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ABSTRACT: The knowledge of the discriminating power of analytical techniques used for the differentiation of writing inks can be useful when
interpreting results. Ultraviolet-visible (UV-VIS) spectrophotometry, thin layer chromatography (TLC), and diffuse reflectance Fourier transform infra-
red spectroscopy (FT-IR) were used to examine a population of 21 black and 12 blue ballpoint writing inks. Based on corroborative results of these
methods, the discrimination power for UV-VIS, TLC, and FT-IR was determined to be 100% and 98% for the black and blue inks, respectively.
Generally, TLC and UV-VIS can be used to differentiate the colorant components (i.e., dyes and some pigments) found in inks. As FT-IR can be uti-
lized to identify some of the noncolorant components, it was determined to be an excellent complementary technique that can be implemented into
an analytical scheme for ink analysis.
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Ink analysis can be a very important aspect in questioned docu-
ments examinations because it can be used to determine the authen-
ticity or validity of a document. Therefore, it is of the utmost
importance to have an accurate and discriminating protocol of analy-
sis and also the knowledge of the significance and evidential value of
a matching comparison. Inks for ballpoint pens are very popular and
widely employed and so they are very frequently encountered in
questioned document examinations. Many authors have proposed
techniques, methods, and protocols to carry out analyses of such
samples (1–13), but just a few have focused on the use of Fourier
transform infrared (FT-IR) spectroscopy (14–16). Common examina-
tion techniques, such as thin layer chromatography (TLC), infrared
luminescence, infrared reflectance, and visualization of inks in the
ultraviolet (UV), visible (VIS), and near infrared (via filters and
cameras) (17,18), compare questioned inks mainly on the basis of
their color or dyestuff content. Similar information can be obtained
by UV-VIS spectrophotometry. One of the purposes of this study
was to propose a deconvolution procedure of UV-VIS absorption
spectra to refine the qualitative comparisons that may be conducted
and to assess the improvement in discriminating power resulting
from this approach. The second objective was to show that FT-IR
can be a very useful tool for the forensic examination of documents,
providing additional information regarding chemical constituents

other than colorants. Inks are complex mixtures that must satisfy
several requirements. For example, they should not dry out while in
the pen, but it is necessary for them to fix quickly when applied to a
substrate. As well, they must be fluid so as to allow the rotation of
the ball on the tip of the pen, but at the same time, if too thin, they
would tend to diffuse in the paper and to appear on both sides of the
page. To calibrate all the desired features, a number of components
appear in ink formulations, such as dyes, pigments, solvents, resins,
viscosity adjustors, and ball lubricants. All the ingredients of the
formula contribute to FT-IR spectra, so this technique is expected to
be a useful one for a thorough characterization of writing inks. It
should be remarked that when using this technique, though, special
care should be exercised because it is necessary to consider the possi-
ble changes in the composition of the ink due to aging (15,19–24).

Thirty-three blue and black inks of very common ballpoint pens
were analyzed by UV-VIS spectrophotometry, TLC, and diffuse
reflectance FT-IR spectroscopy, so as to assess the discriminative
potential of each technique and of a procedure that integrates all of
them. Forensic document examiners are well aware about the possi-
bilities of these techniques to distinguish between inks, but not
many literature works report the discriminating power associated
with a sequence of techniques such as that used in this work
(6,14,16). An assessment of this datum is very useful when inter-
preting results and presenting them to Court.

Materials and Methods

Samples and Samples Preparation

A total of 33 ballpoint pens (21 black and 12 blue) from differ-
ent manufacturers and of different models were randomly acquired
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from several stationery shops in the Messina region. Lines were
drawn with the pens on unlined sheets of the same batch of A4,
white, 80 g ⁄m2 office paper (GBR, Padova, Italy). Right after the
deposition, the ink coming from lines c. 1 cm long was extracted
with 40 lL of absolute ethanol (Carlo Erba, Rodano, Italy) in a
glass vial. To check the role of sampling on analytical results,
another extraction with ethanol was performed directly from the
pen ink reservoir, obtaining indistinguishable data if compared with
the samples extracted from the lines on paper. Blank paper was
also treated with ethanol with the same procedure used for ink
lines, to quantify the matrix effect.

