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Relevant introduction dates into the market in the field of “modern” writing
Instruments.

Year Event

1945 Ball point pen.

1950 Glycols as inks’ solvents.

1955 Copper Phthalocianyne as a new dye in inks.
1963 Felt tip pens.

1967 Roller ball pens.

1970 Highlighters.

1984 Gel ink pens.
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-Kapali smtemler;nurekkebm kalemin icindebufundugu
haldeki durugnlur > !
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K l‘l’::t:mlerde murekkepte yaslanma olmaz, sadece j l‘

Jkalemin u¢ kismindaki murekkepte yaslanma gozlenir, bu da.
uc kisimdaki bazi klmyalallarln(gogunlukla fenoksietanol,

uguculugundan ve bazi boyalarin bozunmasindan “ ‘,;"'
kaynaklanmaktadir .Jl"' V
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*Acik sistemler, murek’ebm kagrda §egtlg| durumgur P

P / { /? b
N

*Acik sist"émlerd “ M &kep gevrexe etkilesim halindedir, ( -
gune%ﬁem gibisfaktorler yaggnrﬁaya neden qlur
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Victoria Blue

Rhodamines

Rhodamine B Rhodamine 6G

Pararosanilines ~NT ~

o

Crystal Violet or Methyl Viclet 108 Methyl Violet 6B

\N/’
&@i
\T NH*

Methyl Violet 2B-tetramethylpararosaniline

Copper
Phthalocyanines
CPC:

Phthalocyanine Blue
Copper Phthalocyanine Green




 Dogrudan
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Experimental methods developed by different authors and their contribution to the actual approaches in dating inks.

Year Author Experimental Methods Analytical measurement Contribution to the actual approaches
1920 Mitchell Extraction with 5% Oxalic acid solution. Qualitative
1935 Soderman and O’Conne Acceleration of the age of an ink by Accelerated aging ink
UV and comparison with itself.
1959 Kikuchi Extraction with 0,01% Oxalic acid solution. Quantitative
1971 Sen and Ghosh TLC examination of inks. Ratio for mass invariance

Chronology of the different methods of dating inks by changes in the extractability of the ink dyes and colorless non volatile components (resins).

Year Author Method

1980 Cant( and Brunelle Different extent and extraction rate

1987 Cantit and Prough Solvent Extraction Method

1987 Brunelle Single Solvent Extraction Technique

1988 Brunelle Dye Ratio Technique

1990 Isaacs & Clayton Solvent extraction/Spectrophotometry

1993 1995 Aginsky Brunelle TLC for colorless, non-volatile compounds of inks, resolution under UV light Four
methyl violet dyes Extractability

2005 Kirsch, Weyermann, Koehler, Spengler Resins as new criteria for authenticating questioned documents and for dating of

ball point entries

Chronology of ink aging evaluation methods based on the study of volatile compounds of inks.

Year Author Method

1982 Stewart GC/FID

1985 Humecki Infrared Spectroscopy - FTIR

1988 Canta Accelerated ink aging to compare one ink to itself

1993, 2000 Aginsky Brazeau, Gaudreau GC/spectrophotometric methods ratio volatile compounds/dyes GC decrease of
volatile compounds Solid Phase Microextraction + GC/MS

2002 Brazeau, Gaudreau GC/MS + accelerated aging

2003 Andrasko Solid Phase Microextraction + GC/MS

2004 La Porte et al. PE incidence in ink formulas

2004 Locicirio, Mazzella, Dujourdy, Lock, Margot Quantification of PE by GC/MS

2005 Biigler, Buchner, Dallmayer Thermal Desorption in two phases + GC/MS

2007 Weyermann GC/MS variation of PE over time in laboratory conditions.

2008 Weyermann, Spengler Modelling of natural aging curves based on artificial aging curves
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ekil 2.1

