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Abstract

Determination of the age of a handwritten or ink printed questioned document can be an important consideration in forensic cases. Most
often the age of a document is determined by the chemical behavior of the dyes that make up the ink. Exposure of the dyes to environmental
factors such as oxygen and ultraviolet or visible light cause them to degrade. Often this degradation can be correlated to the time since the
exposure of the ink to the elements began. A number of methods have been used to track the aging of inks on paper. This paper reports the
use of laser desorption mass spectrometry as a valuable tool in not only elucidating the structures of dyes used in inks but tracking the change
in their chemistry as they age. This study also explores methods for artificially aging documents using ultraviolet and visible light.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction observations concerning a patient in a hospital. These are
written in a chart when they are noted and a question may
All of the following ink and dye research was supported arise as to whether entries were all written with the same
by a National Institute of Justice Grant #2002-RB-CX-K002, pen. A more complex situation arises when the issue is when
John Allison and Jay Siegel, Pls. Some of the results cana particular document or part of a document was written. In a
be found on our database http://poohbah.cem.msu.edu/ recent case, which did not process to court, a physician was
peninks/pensnain.htm. accused of malpractice by the family of a patient who died
Questioned document examiners in a forensic setting arewhile under his care. One of the issues concerning the suit
called upon to perform many types of examinations on paperwas a handwritten entry that the physician allegedly made in
and other document media. For forensic purposes, a doc-the patient’s chart concerning an important medical test that
ument is any medium that contains printed or handwritten he claimed he did, but that the family claimed that he did not
markings whose source or authenticity is in doubt. Many of do and was therefore negligent. He said that he made an en-
these examinations involve the ink that the document wastry in the chart right after doing the test, whereas the family
written with. Such issues may involve the identity of the par- claimed that he made the entry only after the patient died to
ticular writing instrument used to write a questioned docu- cover up his malpractice. The forensic issue was then; was
ment. For example, there may be a question about a set ofthe ink in the entry in question older than the entry immedi-
ately after it in the chart and younger than the one before it.
* Corresponding author at: CSIC, Instituto de Optica, C/Serrano 121, In recent years the use of computers to produce dqcumems
28006 Madrid, Spain. Tel.: +34 91 561 6800; fax: +34 91 564 5557. has changed because many documents such as wills are no
E-mail addressjan@pinarl.csic.es (J. Siegel). longer handwritten. This has provided increased challenges
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to document examiners because the nature of inks and toners The metal sample plate supplied by the manufacturer was
used in computer printers is more complicated than pens. used to hold the paper and ink samples. These are irradiated

A number of analytical techniques have been used in the directly with the laser.
characterization of inks on papHr,2]. These include chro-
matographic and spectroscopic methods. Determination of2.1. Analysis of ink on paper
the composition of an ink sample is usually pretty straightfor-
ward. The determination of the age of ink may be more com-  Ink samples wesre applied directly to paper from the pens.
plex although there are some basic extraction-based methodg#\ straight line was drawn with a single stroke of a pen. The
that are commonly in ugé-8]. paper was then cut into small strips, which were taped to

Mass spectrometry has been used for a number of yearghe sample holder of the inlet of the MS. Each strip was
in the analysis of in6,9]. The earliest methods involved estimated to contain a few milligrams of ink. A solid matrix
GC/MS where the quadrapole or ion trap mass spectrometerhad to be used with a few of the inks to get them to ionize.
acts as a detector for the GC. The volatile components of The instrument was calibrated using a saturated solution of
the ink are separated by the GC and then ionized by elec-Csl on paper. Laser desorption of Csl yields {igs-1))*
tron impact (IE). More recently desorption/ionization mass ions. Mass spectra from 50 laser shots at each location were
spectrometric methods have been employed. In this researclgathered and averaged to yield a final mass spectrum. For
we focused on matrix assisted laser desorption ionization ormost ink samples, spectra were obtained at three points along
MALDI [10] and laser desorption or L[21]. The two tech- the line. Standard deviations were computed from all of the
niques differ in that in MALDI the analyte is impregnated spectra for each sample.
with a crystal matrix that absorbs the ionizing energy and
then transfers it to the analyte. In both techniques, a pulsed2.2. Aging studies
laseris used to supply the ionizing energy and the ions that are
generated are separated by time-of-flight (TOF) mass spec- Two natural aging studies were conducted in this research.
trometry. One of the advantages of MALDI and LD is that In the first study, documented ink samples were supplied by
very little decomposition of the molecular ion takes place and Speckin Forensic Science Labs (Okemos, MI). The samples,
the resulting mass spectra are generally uncomplicated. aged under controlled conditions came from a®BieSTK