UV-VIS

Samples for UV-VIS spectrometry were prepared by transferring
10 lL of ink extract in another vial and diluting to 0.5 mL with
ethanol. A Lambda 3 spectrophotometer (Perkin Elmer, Waltham,
MA) was employed. The spectral range used in the acquisition of
data was 250–900 nm. No spectral features were observed for any
sample between 780 and 900 nm, i.e., in the near-infrared region
of the acquired spectrum. The data were processed with Perkin
Elmer Computerized Spectroscopy Software. Deconvolution of
multiple peaks with Gaussian functions was carried out with Peak-
Fit software (Systat, San Jose, CA) just in the visible range of the
spectra, i.e., in the interval 490–660 nm. Quartz cells, with an
optical path of 1 cm and 0.5 mL volume (Hellma, M�llheim,
Germany), were employed.

TLC

TLC analyses were performed using as the eluent mixture
1-butanol, 1-propanol, water, and acetic acid (10:5:5:0.5). Five
microliter of each extract were spotted on high-performance TLC
silica gel plates without fluorescence indicator (Merck, Whitehouse
Station, NJ) and developed in a horizontal developing chamber
(Camag, Muttenz, Switzerland).

Diffuse Reflectance Infrared Spectroscopy

FT-IR spectra were obtained by a Nicolet Prot�g� 460 (Thermo
Scientific, Waltham, MA) equipped with a diffuse reflectance
accessory using the procedure described by Merrill and Bartick
(25). Ten microliter of ethanol extracts of the ink was allowed
to evaporate in a microsample cup (diameter: 3 mm; depth:
2 mm). A paper blank was obtained and its spectrum was used to
subtract spectral interference due to the paper substrate. All samples
were analyzed by collecting 256 scans at 4 cm)1 resolution, from
4000 to 450 cm)1. Omnic software (Thermo Scientific) was used
for data processing, i.e., subtraction of paper, CO2, and H2O signals
and baseline normalization.

Results and Discussion

UV-VIS

UV-VIS spectra contain information mainly related to the colo-
rants (dyes and pigments) content in the ink formulation, even
though a contribution from other components such as solvents or
resins is possible, especially in the UV region. UV-VIS spectros-
copy can be a suitable technique for an initial screening. The
samples analyzed in this study were differentiated according to
the qualitative appearance of their absorption spectra in the visible
range into five and three groups, respectively, in the case of black

and blue inks. Figures 1 and 2 show the different recorded spec-
tra. For the black inks, group 1 samples produced a very unique
spectrum, while groups 2, 3, 4, and 5 had a very similar pattern
(Fig. 1). The differences between samples of these latter groups
were in the presence of minor bands at 411, 360, and 666 nm,
respectively, in groups 2, 3, and 5. The minor peaks in group 4
were absent. Similar findings were observed for blue inks. Group
1 samples produced a markedly different spectrum, while group 2
could be differentiated on the basis of the presence of a minor
peak at 650 nm, which was absent in group 3 (Fig. 2). In the
UV range, the spectrum was richer in spectral features and
allowed for a further differentiation rather than for a broad classi-
fication as that made possible considering just the visible spectral
interval.

The discriminative power (DP) of the techniques employed in
this work was evaluated according to Smalldon and Moffat (26) as

DP ¼ ðnumber of discriminated sample pairsÞ
=ðnumber of possible sample pairsÞ

FIG. 1—The four groups of UV ⁄ VIS absorbance spectra detected in black
ink samples. Arrows indicate the bands that characterized groups 2, 3, and 5.

FIG. 2—The three groups of UV ⁄ VIS absorbance spectra detected in blue
ink samples. The arrow indicates the band that characterized group 2.
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If n is the total number of samples, the number of possible
sample pairs was [nÆ(n)1)]/2, i.e., (21Æ20) ⁄ 2 = 210 and
(12Æ11) ⁄ 2 = 66, respectively, for black and blue inks.

