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INVESTIGATION INTO THE POSSIBILITY OF IDENTIFYING DYES
IN THE PARAROSANILINE DERIVATIVES GROUP IN VIOLET-
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Abstract

Spectrometry in the visible range could be a useful technique in forensic examination of documents, e.g. it could enable creation
of a numerical description of the colour of writing materials used in the writing process, or it could be used for determination of
the kind of dye present in writing materials, or in comparative studies. The main components of ballpoint pen inks are dye(s) and
carriers. The aim of the research was to establish whether identification of the main component is possible on the basis of Vis
spectra of violet-blue ballpoint pen inks. Analyses were carried out for dyes named methyl violet and crystal violet manufactured
by various producers or two-component specimens prepared for research purposes. One of the components was methyl violet or
crystal violet, and the second one was the carrier — olein or ethylene glycol. These specimens were deposited on paper in the form
of thin lines (imitation of handwriting executed by a thin ballpoint pen). Specimens were analysed in reflection mode, dyes by
both reflection and transmission techniques. The spectra of a particular dye obtained by the two techniques differed from each
other. The spectra of (different) dyes, both reflection and transmission ones, (also) differed from each other. At the same time,
spectra of specimens were similar, which suggests that the kind of carrier and dye did not have an influence on the result. There-
fore, the MSP-Vis method can only be used as a screening method for group identification of the main dye present in ballpoint
pen inks. The identification process could be supported by an appropriate database of Vis spectra.
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1. Introduction

Writing materials analysed by forensic experts, pres-
ent both in writing instruments and in writing, are in
most cases colour. Soluble dyes or non-soluble pigments
give them colour. Microspectrophotometry in the visi-
ble range is one of the methods applied for differentia-
tion of various writing materials on the basis of deter-
mination of different colour parameters [1, 13, 19].
However, the problem of the usefulness of the Vis spec-

trum for identification of the main colorant is still un-
solved. The subject of forensic expert analysis is usu-
ally writing material in the form of a line left on paper
(on a document constituting evidence). Therefore, it is
advisable to use non-destructive techniques in analy-
sis, i.e. spectra should be obtained in reflection mode.
The reflection technique does not damage writing ma-
terials as such: possible discolourations at points of
analysis have a negligible effect on the analysed docu-
ment. In terms of keeping the document as a whole in-
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tact, in many cases an A4 format sheet of paper can be
directly placed on a microscope stage, enabling analy-
sis of a selected line of writing. If this is not possible,
then, after obtaining permission from the customer, it
is necessary to cut out a 3 mm fragment of a line of
writing in order to perform analysis. Such (very lim-
ited) document damage does not affect other analyses
and so this method could also be called a “non-destruc-
tive method”.

The number of substances used as dye components
in writing materials is not large. In production of the
most common violet and violet-blue writing materials,
the following are amongst the blue colouring com-
pounds used: Victoria Blue B, aniline blue, methyl
blue, and methylene blue or methyl violet and crystal
violet [6]. The last two are pararosaniline derivatives
(Figure 1) which contain four, five or six methyl groups
in a particle. Other names used to describe the men-
tioned derivatives are methyl violet (methyl violet)
2B, 6B and 10B. Pararosaniline and its derivatives
with four or five methyl groups can be present both in
the form of ions (as chlorides) and in a covalent form
(Figure 2). Use of common names or synonyms [17]
could cause terminological misunderstandings. Unam-
biguous definition of a chemical compound is possible
by application of rules proposed by the International
Union of Pure and Applied Chemistry (IUPAC), which
can, however, be complicated. It can also be done by
combining the common name with a numerical identi-
fier ascribed to the given chemical compound. Sys-
tems of numerical identifiers such as the following are
universally applied: CI (Colour Index) — American da-
tabase of reference dyes compounds and products, CAS
(Chemical Abstracts Service) — a database of the Ameri-
can Chemical Society and the CID system (Compound
Identification). Some common names and numerical
identifiers of methyl derivatives of pararosaniline are
presented in Table I. The common name “Gentian vio-
let” should be applied only by pharmacists to pyoktanin
obtained from plants and it should not be used as an
alternative name for dyes available on the market.
Pyoktanin is a mixture of chlorides of penta- and
hexamethylpararosaniline [10] (see Table I).
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Fig. 1. Ion and covalent form of pararosaniline.
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Fig. 2. Ton and covalent forms of methyl derivatives of
pararosaniline.

The most popular common names of dyes, some
synonyms, as well as two numerical identifiers — CI
and CAS — are used in catalogues of firms which sell
chemical compounds [3, 4, 14]. Examples presented in
Table 11, taken from these catalogues, show that just
the common name and one numerical identifier could
be insufficient (for unambiguous description).

