated aging for 19 h due to exposure to an incandescent 60 W light.

exposure. For the fresh ink, the ions of m/z 358 and 344 may
already indicate some degradation but they may also represent
homologous impurities common in commercial preparations of
azo dyes. After 19 h of exposure to the incandescent light, the
typical cascade of ‘clock ions’ of m/z 372, 358, 344, 330 and 316 is
observed at much increased abundances.
To test whether linear dye decay occurs, the ratios between the
absolute intensity of the ion of m/z 372 to that of the sum of
intensities of the degradation product ions were plotted versus
the time of light exposure (Fig. 5). A rather straight line with r2 ¼
0.992 was obtained, indicating a good linear relationship. Indeed,
such products seem to work as reliable ‘chemical clocks’ for ink
aging as long as conditions remain somewhat undisturbed or the
same page of a document is considered.
The degradation products could work as ‘chemical clocks’ for
ink aging if inks do not degrade considerably inside the pen
cartridge. If they do degrade, however, the clock would be
severely disturbed by an unknown ‘dead time’ for old pens. To

Fig. 6 EASI(+)-MS fingerprints of ink writing made using (a) a brand
new ballpoint pen and (b) a 16-year-old pen. The percentage of the sum of
degradation products relative to the precursor ion of m/z 372 was 34% for
the new and 37% for the 16-year-old pen.

evaluate this parameter, several blue ballpoint pens with varying
ages up to 16 years old were tested. Fig. 6 compares, as an
illustrative example, the EASI-MS fingerprints of an ink writing
from a brand new blue pen (2009) with that from a 16-year-old
pen (as marked, the pen was made for a 1993 scientific congress).
Note that the dye compositions are close but not identical, but
both fingerprints display nearly the same ‘degradation’ profiles.
No degradation products are observed for Basic Blue 26 (m/z
470) even after 16 years (Fig. 6b) whereas the ions of m/z 358 and
344 are likely homologous impurities rather than degradation
products.
Several parameters are known to influence ink degradation
such as document storage conditions (e.g. humidity, temperature
and exposure to light) and the type of paper used. Absolute age
estimates are therefore difficult to make if storage conditions are
known to have changed substantially but relative ink aging
appears quite reliable based on the ‘chemical clocks’ from
degradation. Ink writing on a document should present equal
degradation profiles if they were produced by the same pen at the
same time. If not, relative ink dating should demonstrate the
temporal difference.
Inks in documents

Fig. 5 Plot of the time of exposure to the incandescent 60 W light versus
the ratio of intensity of the precursor Basic Violet 3 ion (m/z 372) to the
sum of intensities of its degradation products (m/z 358, 344, 330, 316).
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Naturally aged inks were also analyzed using legal documents
with different ages provided by the Brazilian Federal Police
(Fig. 7). Note that different dye compositions are detected by
EASI-MS due to the use of different pens, but the most common
Basic Violet 3 dye and its ‘chemical clock’ cascade of products
(m/z 372, 358, 344, 330, 316) are fortunately observed in the inks
for all documents. This was an uncontrolled experiment since
documents were not necessarily stored under the exact same
conditions, yet the older the document more degradation
product ions were indeed detected.
This journal is ª The Royal Society of Chemistry 2010

Fig. 8 Typical EASI(+)-MS fingerprints acquired by scanning across the
‘8’ line for the (a) accelerated ‘ca. 10 year-old’ aged ink and (b) the fresh
blue ink.

Fig. 7 EASI(+)-MS fingerprints for legal documents from different
years provided by the Brazilian Federal Police. The percentage of the sum
of degradation products relative to the precursor ion of m/z 372 was 32%
for 2001, 59% for 1997, 72% for 1993 and 96% for 1987.

Fig. 8 shows the identification by EASI-MS of ink writing
forgery. Lines were written using the same blue pen, but at
different ‘simulated’ years. Using a similar test applied before for
different pens,14 the number ‘3’ was hand-written on a piece of
paper and the ink was subjected to accelerated aging for 6 h by
exposure to the 60 W incandescent light. We estimate from Fig. 7
that 6 h of accelerated aging simulates ca. 10 years of natural
aging. Then, number 3 was forged into number ‘8’ with fresh ink.
The EASI spray was then scanned across the entire contour of
the ‘8’. Fig. 8 shows characteristic EASI-MS for both fresh and
‘10 year-old’ ink writings.

Superimposition and crossing of ink lines
Fraudulent modifications of information on documents may be
made by the superimposition of ink lines. To verify the capability
of EASI-MS to detect the presence of more than one layer of ink
in a single line, a line was written with a blue pen that contains
mainly Basic Violet 3 (m/z 372) and 1,3-dimethyl-1,3-ditolylguanidine (m/z 268). This line was then overlaid by a second
This journal is ª The Royal Society of Chemistry 2010

Fig. 9 EASI(+)-MS fingerprints of a double layer of superimposed blue
inks obtained when the spray collected dyes from (a) the upper layer at
time zero; (b) from both layers after ca. 5 s and (c) from the lower layer
after ca. 10 s.
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demonstrated. A linear correlation for accelerated aging and
degradation products for some of the most typical ink dyes has
been obtained, demonstrating that this cascade of products
works as a reliable ‘chemical clock’ for ink aging, particularly
when relative ages are compared.
Several procedures to prevent forgery when inks are used to
prepare important documents considering further inspection by
EASI-MS can also be proposed, such as the use of a unique (sitespecific) composition of dyes, for instance, for use in legal writings as, for instance, in passport annotations by pens or stamps.
This fast and non-destructive method that provides ink characterization at the molecular level directly at the surface of questionable documents seems therefore to offer a powerful tool for
the forensic analysis of inks.
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