
1. In tro duc tion

Writ ing ma te ri als ana lysed by fo ren sic ex perts, pres -
ent both in writ ing in stru ments and in writ ing, are in
most cases col our. Sol u ble dyes or non-sol u ble pig ments
give them col our. Microspectrophotometry in the vis i -
ble range is one of the meth ods ap plied for dif fer en ti a -
tion of var i ous writ ing ma te ri als on the ba sis of de ter -
mination of dif fer ent col our pa ram e ters [1, 13, 19].
How ever, the prob lem of the use ful ness of the Vis spec -

trum for iden ti fi ca tion of the main colorant is still un -
solved. The sub ject of fo ren sic ex pert anal y sis is usu -
ally writ ing ma te rial in the form of a line left on pa per
(on a doc u ment con sti tut ing ev i dence). There fore, it is
ad vis able to use non-de struc tive tech niques in anal y -
sis, i.e. spec tra should be ob tained in re flec tion mode.
The re flec tion tech nique does not dam age writ ing ma -
te ri als as such: pos si ble discolourations at points of
anal y sis have a neg li gi ble ef fect on the ana lysed doc u -
ment. In terms of keep ing the doc u ment as a whole in -

Problems of Forensic Sciences 2010, vol. LXXXIII, 233–242

INVESTIGATION INTO THE POSSIBILITY OF IDENTIFYING DYES
IN THE PARAROSANILINE DERIVATIVES GROUP IN VIOLET-
BLUE BALLPOINT PEN INKS BY MICROSPECTROPHOTOMETRY
IN THE VISIBLE RANGE (MSP-VIS)   

Beata M. TRZCIÑSKA

De part ment of Criminalistics, In sti tute of Fo ren sic Re search, Kraków, Po land 

Ab stract
Spec trom e try in the vis i ble range could be a use ful tech nique in fo ren sic ex am i na tion of doc u ments, e.g. it could en able cre ation
of a nu mer i cal de scrip tion of the col our of writ ing ma te ri als used in the writ ing pro cess, or it could be used for de ter mi na tion of
the kind of dye pres ent in writ ing ma te ri als, or in com par a tive stud ies. The main com po nents of ball point pen inks are dye(s) and
car ri ers. The aim of the re search was to es tab lish whether iden ti fi ca tion of the main com po nent is pos si ble on the ba sis of Vis
spec tra of vi o let-blue ball point pen inks. Anal y ses were car ried out for dyes named methyl vi o let and crys tal vi o let man u fac tured
by var i ous pro duc ers or two-com po nent spec i mens pre pared for re search pur poses. One of the com po nents was methyl vi o let or
crys tal vi o let, and the sec ond one was the car rier – olein or eth yl ene gly col. These spec i mens were de pos ited on pa per in the form
of thin lines (im i ta tion of hand writ ing ex e cuted by a thin ball point pen). Spec i mens were ana lysed in re flec tion mode, dyes by
both re flec tion and trans mis sion tech niques. The spec tra of a par tic u lar dye ob tained by the two tech niques dif fered from each
other. The spec tra of (dif fer ent) dyes, both re flec tion and trans mis sion ones, (also) dif fered from each other. At the same time,
spec tra of spec i mens were sim i lar, which sug gests that the kind of car rier and dye did not have an in flu ence on the re sult. There -
fore, the MSP-Vis method can only be used as a screen ing method for group iden ti fi ca tion of the main dye pres ent in ball point
pen inks. The iden ti fi ca tion pro cess could be sup ported by an ap pro pri ate da ta base of Vis spec tra.

Key words
Crys tal vi o let; Gen tian vi o let; Methyl vi o let; Writ ing ma te ri als; Methyl de riv a tives of pararosaniline; MSP-Vis; Ball point pen
inks.

Re ceived 25 June 2010; ac cepted 6 Sep tem ber 2010

© by the Institute
of Forensic Research

ISSN 1230-7483 



tact, in many cases an A4 for mat sheet of pa per can be
di rectly placed on a mi cro scope stage, en abling anal y -
sis of a se lected line of writ ing. If this is not pos si ble,
then, af ter ob tain ing per mis sion from the customer, it
is nec es sary to cut out a 3 mm frag ment of a line of
writ ing in or der to per form anal y sis. Such (very lim -
ited) doc u ment dam age does not af fect other anal y ses
and so this method could also be called a “non-de struc -
tive method”. 

The num ber of sub stances used as dye com po nents
in writ ing ma te ri als is not large. In pro duc tion of the
most com mon vi o let and vi o let-blue writ ing ma te ri als,
the fol low ing are amongst the blue colour ing com -
pounds used: Vic to ria Blue B, an i line blue, methyl
blue, and meth y lene blue or methyl vi o let and crys tal
vi o let [6]. The last two are pararosaniline de riv a tives
(Fig ure 1) which con tain four, five or six methyl groups
in a par ti cle. Other names used to de scribe the men -
tioned de riv a tives are methyl vi o let (methyl vi o let)
2B, 6B and 10B. Pararosaniline and its de riv a tives
with four or five methyl groups can be pres ent both in
the form of ions (as chlo rides) and in a co va lent form
(Fig ure 2). Use of com mon names or syn onyms [17]
could cause ter mi no log i cal mis un der stand ings. Un am -
big u ous def i ni tion of a chem i cal com pound is pos si ble 
by ap pli ca tion of rules pro posed by the In ter na tional
Un ion of Pure and Ap plied Chem is try (IUPAC), which
can, how ever, be com pli cated. It can also be done by
com bin ing the com mon name with a nu mer i cal iden ti -
fier as cribed to the given chem i cal com pound. Sys -
tems of nu mer i cal iden ti fi ers such as the fol low ing are
uni ver sally ap plied: CI (Col our  In dex) – Amer i can da -
ta base of ref er ence dyes com pounds and prod ucts, CAS 
(Chem i cal Ab stracts Ser vice) – a da ta base of the Amer i -
can Chem i cal So ci ety and the CID sys tem (Com pound
Iden ti fi ca tion). Some com mon names and nu mer i cal
iden ti fi ers of methyl de riv a tives of pararosaniline are
pre sented in Ta ble I. The com mon name “Gen tian vi o -
let” should be ap plied only by phar ma cists to pyoktanin
ob tained from plants and it should not be used as an
 alternative name for dyes avail able on the mar ket.
Pyoktanin is a mix ture of chlo rides of penta- and
hexamethylpararosaniline [10] (see Ta ble I).