The purity of these dyes is not required to be high
(for example s.g., a.g.) because of their application in
industry. Thus, violets available on the market: methyl,
crystal and gentian could be mixtures of various de-
rivatives of pararosaniline with various numbers of
methyl groups. The presence of methyl violet 2B and
6B (Merck) in crystal violet made by the same com-
pany was confirmed by application of the chromato-
graphic technique [9]. The method of synthesis and
durability of the derivatives determine the proportions
of these derivatives in the particular product. Methyl
derivatives of pararosaniline are degraded by various
factors, including light 1, 5, 7, 8, 11, 12, 15].
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TABLE I. COMMON NAMES, FORMS AND NUMBERS OF METHYL GROUPS AND NUMERICAL IDENTIFIERS

OF METHYL DERIVATIVES OF PARAROSANILINE

Form Common names [17]

Number of

CAS CI CID

CHj; groups

Methyl violet
Methyl violet 2b

Methyl violet"
Gentian violet
Methyl violet 2B
Methyl violet 6B

Crystal violet’

Methyl violet

Methyl violet 10B

Crystal violet 10B

Crystal violet 6B

Gentian violet
Hexamethylpararosaniline chloride
Hexamethylpararosaniline

Ton

Tetramethpararosaniline
Covalent Pentamethylpararosaniline chloride

Pentamethylpararosaniline

4

8004-87-3 42535 2724053

548-62-9 42555 11057

133502-50-8 198737

52080-58-7

"Name used most frequently in the Polish literature.

The aim of the research described in this paper was
to check whether it is possible to determine and differ-
entiate methyl violet and/or crystal violet on the basis
of a Vis spectrum obtained for a line of writing created
using a specimen that has both a carrier and a dye.
A positive outcome of the present research would al-
low us to determine the main dye of violet-blue ball-
point pen inks and such information would in turn be
useful in the analysis of authenticity of documents.

2. Materials and methods

The subject of analysis was dyes from the group of
methyl derivatives of pararosaniline and specimens —
imitations of ballpoint pen inks obtained by their ap-
plication. The specimens contained only the two main
components of ballpoint pen inks, i.e. the carrier and the
dye, as the remaining components were present in the
ballpoint pen inks in significantly lower amounts, thus
their possible influence on the spectrum should be mar-
ginal. The carriers were: olein (gliceryl trioleate), which
is rarely used nowadays in inks and ethylene glycol,
which is frequently used at present. Four dyes with the
common name “methyl violet” produced by different
companies were used and two dyes with the name
“crystal violet” (see Table II).

TABLE II. COLOUR INDEX OF DYES FROM THE
GROUP OF METHYL DERIVATIVES

OF PARAROSANILINE
Company Violet type CI
Sigma-Aldrich Gentian 42555
Crystal
Merck Methyl 2B 42535
Methyl 42535
Crystal 42555
Gentian 42555
42535
Methyl 10B 42555
Merck Methyl 6B 42536

Analyses were carried out by application of the
microspectrophotometry method in the visible range
of light from 380 to 800 nm, in transmission and re-
flection modes. A Tidas spectrometer with a DAD de-
tector, a CCD IRIS/RGB camera (Sony) and Axioplan
2 microscope (Zeiss) were used. Tidascope software
was used for sample observation and for selection of
measurement area and J&M Spectralys 1.81 software
was used for selection of measurement conditions,
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controlling measurements and spectra analysis. The
following parameters were used during measurements:
integration time — 3000 s, accumulations, i.e. the num-
ber of collected spectra for each measurement that are
averaged to give a single measurement — 5, scan-
interval — 15 s. Specimens were analysed only in re-
flection mode and dyes were analysed in both trans-
mission and reflection modes. Specimens in the form
of a line of handwriting present on a document (paper)
did not require any special preparation, that is very im-
portant and useful in documents analysis for forensic
purposes. However, dye preparation for reflection
measurements involved pressing under relatively low
pressure (i.e. 1 t). The sample used in transmission
mode was a dry residue obtained after evaporation of
dye solution put on a microscopic slide. 10 measure-
ments of spectra (1 measurement in 10 different places)
were performed for each sample.

3. Results and discussion

The sample colour observed under the microscope,
repeatability of measurements and spectra obtained
within each set of performed analysis were evaluated.
Moreover, spectra of specimens located on the paper
were compared with spectra of dyes.

3.1. Dyes — transmission mode

Because there was a lack of data on the numerical
identifiers of the analysed dyes, in order to identify

them preliminarily, their macroscopic colour (Table
IIT) was compared with the colours of methyl deriva-
tives of pararosaniline found in the literature [16, 18]
(Table 1V). This attempt was unsuccessful as these
colours did not correspond to each other.