Siyah, mavi ve kirmizi miirekkeplerin ¢esitli ¢6ziicii sistemlerinde renk
bilesenlerine ayrilmasi. (a) Kagit kromatografisi yontemi ile suda (b) TLC ile

suda. Butanol:etanol:su ¢oziiciisiinde (c) 9:1:1 oraninda (d) 7:3:3 oraninda (e)
5:5:5 oraninda.
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Cozuq,u A_naluzm;lgeagan

‘ ;ekkep \ﬂas Tayini Metotlarl
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* Yas Taylnl f auﬁ
~* Bir murekkebmz)yagmln tayini S
istenmisse fizikokimyasal " '

proseslerin olclilebilir ve

*tekrarlanablllr pé{ametrelermm ~
~ belirlenmesi gereklidir.
rin arasnda‘*?smt
' bagli deglslmler

’\

LAST WILLI

AND TESTAM ENT

I, the undersigned,

I hereby declare this to pe my Will.
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2- Mutlak dihamik yaklasim: «

- .
/ AGINSKY tarafindan 1995 yilindan beri uygulanan bir

wh e
o yontemdir. Murekkebin baska bir murekkeple i ;'.\‘
4 karsilastiriifmadan/sadece kendi fizikokimyasal 6zelliklerindepny* '
elde edilen delillerle yas tayinine gidilir. W'.‘

Bu yéntemd‘g murekkebin isitiimis 6zellikleri ile”
Isitiimamis bzellik‘leri kiyaslanarak yas tayini xgplllr. >
Mirekkebin isitilmasi ileri yaﬁanmasga.ﬂ@ﬂen olur™

Murekkebi artustayken:;ca@lan‘madlél,anc.aizkaélt
» k -« 7 v .
uzerine uygulandiktan hemen sonra yaslanmaya bagladlgl X
v;aj's"éylhr. Boya bilesenleri ucar, ¢cozlcu buharlagir ve f\
diffuzlenif, 'nz polimerize.’Q'Iur. Olctilen degisimler zanqanm
| ;ffoW\lgncelam‘bu nedenle kesin bir tarih degil bir
aman araligi bulunur.
~
Y }1
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.
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3- Bagll Dmamlk Yakla('slm Bir dokiimandaki miirekkebin b
bir miirekkep ile I«’ar§|Ia§t|r|Iarak hangisinin 6nce hangisi
sonra yazildiginin'tespitidir. Bagil yas tayini “olmazsa
kO§uIIar icerir; r( :

4 Kar§|la§t|r||acak murekkepler mutla
. B ;
' -ayni cins kagit uzerlnde

-ayni formd 'Sahlp, Q'& -




* Inceleyecegimiz ¢oziicli analiz
metotlar G "te calisihyor.
‘kalemler kullaniliyor,”

r
/
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Kagrt Uzerindeki m[]rekke'[f;tek'i
¢ozucl miktari zama_nu;{bir
fonksiyonu olarak azal r{T(]kenmez
kalemlerde en yaygin olarak
kullanilan ¢ozucu fenoksietanol’diir
(PE). Bu nedenle cogu yas tayini

~ metodunda miirekkepteki*PE tayini
yapilr.



Murekkebl,n__lgywmasml E/kl_lggaﬂtorler

- Murekkep Formulasyonu:
Igerdigi bilesikler (boya, néglne gozucu ve gesitli
- katkilar) ve ¢ozuci bag I{mktarlarl g0z onune
alinmali. i

Ornegin, formaldehit re

inesi yaglanmayi
yavaslatiyor. \




2- Murekkebin Ba§lang|g Mlktﬂ_g;:_.\.;

Az miki a",gozucude’buharlasma

T'disiik, cok ka/ar cozliciide

ise buharla;ma,hm vuksektir.

