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ABSTRACT

Ink analysis is an important aspect of document examination, particularly in the 
cases involving frauds. However, with growing awareness, fraudster has resorted 
to disappearing inks to commit frauds which disappears after a certain duration 
leaving no visible traces. These disappearing inks usually contain thymolphthalein 
(blue) and phenolphthalein (pink) dye which shift from a coloured state to 
colourless when exposed to air, acid. A novel method for perpetrating bank fraud 
using� disappearing� inks� in� the� processing� of� different� 𿿿nancial� documents� is�
currently highly popular. The analysis of ink in forensic examination has come 
up�as� a� great� challenge.� Ink�used� for� committing� forgery� are� broadly� classi𿿿ed�
into two categories: erasable ink and disappearing ink. Disappearing ink is used 
for marking system in textile industries but it may be abused in forgery and 
counterfeiting. It fades away without leaving any trace after a few hours upon 
exposure to CO2 or any other chemical present in the air. On the other hand, 
erasable�ink�can�be�effortlessly�removed�using�speci𿿿c�rubbers�integrated�into�each�
pen. Many destructive and non-destructive methods are used for the decipherment 
of such types of vanishing ink or magic ink. The present review represents the 
type, nature, properties and decipherment of disappearing and erasable ink both 
by using physical and chemical methods.
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INTRODUCTION
White-collar crime is a non-violent and 
𿿿nancially� motivated� crime� committed� by� a�
person of respectable and well of individuals 
having high socioeconomic status in the course 
of his occupation. Edwin Sutherland (1940) 
introduced the idea of white-collar crime.1 
There has been a substantial surge in instances 
of white-collar crimes when the literacy rate 
rises and employment opportunities decrease 
caused to global economic changes. In order 
to defraud various companies and innocent 
people’s criminals are continuously using and 
developing new modus operandi, evaluating 
new�methods�and�advanced�techniques�𿿿nancial�
fraud, which described as the deliberate use of 
unlawful activities or practices to obtain large 
𿿿nancial�bene𿿿ts,�has�a�signi𿿿cant�detrimental�
inÁuence� on� business� and� society.2,3 The 
“Get-Rich-Quick� syndrome”�has� signi𿿿cantly�
fueled the exponential growth of white-collar 
crime, both in terms of their quantity and 
complexity. Ink is one of the most important 
components in all types of documents. One 
of� the�newest� techniques� applied� in�𿿿nancial�
crime related to questioned documents is the 
use of disappearing ink commonly known as 
magic ink and auto-vanishing. Ink analysis 
can connect a suspect to a crime or verify the 
legitimacy of a document when analyzing ink 
for the questioned document.4 Most of the case 
showed that disappearing ink is employed for 
forgery and counterfeiting.5 A recent technique 
for committing bank fraud involves the use of 
invisible ink to write various bank cheques or 
other withdrawal forms. In some cases, forger 
beaches�the�faith�of�a�person�by�𿿿lling�out some 

character of amount using disappearing ink 
which later fades, after the disappearance of 
vanishing ink, a different regular ink pen can be 
used�to�𿿿ll�a�different�rupee’s�amount,�causing�
a fraud, thus manipulating the bank documents 
and cheating the innocent person.6 A literature 
review reveals that there are mainly two types 
of ink that are used to prepare invisible pen 
ink (i) Thymolphthalein-based (disappearing 
ink), (ii) Thermochromic-based ink (thermal 
erasable ink).7 Erasable and disappearing 
ink are among the latest techniques used by 
criminals in committing different forgeries. 
Vanishing ink/invisible ink is the type of ink 
which are prepared by special chemical reactions. 
Invisible ink pens look like other normal ink pen, 
but their ink composition differs from other pens. 
Ink strokes become invisible after some time 
showing reversible reaction.

CASE STUDY
In a particular incident, a nearby merchant 

cashed a $200 cheque, but when the bank 
processed it, only ‘$2.00’ was visible. Upon 
investigation, it was discovered that the 
cheque had been written using disappearing 
ink that could easily disappear without 
leaving any trace. The ink line using 
disappearing ink becomes invisible over time 
without the intention of being made visible 
again, depending on the composition of 
thymolphthalein, phenolphthalein, and alkali 
concentration present in the ink composition. 
Auto-vanishing�Áuid�inks�are�available�in�the�
local market which makes them accessible to 
local people and raises a great deal of concern.8