The colour of aqueous solutions or their alcohol so-
lutions was much less diversified than the colour of
dyes in the solid phase. All solutions were violet and
only varied in terms of shade.

Dry residues of dyes created stains that were ho-
mogenous in terms of colour. The obtained spectra for
a particular dye were repeatable, i.e. had the same
shape. A common feature of these spectra is a broad
band (ca. 450-700 nm). These spectra (Figure 3) can-
not be divided into two groups corresponding to the
names: “methyl violet” and “crystal violet”, but they can
be divided into three groups. The spectra of the first
group are characterised by a lack of a clear maxi-
mum (middle of the band ca. 590 nm). Spectra of methyl
violet B and crystal violet E produced by the same

Absorbance

nm

Fig. 3. Transmission spectra of analysed dyes (labels as in
Table III).

TABLE III. ANALYSED SAMPLES — DYES FROM THE GROUP OF METHYL DERIVATIVES OF PARAROSANILINE

Description on packaging Label used in the present research Company Macroscopic colour
Methyl violet A Aldrich Violet

Methyl violet B Merck Dark violet

Methyl violet C Unknown Dark violet

Methyl violet 2B D Unknown Green with gloss

Crystal violet E Merck Bright green without gloss
Crystal violet F Unknown Dark green without gloss

TABLE IV. COLOUR OF METHYL DERIVATIVES OF PARAROSANILINE

Name

Colour

Pentamethylpararosaniline chloride
Hexamethylpararosaniline chloride

Gentian violet (mixture of both chlorides)

Bright green or olive green with gloss
Crystal with brass gloss
Dark green crystal powder with gloss
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TABLE V. CHANGES OF SURFACE COLOUR OBSERVED UNDER MICROSCOPE (MAGNIFICATION 50x)
FOR ANALYSED DYES WITH APPLICATION OF REFLECTION MODE

Dyes Area Colour
Before measurement Inclusions After measurement Inclusions

A - Violet - Light violet Brown

B - Light yellow Blue Orange

C I Light pink - Light violet

II Violet - Light violet
D I Yellow - Orange
II Navy blue - Violet

E - Navy blue Golden Violet Pink

F — Navy blue Golden Violet Pink
manufacturer are members of this group — labels ac-
cording to Table IIl. The second group is made
upof spectra with a band having a clear maximum at
ca. 550 nm, obtained for methyl violet D and crystal N
violet F. The third group is made up of spectra with E
a complex band with a clear maximum at ca. 600 nm, 5
obtained for methyl violets A and C. The obtained 2
spectra suggest that methyl violets E and F have a dif-
ferent composition and that among four methyl violets
(A-D), only violets A and C have a similar chemical
composition. ; . ; :

380 480 580 680 780

3.2. Dyes — reflection mode

The colour on the surface of dyes observed under
the microscope varied. The surface of methyl violet A
was characterised by an almost homogenous colour.
Only microscopic inclusions of different colour were
observed on the relatively homogenously coloured
surface of methyl violet B and crystal violets E and F.
The surfaces of methyl violets C and D were not ho-
mogenous (Table V) and they were made up of regions
with sharp boundaries and different colours (I or II).

A symptom of photo degradation of some dyes was
a significant change of colour at the site of performed
measurements (Table V), and the obtained spectra
were not repeatable. Hyper- and hypochromic effects
as well as bato- and hypsochromic shifts were ob-
served. All 10 spectra obtained for the selected dye (B)
are presented in Figure 4a. Representative spectra for
analysed dyes (A—F) are presented in Figure 4b.

Reflection spectra of analysed dyes were different
from their corresponding transmission spectra. These
spectra differed from each other, as their grouping pro-
cess based on different rules than these described for

Fig. 4a. Reflection spectra obtained for dye B (10 measure-
ments performed on one sample).

Absorbance

380 480 580 680 780
nm
Fig. 4b. Reflection spectra of analysed dyes (labels as in Ta-
ble V).

the transmission spectra. Spectra of methyl violets B and
D-I, crystal violets E and F and both areas of methyl
violets C, i.e. C-I and C-II, were similar. The least
similarity was observed for spectra of methyl violets
marked A and D-II. Bathochromic shift was observed
for methyl violets B and D-I and crystal violets E
and F. This shift was very significant and was ca. 35 nm
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for spectra of methyl violets B and D-I. The hyper-
chromic effect was observed on spectra of crystal vio-
lets E and F and the hypochromic effect on spectra of
methyl violets B and D-1.