' Yazma basinci Ve tiikenmez \
kalemin ucum.[n boyutu yaslanma

Fig. 5. Solvents diffu l 1 two ink entries: (le !lld ll away from a straight
line and (right) di H d the loup of ll lette "ﬂu: sulvcnl concentration
may be significantly h g,l of the loop compar dt 1 ¢cm of the straight line.
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Sicaklik, gézUcﬂnUn‘}buhar basinci, nem, |
hava akimi, ¢cozucu karisimlarinin dzellikleri
(viskozite vs.) gibi 6zellikler 5Snemli. Ornegin;

disuk sicakhk ve ha\\rq akimi kuruma hizinig %

duisurdr. A o %"

Mevsime dikkat edilmeli odané‘kT'gl yaz-kis f» s

Aaylaryda deg . Migrasyon sonucu olusmug« - @
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Procedure to determine the rate of decrease of volatile components (R) in inks on documents.

Method 1 Sample set 1 (normal) Sample set 2 (artificially aged)
Sampling 10 microdiscs (1 mm diameter) of the ink on paper
Treatment No treatment Moderate heating (e.g. 70°C, 1h[52) or 2h [49])
Extraction 101 [52] or 15l [49] of appropriate solvent (e.g acetonitrile with an internal standard)
Analysis 1l of extract analysed by GC/MS (SIM mode)
Results P=mass of solvent Pr=mass of solvent
Eq.(2) R(%)= (P Pr)/P]- 100 [49,52]
Threshold Ink entry age Literature
value
=20 Fresh Aginsky [52]
=50 Less than 6 months Gaudreau and
Brazeau [49]
=25 Less than 1 year Gaudreau and
Brazeau [49]

) ~ 4 . 5 = 1A -
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Procedure to determine the rate of decrease of solvent extractability (D) of inks from documents described by Agmsky [SZL

Method 2 Sample 1 (normal) Sample 2 (artificially aged)
Sampling 10 microdiscs (1-mm diameter) of the ink on paper

Treatment No treatment Moderate heating (e.g. 70°C, 60 min)
Weak extraction 10l of an appropriate weak solvent (e.g., carbon tetrachloride)

Analysis 1 Extract analysed by GC/MS

Results 1 Mweak=mass of solvent Mueak = mass of solvent
Strong extraction After drying, in 10 pl of an appropriate strong solvent (e.g. chloroform)

Analysis 2 Extract analysed by GC/MS

Results 2 M ong = mass of solvent Mirong = mass of solvent
Eq.(3) P =100 [Mweak/(Mweak + Mstrong) | Pr (%)= 100 Muweak/{ Mweak + Mstrong)|
Eq. (4) D (%)=P-Pr[52)
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old ink:
D <10%

Extraction Percentage (P)

10

Time / months

‘ BN Y

Aging Threshold Ink entry age Literature

parameter (%) value ", .

D ca. >15 Less than 8 months Aginsky [52]
ca. <10 More than 2 months Aginsky [52]

proficiency ‘

D ca. >10 More analyses Aginsky [52] N\
ca. <15

D =20 Less than 5 months Aginsky [52]

D <5 More than 6 months Aginsky [52]

D =18 Less than 6 months Aginsky [45]

D =12 Less than 8 months Aginsky [45]

D =8 Less than 12 months Aginsky [45]

D =6 Less than 18 months Aginsky [45]

D >4 Less than 24 months Aginsky [45] (1
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e Metod 3: *L< P j_—“‘

O - /__g,ar’—-»
Blgler #ndan sunulan“Murekkep Yasi Degerlendlrme {
Pr Urii”dir. 0.5 mm’lik’bir parca belgeden numune olarak

silip alinir. Termal desorber(TD) da 90 °C de desorpsiyon yapll %
TD den salinan ve tuzaklanan maddeler GC-MS sistemine verilir
Kromatogramda PE’nin pik alanindan miktar hesaplanir (M1) . )’
Ayni numune 200 Oyi de desorpsiyon yapilir. TD den salinan ve. =
tuzaklanan maddeler GC-MS sistemine verilir. Kro\matogra
PE’nin pik alanindan miktar hesaplanir (M2) . ;

