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Investigation of three colour inks was performed using the HPLC
method. The research is based on the theory of reducing of solvent in ink
and on the change of ratio between dyes due to the degradation of the dye
or changes of its extraction properties. Old samples, aged from 1 to 7
months were selected for research. Samples were made using blue, violet
and black ballpoint ink. Record samples are kept in the dark, in climatic
conditions of a usual office. During the identification of ink compound,
by using LC/MS, a statement was made that each ink sample contains
2-phenoxyethanol as a solvent, Methyl Violet and Basic Blue dyes and
their degradation products. The areas of peaks gained at characteristic
wavelengths are used for the analysis of the aging process.
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INTRODUCTION

The research is based on the theory of solvent reduction in ink and on the
change of ratio between dyes due to the degradation of the dye or changes in its
extraction properties [1, 2]. The authors believe in promising the determination
of the age of ink entries by analyzing complex information and maximization of
the one sample usage. Purpose of the present study is to develop the HPLC
method for determining patterns of temporal variations in the ink components
and establishment of basis for method of determination of the age of ink entries.
Aging processes are investigated in terms of high-performance liquid chromato-
graphy, masspectrometry and spectrophotometry.

EXPERIMENTAL

HPLC-MS/MS apparatus and analyses

- Shimadzu LC20AD with detector Shimadzu SPD-M20A (career flow rate
1 ml/min, detection wavelength 200-800 nm, temperature 30 °C);

- Waters Alliance 2695 with Waters Quatro MicroTM API and MassLynx
(gas N,, flow 1 ml/min, positive polarity of ESI, voltage on the capillary
3 kV, voltage on cone 30 V, temperature of the ion source 150 °C);

- Column Waters Symmetry® Cig, 5 pm, 4.6x150 mm.
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Samples

Samples were prepared using ballpoint pens from: Bic (blue ink) and Cello
Maxriter (violet and black inks). The strokes onto standard office paper
(80 g/cm”) were made by hand writing. The samples aged from 1 to 7 months
were selected for the research. Samples of writing were kept in a dark place in
general room conditions. Four 1 c¢m strips were cut with a scalpel for a sample,
then strips were extracted in 80 pl of eluent (acetonitrile: water in ratio 4:1 +
pyridine in ratio 1000:1) in 100 pl inserts. The sample mixture was treated with
ultrasound for 30 minutes.

Determination of the chemical composition of ink and
data processing

The analysis was carried out using two different liquid chromatographs with
PDA and MS detectors (the same Cig reverse phase column was used in the
both apparatus). Dyes and solvents were identified by comparison of their UV-
VIS and MS spectra with literature and reference data [1, 5, 6].

Data processing was carried out using a computer program Origin Pro 8. In
order to construct the curves, areas (S) of peaks of more than 0.05 adsorption
units (AU) and less than 1.50 AU were used. Following the exclusion of po-
tentially errancous data (outside the mentioned interval, the data from the
asymmetric peaks, etc.) left 30-40 samples for each ink. About 40% of the
samples were unsuitable for the analysis.

RESULTS AND DISCUSSIONS
Chromatographic conditions

During the systematic selection of parameters (mobile phase, temperature,
gradient) we determined the optimal conditions of HPLC analysis. The optimal
conditions are:

mobile phase: A —0.01% formic acid (pH 3), B — acetonitrile;

gradient: 5% B (#)) — 40% B (¢, = 10 min) — 100% B (#, = 20 min) —
100% B (3= 30 min).

The optimal gradient is shown in Fig. 1.
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Fig. 1. Optimal gradient for HPLC with mobile phase:
A — formic acid (pH 3); B — acetonitrile.
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There was a possibility to observe an undesirable split of chromatographic
peaks (see Fig. 2.) in some cases. The spectrophotometric studies and research
of the masses for the samples were made and the formation of the pair of peaks
was observed. Peaks with indices “A” are not desirable.
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Fig. 2. HPLC/PDA chromatogram of Violet ink (585 nm).

Peaks 4 and 5 belong to Basic Blue (BB).

Peaks /-3 belong to Methyl Violet (MV):
1A and 1B — tetramethylated Methyl Violet (4MV);
2A and 2B — pentamethylated Methyl Violet (SMV);
3A and 3B — hexamethylated Methyl Violet (6MV).

The reason for this effect may be formatting of dye zwitterions (internal
salt), however further research is needed for the objective output. If pyridine is
added to the ink extract (volume ratio 1000:1) the doubling of the dye peaks is
not observed (see Fig. 3). The use of formic acid as a buffer solution did not
improve the separation of mixture and the type of chromatograms as a whole.
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Fig. 3. HPLC chromatogram of violet ink (585 nm).
Peaks /-3 belong to Methyl Violet (MV) dyes, peaks 4 and 5 belong to Basic Blue dyes.

HPLC analysis of inks

During the identification of ink compounds using LC/MS, each pen ink is
stated to contain 2-phenoxyethanol (2-FE) as a solvent, Methyl Violet (MV) and
Basic Blue (BB) dyes and their degradation products (Fig. 3., 5. and 7.). The
areas of peaks gained at characteristic wavelengths are used for the analysis of
the aging process — construction curves of aging and function for ink entries
dating. There are many peaks of dyes on chromatogram suitable for the aging
study in the case of violet ink (Fig. 3). However, the mathematical processing of
results shows that the data used in the calculation of tetramethylated MV (peak
Nr. 1 on chromatogram) gives an age finding curve with the highest correlation
coefficient R*= 0.95 (Fig. 4). All highest correlation coefficient with additional
information about functions of curves for each ink are collected in Table 1.
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Fig. 4. Violet ink entries dating curve Age = 7.9x™"® with R*=0.95, where:

x — ratio between S, gx and Syyy;-

S, rg — peak area of 2-FE;

Simv — peak area of tetramethylated Methyl Violet dye.