The most pop u lar com mon names of dyes, some
syn onyms, as well as two nu mer i cal iden ti fi ers – CI
and CAS – are used in cat a logues of firms which sell
chem i cal com pounds [3, 4, 14]. Ex am ples pre sented in 
Ta ble II, taken from these cat a logues, show that just
the com mon name and one nu mer i cal iden ti fier could
be in suf fi cient (for un am big u ous de scrip tion).

The pu rity of these dyes is not re quired to be high
(for ex am ple s.g., a.g.) be cause of their ap pli ca tion in
in dus try. Thus, vi o lets avail able on the mar ket: methyl,
crys tal and gen tian could be mix tures of var i ous  de -
rivatives of pararosaniline with var i ous num bers of
methyl groups. The pres ence of methyl vi o let 2B and
6B (Merck) in crys tal vi o let made by the same com -
pany was con firmed by ap pli ca tion of the chro mato -
graphic tech nique [9]. The method of syn the sis and
du ra bil ity of the de riv a tives de ter mine the pro por tions
of these de riv a tives in the par tic u lar prod uct. Methyl
de riv a tives of pararosaniline are de graded by var i ous
fac tors, in clud ing light [1, 5, 7, 8, 11, 12, 15].
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The aim of the re search de scribed in this pa per was
to check whether it is pos si ble to de ter mine and dif fer -
en ti ate methyl vi o let and/or crys tal vi o let on the ba sis
of a Vis spec trum ob tained for a line of writ ing cre ated
us ing a spec i men that has both a car rier and a dye.
A pos i tive out come of the pres ent re search would al -
low us to de ter mine the main dye of vi o let-blue ball -
point pen inks and such in for ma tion would in turn be
use ful in the anal y sis of au then tic ity of doc u ments. 

2. Ma te ri als and meth ods

The sub ject of anal y sis was dyes from the group of
methyl de riv a tives of pararosaniline and spec i mens –
im i ta tions of ball point pen inks ob tained by their ap -
pli ca tion. The spec i mens con tained only the two main
com po nents of ball point pen inks, i.e. the car rier and the 
dye, as the re main ing com po nents were pres ent in the
ball point pen inks in sig nif i cantly lower amounts, thus
their pos si ble in flu ence on the spec trum should be mar -
ginal. The car ri ers were: olein (gliceryl trioleate), which
is rarely used now a days in inks and eth yl ene gly col,
which is fre quently used at pres ent. Four dyes with the
com mon name “methyl vi o let” pro duced by dif fer ent
com pa nies were used and two dyes with the name
“crys tal vi o let” (see Ta ble II).

TA BLE II. COLOUR INDEX OF DYES FROM THE

GROUP OF METHYL DERIVATIVES 

OF PARAROSANILINE

Com pany Vi o let type CI

Sigma-Aldrich Gen tian 42555

Crys tal

Merck Methyl 2B 42535

Methyl 42535

Crys tal 42555

Gen tian 42555
42535

Methyl 10B 42555

Merck Methyl 6B 42536

Anal y ses were car ried out by ap pli ca tion of the
microspectrophotometry method in the vis i ble range
of light from 380 to 800 nm, in trans mis sion and re -
flec tion modes. A Tidas spec trom e ter with a DAD de -
tec tor, a CCD IRIS/RGB cam era (Sony) and Axioplan
2 mi cro scope (Zeiss) were used. Tidascope soft ware
was used for sam ple ob ser va tion and for se lec tion of
mea sure ment area and J&M Spectralys 1.81 soft ware
was used for se lec tion of mea sure ment con di tions,
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TA BLE I. COMMON NAMES, FORMS AND NUMBERS OF METHYL GROUPS AND NUMERICAL IDENTIFIERS 

OF METHYL DERIVATIVES OF PARAROSANILINE

Form Common names [17] Number of
CH3 groups

CAS CI CID

Ion

Methyl violet
Methyl violet 2b

4

Methyl violet*

Gentian violet
Methyl violet 2B
Methyl violet 6B

5 8004-87-3 42535 2724053

Crystal violet*

Methyl violet
Methyl violet 10B
Crystal violet 10B
Crystal violet 6B
Gentian violet
Hexamethylpararosaniline chloride
Hexamethylpararosaniline 

6 548-62-9 42555 11057

Covalent

Tetramethpararosaniline 4 133502-50-8 198737

Pentamethylpararosaniline chloride

Pentamethylpararosaniline 5 52080-58-7

*Name used most fre quently in the Pol ish lit er a ture.



con trol ling mea sure ments and spec tra anal y sis. The
fol low ing pa ram e ters were used dur ing mea sure ments: 
in te gra tion time – 3000 s, ac cu mu la tions, i.e. the num -
ber of col lected spec tra for each mea sure ment that are
av er aged to give a sin gle mea sure ment – 5, scan -
interval – 15 s. Spec i mens were ana lysed only in re -
flec tion mode and dyes were ana lysed in both trans-
mis sion and re flec tion modes. Spec i mens in the form
of a line of hand writ ing pres ent on a doc u ment (pa per)
did not re quire any spe cial prep a ra tion, that is very im -
por tant and use ful in doc u ments anal y sis for fo ren sic
pur poses. How ever, dye prep a ra tion for re flec tion
mea sure ments in volved press ing un der rel a tively low
pres sure (i.e. 1 t). The sam ple used in trans mis sion
mode was a dry res i due ob tained af ter evap o ra tion of
dye so lu tion put on a mi cro scopic slide. 10 mea sure -
ments of spec tra (1 mea sure ment in 10 dif fer ent places)
were per formed for each sam ple. 