- %V=100 x M1/{M1+M2) w
formulinin yardmgyla bulunan de_g,er %V asagidaki grafikte yerine
konulur. Belgeyasl tayin edilir

k\
' =N
o S /k
o Aging Threshold Ink entry age (

o .
4 parameter (%) value -

V = 25% Less than 2 months
vV ~10% Less than 3-4 months
V <10% No conclusion

~



Yas Tayini Metotlarinin Gelismesi ve Uygulanmasindaki ;

GuvenlllrﬂnYeterll Seﬁue Ulasmast Icin-Gereken Minimum f
R

- Gereksmlmlerm Ozeti: N

_ . Minimum Gereksinimler” \ Amac

'

gy
Kinetik yaslanma ve etkileyen/faktorlerin Yontemin uygulanabilirliginin,li
cahsilmasi tanimlanmasi

Diger laboratuvarlar tarafnipta '

saglayan altw T
Kur ujeilzjrumlar qﬁa laboratuar

Yontem aciklamasi

Yontem dogrulama N guvenilirligine ula§nﬁt~

ManU@ bir yorumla i Kanitlari olan gi{atlf bir hlpote{zm

olasilhigini degerlendirmek




Mlll'el(I& ll Analiz
‘Yont leri

2SR / ‘&\,
! -



Yontemin
Belgeye
Uygulanmasl
sonucu

W,

Belgeye Larar

X
R | [ Belgeye Zarar
Verenler K ‘@ Vermeyenler

UV-GOriniir
Bolge
Spekiroskopisi

ince Tabaka
Kromatografisi
(TLO)

Inirared
Spektroskopisi

Kapiler
Elektroiez  |»

J

Raman
Spektroskopisi
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Pen Egyptian

C
osde Name Company

Ink Manufacturer

Bic Si-cep under licence from Bic-France

Reynolds Caico under licence : Reynolds-France

Kassco Modern A.K.F Germany

Rotamac Pen-Tec Documental Gmbh- Germany . ‘0\ :
:

Thin layer chromatographic results of blue inks. solvent systems I and II . under normal incident daylight.

-~

Chromatographic Solvent I Solvent Il
e Ink | Ink 2 Ink 3 Ink 4 Ink | Ink 2 Ink 3 Ink 4
Blue 0.00 | Pale blue* 0.11 Pale blue* (.11 Purple 0.60 Blue 0.00 | Pale blue 0.26 | Paleblue  0.26 Pale blue  0.26
Macherey-Nagel Blue/purple  0.19 Pale blue* 0.27 Pale blue*  0.27 Purple 0.64 Blue/purple  0.33 Purple 0.63 Purple 0.63 Purple 0.63
Polyester TLC Purple 0.57 Purple 060 Purple .60 Blue* 0.70 Purple 0.63 Blue* 0.70 Blue* 0.70 Blue* 0.70
Sheets silica gel Purple 0.72 Purple  0.64 Purple 0.64 Blue* 0.74 Purple 0.76 | Purple 0.76 | Purple 0.76
Without indicator Blue*  0.70 Blue* 0.70 Blue/purple* 0.80 Pale purple  0.83 | Palepurple  0.83 | Pale purple (.83
Polygram SilG Blue* 0.74 Blue* 0.74 Girey* 1.00
Blue 0.00 Blue* 0.00 Blue* 0.00 Blue* 0.00 Blue 0.00 Bluc* 0.00 Blue* 0.00 Purple* 0.00
Merck precoated Purple 0.32 Purple 029 | Purple 0.29 | Purple 029 Blue 0.30 Purple 0.39 Purple 0.39 Purple 0.39
Glass TLC Purple 0.40 Purple 0.36 | Purple 0.36 | Purple 0.36 Pale purple  0.39 Blue* 0.45 Blue* 0.45 Blue* 0.45
Plates silica gel Blue/purple  0.58 Purple 045 Purple 045 | Purple 0.45 Purple 0.45 Bluc* 0.54 Blue* 0.54 Blue* 0.54
60 F254 Pale green  0.67 | Purple 049 | Purple 0.49 | Purple 0.49 Pale purple 0,63 Purple 0.57 Purple 0.57 Purple 0.57
Blue*® 0.54 Blue* 0.54 Blue* 0.54 Pale blue 0.75 Pale purple  0.63 Pale purple 0,63 | Purple 0.63
Pale blue  0.60 | Pale blue 0.60 | Paleblue  0.60 Pale green® 10D Pale green® 100 | Olive green® 1.00
Pale violet  1.00 | Pale violet 1.00 | Blue* 1.00
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| Specifications of black ballpoint inks.