A number of approaches have been taken in the determina-BP black B-460 fine point pen, purchased in April of 1991.
tion of the age of ink2,3,7,8]. In order to accomplish thisone  The Speckin collection was made in the following manner. A
needs to have ink samples of various known ages. There are aingle piece of 8inx 11in. bond and printer paper was used
couple of ink libraries available but their samples are limited for each ink. Each month, a line was made on the paper and
and basic research sometimes requires large amounts of anadated. In between these markings, the paper was stored by
lyte. The major approach to artificial aging of ink is to heat the itselfin an envelope in a drawer. The paper was not folded and
sample in an oven at 10€ and then use an extraction-based light was prevented from reaching the ink. The other study
method for age determinatid®,12—-14]. In our studies we  was not controlled. Numerous samples of writing that have
have found that light can achieve similar results. We started been stored in the basement of the Chemistry building for
with UV light but found that incandescent light works just many years were obtained. Each sample had information on
as well. We are also interested in using an oxygen-rich at- it that indicated when it had been written (but not how old
mosphere in the dark but have not tried that yet. The most the pen was).
important consideration in implementing an artificial aging
technique is that it causes the same chemical changes in the
ink that natural aging does. Clearly natural aging is a complex 3. Results and discussion
process that involves light, heat, oxygen and paper.

3.1. Aging studies of blue and black ball point pen inks

2. Experimental Much of the early work in this study focused on ball point
pens, specifically black and blue pefd€,15]. These pens
All of our mass spectrometry was performed on a PE all had the same dye in themmethyl violet, which has been
Biosystems Voyager DE instrument (Framingham, MA). The used as a dye in such pens since about 1950. Methyl violet
pulsed nitrogen laser emits at 337 nm, 3 ns, 3 Hz. The follow- is derived fromcrystal violet. Fig. 1 shows the structure of

ing conditions were used: crystal violet and the weights of its degradation products. The
loss of one methyl group from crystal violet yields methyl

For positive ions 20000V violet, the principle dye in these pens.

For negative ions —15000V

: . . During the natural aging of this dye, successive methyl
Intermediate acceleration grid 94.5% of plate voltage :
Delay time between laser irradiation and ion 150 ns groups are lost and are re_placed by solvent protons, r_esultmg

acceleration in the loss of 14 mass units each time. The older the ink, the
more methyl groups are logtig. 2is a series of three mass
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Fig. 1. Crystal violet and its photodegradation products.
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spectra of blue inks taken from the vaults in the basement Fig. 3. An accelerated aging study. The three mass spectra were obtained
of the department of chemistry at Michigan State University. from the same pen.

The inks were taken from three different documents. The

dates of the documents are confirmed in the writing. This is Of the ink in a Bic blue ball point pen. Initially, the major

an uncontrolled experiment in that there are no controls on Peak in the mass spectrum corresponds to crystal violet with
the paper and the manner of storage can only be assume@ Very small methyl violet peak. After 12 h of |rraQ|at|0n,

to be similar for all three documents during the period since there are seven peaks present, each one representing the loss
they were written. Of course, it is quite likely that the pens of an additional methyl group including the one at 288 where
were all different too and it is not known how old the pens the dye has been completely demethylated. The two tallest
were when they made the marks. In spite of this, the results P€aks are at 372 and at 344, where two methyl groups have

are quite reasonable. As can be seeRim 2, the first ink,
taken in 1996, has one major peakde372, which is crystal

been lost. There is also a strong peak for methyl violet at 358.
After 24 h of continuous UV irradiation, there has not been

violet. There is a very small peak at 358, corresponding to &S dramatic a change in the mass spectrum. There is much
methyl violet. In the second document, written in 1974, the €SS crystal waet_but the rest of the spectrum is not changed
base peak is still 372, but now there is a prominent peak atVery much. This is probably due to the fact that the loss of
358 and one at 344, corresponding to the loss of two methyl tWo or three methyl groups yields fairly stable compounds

groups, and a small peak at 330 (M+BCHs]. Finally in
the third document, written in 1961, the base peak is methyl

that resist further oxidative demethylation.

violet and there are peak clusters representing the loss of up3.2. Aging of ink within a ball point pen cartridge

to four methyl groups.