3. Re sults and dis cus sion

The sam ple col our ob served un der the mi cro scope,
re peat abil ity of mea sure ments and spec tra ob tained
within each set of per formed anal y sis were eval u ated.
More over, spec tra of spec i mens lo cated on the pa per
were com pared with spec tra of dyes. 

3.1. Dyes – trans mis sion mode

Be cause there was a lack of data on the nu mer i cal
iden ti fi ers of the ana lysed dyes, in or der to iden tify

them pre lim i nar ily, their mac ro scopic col our (Ta ble
III) was com pared with the colours of methyl de riv a -
tives of pararosaniline found in the lit er a ture [16, 18]
(Ta ble IV). This at tempt was un suc cess ful as these
colours did not cor re spond to each other. 

The col our of aque ous so lu tions or their al co hol so -
lu tions was much less di ver si fied than the col our of
dyes in the solid phase. All so lu tions were vi o let and
only var ied in terms of shade. 

Dry res i dues of dyes cre ated stains that were ho -
mog e nous in terms of col our. The ob tained spec tra for
a par tic u lar dye were re peat able, i.e. had the same
shape. A com mon fea ture of these spec tra is a broad
band (ca. 450–700 nm). These spec tra (Fig ure 3) can -
not be di vided into two groups cor re spond ing to the
names: “methyl vi o let” and “crys tal vi o let”, but they can
be di vided into three groups. The spec tra of the first
group are char ac ter ised by a lack of a clear max i -
mum (mid dle of the band ca. 590 nm). Spec tra of methyl
vi o let B and crys tal vi o let E pro duced by the same
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TA BLE III. ANALYSED SAMPLES – DYES FROM THE GROUP OF METHYL DERIVATIVES OF PARAROSANILINE 

De scrip tion on pack ag ing La bel used in the pres ent re search Com pany Mac ro scopic col our 

Methyl vi o let A Aldrich Vi o let 

Methyl vi o let B Merck Dark vi o let

Methyl vi o let C Un known Dark vi o let

Methyl vi o let 2B D Un known Green with gloss

Crys tal vi o let E Merck Bright green with out gloss 

Crys tal vi o let F Un known Dark green with out gloss

TA BLE IV. COLOUR OF METHYL DERIVATIVES OF PARAROSANILINE 

Name Col our

Pentamethylpararosaniline chlo ride Bright green or ol ive green with gloss

Hexamethylpararosaniline chlo ride Crys tal with brass gloss 

Gen tian vi o let (mix ture of both chlo rides) Dark green crys tal pow der with gloss

Fig. 3. Trans mis sion spec tra of ana lysed dyes (la bels as in
Ta ble III).



man u fac turer are mem bers of this group – la bels ac -
cord ing to Ta ble III. The sec ond group is made
upof spec tra with a band hav ing a clear max i mum at
ca. 550 nm, ob tained for methyl vi o let D and crys tal
vi o let F. The third group is made up of spec tra with
a com plex band with a clear max i mum at ca. 600 nm,
ob tained for methyl vi o lets A and C. The ob tained
spec tra sug gest that methyl vi o lets E and F have a dif -
fer ent com po si tion and that among four methyl vi o lets
(A–D), only vi o lets A and C have a sim i lar chem i cal
com po si tion.

3.2. Dyes – re flec tion mode

The col our on the sur face of dyes ob served un der
the mi cro scope var ied. The sur face of methyl vi o let A
was char ac ter ised by an al most ho mog e nous col our.
Only mi cro scopic in clu sions of dif fer ent col our were
ob served on the rel a tively homogenously col oured
sur face of methyl vi o let B and crys tal vi o lets E and F.
The sur faces of methyl vi o lets C and D were not ho -
mog e nous (Ta ble V) and they were made up of re gions 
with sharp bound aries and dif fer ent colours (I or II).

A symp tom of photo deg ra da tion of some dyes was
a sig nif i cant change of col our at the site of per formed
mea sure ments (Ta ble V), and the ob tained spec tra
were not re peat able. Hy per- and hypochromic ef fects
as well as bato- and hypsochromic shifts were ob -
served. All 10 spec tra ob tained for the se lected dye (B) 
are pre sented in Fig ure 4a. Rep re sen ta tive spec tra for
ana lysed dyes (A–F) are pre sented in Fig ure 4b.

Re flec tion spec tra of ana lysed dyes were dif fer ent
from their cor re spond ing trans mis sion spec tra. These
spec tra dif fered from each other, as their group ing pro -
cess based on dif fer ent rules than these de scribed for

the trans mis sion spec tra. Spec tra of methyl vi o lets B and
D-I, crys tal vi o lets E and F and both ar eas of methyl
 violets C, i.e. C-I and C-II, were sim i lar. The least
 simi larity was ob served for spec tra of methyl vi o lets
marked A and D-II. Bathochromic shift was ob served
for methyl vi o lets B and D-I and crys tal vi o lets E
and F. This shift was very sig nif i cant and was ca. 35 nm
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TA BLE V. CHANGES OF SURFACE COLOUR OBSERVED UNDER MICROSCOPE (MAGNIFICATION 50´) 

FOR ANALYSED DYES WITH APPLICATION OF REFLECTION MODE

Dyes Area Col our

Be fore mea sure ment In clu sions Af ter mea sure ment In clu sions

A – Vi o let – Light vi o let Brown

B – Light yel low Blue Or ange

C I Light pink – Light vi o let

II Vi o let – Light vi o let

D I Yel low – Or ange

II Navy blue – Vi o let

E – Navy blue Golden Vi o let Pink

F – Navy blue Golden Vi o let Pink

Fig. 4a. Re flec tion spec tra ob tained for dye B (10 mea sure -
ments per formed on one sam ple).

Fig. 4b. Re flec tion spec tra of ana lysed dyes (la bels as in Ta -
ble V).



for spec tra of methyl vi o lets B and D-I. The hyper -
chromic ef fect was ob served on spec tra of crys tal vi o -
lets E and F and the hypochromic ef fect on spec tra of
methyl vi o lets B and D-I.