code - TEyian Ink Manufacturer
Name Company
5 Bic Si-cep under licence from Bic France
6 Reynolds Caico under licence ;: Reynolds-France
7 Kassco Modern A.K.F Germany -
8 Rotamac Pen-Tec Documental Gmbh-Germany )
-t
| | 3 A D !
A1 =4 ’.. _‘:“‘
: ; . ‘ ' £y ; :'
i . L x 4’ 9 >
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Thin layer chromatoglaphlc results of black inks. solvent systems I and II. under normal incident daylight.

Chromatographic Solvent | Solvent Il
Medium
Ink 5 Ink 6 Ink 7 Ink 8 Ink 5 Ink 6 Ink 7 Ink 8
Blue/ green 0.00 Purple 0.62 Purple 0.62 Pink (f)* 0.51 | Blue/green 0.00 | Purple 0.63 | Purple 063 Pink (f)* 0.43
Macherey-Nagel Yeilow 017 Purple 0.68 Purple 0.68 Purple 0.60 | Pale yellow 0.17 | Purple 0.73 | Purple 073 Purple 0.56
Polyester TLC Orange (f) 0.73 Purple 0.72 Purple 0.72 Yellow 066 | Palegreen 060 | Yellow 086 | Yelow 0.86 Purple 0.66
Sheelts silica get Blue 0.76 Gray 0.78 Gray 0.78 Purple 0.70 | Orange(f) 0.73 | Black 1.00 | Black 1.00 Yellow 0.76
Without indicator Buff 0.98 Buff 0.98 Purple 0.74 Blue 0.83
Polygram SilG Blue 1.00
Blue/green 0.00 Purple 0.36 Purple 0.36 Purple 0.29 | Blue/green 0.00 | Purple 0.42 Purple 042 Purple 0.39
Merck precoated Yellow 0.18 Purple 043 Purple 0.43 | Purple 0.38 | Green 0.30 | Purple 0.61 Purple 061 Pink (f)* 0.45
Glass TLC Yellow 0.32 Purple 0.47 Purple 0.47 | Purple 0.47 | Yellow 048 | Purple 0.57 Purple  0.57 Purple 0.51
Plates silica gel Orange (f) 0.60 Pale purple  0.54 Pale purple 0,54 | Pink (f)* 0.51 | Orange (fy 060 | Pale purple 0.63 Pale purple 0.63 Purple 0.57
60 F254 Blue 0.65 Grey 0.72 Grey 0.72 Purple 0.53 | Blue 0.60 | Black 1.00 Black 1.00 Pale purple  0.63
Yellow/Brown 1.00 Yellow! Pale purple 0.58 Yellow 0.75
Brown1.00 Yellow 0.89
Pale purple  1.00
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Flectroosmotic Flow ————3

Cathode

® Mobile Layer
® Fixed Layer
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Mo|¢kq]}/éxdeki elektronik gegislere bagli
“olarak absorpsiyon temeline dayanir. 8
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Phthalocyanine Blue

Carbazole Violet
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» Titresim ve déhme hareketleri
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* Dipol momentlerin degisimi
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v Infrared Luminescence
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Yazi murekkeplerinin karakterize Onemli farkhliklar tespit edebilir
edilmesinde oldukga kuvvetli
Kagittan alinan mirekkep 6rnekleriile

Garantili bir metod dogrudan titkenmez kalem igerisinden
alinan mirekkeplerin analizinden daha
Belgeyi yok ediyor! kot sonuclar verir!