Chemistry of Disappearing Ink
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Figure 1: A - Thymolphthalein and B - Phenolphthalein (12)
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Disappearing ink works on the principle 
of acid-base chemistry. It is a mixture of 
thymolphthalein (2’, 2”-dimethy l-5, 5-di-
iso-propyl phenolphthalein), ethyl alcohol, 
sodium hydroxide and water with a pH 
value of 11. The ink color is either blue or 
red due to the presence of thymolphthalein 
(C28H30O4) and phenolphthalein (C20H14O4) 
respectively. A mixture of Thymolphthalein 
and Phenolphthalein is used to generate 
purple color ink. The same molecule is 
usually colorless in the neutral molecule. 
Disappearing ink is visible for a short period. 
Both thymolphthalein and phenolphthalein 
are white powder in solid form. The amount 
of Thymolphthalein, phenolphthalein and 
sodium hydroxide concentration decide the 
fading time and makes the ink irreversible. 
This type of invisible ink may not be detected 
under UV and IR light.9,10

The chemistry behind this reaction involves 
the water in the ink combined with atmospheric 
CO2 to create carbonic acid. This carbonic acid 
then interacts with sodium hydroxide, resulting 
in the formation of sodium carbonate and a 
neutralization of the base. This neutralization 
process causes a change in pH, which in turn 
makes the indicator colourless, leading to the 
disappearance of the ink.9-13

Carbon dioxide (CO2) in the air reacts with 
water (H2O) to form carbonic acid (H2CO3): 

CO2 + H2O�→�H2CO3

The neutralization reaction: 
sodium�hydroxide�+�carbonic�acid→sodium�

carbonate + water

 2 NaOH + H2CO3�→�Na2CO3 + 2H2O
2 NaOH + CO2 + H2O�→�Na2CO3 + 2H2O

• Sodium hydroxide reacts with carbon 
dioxide in the presence of air to form 
sodium carbonate. Sodium carbonate 
is less basic as compared to sodium 
hydroxide.

• Sodium carbonate changed the colour of 
the indicator from blue to colourless. The 
transition range of thymolphthalein is pH 
9.3-10.5, pH range more than transition 
stage thymolphthalein dye becomes blue 
and below this range it is colourless.

• The alcohol content gets evaporated very 
easily, after some time in the presence of 
air and only thymolphthalein dye is left 
on the surface of the paper.14

Chemistry of Erasable Ink
The well-known Papermate “Replay” eras-
able ballpoint pen, originally launched in the 
USA in 1979, has been renamed “Eraser.max” 
in the United Kingdom. A recent addition to 
this category of writing instrument is the Pi-
lot “Frixion” erasable rollerball pen, which the 
writer�encountered�for�the�𿿿rst�time�in�an�ad-
vertisement in April 2006.15 Erasable ink can 
be removed from the paper surface easily by 
rubbing a small erasure incorporated in each 
pen. Thermochromic ink available in different 
colours blue, red, green and black. It is a type 
of viscous ink that requires an external heat 
factor such as direct exposure to temperature 
and friction caused due to erasure.16
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Figure 2: Components of Erasable Pen Ink

Ink contains microcapsules that produce 
pigments consist primarily of three 
components: (i) a leuco dye that can transit 

between coloured and colourless form (ii) a 
colour developer which chemically bonds with 
leuco dye that creates colour (iii) a temperature 
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regulator that changes colour according to 
temperature. The chemical bond between 
leuco dye and colour developer is prevented 
by an inhibitor (a temperature regulator) that 
makes the colour disappear.

Based on scanning electron microscope 
erasable ink retain on the surface until external 

rubbing force is applied and it is not absorbed 
by the paper as it contains viscous ink. On the 
other hand, disappearing ink is absorbed by the 
paper as it belongs to liquid ink. Disappearing 
ink gives a reversible reaction and reappears 
again in the effect of an alkali solution, heat 
and cooling.16,17