In the artificial aging studies that were carried out in this
research, UV light was useHBig. 3shows an artificial aging

Natural Aging Study

372
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358
372
358
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330 344
358
3 372
1961
330
316
300 320 340 360 380

Fig. 2. A natural aging study on blue ink. These three documents were

In the determination of the age of an ink sample in a ball
point pen which has been used to write a questioned docu-
ment, the assumption is currently made that the age character-
istics of the ink in the pen cartridge are the same throughout
and that the ink does not undergo chemical aging inside the
cartridge. Assume that a document was written in 1990 with
a Bic blue ball point pen and the LD mass spectrum is taken.
Ten years later, the pen is retested after half of the ink in
the cartridge has been used. The LD mass spectrum is taken
again. If the ink had not aged in the cartridge, then both mass
spectra should look the same. The research studies reported
here indicate that this is not the c4%6]. Fig. 4shows such a
case. It consists of three mass spectra taken from the cartridge
of a pen of unknown manufacturer. Spectrum (a) is a sample
of ink taken from the end of the cartridge nearest the pen tip.
Spectrum (b) is taken from the middle of the cartridge and
spectrum (c) is taken from the other end of the cartridge which
is open to the atmosphere. A couple of things are important
here. First, the large amount of the compounds at 358 and

obtained from the archives of the Department of Chemistry at Michigan 344, indicate that this ink is aged. A new ink would have its

State University.

only significant peak at 372. Comparison with known inks in
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Fig. 4. The positive ion LD mass spectra of ink in a ball point pen cartridge.

anink library at Speckin labs, indicates that this pen might be
as old as 35 years. Second, although the differences among
the ink samples iffrig. 5 are not great, they are significant.
Note especially the differences between the 358 peaks in th
middle of the cartridge compared to those on either end. The
ends would be expected to be exposed to more oxygen and
thus show more aging. This could be important in trying to
determine the age of an ink sample that is old. One must be
at least aware that the ink inside a cartridge ages with time
and that it may age unequally.

3.3. Photodegradation of red inks

We also did some limited studies of some red ifik&18].

Red ball point pens used today are known to contain one of
(oracombination of) two dyes: Rhodamine 6B or Rhodamine
6G. The structures of these two dyes are showfign 5.

Note that Rhodamine B has four ethyl groups attached as
side chains to the aromatic amines analogous to the methyl
groups in crystal violet and its analogues. It would be ex-
pected therefore, that photodegradation of this dye would
result in the loss of an ethyl group which would be replaced

by a proton from the solvent, giving a net loss of 28 mass Fig. 7. Positive ion LD mass spectra of Rhodamine 6G: (a) is with no irra-

(b)
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Fig. 6. Positive ion LD mass spectra of Rhodamine B: (a) is with no irradi-
eation and (b) is after exposure for 12 h with incandescent light.
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units. Likewise, Rhodamine 6G has two ethyl groups and diation and (b) is after exposure for 12 h with incandescent light.

two methyl groups that can be shed in an analogous manner.

Figs. 6 and are LD mass spectra of Rhodamine B and Rho-  In both figures, the molecular weight is shown to be 443;

damine 6G. The (a) spectra are the dye before exposure tadhe dyes are isomers. The peak at 39%Fig. 6 is the re-

incandescent light and the (b) spectra are after 12 h of expo-sult of the loss of C@ from Rhodamine 6B. In the pho-

sure to incandescent light. todegraded sample of this dye, there are peaks that repre-
O OH

ot
OCH,CH,

409 O
1{3(1}12(1\1TT 5 N+ CH:CH; H3(7H2(7\| - o CHLCHs
[}
CH,CH, CH,CH, H il
Rhodamine B Rhodamine 6G

Fig. 5. The chemical structures of Rhodamine B and Rhodamine 6G.
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