3.3. Spec i mens on pa per – mea sure ments 
in re flec tion mode

Re flec tion spec tra ob tained for spec i mens de pos -
ited on pa per – in de pend ent of the type of car rier and
dye – re vealed high sim i lar ity (Fig ure 5a and b). Com -
par i son of spec tra of spec i mens (P-A and P-F) with
spec tra of dyes (A–F) al lows us to con clude that spec -
tra of spec i mens ob tained in re flec tion mode re veal
sim i lar ity to spec tra of dyes ob tained in trans mis sion
mode (Fig ure 3), but do not re veal sim i lar ity to their
re flec tion spec tra (Fig ure 4). The ex pla na tion for this
sur pris ing find ing lies in the physicochemical fea tures
of ball point pen inks and in the pro cess of aris ing of
the writ ing on the pa per. Ball point pen ink is a so lu tion 
of dye in a car rier (sol vent), and the pro cess of writ ing
leads to evap o ra tion of the sol vent. Thus, a line pres ent 
on a doc u ment is a dry res i due of ball point pen ink.
Only when pre par ing a dye for mea sure ments in trans -
mis sion mode were these two stages pres ent, i.e. dis so -
lu tion and evap o ra tion. Anal y sis of ob tained spec tra in 
re flec tion mode sug gests that they are sim i lar to trans -
mis sion spec tra of dyes from the third group. Only the
re flec tion spec trum of the spec i men con tain ing methyl 
vi o let A is sim i lar to spec tra from the first group.
More over, a max i mum at ca. 400 nm is ob served on re -
flec tion spec tra of all spec i mens and its lo ca tion is
more sta ble when the car rier is olein than gly col. An
ad di tional band at ca. 715 nm ap pears in re flec tion mode
of a spec i men con tain ing olein and methyl vi o let B.

4. Con clu sions 

The lack of pos si bil ity of cor re lat ing ob served col -
our of dyes with colours pub lished in the lit er a ture al -
lows us to con clude that they are mix tures. The dif -
ferent chem i cal com po si tion of methyl vi o lets A and B 
pro duced re spec tively by Aldrich and Merck, con -
firmed by dif fer ences ob served in Vis spec tra ob tained 
for these dyes, shows that in or der to de fine a com -
pound, it is nec es sary to not only provid its name and
the name of the man u fac turer, but also data such as nu -
mer i cal iden ti fi ers. 

The pre sented re search showed that Vis spec tra of
spec i mens con tain ing methyl vi o let or crys tal vi o let
only al low de ter mi na tion of the main dye in the form
of a de riv a tive of pararosaniline; more pre cise de ter -

mi na tion is not pos si ble. This in di cates the need for
cau tion when mak ing in fer ences based on anal y sis of
writ ing ex e cuted us ing vi o let-blue ball point pen inks. 

Spec tra of writ ing ex e cuted by ball point pen can
dif fer slightly from spec tra of spec i mens, as ball point
pen ink has a more com pli cated com po si tion and its
com po nents could re act with sur round ings. How ever,
the re search showed that the in flu ence of the most im -
por tant com po nent of ball point pen inks, i.e. the car rier,
on the Vis spec trum, was not sig nif i cant. There fore, de -
ter mi na tion of the kind of dye pres ent in the ball point
pen ink is pos si ble. Be cause the chem i cal com po si tion
of writ ing ma te ri als is pro tected by man u fac turer’s
copy right, an ap pro pri ately con structed da ta base would
be very help ful for fo ren sic ex perts. It should con tain: 
– spec tra of dyes (pig ments) ob tained by ap pli ca tion

of trans mis sion and re flec tion mode;
– spec tra in re flec tion mode of writ ing ma te ri als de -

pos ited on dif fer ent sur faces, avail able on the mar -
ket.
The ob tained Vis spec tra of dyes have been added

to a da ta base of spec tra at the In sti tute of Fo ren sic Re -
search. This da ta base also con tains IR and Raman
spec tra of dyes and col oured ma te ri als, i.e. fibres, writ -
ing ma te ri als and paints. When mak ing use of the da ta -

Problems of Forensic Sciences 2010, vol. LXXXIII, 233–242

238 B. M. Trzciñska

Fig. 5a. Re flec tion spec tra of spec i mens con tain ing olein and 
dye (P-A – spec i men con tains dye A).

Fig. 5b. Re flec tion spec tra of spec i mens con tain ing gly col
and dye (P-A – spec i men con tains dye A).



base, in de pend ently of the ne ces sity of its con stant
up dat ing, the fol low ing should be taken into ac count: 
– de ter mi na tion of the main dye (pig ment) could be

dif fi cult if sev eral dye com pounds, of sim i lar con -
tent, are pres ent in the writ ing ma te ri als;

– the kind of writ ing ma te rial de ter mines which set
of spec tra (set of trans mis sion or re flec tion spec tra) 
will be use ful for de ter mi na tion of the main dye
com pound. If the writ ing ma te rial is a so lu tion, e.g.
a ball point pen ink, then a da ta base of trans mis sion
spec tra should be most use ful. If the writ ing ma te -
rial is a sus pen sion, such as the gel in gel pens,
then, most prob a bly, a da ta base of re flec tion spec -
tra will be most use ful;

– a set of spec tra of writ ing ma te ri als de pos ited on
pa per would be use ful for com par a tive anal y sis of
writ ing on doc u ments;

– a set of spec tra of writ ing ma te ri als de pos ited on
a neu tral sur face, e.g. glass, would be use ful in
anal y sis of writ ing ma te ri als orig i nat ing not from
writ ing on pa per but from writ ing (traces) on tools. 
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1. Ws têp