Table 1: Difference between Erasable ink and Disappearing ink16

Characteristics Erasable ink Disappearing ink

Colour of ink All colour Red & blue

Erasing method By erasure or heat Faded after some time

Type of ink Viscous ink Liquid ink

Colourant material Pigments & dyes Indicators

Pressure of writing Smooth Rough

Ink strokes Ink on the surface of paper Ink penetrates paper

Effect of heat No effect Become invisible

Effect of alkali solution No effect Reappearing of ink

Effect of cold No effect Reappearing of ink

Effect of ammonia No effect Reappearing of ink

Effect of iodine vapours No effect Reappearing of ink

Effect of UV light No effect Reappearing of ink

Decipherment of Erasable Ink and 
Disappearing Ink

1. Disappearing ink
Some of the most critical formulas of ink 

are introduced to facilitate forgery without 
leaving any trace, which is highly relevant 
to questioned document examination. 
Disappearing ink is one such type of ink, 
as it is readily available in the market or 
can be easily prepared in laboratories using 
simple chemical reactions based on acid-base 
chemistry. Dawson (1980) suggested the 
method of preparation of disappearing ink 
by adding 10gm. of thymolphthalein for blue 
ink or phenolphthalein for red ink, with 10ml. 
ethyl alcohol (ethanol) in 90ml. water. Finally, 
add 20 drops of 3M sodium hydroxide solution 
in 100ml. water. Thymolphthalein is an acid-
base (pH) indicator. Its transition range is 
approximately pH 9.3-10.5. Below this pH, it is 
colourless, above this pH, it is blue.18 Sharma  
et al. (2008) studied the fading time of prepared 
𿿿ve�different� solutions� of� thymolphthalein� and�
phenolphthalein with different concentrations 
of NaOH base on three different surfaces such 
as cotton, polyamide and polyester. Results 

were found that increasing the concentration of 
thymolphthalein or phenolphthalein enhanced 
handwriting stability. However, at high 
alkali concentrations with phenolphthalein 
and its mixture with thymolphthalein, 
handwriting stability decreased on polyester 
or polyamide surfaces but increased on 
cotton. When subjected to a thermal effect at 
100ºC for 10 minutes, no change was noted 
in faded handwriting. Yet, at 150ºC for 20 
minutes, the faded phenolphthalein ink 
with 0.5ml of 1N NaOH became visible red 
on polyester and polyamide surfaces while 
remaining unchanged on cotton.4 El-Molla  
et al. (2012) proposed a method of preparation 
of disappearing ink using thymolphthalein and 
phenolphthalein as an indicator which gives 
blue and red colour respectively with NaOH 
solution. The stability of the ink increased with 
increasing the concentration of NaOH with the 
same surface, and low concentration of NaOH 
resulted in colorless writing. The prepared 
mixture of ink is affected by phenolphthalein 
in the cases of 0.5 mL of 0.1, 0.5, or 1 N NaOH. 
However, it is more affected by thymolphthalein 
at high volumes of 1 N NaOH (5 mL NaOH). 
Five different types of paper were used in an 
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experiment in which Azhar paper surfaces 
gave more handwriting stability than Xerox, 
Quena, Edfo, and Rakta paper. Initially, the 
handwriting surfaces were investigated by a 
JSM T-20 scanning electron microscope (Jeol 
Ltd.,� Akishima,� Tokyo)� (magni𿿿cation� range�
35–10,000, resolution 200 A, accelerating 
voltage GKV). Before examination following 
paper sample were prepared on an appropriate 
disk and coated by a spray of gold to make the 
samples conductive to electrons. This study 
concludes that the faded handwriting did not 
respond to the different lights of the Projectina 
Docucenter 3000 but the faded handwriting is 
visible when sprayed with the alkaline solution 
of NaOH. When the faded handwriting 
surfaces are subjected to the thermal effect in 
a thermostatically controlled oven at 100oC, 
there is no change in all the faded handwriting. 
At 150o C for 20 min, the handwriting of the 
phenolphthalein ink that contained 0.5 mL of  
1 N NaOH is visible and shown red in the cases 
of Azhar and Xerox papers. The handwriting 
with the mixture ink that contained 0.5 mL of 
1 N NaOH is visible and gave red writing in 
the cases of Azhar and Xerox papers.14 Eldebss 
et al. (2015) explained� the� ef𿿿ciency� of� VSC�
6000� (Video� Spectral� Comparator)� IR� 𿿿lter�
for successfully restoring the thermochromic 
ink on different types of paper such as rakta, 
quena, edfu, notebook white background and 
notebook blue background. The researcher 
successfully erased ink strokes by using 
small erasure incorporated with each ink. 
The researcher explained that the strong 
luminescence displayed by traces of the 
ballpoint erasable ink pen strokes under high 
wavelengths of infrared light (VSC®60000) 
provides a new pathway by which the 
forensic document examiner may detect the 
erasure, that might otherwise go undetected. 
For experiment purposes researcher measure 
colour strength by using Kubelka-Munk 
equation and Total colour difference by Berger- 
Schunn equation of erasable ink.17 Hemantini 
& Khudbudin (2018) presented a case history 
of the disappearance of the signature made by 
the transferor on the share transfer agreement, 
share transfer form and the list of shares. All 
the suspect documents were submitted to the 
forensic science laboratory. It was concluded 
that microscopic examination in direct and 
oblique light neither reveals any ink strokes 
nor any indentation marks at the signature 
site. Both UV and IR light failed to prove the 