Belgeye zarar vermiyor!
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'/ﬁ;nokromatlk Iazerle uyarma '&‘ ”N

Dusuk gucte Iaze*r kullanimindan kaynakli smyal/guruléq,

orani azalir-— // W
e Standart metod{lardan daha fazla ek bilgi verir = .’, '
 SERRS(Rezonans Yuzey Artiriml Raman Spektrosk

“Yontemi) gelistirilmis /.ﬂpr*' e
* Giderek artan pepulerlik

* Miurekkebe uygulanma sd?eaartmasma I gmen 4*\
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. Specifications of blue ballpoint inks

Code Fen Eayptien Ink Manufacturer
Name Company
1 Bic Si-cep under licence from Bic-France
2 Reynolds Caico under licence : Reynolds-France
3 Kassco Modern A.K.F Germany
4 Rotamac Pen-Tec Documental Gmbh- Germany

SERRS results on blue pens
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10000 -
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f' N Specifications of black ballpoint inks.

code AR Egyptian Ink Manufacturer
Name Company
5 Bic Si-cep under licence from Bic France
6 Reynolds Caico under licence ;: Reynolds-France
7 Kassco Modern A.K.F Germany N
8 Rotamac Pen-Tec Documental Gmbh-Germany \.
.

SERRS results on black pens
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Fotokopi ve faks cihazlari ¢

< Sadece belgenin asli olmadig:
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" Lazer Yazicilar

Lazer yazicilarda, ¢ikti olarak allnﬁ"a’?‘,"
her bir kaglt uzerinde gozle v
goriilemeyecek olan sari Jpoktal’ar
vardir. Bu sari-noktalara cihazin seri
numarasiyla beraber kagidi Gkt 7S
ola'rak al dlgmda tarihte (
tedir....~~
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" “Inkjet Yazicilar—  §
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BUtin lnkjet yazicilar farkll ses
kartug,lar veya cihaza gore.farkli

olan katkr maddelegiktllantriar.

Bu verlbrdenyérarlamlarak S
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@egdl/ apalizlerle cihazin s\

4'” me, ulasilabilir. ,
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Sample Printer type Cartridge brand Cartridge number
Yellow Magenta Cyan
bi HP Officejet 5610 Hewlett-Padard HP22 ((93524)
b2 HP PSC 1410 HP22 ((93524)
b3 HP PSC 1410 (ssmnd printer) HP22 [(93524)
b HP Deskjet 8950xi HP23[0O823)
] HP Deskjet 3650 HP28 (A 729)
bis HP Deskjet 5150 HPS7 (BEST)
L HP Deskjet 3820 HP 78 ((B579)
b HP Des et 9300 HP 78 [(B578)
] HP Deslget 95007952 959 HP 78 [(B578)
HPF Deslkjet F4280 HP 300xl. (COH44EE)
HF Phobosmart C3100 HP 342 ((9361EE)
HP Phobos mart C5280 HP 351 (CH337EE)
HP Photos mart C4280 HP 351 XL (CH338EE)
HP Business Inkjet 1200 HP11 (C48384) HPF11 (C48374) HFM1 (C48364)
HP Deskjet Ink Advantage KXHa-z HP Desljet 703 (CIM88AE)
HP Photosmart B1(8a HP 364 ((WI20EF) HP 364 (CH319EE) HP 364 (31 8EE)
Canon Pixma MP210 Canon Cl-38
Canon Pixma iF800 Cl-38
Canan Pixma iM900 Cl-38
Canan Pixma MP240 CL511
Brother DOP-135C Brother L7 0¥ LCA70M LC-grac
Brother MFC-215C LC-a00Y LC900M LC-a00C
Epsan Stylus 92 Epson o714 Ton3 Toz2
Epsan Stylus Phato K340 Todsd o283 [T0486 Toa82/TO485
Lexcrmark 22530 Lexcrmark 35 Calor
Lexcrmark 23650 37 Calor
5] HP Deskjet F2280 Pring AH-22 [HP22*
L4 HP Deskjet 3550 Activejet AH-728 [HP 28]
L2 HP Deskjet 3740 Activejet AH-728 [HP 28]
L HP Photosmart C5280 Activejet AH-EZ8N [HP351)
= HP Deslkjet D360 VisionTech VI-h351n [HF351]
s HP Deslkjet 845C Mhu il mer Uinknown mumber [HF 17]
1)