Ba dane przez bieg³ych ma ter ia³y pi sars kie obecne
w narzê dziu pi sars kim lub w po staci za pisów s¹ w pr ze -
wa ¿aj¹cej wi êksz oœci barw ne. Barwê na daj¹ im b¹dŸ to
roz puszc zalne barw niki, b¹dŸ nie rozp uszcz alne pig men -
ty. Me tod¹ ró ¿nicowania ma ter ia³ów pi sars kich na pod -
staw ie okr eœle nia par amet rów bar wy jest (mi kro) spek-
tro met ria w za kres ie œw iat³a wi dzialn ego [1, 13, 19].
Nadal po zos taje jed nak nie rozstrzygniêty pro blem prz y -
datnoœci wid ma Vis do ident yfi kac ji g³ównego sk³ad nika
barw nego ma ter ia³u pi sars kiego. Po niew a¿ bieg³y na j -
czê œciej anal izu je ma ter ia³ pi sars ki w po staci li nii pi sma,
wska zane jest sto sow anie w ba dan iach me tod nie nisz -
cz¹cych, a za tem wid ma po winny byæ otrzym ywa ne
w try bie od bic iowym. Tech nika od bic iowa nie nisz czy
ma ter ia³u pi sars kiego jako ta kiego; ewent ual ne punk -
towe prze barw ienia nie po siad aj¹ wi êksz ego zna czen ia.
Na tom iast w od nies ieniu do do kum entu jako ca³oœci
w bar dzo wie lu przy padk ach mo¿l iwe jest ta kie  umiesz -
czenie kart ki pa pieru for matu A4 na sto liku mi kros kopu,
kt óre um o¿li wia anal izo wan ie kon kretn ej li nii pi sma. Je -
¿eli nie jest to mo ¿liwe, to po otrzym aniu zgo dy or ganu
zle caj¹cego do prze prow adz enia pomi arów po trzebne jest
wy ciêcie frag mentu li nii pi sma o d³ug oœci 3 mm. Ta kie
uszkod zenie do kum entu nie ma wp³ywu na inne ba dan ia,
a wiêc w kon sek wencji i w tym przy padku mo¿na zas to -
sowaæ okre œlen ie „me toda nie niszcz¹ca”.

Licz ba sub stanc ji u¿y wanych jako barw ne sk³ad niki
ma ter ia³ów pi sars kich nie jest zbyt du¿a. W pro dukc ji
naj czêœ ciej sto sow any ch fio let owy ch i fio let owo-nie bie-
skich ma ter ia³ów pi sars kich wy kor zyst uje siê mi êdzy in -
nymi ta kie zwi¹zki barw ne, jak b³êkity: Wik tor ia B za -
sada, atram ento wy, me tyl owy i me tyl eno wy oraz fio lety:
me tyl owy i kry stal iczny [6]. Te dwie ostatn ie na zwy
oznac zaj¹ po chodne pa rar oza nil iny (ry cina 1) za wier a -
j¹ce w cz¹stecz ce czte ry, piêæ lub szeœæ grup me tyl owy ch.
Inne na zwy ok reœlaj¹ce wspo mniane po chodne to fio let
me tyl owy 2B, 6B i 10B. Pa rar oza nil ina oraz jej po chodne 
z czte rema lub piêc ioma gru pami me tyl owy mi mog¹ wy -
stê pow aæ za rów no w po staci jo now ej jako chlo row odo r -
ki, jak i ko wal ency jnej (ry cina 2). U¿ ywa nie tyl ko nazw
zwy czaj owy ch lub syn onim ów [17] mo¿e pro wadz iæ do
nie poro zum ieñ ter min olo gic znych. Jed noz naczne  okreœ -
lenie zwi¹zku che miczn ego mo¿ liwe jest albo przez po -
s³ugiw anie siê no menk latur¹ Unii Che mii Czy stej i Sto -
so wan ej (IUPAC), któ ra bywa nie kiedy skom plik owa na,

albo przez ³¹cze nie na zwy zwy czaj owej z oznac zeni ami
cy frow ymi da nego zwi¹zku che miczn ego wzg lêdnie
 produktu. Po wszechn ie ko rzys ta siê z ta kich sy stemów
 oznaczeñ cy frow ych, jak np. CI (Co lor In dex) – amery-
ka ñska baza da nych re fer ency jnych dla barw nych zwi¹z -
ków i prod uktów, CAS (Che mic al Abs tracts Se rvice) –
baza Am eryk añskiego To war zyst wa Che miczn ego oraz
sys tem CID (Com pou nd Ident ifi cat ion). Dla me tyl owy ch 
po chodn ych pa rar oza nil iny ze staw iono w ta beli I ni ekt ó -
re na zwy zwy czaj owe i oznac zenia cy frowe. Zwy czaj o -
wa na zwa „fio let gen cjany” po winna byæ sto sow ana je -
dy nie przez farmaceutów na oznac zenie otrzym ywa nej
z ma ter ia³u ro œli nnego piok tan iny, czy li mie szan iny ch lo -
r owodorków piê cio- i sze œcio met ylopararozaniliny [10],
a nie jako jed na z al tern aty wnych nazw do stêp nych
w han dlu bar wników (patrz ta bela I).

Ka tal ogi firm zaj muj¹cych siê m.in. spr zeda¿¹  od -
czyn ników che miczn ych [3, 4, 14] po daj¹ nie tyl ko naj -
bard ziej roz pow szechni on¹ naz wê zwy czaj ow¹ barwni-
ków, kil ka ich syn onimów, ale rów nie¿ dwa oznac zenia
cy frowe CI i CAS. Pos³ugiw anie siê jedn¹ nazw¹ zwy -
czaj ow¹ i tyl ko jed nym oznac zeni em cy frow ym mo¿e
ok azaæ siê nie wys tarcz aj¹ce, co po kaz uj¹ dane za czerp -
niête z tych ka tal ogów (ta bela II).