3.3. Specimens on paper — measurements
in reflection mode

Reflection spectra obtained for specimens depos-
ited on paper — independent of the type of carrier and
dye —revealed high similarity (Figure 5a and b). Com-
parison of spectra of specimens (P-A and P-F) with
spectra of dyes (A—F) allows us to conclude that spec-
tra of specimens obtained in reflection mode reveal
similarity to spectra of dyes obtained in transmission
mode (Figure 3), but do not reveal similarity to their
reflection spectra (Figure 4). The explanation for this
surprising finding lies in the physicochemical features
of ballpoint pen inks and in the process of arising of
the writing on the paper. Ballpoint pen ink is a solution
of dye in a carrier (solvent), and the process of writing
leads to evaporation of the solvent. Thus, a line present
on a document is a dry residue of ballpoint pen ink.
Only when preparing a dye for measurements in trans-
mission mode were these two stages present, i.e. disso-
lution and evaporation. Analysis of obtained spectra in
reflection mode suggests that they are similar to trans-
mission spectra of dyes from the third group. Only the
reflection spectrum of the specimen containing methyl
violet A is similar to spectra from the first group.
Moreover, a maximum at ca. 400 nm is observed on re-
flection spectra of all specimens and its location is
more stable when the carrier is olein than glycol. An
additional band at ca. 715 nm appears in reflection mode
of a specimen containing olein and methyl violet B.

4. Conclusions

The lack of possibility of correlating observed col-
our of dyes with colours published in the literature al-
lows us to conclude that they are mixtures. The dif-
ferent chemical composition of methyl violets A and B
produced respectively by Aldrich and Merck, con-
firmed by differences observed in Vis spectra obtained
for these dyes, shows that in order to define a com-
pound, it is necessary to not only provid its name and
the name of the manufacturer, but also data such as nu-
merical identifiers.

The presented research showed that Vis spectra of
specimens containing methyl violet or crystal violet
only allow determination of the main dye in the form
of a derivative of pararosaniline; more precise deter-

Absorbance

380 480 580 680 780

nm

Fig. 5a. Reflection spectra of specimens containing olein and
dye (P-A — specimen contains dye A).

Absorbance

380 480 580 680 780

nm

Fig. 5b. Reflection spectra of specimens containing glycol
and dye (P-A — specimen contains dye A).

mination is not possible. This indicates the need for
caution when making inferences based on analysis of
writing executed using violet-blue ballpoint pen inks.

Spectra of writing executed by ballpoint pen can
differ slightly from spectra of specimens, as ballpoint
pen ink has a more complicated composition and its
components could react with surroundings. However,
the research showed that the influence of the most im-
portant component of ballpoint pen inks, i.e. the carrier,
on the Vis spectrum, was not significant. Therefore, de-
termination of the kind of dye present in the ballpoint
pen ink is possible. Because the chemical composition
of writing materials is protected by manufacturer’s
copyright, an appropriately constructed database would
be very helpful for forensic experts. It should contain:

— spectra of dyes (pigments) obtained by application
of transmission and reflection mode;

— spectra in reflection mode of writing materials de-
posited on different surfaces, available on the mar-
ket.

The obtained Vis spectra of dyes have been added
to a database of spectra at the Institute of Forensic Re-
search. This database also contains IR and Raman
spectra of dyes and coloured materials, i.e. fibres, writ-
ing materials and paints. When making use of the data-
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base, independently of the necessity of its constant

updating, the following should be taken into account:

— determination of the main dye (pigment) could be
difficult if several dye compounds, of similar con-
tent, are present in the writing materials;

— the kind of writing material determines which set
of spectra (set of transmission or reflection spectra)
will be useful for determination of the main dye
compound. If the writing material is a solution, e.g.
a ballpoint pen ink, then a database of transmission
spectra should be most useful. If the writing mate-
rial is a suspension, such as the gel in gel pens,
then, most probably, a database of reflection spec-
tra will be most useful;

— a set of spectra of writing materials deposited on

paper would be useful for comparative analysis of

writing on documents;

— a set of spectra of writing materials deposited on

a neutral surface, e.g. glass, would be useful in

analysis of writing materials originating not from

writing on paper but from writing (traces) on tools.
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MOZLIWOSCI IDENTYFIKACJI BARWNIKOW Z GRUPY POCHODNYCH
PARAROZANILINY W FIOLETOWO-NIEBIESKICH PASTACH
DLUGOPISOWYCH METODA MIKROSPEKTROMETRII W ZAKRESIE

SWIATLA WIDZIALNEGO (MSP-VIS)