Table 1. Functions of curves with highest R? for each investigated ink

Function Violet ink Blue ink Black ink
(OriginPro8/NLFit/...) 4MV (575 nm) BB* (591 nm) SMV (585 nm)
y=ax’ R’ 0.95 0.93 0.8
(Alometric) a 7.941.0 96.143.3 22413
b —1.9+0.1 -2.240.1 —4.1£0.6
y=ax(1+x) R? 0.94 0.94 0.8
(Pow2 P2) a 7.90+0.96 2616+484 1375549075
~1.9+0.1 —4.7+0.3 ~14.842.1
2
y=c+ R 0.93 0.92 0.7
~ x+a a -0.116 —0.4+13 —0.242.5
(Rational 4) 13.9 62.6+8.3 33.848.3
c ~0.2+4.0 ~16.6%5.6 48.6+20.3
y = el@rrred) R’ 0.94 0.90 0.8
—7.8+0.4 —2.6+0.2 3.9424.5
1.0£0.2 0.10+0.03 ~19.1£31.9
y=axe” R’ 0.94 0.93 0.8
(Exp 2PMod) a 728+70 1119162 685143865
b -7.2+0.4 —2.4+0.2 —10.7£1.5

The chromatogram (Fig. 5) shows that BB gives the highest and probably the
best peak for the potential calculation, but in fact the temporary reduction of the
peak of the solvent makes the peak of the dye too intense for the analysis. As a
result, the use of much less intense peak (peak No. 4 — derivative of BB) gives
an age finding curve with the highest correlation coefficient R*= 0.94.

The chromatogram shows that SMV and 6MV give the highest peaks for the
potential calculation. However, the mathematical processing of the results
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shows that the data used in the calculation of pentamethylated MV give a
finding curve with the highest correlation coefficient R*= 0.8.
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Fig. 5. HPLC chromatogram of blue ink (585 nm).
Peaks /-3 belong to Methyl Violet (MV) dyes,
peaks 4 and 5 belong to Basic Blue dyes.
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Fig. 6. Blue ink entries dating curve Age = 2616(1+x)™*7 with R*= 0.94, where:
x — ratio between S, px and Sgp+;
S,re — peak area of 2-FE;
Spg+ — peak area of Basic Blue dye derivative.
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Fig. 7. HPLC chromatogram of black ink (585 nm).
Peaks 2 and 3 belong to pentamethylated and hexamethylated Methyl Violet (MV) dyes.

As can be seen from the gained data during the research, there is no perfect
function that would give a maximal R* value in the case each of dye. This
observation might be related to both extrability power of several dyes and to the
amount of dye in samples. Also a single universal dye that could be used as a
compound characterizing the amount of a sample does not exist.
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Fig. 8. Black ink entries dating curve Age = 6851e™'*™ with R*= 0.8, where:

x — Ratio between S,gp and Ssyy;

2-FE — 2-phenoxyethanol;

SMV - pentamethylated MV.

CONCLUSIONS

Using the offered HPLC method for inks it becomes possible to choose the
most appropriate parameters, for example, to calculate the execution time of the
ink entries. Method of HPLC allows to obtain the comprehensive information
about the composition of ink. It also allows to analyze dyes separately and is
suitable for in-depth studies of ink aging. The in-depth study of ink aging can be
carried out by using mathematical methods of the analysis results — statistical
methods, matrix method, use of complex equations etc.

The compositions of ballpoint pens ink affect the ink aging process that
means that the trend of ink with different composition also differs.

Probably the changes in the proportion of solvent: dye are not only due to
the decrease in the concentration of solvent in the ink entries, because in the
process of ink aging and drying may accurse extractability deterioration.
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LODISU PILDSPALVAS TINTES IERAKSTU RELA"l:iVA VECUMA
NOTEIKSANAS IESPEJAS AR AUGSTEFEKTIVAS SKIDRUMU
HROMATOGRAFIJAS METODI

V. Freidenfelds, P. Mekss
KOPSAVILKUMS

Tris dazadas krasas tintes pétitas, izmantojot augstefektivas skidrumu hro-
matografijas metodi. P&tljuma pamata ir teorija par izmainam S$kidinataja
daudzuma, ka ar1 izmainam krasvielu attiecibas to degradacijas vai ekstrakcijas
Tpasibu izmainu dél. Pétljuma izmantoti no 1 Iidz 7 ménesiem veci pildspalvu
tintes paraugu ieraksti. leraksti izpilditi ar zilas, violetas un melnas krasas
tintém un ir glabati tumsa, biroja telpas apstaklos. Veicot identifikaciju ar
LC/MS metodi, konstatéts, ka visi paraugi satur 2-fenoksietanolu ka $kidinataju,
baziskas violetas, baziskas zilas krasvielas un to degradacijas produktus.
Hromatografisko smailu laukumi raksturigiem krasvielu gaismas absorbcijas
vilnu garumiem izmantoti tintes novecoSanas procesu analizg.
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