Ze wz glê du na prze mys³owe za stos owa nie ba rwni -
ków rzad ko kie dy wy mag any jest ich wy soki st opi eñ
 czystoœci (cz.d.s., cz.d.a). Do stê pne w han dlu fio lety: me -
tyl owy, kry stal iczny i gen cjany mog¹ byæ za tem mie -
szan ina mi po chodn ych pa rar oza nil iny o ró ¿nej licz bie
grup me tyl owy ch. Ob ecn oœæ fio letu me tyl owe go 2B i 6B
(Merck) po twierd zono me tod¹ chro mat ogr afii  adsorp -
cyjnej w do stêpn ym na ryn ku fio lec ie kry stal icznym tej
sa mej fir my [9]. O wza jemn ych pro porc jach  wspomnia -
nych po chodn ych de cyd uje przede wszyst kim sposób
syn tezy i ich trwa³oœæ. Me tyl owe po chodne  pararozani -
liny uleg aj¹ de grad acji pod wp³ywem ró ¿nych cz ynni -
ków, w tym ró wnie¿ œw iat³a [1, 5, 7, 8, 11, 12, 15].

Ce lem ba dañ opis any ch w ni niejs zej pu blik acji by³o
spraw dzen ie, czy na pod staw ie wid ma Vis uzys kane go
dla li nii pi sma sporz¹dzo nej pre par atem za wier aj¹cym
no œnik i barw nik mo¿l iwe jest stwier dzen ie obecno œci
fio letu me tyl owe go lub kry stal iczne go i ewent ual nie ich
rozró ¿ni enie. Po zyt ywna od pow iedŸ na to py tan ie po -
zwoli³aby w przy padku badañ za pisu sporz¹dzo nego fio -
let owo-nie biesk¹ past¹ d³ugop isow¹ typo waæ ro dzaj g³ów -
nego barw nika wchodz¹cego w jej sk³ad, co z ko lei by-
³oby przy datne w ba dan iach au ten tycznoœci do kum en tów.

Problems of Forensic Sciences 2010, vol. LXXXIII, 233–242

MO¯LIWOŒCI IDENTYFIKACJI BARWNIKÓW Z GRUPY POCHODNYCH
PARAROZANILINY W FIOLETOWO-NIEBIESKICH PASTACH
D£UGOPISOWYCH METOD¥ MIKROSPEKTROMETRII W ZAKRESIE
ŒWIAT£A WIDZIALNEGO (MSP-VIS)   



2. Ma ter ia³y i me toda

Przed miot em badañ by³y barw niki z gru py  pochod -
nych me tyl owy ch pa rar oza nil iny oraz pre par aty – imit a -
cje past d³ugop iso wych otrzym ane przy ich u¿yciu. Pre -
pa raty za wiera³y je dyn ie dwa g³ówne sk³ad niki past, czy -
li noœ nik i barw nik, gdy¿ po zos ta³e sk³ad niki obecne by³y
w paœcie w iloœc iach znacz nie mniej szych, a wiêc ich
ewent ual ny wp³yw na wid mo po win ien byæ nie znaczny.
Noœ nikami by³y: olei na – obecn ie w pa stach rzad ko sto -
sow ana i czê sto sto sow any gli kol etyl eno wy. Dys pon o -
wa no czte rema barw nik ami ró¿n ych prod uce ntów o naz -
wie zwy czaj owej „fio let me tyl owy” i dwo ma o na zwie
„fio let kry stal iczny” (patrz ta bela II).

Ba dan ia pro wad zono me tod¹ mi kros pektr omet rii
w za kres ie œw iat³a wi dzialn ego (380–800 nm) tech nik¹
od bic iow¹ i trans mis yjn¹. Apara turê sta nowi³  spektro -
metr Ti das z de tekt orem DAD, ka mer¹ CCD IRIS/RGB
(mar ki Sony) i mi kros kopem Axiop lan 2 (fir ma Ze iss).
Ste row anie za pewn ia³y dwa pro gramy kom put ero we: Ti -
das cope – do ob serw acji pr óbki i wy boru ob sza rów po -
miar owy ch oraz J&M Spec tral ys 1.81 – do wy boru para -
me trów po miar owy ch, ste row ania po miar em i ob róbk¹
widm. Po miary pro wad zono, sto suj¹c nas têpuj¹ce  para -
metry: czas po trzebny na ze bran ie jed nego wid ma (ang. in -
teg rati on time) – 3000 s, licz ba zbie ran ych widm, które
pod leg aj¹ uœr edn ieniu przed przes³aniem do kom put era
(ang. acc umu lat ions) – 5, czas po trzebny na przes³anie
widm ze spek trom etru do kom put era  (ang.  scaninter -
val) – 15 s. Pre par aty ba dano tech nik¹ od bic iow¹, barw -
niki – tech nik¹ trans mis yjn¹ i od bic iow¹. Pre par aty na -
nie sione w po staci li nii na pod³o¿e pa pier owe nie wy ma -
ga³y ¿a dne go przy got owa nia, co jest istotne ze wzglêdu
na mo¿liw oœæ wy kor zyst ania tej tech niki w  kryminali -
stycz nych ba dan iach do kum entów. Na tom iast przy got o -
wa nie prób ki barw nika do pomi arów od bic iowy ch ogra -
ni cza³o siê do spra sow ania jej pod na cis kiem 1 t. Pr óbkê
do po mia rów  transmisyj nych sta nowi³a su cha po zos ta -
³oœæ po od par owa niu roz tworu barw nika na nies ione go na 
szkie³ko mi kros kopo we. Po miary widm dla ka ¿dej  próbki
po wtar zano dz iesi ê cio krotnie (w 10 miej scach po jed nym 
po miar ze).

3. Wy niki i dys kus ja

Ocen ie pod dano bar wê pró bek pod mi kros kopem,
 powtarzalnoœæ po miar ów oraz wid ma ka¿ dej gru py po -
mia rów. Po nadto wid ma na nies iony ch na pa pier owe pod -
³o¿e pr epar atów po równ ywa no z wid mami bar wni ków.