presence of faded ink strokes of signature. 
Only chemical examination using aqueous 
sodium hydroxide and ammonia solution 
did show the appearance of signature in blue 
colour for a short time but made the document 
wet and stained. It was also concluded that on 
exposure to iodine vapors signature appears 
brownish for short time interval. Fading of 
colour depends on the time of exposure to 
iodine fumes but it is the non-destructive 
method for examination of faded writing 
strokes.13 Asicioglu et al. (2019) prepared 
54 different solutions of disappearing ink 
containing thymolphthalein at six different 
concentrations and nine different pH values. 
Among the prepared solutions, 0.16 g/50 
mL and 0.32 g/65 mL thymolphthalein at 
pH 14 were the optimum solutions that were 
not distinguishable from regular ink. For 
the� experimental� purpose,� this� ink� 𿿿lled� in�
fountain pen to apply on promissory notes.  
It was found that after 40 h, ink residues were 
not visible on promissory notes by the naked 
eye. Upon UV analysis by a spectrophotometer, 
it was shown that the acidic version of the ink 
gives an absorbance between 220 and 260 with 
a maximum of 240 nm. For this reason, the 
VSC-8000�was�𿿿xed�at�an�illumination�setting�
of 254 nm to decipher the disappeared ink 
only 0.16 g/50 mL ink became visible under 
UV illumination. Research also introduced 
a chemical method (using NH3 vapor), that 
succeeded at 0.32 g/65 mL, but failed at 
0.16 g/50 mL thymolphthalein.10 Anamika 
& Kumar (2020) reviewed the traditional 
techniques used for the decipherment of 
magic pen ink and erasable ink. The author 
cited that various examination methods are 
available to decipher such vanishing ink like 
VSC, ESDA, Projectina docucenter 4500, and 
chemical methods such as aqueous solution 
of sodium hydroxide and ammonia vapors. In 
conclusion, they suggested that examination of 
the chemical composition of disappearing ink 
is very important for forensic purposes.20

2. Erasable pen ink
Campbell et al. (2012) experimented with the 
writing of Frixion erasable pen containing 
thermochromic ink. They roll the paper into a 
tube shape and quickly dip it into the Dewar 
Áask�of�liquid�nitrogen�with�the�use�of�gloves�
and tongs. After at least 5 seconds, quickly re-
move the paper from the liquid nitrogen and 
show the paper to the audience to reveal that 
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liquid nitrogen does NOT cause the ink to turn 
colorless. They concluded that using the blow 
dryer or heat gun ink “disappears” because of 
high temperatures. If desired, the ink can be 
potentially recolored by cooling it.19 Chayal 
et al. (2015) presented a work on thermal ink 
and normal ink utilizing A4 size paper and 
bank cheques. For this work, two thermal ink 
pens of Pilot Frixion manufactured by Luxor®,  
Japan with 0.7 mm tip with blue and black 
color ink and gel pen manufactured by Mon-
tex hy speed® with 0.5 mm tip with a small 
special rubber eraser incorporated in each pen 
were obtained from the local market, samples 
of plain white A4 size printer paper (82 gm/
m2, 210 × 279 mm) used had been manufac-
tured by TNPL®, and samples of checks had 
been obtained from a nationalized bank.  
A total of 150 test samples were prepared un-
der the same conditions with different ink 
pens on different paper/cheques, where each 
sample was written with the normal ink pens 
and thermal ink pens for comparison pur-
poses. As observed in this study, thermal gel 
and pilot high-tech inks are durable at room 
temperature at 25 °C. The study concluded 
that heating above the temperature of 25o C for 
30-60 seconds using a heating iron makes the 
thermal ink disappear on both A4 size paper 
and bank cheques. The simplest way to see 
the erased original writing was to expose such 
documents� to� low�temperatures�[0� to�−10�°C]�
and the original disappeared writing becomes 
visible again. Examination under VSC-6000/
HS shows ghost strokes (erased writings) un-
der� spotlights� and� speci𿿿c�UV� ranges� of� 312�
nm and 365 nm.7 Teo et al. (2017) targeted on 
extraordinary quality of Frixion blue erasable 
pen ink abused for counterfeiting purposes. By 
examining the handwriting of frixion pen on 
white paper under VSC 6000 and ESDA (Elec-
trostatic detection apparatus) they found that 
previous entries were still possible to detect 
even after the new entries of fresh Frixion ink 
had been added. They concluded that faded 
Frixion ink entries of all colours (blue, black 
and red) could be successfully deciphered in 
ultraviolet and infrared luminescence under 
VSC 6000.22