1. Wstep

Badane przez bieglych materialy pisarskie obecne
w narzedziu pisarskim lub w postaci zapisow sa w prze-
wazajacej wigkszosci barwne. Barwe nadaja im badz to
rozpuszczalne barwniki, badZ nierozpuszczalne pigmen-
ty. Metoda réznicowania materiatéw pisarskich na pod-
stawie okre$lenia parametrow barwy jest (mikro) spek-
trometria w zakresie $wiatta widzialnego [1, 13, 19].
Nadal pozostaje jednak nierozstrzygnigty problem przy-
datnosci widma Vis do identyfikacji gtéwnego sktadnika
barwnego materiatu pisarskiego. Poniewaz biegly naj-
czgSciej analizuje materiat pisarski w postaci linii pisma,
wskazane jest stosowanie w badaniach metod nienisz-
czacych, a zatem widma powinny by¢ otrzymywane
w trybie odbiciowym. Technika odbiciowa nie niszczy
materiatu pisarskiego jako takiego; ewentualne punk-
towe przebarwienia nie posiadaja wigkszego znaczenia.
Natomiast w odniesieniu do dokumentu jako catosci
w bardzo wielu przypadkach mozliwe jest takie umiesz-
czenie kartki papieru formatu A4 na stoliku mikroskopu,
ktére umozliwia analizowanie konkretnej linii pisma. Je-
zeli nie jest to mozliwe, to po otrzymaniu zgody organu
zlecajacego do przeprowadzenia pomiardw potrzebne jest
wycigeie fragmentu linii pisma o dtugosci 3 mm. Takie
uszkodzenie dokumentu nie ma wpltywu na inne badania,
a wigc w konsekwencji i w tym przypadku mozna zasto-
sowac okreslenie ,,metoda nieniszczaca”.

Liczba substancji uzywanych jako barwne sktadniki
materiatdéw pisarskich nie jest zbyt duza. W produkcji
najczgsciej stosowanych fioletowych i fioletowo-niebie-
skich materiatow pisarskich wykorzystuje si¢ migdzy in-
nymi takie zwiazki barwne, jak bigkity: Wiktoria B za-
sada, atramentowy, metylowy i metylenowy oraz fiolety:
metylowy i krystaliczny [6]. Te dwie ostatnie nazwy
oznaczaja pochodne pararozaniliny (rycina 1) zawiera-
jace w czasteczee cztery, pigc lub szes¢ grup metylowych.
Inne nazwy okre$lajace wspomniane pochodne to fiolet
metylowy 2B, 6B i 10B. Pararozanilina oraz jej pochodne
z czterema lub pigcioma grupami metylowymi moga wy-
stgpowac zardwno w postaci jonowej jako chlorowodor-
ki, jak i kowalencyjnej (rycina 2). Uzywanie tylko nazw
zwyczajowych lub synoniméw [17] moze prowadzi¢ do
nieporozumien terminologicznych. Jednoznaczne okres-
lenie zwiazku chemicznego mozliwe jest albo przez po-
stugiwanie si¢ nomenklatura Unii Chemii Czystej i Sto-
sowanej (IUPAC), ktora bywa niekiedy skomplikowana,

albo przez taczenie nazwy zwyczajowej z oznaczeniami
cyfrowymi danego zwiazku chemicznego wzglednie
produktu. Powszechnie korzysta si¢ z takich systemow
oznaczen cyfrowych, jak np. CI (Color Index) — amery-
kanska baza danych referencyjnych dla barwnych zwiaz-
koéw 1 produktow, CAS (Chemical Abstracts Service) —
baza Amerykanskiego Towarzystwa Chemicznego oraz
system CID (Compound Identification). Dla metylowych
pochodnych pararozaniliny zestawiono w tabeli I niekto-
re nazwy zwyczajowe i oznaczenia cyfrowe. Zwyczajo-
wa nazwa ,,fiolet gencjany” powinna by¢ stosowana je-
dynie przez farmaceutéw na oznaczenie otrzymywanej
z materiatu roslinnego pioktaniny, czyli mieszaniny chlo-
rowodorkow pigcio- 1 sze§ciometylopararozaniliny [10],
a nie jako jedna z alternatywnych nazw dostepnych
w handlu barwnikow (patrz tabela I).

Katalogi firm zajmujacych si¢ m.in. sprzedaza od-
czynnikdéw chemicznych [3, 4, 14] podaja nie tylko naj-
bardziej rozpowszechniona nazwg zwyczajowa barwni-
kéw, kilka ich synoniméw, ale rowniez dwa oznaczenia
cyfrowe CI i CAS. Postugiwanie si¢ jedna nazwa zwy-
czajowa i tylko jednym oznaczeniem cyfrowym moze
okaza¢ si¢ niewystarczajace, co pokazuja dane zaczerp-
nigte z tych katalogow (tabela II).