By a comparison based on a qualitative analysis of UV-VIS
absorption spectra, 96% and 79% of the black and blue inks,
respectively, could be distinguished. Roux et al. reported a DP of
0.83 for both blue and black inks (6). A quantitative approach for
the comparison of these samples was also applied. The major peak
in the visible part of black groups 2, 3 and 4 and blue groups 2
and 3 was deconvoluted by two Gaussian functions. These func-
tions were integrated in the 490–660 nm interval and their areas,
denominated A1 and A2, respectively, were computed. The
mass-independent ratio R = A1 ⁄ A2 was defined and was used for
comparing the various inks within the same category. If A1 and A2

separately, instead of the ratio R, were used, they would have been
dependent on the size of the sample. As it was not possible to rig-
orously control the quantity of ink extracted for each sample, this
approach was not feasible and the use of the mass independent
ratio was necessary. Ten replicates of selected samples, i.e., 1, 2,
and 8, were run to assess the repeatability of the measurements.
The relative standard deviation observed in such experiments was
5%. An example of the results of the deconvolution procedure is
shown in Fig. 3. No further discrimination was attained for blue
inks by this quantitative approach, and just three more black cou-
ples of samples could be differentiated, increasing the DP to 98%.
Despite the marginal improvement in the DP, the application of a
quantitative treatment of UV-VIS spectra can be useful as it yields
a numerical parameter that can help the Courts with a more objec-
tive result for interpretation.

TLC

TLC is the most widespread method utilized for the forensic
analysis of writing inks. In this study, TLC was applied with the
objective of refining the discrimination within the main groups
individuated on the basis of the qualitative analysis of the visible
absorption spectrum. Different discriminative performances were
observed, as demonstrated in Figs. 4 and 5. For example, all the
samples of the black inks in groups 1 and 4 could be discriminated,
but a lower fraction of the possible pairs of samples within groups
2 and 3, 67% and 89%, respectively, displayed differentiable chro-
matographic patterns. For blue inks, 90% or more of the possible
pairs in each group could be discriminated. Other studies on the
forensic analysis of inks reported DPs of 0.9 (14) and 0.99 (6).
Only in the case of group 2 of the black inks, a much lower DP
was observed. Although by TLC all the components of the ink for-
mula are separated, just colored or fluorescent compounds can be
visibly detected, so this method is also strictly linked to the quality
and quantity of pigments and dyes used for the manufacture of the

ink. This may explain why in group 2 of black inks, a poorer than
expected discrimination was obtained. A change in solvent system
could indeed have improved the discriminating power, but a tech-
nique for detecting solvents and resins, in addition to colorant com-
ponents, was used.

FT-IR Spectroscopy

FT-IR spectroscopy is a technique that can be used to analyze
noncolorant components found in writing inks. Although it can be
difficult to positively assign all the bands in a complex FT-IR spec-
trum, detection of solvents or resins employed as ingredients brings
about an increased potential for discrimination. As previously dis-
cussed for TLC, FT-IR spectroscopy was used to discriminate the
inks within their groups, individuated by visible absorption spec-
troscopy. A number of bands have proven useful for this purpose.
Most of the samples, except group 1 of both black and blue inks,
displayed the peaks at 1296, 1094, and 1055 cm)1, typical of

FIG. 3—Deconvolution of the main peak in the visible absorption spec-
trum of sample 2.

FIG. 4—Differentiation of blue inks by FT-IR and TLC. Shaded squares
represent couples of sample distinguishable by both methods, gray squares
represent pairs distinguishable just by the indicated method.
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triarylmethane (15) (Fig. 6). A band at c. 1700 cm)1, indicative of
the presence of acids or esters, was found to be particularly diag-
nostic (Fig. 6). On the basis of the presence or absence of this
peak, Wang et al. (15) operated a subdivision of the inks they

studied into two main groups. Bands originated by epoxy resins
(15) appeared for some samples at 914 and 3062 cm)1 and helped
in their differentiation (Fig. 6). Also, doublets were located at about
700 and 1475 cm)1 that were ascribed to the presence of solvents
such as styrene or benzyl alcohol (16) (Fig. 6). Ethylene glycol
contributed with quite broad peaks between 1050 and 1150 cm)1.