3.1. Barw niki, tech nika trans mis yjna

Wo bec bra ku in form acji o oznac zeni ach cy frow ych
po siad any ch ba rwni ków w celu ws têpn ej ident yfi kac ji

podjê to próbê porów nan ia ich ma kros kopo wej bar wy (ta -
bela III) z po daw an¹ w li ter atu rze przed miotu [16, 18]
barw¹ me tyl owy ch po chodn ych pa rar oza nil iny (ta be -
la IV). Pr óba nie po wiod³a siê, gdy¿ opisy barw nie od -
pow iada³y so bie.

Bar wa roz tworów wod nych wzg lêdnie ba dan ych barw -
ni ków al koh olo wych by³a znacz nie mniej zró¿nicowana
ni¿ ich bar wa w sta nie sta³ym. Wszyst kie roz twory mia³y
fio let owy ko lor; ró ¿ni³y siê je dyn ie od cien iem.

Su che po zos ta³oœci ro ztw orów ba rwn ików two rzy³y
jed nol it¹ ko lor yst ycznie pl amê, a otrzym ane dla da nego
barw nika wid ma by³y po wtar zalne, tj. mia³y taki sam
prze bieg. Cech¹ wspó ln¹ widm jest za kres sze rok iego
 pas ma (ok. 450–700 nm). Widm tych (ry cina 3) nie mo ¿ -
na po dzi eliæ na dwie gru py od pow iadaj¹ce na zwom „fio -
let me tyl owy” i „fio let kry stal iczny”, mo¿ na je na tom iast
po dzi eliæ na trzy gru py. Wid ma gru py pierw szej  charak -
te ryzuje brak wyr aŸne go mak sim um (œro dek pa sma ok.
590 nm). Do gru py tej nal e¿¹ wid ma fio letu me tyl owe go
B i fio letu kry stal iczne go E po chodz¹ce od jed nego pro -
duc enta – oznac zenia wg ta beli III. Gr upê drug¹ tworz¹
wid ma o paœ mie z³o¿o nym z wyr aŸnym mak sim um przy
ok. 550 nm, otrzym ane dla fio letu me tyl owe go D i kry -
stal iczne go F. Do gru py trze ciej, o paœm ie z³o¿on ym,
z wyr aŸnym mak sim um przy ok. 600 nm, za kwal ifi kow a -
no wid ma fio letów me tyl owy ch A i C. Uzys kane wid ma
wska zuj¹, ¿e fio lety kry stal iczne E i F ró¿ ni¹ siê sk³adem, 
a wœr ód czte rech fiol etów me tyl owy ch (A–D) je dyn ie
fio lety A i C maj¹ zbl i¿o ny sk³ad che miczny.

3.2. Barw niki, tech nika od bic iowa

Ocen iana pod mi kros kopem bar wa po wierzchni ba -
dan ych ba rwn ików by³a zr ó¿n icowana. Po wie rzchniê fio -
letu me tyl owe go A ce chowa³a prak tyczn ie jed nol ita bar -
wa; na wzg lêdnie jed nob arwnej po wierzchni fi oletów:
me tyl owe go B i kry stal iczny ch E i F ob serw owa no  jedy -
nie mi kros kopi jne wtr¹ce nia o in nym ko lor ze. Po wierzch -
nia fi oletów me tyl owy ch C i D nie by³a jed nor odna (ta -
bela V); two rzy³y j¹ ob szary o wy raŸn ie za znac zony ch
brze gach i od mienn ej ko lor yst yce (I lub II).

Oznak¹ fo tod egr adac ji ni ekt óry ch ba rwn ików by³a
wy raŸ na zmia na bar wy w miej scu po miaru (ta bela V),
a uzys kiwa ne wid ma nie by³y po wtar zalne; ob serw owa -
no efekty hi per- i hi poc hromo we oraz pr zes uniêc ia bato-
i hipso chrom owe. Na ry cin ie 4a dla wy bran ego barw -
nika (B) przed staw iono wszyst kie 10 otrzym any ch widm, 
a na ry cin ie 4b dla ba dan ych ba rwn ików (A–F) przed -
staw iono po jed nym wy bran ym wid mie.

Wid ma od bic iowe ba dan ych ba rwn ików by³y od mien -
ne od od pow iadaj¹cych im widm trans mis yjny ch. Wid ma 
te ró¿ ni³y siê miê dzy sob¹, a ich gru pow anie prze biega³o
in ac zej ni¿ w przy padku widm trans mis yjny ch. Pa rami
po dobne by³y wid ma fio letów me tyl owy ch B i D-I, fi ole -
tów kry stal iczny ch E i F oraz obu obs zarów fio letu  mety -
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lowego C, to jest C-I i C-II. Naj mniejs ze pod obieñs two
wy kaz ywa³y wid ma fio letów me tyl owy ch oznac zony ch
jako A i D-II. Przes uniê cie ba toc hromo we za obs erwo -
wano dla fi ole tów me tyl owy ch B i D-I oraz fi ole tów kry -
stal iczny ch E i F. Prz esun iêcie to by³o bar dzo wyr aŸne
i wy nosi³o ok. 35 nm dla widm fi ole tów me tyl owy ch B
i D-I. Efekt hi perc hromo wy wi doczny by³ na wid mach
fio letów kry stal iczny ch E i F, a efekt hi poc hromo wy na
wid mach fio letów me tyl owy ch B i D-I.