Ze wzgledu na przemystowe zastosowanie barwni-
kow rzadko kiedy wymagany jest ich wysoki stopien
czystosci (cz.d.s., cz.d.a). Dostepne w handlu fiolety: me-
tylowy, krystaliczny i gencjany moga by¢ zatem mie-
szaninami pochodnych pararozaniliny o réznej liczbie
grup metylowych. Obecno$¢ fioletu metylowego 2B i 6B
(Merck) potwierdzono metoda chromatografii adsorp-
cyjnej w dostgpnym na rynku fiolecie krystalicznym tej
samej firmy [9]. O wzajemnych proporcjach wspomnia-
nych pochodnych decyduje przede wszystkim sposob
syntezy i ich trwato$¢. Metylowe pochodne pararozani-
liny ulegaja degradacji pod wptywem réznych czynni-
kéw, w tym rowniez §wiatla [1, 5, 7, 8, 11, 12, 15].

Celem badan opisanych w niniejszej publikacji byto
sprawdzenie, czy na podstawie widma Vis uzyskanego
dla linii pisma sporzadzonej preparatem zawierajacym
no$nik i barwnik mozliwe jest stwierdzenie obecnos$ci
fioletu metylowego lub krystalicznego i ewentualnie ich
rozroznienie. Pozytywna odpowiedZ na to pytanie po-
zwolitaby w przypadku badan zapisu sporzadzonego fio-
letowo-niebieska pasta dtugopisowa typowac rodzaj gtdw-
nego barwnika wchodzacego w jej sktad, co z kolei by-
loby przydatne w badaniach autentyczno$ci dokumentow.
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2. Materialy i metoda

Przedmiotem badan byly barwniki z grupy pochod-
nych metylowych pararozaniliny oraz preparaty — imita-
cje past dlugopisowych otrzymane przy ich uzyciu. Pre-
paraty zawieraly jedynie dwa glowne sktadniki past, czy-
li no$nik i barwnik, gdyz pozostale sktadniki obecne byty
w pascie w ilosciach znacznie mniejszych, a wigc ich
ewentualny wplyw na widmo powinien by¢ nieznaczny.
Nosnikami byty: oleina — obecnie w pastach rzadko sto-
sowana i czg¢sto stosowany glikol etylenowy. Dyspono-
wano czterema barwnikami réznych producentéw o naz-
wie zwyczajowe] ,,fiolet metylowy” i dwoma o nazwie
»fiolet krystaliczny” (patrz tabela II).

Badania prowadzono metoda mikrospektrometrii
w zakresie §wiatta widzialnego (380-800 nm) technika
odbiciowq i transmisyjna. Aparaturg¢ stanowit spektro-
metr Tidas z detektorem DAD, kamera CCD IRIS/RGB
(marki Sony) i mikroskopem Axioplan 2 (firma Zeiss).
Sterowanie zapewnialy dwa programy komputerowe: Ti-
dascope — do obserwacji probki i wyboru obszaré6w po-
miarowych oraz J&M Spectralys 1.81 — do wyboru para-
metrOw pomiarowych, sterowania pomiarem i obrobka
widm. Pomiary prowadzono, stosujac nast¢pujace para-
metry: czas potrzebny na zebranie jednego widma (ang. in-
tegration time) — 3000 s, liczba zbieranych widm, ktore
podlegaja usrednieniu przed przestaniem do komputera
(ang. accumulations) — 5, czas potrzebny na przestanie
widm ze spektrometru do komputera (ang. scaninter-
val) — 15 s. Preparaty badano technika odbiciowa, barw-
niki — technika transmisyjna i odbiciowa. Preparaty na-
niesione w postaci linii na podtoze papierowe nie wyma-
galy zadnego przygotowania, co jest istotne ze wzgledu
na mozliwo$¢ wykorzystania tej techniki w kryminali-
stycznych badaniach dokumentow. Natomiast przygoto-
wanie probki barwnika do pomiaré6w odbiciowych ogra-
niczato si¢ do sprasowania jej pod naciskiem 1 t. Probke
do pomiaréw transmisyjnych stanowita sucha pozosta-
tos$¢ po odparowaniu roztworu barwnika naniesionego na
szkietko mikroskopowe. Pomiary widm dla kazdej probki
powtarzano dziesigciokrotnie (w 10 miejscach po jednym
pomiarze).

3. Wyniki i dyskusja

Ocenie poddano barwg probek pod mikroskopem,
powtarzalno$¢é pomiaréw oraz widma kazdej grupy po-
miar6w. Ponadto widma naniesionych na papierowe pod-
loze preparatéw porownywano z widmami barwnikow.

3.1. Barwniki, technika transmisyjna

Wobec braku informacji o oznaczeniach cyfrowych
posiadanych barwnikow w celu wstepnej identyfikacji

podjeto probe pordwnania ich makroskopowej barwy (ta-
bela III) z podawana w literaturze przedmiotu [16, 18]
barwa metylowych pochodnych pararozaniliny (tabe-
la IV). Proba nie powiodta si¢, gdyz opisy barw nie od-
powiadaly sobie.