HP Deskiet 12200 Multilaser Linknawn numder [HP 78]



Inkjet yazicCl glktllar/dgpaadan

/,' anallzler
. TLC ki

.(rep)k5|z ciktilarda kullanilmaz)
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Samp ke Crroan
e Thora: Magpemia Cyan Aadd wnve s

ki 013 B0 T, TR0 AEE, ED A
ki 24, B30 e, T.TE 2F, E45% A
b3 0T, Ei13 UG, T69 224, B XX A
ol 110K, 1018 T4, T F9, BE1S 234, E3% B
[ ia 50 T01, T9% 243 i
st TEL TET G5E T9T 217 »
BT EEE E34 GoRG, 0T 234 E
b EIE EXY o, B0 234 E
b2 E40, 24T &5, T T 2345 E
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kil EAK E.O%, £ 50 80 e
biXx a4 To5, £3% EaS e
kil e~ T, £33 59 e
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bilG TS GO0, TOBD, B9 oD [pezaiics 4 53, 907 1
bIT L 1034 EIE J
bI1E L L e 0 J
ki L [l e Erl J
A0 A6, To0, T S0 T.hG, 907, 1000 TAT 44 K
kX1 59 930, 10.4T ToE A EE L
X bk I0LTE G595 i .t |
k24 G485 661, 701 TAX, TAS, TAT, 9486 mo peales A0 i
[ rad L e EET, 909 TT TAE P
¥ GlE Eod, 513 T4 TA0 F
sl e fhoSd, TS 454, TS50 L
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TR 101.14
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Fig 3. Bectropherograms of extracts from; (a)a questioned signature an 2 document and (b) ink from a Brother. DCP-135C printer (Y - yellow, M - magenta, - gyan, a -
additives, p - hrighteners from paper ) |
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Fig. 2 Electropherograms of extrads from: {(a)a postage stamp of unknown anginand(b ) ink from Hewlett-Packard Business Inkjet 1 000prnter(¥ = yellow, M = magenta (=
cyan, p = bright=ners from paper].
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M|n|mum requirements for appllcatlon of |nk dating methods based on solve
analysis in casework Celvyne Weyermann a,*, Joseph Almog b, Jurgen Bugler
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* Forensic SC|ence Inter atlonal 197 (2010) 1-20 Review: Analytlcal met
dating modern writinglinstrument inks on paper Magdalena Ezcurra a, ,
Go’ ngora a, Itxaso Maguregui b, Rosa Alonso o <

s . http://www. graf0|0jlbl|lr\kJ\Sl com/murekkep-yasi-tayinin n-gelis
* http://fsjournal.cpu.ed tw/content/vo|4 no.1/0 .pdf ‘

' .com/grafolalmé‘:blhrkm -calismalari

“*z

incelemede-murek

-analizleri ‘§
- https//www.ki vi.org/TR/Genel/BelgeGoster.aspx?F6 F8892433CFF€£79A66 %
_406202CCBO39FL E?AFSSFOl (S

.
v ;