3. Erasable and Disappearing ink
Abd-ElZaher (2013) deciphered the 

ink strokes of vanishing and erasable ink 
separately on different types of papers (checks, 
standard white foolscap, and plain white A4 

paper). The researcher observed the vanishing 
ink�visually�in�the�𿿿rst�6�hours�and�then�every�
6 hours and it was found that the vanishing 
ink completely disappeared within 2 hours 
on cheque, 36 hours on standard white paper 
and 40 hours on plain white paper. Traditional 
methods of examination such as magnifying 
glass, direct light sources, UV light and IR 
illumination failed to detect invisible ink but 
only indentation marks left on the paper were 
shown in oblique light. On application of 
the weak alkaline NaOH solution, the faded 
writing becomes visible for a few minutes 
without introducing any harm to the document 
and then returns to its state of invisibility.  
It was found that the duration of the stability 
of the ink increased with the concentration 
of the alkaline solution increase. For erasable 
ink, the written strokes were manipulated 
manually� using� the� small� erasure� 𿿿tted�with�
the pen. Examination of erased writing under 
IR illumination at 645 nm in VSC 6000, the ink 
lines appear luminescent as white lines against 
red� Áuorescent� background� of� the� standard�
paper and the lower IR wavelength 480-620nm 
reveals faint red lines.9 Ghazy et al. (2018) 
conducted a study between erasable and 
disappearing inks, emphasizing their impact 
on written transactions and the implications 
for forensic science. Disappearing inks, 
with components like phenolphthalein and 
thymolphthalein, exhibit varying rates of color 
fading over time, with phenolphthalein-based 
inks fading faster. These inks are absorbed by 
paper, unlike erasable inks that remain on the 
paper surface and may change color under UV 
light exposure. Both ink types demonstrate 
enhanced stability on polycarbonate polymer 
sheets, with erasable ink’s polymer component 
chemically bonding for increased durability. 
Notably, the addition of elements like Ti 
in disappearing ink formulation serves as 
a distinctive tag for detection in forgery 
scenarios, highlighting the intricate interplay 
between ink composition, stability, and forensic 
scrutiny.16 Anamika et al. (2021) determined 
the effect of Pilot Frixion Clicker Roller blue 
pen (containing thermochromic ink) on three 
different types of paper such as copier paper 
(70 gsm), bond paper (90 gsm) and glossy 
paper (180 gsm). There is total 90 samples were 
prepared, 30 samples for each type of paper. In 
this process, three ink-removing methods are 
used i.e. erasure incorporated at the backside of 
each pen, hair dryer and domestic iron. A total 
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of 10 samples with each method is prepared. 
For the restoration of writing domestic freezer 
was used. It was observed that writings on 
the copier and bond paper reappeared when 
removed with all three methods i.e., by using 
erasure, hair dryer and domestic iron after 
putting it under the domestic refrigerator 
but on glossy paper writing did not reappear 
only traces of end strokes are visible. It was 
found that applying heat by iron is the fastest 
method to remove thermal ink writing and 
domestic refrigerators are the inexpensive, 
easy and non-destructive method to decipher 
such writing.21

CONCLUSION
Magic ink that seemingly vanishes or 

changes over time attracts criminal minds to 
indulge in crime. It became a powerful tool 
to forge signature and other bank and will 
related documents that disappear without 
leaving any traces. This short review paper 
alerts the forensic science community to the 
existence of the magic ink pen and describes 
some of the techniques to decipher such ink. 
Magic pens are easily available in the market 
and can be used by forgers to commit forgeries. 
The handwriting of the thymolphthalein and 
phenolphthalein are visible blue and red 
respectively for a short time duration later 
it becomes invisible. Once the ink becomes 
invisible,� it� is� dif𿿿cult� to� detect� by� the�
naked eye. Various physical, chemical and 
instrumental methods are available to decipher 
such disappearing ink. Some disappearing ink 
gives�reversible�reactions�under�the� inÁuence�
of an aqueous solution of NaOH, vapours of 
ammonia and iodine and also when kept in the 
refrigerator. The indentation marks and traces 
of ink are seen in strong luminescence under 
VSC.
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