Barwa roztworéw wodnych wzglednie badanych barw-
nikow alkoholowych byla znacznie mniej zréznicowana
niz ich barwa w stanie statym. Wszystkie roztwory miaty
fioletowy kolor; ro6znity si¢ jedynie odcieniem.

Suche pozostatosci roztworow barwnikow tworzyty
jednolita kolorystycznie plamg, a otrzymane dla danego
barwnika widma byly powtarzalne, tj. miaty taki sam
przebieg. Cecha wspodlna widm jest zakres szerokiego
pasma (ok. 450-700 nm). Widm tych (rycina 3) nie moz-
na podzieli¢ na dwie grupy odpowiadajace nazwom ,,fio-
let metylowy” 1,,fiolet krystaliczny”, mozna je natomiast
podzieli¢ na trzy grupy. Widma grupy pierwszej charak-
teryzuje brak wyraznego maksimum ($rodek pasma ok.
590 nm). Do grupy tej naleza widma fioletu metylowego
B i fioletu krystalicznego E pochodzace od jednego pro-
ducenta — oznaczenia wg tabeli III. Grupg druga tworza
widma o pasmie zlozonym z wyraznym maksimum przy
ok. 550 nm, otrzymane dla fioletu metylowego D i kry-
stalicznego F. Do grupy trzeciej, o pasmie zlozonym,
z wyraznym maksimum przy ok. 600 nm, zakwalifikowa-
no widma fioletéw metylowych A i C. Uzyskane widma
wskazuja, ze fiolety krystaliczne E i F r6znig si¢ sktadem,
a wsérod czterech fioletow metylowych (A-D) jedynie
fiolety A i C maja zblizony sktad chemiczny.

3.2. Barwniki, technika odbiciowa

Oceniana pod mikroskopem barwa powierzchni ba-
danych barwnikow byta zréznicowana. Powierzchnig fio-
letu metylowego A cechowata praktycznie jednolita bar-
wa; na wzglednie jednobarwnej powierzchni fioletow:
metylowego B i krystalicznych E i F obserwowano jedy-
nie mikroskopijne wtracenia o innym kolorze. Powierzch-
nia fioletow metylowych C i D nie byla jednorodna (ta-
bela V); tworzyly ja obszary o wyraznie zaznaczonych
brzegach i odmiennej kolorystyce (I lub II).

Oznaka fotodegradacji niektorych barwnikéw byta
wyrazna zmiana barwy w miejscu pomiaru (tabela V),
a uzyskiwane widma nie byly powtarzalne; obserwowa-
no efekty hiper- i hipochromowe oraz przesunigcia bato-
i hipsochromowe. Na rycinie 4a dla wybranego barw-
nika (B) przedstawiono wszystkie 10 otrzymanych widm,
a na rycinie 4b dla badanych barwnikéw (A-F) przed-
stawiono po jednym wybranym widmie.

Widma odbiciowe badanych barwnikéw byty odmien-
ne od odpowiadajacych im widm transmisyjnych. Widma
te r6znity si¢ miedzy soba, a ich grupowanie przebiegato
inaczej niz w przypadku widm transmisyjnych. Parami
podobne byty widma fioletéw metylowych B i D-1, fiole-
tow krystalicznych E i F oraz obu obszarow fioletu mety-
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lowego C, to jest C-I i C-II. Najmniejsze podobienstwo
wykazywaty widma fioletow metylowych oznaczonych
jako A 1 D-II. Przesunigcie batochromowe zaobserwo-
wano dla fioletow metylowych B i D-I oraz fioletéw kry-
stalicznych E i F. Przesunigcie to byto bardzo wyrazne
i wynosito ok. 35 nm dla widm fioletéw metylowych B
i D-I. Efekt hiperchromowy widoczny byt na widmach
fioletow krystalicznych E i F, a efekt hipochromowy na
widmach fioletéw metylowych B i D-I.