3.3. Pre par aty na pod³o¿u pa pier owym, po miary
 odbiciowe

Wid ma od bic iowe otrzym ane dla prepar atów  nanie sio -
nych na pod³o¿e pa pier owe, ni ezal e¿n ie od ro dzaju no œ -
ni ka i barw nika, by³y do sie bie zbl i¿one (ry cina 5a i b).
Po rów nuj¹c wid ma pre paratów (P-A oraz P-F) z wid -
mami bar wni ków (A–F), nal e¿y stw ier dziæ, ¿e wid ma
pre paratów otrzym ane tech nik¹ od bic iow¹ wy kaz uj¹ po -
dob ieñstwo do widm ba rwn ików otrzym any ch tech nik¹
trans mis yjn¹ (ry cina 3), nie zaœ do ich widm od bic iowy ch 
(ry cina 4). Ten z po zoru za skak uj¹cy wnio sek ma swo je
wyt³umac zenie w ce chach fi zyk och emic znych pa sty d³u -
gop iso wej oraz w pro ces ie po wstaw ania za pisu na do -
kum encie. Pa sta d³ugop iso wa jest roz twor em barw nika
w noœn iku, zaœ pro ces pi san ia pro wad zi do od par owa nia
roz puszc zalni ka; li nia pi sma na do kum encie jest wiêc
such¹ po zos ta³oœci¹. Tyl ko przy got owa nie barw nika do
pomi arów trans mis yjny ch za wiera³o w so bie te dwa pro -
cesy, to jest roz puszc zanie i od par owy wan ie. Anal izuj¹c
otrzym ane wid ma od bic iowe pr epa ratów, na le¿y za uwa -
¿yæ, ¿e w wi êks zoœci s¹ one po dobne do widm  transmi -
syjnych ba rwni ków z gru py trze ciej. Tyl ko wid mo od -
bi ciowe pre par atu za wier aj¹cego fio let me tyl owy A zb li -
¿ one jest do widm z gru py pierw szej. Na wid mach  odbi -
ciowych wszyst kich pr epa rat ów za obse rwowaæ mo¿na
po nadto mak sim um przy ok. 400 nm, któ rego po³o¿e nie
jest bar dziej sta bilne, gdy no œnik w pre par acie sta nowi
olei na, a mniej, gdy gli kol. Do datk owe pa smo przy ok.
715 nm po jaw ia siê w wid mie od bic iowym pre par atu
zwie ra j¹cego olei nê i fio let me tyl owy B.

4. Wnio ski i pod sum owa nie

Brak mo¿ liw oœci sko rel owa nia bar wy bar wników
z barw¹ po daw an¹ w li ter atu rze wska zuje na to, ¿e s¹ one
mie szan ina mi. Ró¿ ny sk³ad che miczny fio letów me tyl o -
wy ch A i B firm Al dr ich i Merck, po twierd zony od -
mienn ymi wid mami Vis tych bar wni ków, wska zuje na
koni ecz noœæ okre œla nia ro dzaju zwi¹zku che miczn ego
nie tyl ko po przez poda nie na zwy i pro duc enta, ale rów -
nie¿ in nych da nych, ta kich jak np. oznac zenia cy frowe.

Jak wy kaza³y prze prow adz one ba dan ia, wid ma Vis
pre paratów za wier aj¹cych fio let me tyl owy lub  krysta -

liczny po zwal aj¹ je dyn ie na ok reœ lenie g³ów nego barw -
nika jako me tyl ow¹ po chodn¹ pa rar oza nil iny, bez dal -
szego ró¿ nico wania. Wska zuje to na potr zebê ost ro¿ -
noœ ci pod czas for mu³owan ia wnio sków z badañ zapi sów
sporz¹dzo nych fio let owo-nie bies kimi pa stami d³ugop i -
so wymi.

Wid ma zap isów wy kon any ch d³ugop isem mog¹ siê
nie znaczn ie ró¿ niæ od widm pre paratów, gdy¿ pa sta ma
bar dziej z³o¿o ny sk³ad, a jej sk³ad niki mog¹ re ago waæ
z otoc zeni em. Ba dan ia wy kaza³y jed nak, ¿e wp³yw na
wid mo Vis naj bard ziej istotn ego sk³ad nika pa sty, ja kim
jest no œnik, nie by³ istotny. Jest za tem mo ¿liwe ok reœlenie 
ro dzaju barw nika obecn ego w paœcie d³ugop iso wej. Po -
ni ewa¿ dane o sk³adzie che miczn ym ma ter ia³ów pi sars -
kich chro nione s¹ ta jemn ic¹ pro duc enta, znaczn¹ po moc¹ 
dla bieg³ego by³aby od pow iednio skon struo wana baza
da nych, kt óra po winna za wier aæ:
– widma barwników (pigmentów) otrzymane technik¹

transmisyjn¹ oraz odbiciow¹;
– widma odbiciowe dostêpnych na polskim rynku ma -

teria³ów pisarskich naniesionych na ró¿ne pod³o¿a.
Uzys kane wid ma Vis bar wników sta nowi¹ je den

z ele mentów bazy widm w In styt ucie Eks pert yz S¹do -
wych (IR, Ra man Vis) ba rwników i barw nych ma ter ia -
³ów (w³ókna, ma ter ia³y pi sars kie i la kiery). Ni ezal e¿nie
od po trzeby sta³ej ak tua liza cji bazy, ko rzys taj¹c z niej
w ce lach anal izy ma ter ia³ów pi sars kich, na le¿y pa miêt aæ,
¿e:
– okreœlenie rodzaju g³ównego barwnika (pigmentu)

mo¿e byæ utrudnione, je¿eli w sk³adzie materia³u pi -
sarskiego obecnych jest kilka zwi¹zków barwnych
o zbli¿onej zawartoœci;

– rodzaj materia³u pisarskiego decyduje o tym, który ze
zbiorów widm (zbiór widm transmisyjnych, wzglêd -
nie odbiciowych) bêdzie przydatny do okreœlania ro -
dzaju g³ównego sk³adnika barwnego. Je¿eli materia³
pisarski jest roztworem tak, jak pasta d³ugopisowa, to
przydatna powinna byæ baza widm transmisyjnych.
Je¿eli materia³ pisarski jest zawiesin¹, tak jak ¿el
w d³ugopisach ¿elowych, najprawdopodobniej przy -
dat na bêdzie baza widm odbiciowych;

– zbiór widm materia³ów pisarskich na pod³o¿u papie -
rowym bêdzie przydatny w badaniach porównaw -
czych zapisów na dokumentach;

– zbiór widm materia³ów pisarskich naniesionych na
pod³o¿e obojêtne, np. szk³o, bêdzie przydatny w ba da -
niach materia³ów pisarskich pochodz¹cych nie z zapi -
sów, lecz z narzêdzi.   
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