Although for some signals as those just described an assignment
was possible, in some other cases the complex appearance of the
spectrum prevented a straightforward and unambiguous interpreta-
tion. Figure 7 shows the spectra pertaining to the two inks included
in the blue group 2. Although very similar in the high and low
wavenumber regions, a marked diversity exists in the position and
relative intensities of the peaks located in the range 1000–
1300 cm)1. It was not possible to single out the component creat-
ing this difference, but nevertheless it was determined to be
discriminating.

It has been widely reported in the literature that writing inks,
when they are placed on a substrate, undergo an aging process
(15,19–24) that consists mainly of the evaporation of volatile com-
ponents, oxidation of some of the constituents of the formulation,
and the hardening of the resins. This is expected to bring about
changes in the FT-IR spectra of inks as the time goes by, as stud-
ied by Humecki (19,24) and Wang et al. (15). Humecki (19) found
that the aging of ink influenced the intensity of the OH band at
3330 cm)1, of the CH band at 2950 cm)1 and of the C=O band at
about 1700 cm)1. An increase in the intensity of the C=O signal
and a decrease in the OH and CH bands were reported in a time
span of 20 years. Wang et al. (15), on the other hand, observed a
decrease in the absorption bands at 1584, 1494, 1360, 1296, 1245,
1094, and 1055 cm)1 attributed to the changes in the epoxy resin
and the volatilization of solvents. The only signal which almost dis-
appeared as a consequence of aging was that at 1245 cm)1 (15),
while for all the other cases just a decrease in intensity was
reported. The differentiation of our samples by FT-IR was based
on a qualitative comparison of spectra that took into account the
presence or absence of absorption bands. Differences in the inten-
sity of bands were considered significant only when very large and
macroscopic alterations in the relative intensities of adjacent peaks
were observed. Because in the sampling procedure of our samples,
their age was not rigorously controlled, the intensity ratios used in
the aforementioned works (15,19) were not considered for the dif-
ferentiation of the samples studied in this work, as they could have
been altered by aging. Moreover none of the other mentioned

FIG. 6—Examples of FT-IR spectra obtained for samples 10 (top), 34
(middle), and 25 (bottom). Diagnostic bands are indicated by arrows.
a = acid or ester, d = dye, e = epoxy resin, g = ethylene glycol, s = sol-
vents (styrene and benzyl alcohol).

FIG. 7—FT-IR spectra obtained for samples 24 (top) and 20 (bottom).

FIG. 5—Differentiation of blue inks by FT-IR and TLC. Shaded
squares represent couples of sample distinguishable by both methods,
gray squares represent pairs distinguishable just by the indicated method,
white squares represent samples indistinguishable by both techniques.
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bands were very diagnostic for differentiation in our samples, so
the effect of aging on the DP of FT-IR estimated by us can be
excluded.

Figures 4 and 5 reveal very satisfactory DP values, ranging from
80% to 82% of black groups 2 and 3, respectively, to 95% of blue
group 1.

Conclusion

Although a number of works exist on the forensic analysis of
writing inks, data about the discrimination potential of the tech-
niques or sequence of techniques are still not widely available. This
work was aimed at showing that by applying three very common
analytical methods, UV-VIS spectrophotometry, TLC, and FT-IR
spectroscopy, differentiation of most of the ballpoint inks com-
monly found on the market could be achieved. These techniques
were in fact used on 21 black and 12 blue samples and just in one
case, between blue samples 10 and 11, no difference could be
detected (Figs. 4 and 5). This corresponds to an overall DP of the
sequence of the techniques equal to 100% and 98% for black and
blue inks, respectively. Knowledge of the DP of an analysis is of
great help to the forensic scientist when it comes to interpreting
results (27,28). It has been shown that FT-IR spectroscopy is partic-
ularly interesting as a complementary technique to TLC and
UV ⁄ VIS spectroscopy because FT-IR spectra are due to resins and
solvents, not just due to colorant components. Figure 8 shows an

example of samples that could not be differentiated by UV-VIS
and TLC, but that had different FT-IR spectra. Deconvolution of
visible spectra was also performed, so as to be able to quantify the
comparisons made. It is very important to have a quantitative and
more objective parameter when reporting results to the Court.
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