3.3. Preparaty na podlozu papierowym, pomiary
odbiciowe

Widma odbiciowe otrzymane dla preparatdéw naniesio-
nych na podtoze papierowe, niezaleznie od rodzaju nos-
nika i1 barwnika, byty do siebie zblizone (rycina 5a i b).
Poréwnujac widma preparatow (P-A oraz P-F) z wid-
mami barwnikéw (A-F), nalezy stwierdzi¢, ze widma
preparatow otrzymane technika odbiciowa wykazuja po-
dobienstwo do widm barwnikow otrzymanych technika
transmisyjna (rycina 3), nie zas do ich widm odbiciowych
(rycina 4). Ten z pozoru zaskakujacy wniosek ma swoje
wytlumaczenie w cechach fizykochemicznych pasty diu-
gopisowej oraz w procesie powstawania zapisu na do-
kumencie. Pasta dlugopisowa jest roztworem barwnika
w nosniku, zas proces pisania prowadzi do odparowania
rozpuszczalnika; linia pisma na dokumencie jest wigc
sucha pozostatoscia. Tylko przygotowanie barwnika do
pomiardw transmisyjnych zawierato w sobie te dwa pro-
cesy, to jest rozpuszczanie i odparowywanie. Analizujac
otrzymane widma odbiciowe preparatow, nalezy zauwa-
zy¢, ze w wigkszosci sg one podobne do widm transmi-
syjnych barwnikéw z grupy trzeciej. Tylko widmo od-
biciowe preparatu zawierajacego fiolet metylowy A zbli-
zone jest do widm z grupy pierwszej. Na widmach odbi-
ciowych wszystkich preparatow zaobserwowa¢ mozna
ponadto maksimum przy ok. 400 nm, ktérego polozenie
jest bardziej stabilne, gdy nosnik w preparacie stanowi
oleina, a mniej, gdy glikol. Dodatkowe pasmo przy ok.
715 nm pojawia si¢ w widmie odbiciowym preparatu
zwierajacego oleing i fiolet metylowy B.

4. Whnioski i podsumowanie

Brak mozliwosci skorelowania barwy barwnikow
z barwa podawana w literaturze wskazuje na to, ze s one
mieszaninami. Rozny sktad chemiczny fioletow metylo-
wych A 1 B firm Aldrich i Merck, potwierdzony od-
miennymi widmami Vis tych barwnikow, wskazuje na
konieczno$¢ okreslania rodzaju zwiazku chemicznego
nie tylko poprzez podanie nazwy i producenta, ale row-
niez innych danych, takich jak np. oznaczenia cyfrowe.

Jak wykazaly przeprowadzone badania, widma Vis
preparatow zawierajacych fiolet metylowy lub krysta-

liczny pozwalaja jedynie na okreslenie gtdéwnego barw-
nika jako metylowa pochodng pararozaniliny, bez dal-
szego roznicowania. Wskazuje to na potrzebg ostroz-
nos$ci podczas formutowania wnioskéw z badan zapisow
sporzadzonych fioletowo-niebieskimi pastami dtugopi-
sowymi.

Widma zapiséw wykonanych dlugopisem moga si¢
nieznacznie r6zni¢ od widm preparatow, gdyz pasta ma
bardziej zlozony sktad, a jej sktadniki moga reagowac
z otoczeniem. Badania wykazaly jednak, ze wpltyw na
widmo Vis najbardziej istotnego sktadnika pasty, jakim
jest no$nik, nie byl istotny. Jest zatem mozliwe okreslenie
rodzaju barwnika obecnego w pascie dlugopisowe;j. Po-
niewaz dane o sktadzie chemicznym materiatéw pisars-
kich chronione sa tajemnica producenta, znaczna pomoca
dla bieglego bytaby odpowiednio skonstruowana baza
danych, ktéra powinna zawierac:

— widma barwnikéw (pigmentdéw) otrzymane technika
transmisyjna oraz odbiciowa;

— widma odbiciowe dostgpnych na polskim rynku ma-
terialow pisarskich naniesionych na rézne podtoza.
Uzyskane widma Vis barwnikéw stanowia jeden

z elementdw bazy widm w Instytucie Ekspertyz Sado-
wych (IR, Raman Vis) barwnikéw i barwnych materia-
low (wldkna, materiaty pisarskie i lakiery). Niezaleznie
od potrzeby stalej aktualizacji bazy, korzystajac z niej
w celach analizy materialow pisarskich, nalezy pamigtac,
ze:

— okreslenie rodzaju gléwnego barwnika (pigmentu)
moze by¢ utrudnione, jezeli w sktadzie materiatu pi-
sarskiego obecnych jest kilka zwiazkow barwnych
o zblizonej zawartos$ci;

— rodzaj materiatu pisarskiego decyduje o tym, ktory ze
zbioréw widm (zbiér widm transmisyjnych, wzgled-
nie odbiciowych) bedzie przydatny do okre$lania ro-
dzaju glownego sktadnika barwnego. Jezeli materiat
pisarski jest roztworem tak, jak pasta dlugopisowa, to
przydatna powinna by¢ baza widm transmisyjnych.
Jezeli materiat pisarski jest zawiesing, tak jak zel
w dtugopisach zelowych, najprawdopodobniej przy-
datna bedzie baza widm odbiciowych;

— zbidr widm materiatéw pisarskich na podtozu papie-
rowym bedzie przydatny w badaniach poréwnaw-
czych zapisow na dokumentach;

— zbior widm materiatow pisarskich naniesionych na
podtoze obojetne, np. szklo, bedzie przydatny w bada-
niach materialow pisarskich pochodzacych nie z zapi-
sow, lecz z narzedzi.
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