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diplomas contracts wills bank statements auto insurance 
policies  deeds and personal letters.The credibility of the 
document will be important as many of the documents provide 
evidence of an individual's identity ownership of an item the 
existence of a right or obligation and the fulϐilment of a law.
New technology and the methods used to produce documents 
have resulted in the occurrence of much more document fraud 
and manipulation compared to past years.Crimes involving 

Introduction
Today's Document World the Role of Documents: Today's 

information-rich society has developed documents into major 
devices for creating recording communicating and protecting 
important information.Documents are used extensively for 
personal, commercial government and legal purposes and 
may include various types of records  like birth certiϐicates 

Abstract 

There are many applications for invisible inks including security 
communications, verifying documents, and forensic evidence to name a few. 
The goal of this project was to determine how effective 3 different metal salt-
based invisible inks (copper sulphate, ferrous sulphate, and zinc sulphate) on 
various types of paper. To develop the hidden writings 6 different chemical 
agents were used (sodium hydroxide, potassium ferrocyanide, sodium 
carbonate, ethanol, hydrogen peroxide, and ammonia). The invisible inks that 
were created were applied to white, coloured, and glossy papers, and after 
applying the reagents to the treated papers, the corresponding writings were 
evaluated under normal and ultraviolet (UV) light using the criteria of colour 
development, visibility, and fl uorescence. The research found that copper 
sulphate was the best performing type of the three inks that were tested in 
terms of colour development and visibility on most paper types, and that all 
6 reagents provided satisfactory results for successfully revealing the hidden 
writings. Ferrous sulphate was found to be moderately effective providing 
that most of the latent writings were not visible under normal light conditions, 
however, they were revealed when the papers were exposed to long wave 
UV light. At the same time, ultraviolet (UV) examination of latent writings on 
white and brown substrates had revealed materials which are otherwise 
undetectable through visible examination. This study illustrated the importance 
of the relationship between the metal salt, the detection reagent, and the paper 
substrate as factors in the effi cacy of an invisible ink system. The results of this 
study showed that copper sulphate, then ferrous sulphate, were the most 
effective, with zinc sulphate demonstrating relatively low levels of effi ciency 
when used as a metal salt with the corresponding detection reagent on 
paper substrates. The results of this study demonstrate the value of chemical 
visualization methods and ultraviolet (UV) examination as forensic document 
analysis and anti-counterfeiting techniques and how they can be applied in 
demonstrating the detection of invisible inks based upon metal salt.
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forged signatures altered documents counterfeit documents 
and false evidence create a serious threat to the integrity of 
the legal and administrative systems.As a result the need 
for dependable methods to verify the authenticity of such 
documents is increasing.The forensic science specialty ϐield 
of forensic document examination provides a systematic 
way to address the above issues using the scientiϐic analysis 
of questioned documents. Forensic document examiners 
use scientiϐic and investigative methods to determine if a 
document is genuine if document changes or alterations 
have occurred and to provide expert testimony regarding 
documents related to civil and criminal investigations 
[1,2] In the examination of a document there are several 
characteristics that are examined however the examination of 
handwriting and written entries are of particular importance 
as both contain many distinguishing characteristics that can 
assist in determining the authorship and authenticity of such 
writings.

Material and methodology
Materials r equired

Copper Sulfate, Fe rrous Sulfate, Zinc Sulfate, Sodium 
Hydroxide, Potassium Ferrocyanide, Sodium Carbonate, 
Ethanol, Hydrogen Peroxide, Ammonia Solution, Different 
coloured papers, Glossy paper, Earbuds (cotton swabs), Spray 
bottles, Distilled water

Detection Reagents:

R1 - Sodium Hydroxide

R2 - Potassium Ferrocyanide

R3 - sodium Carbonate

R4 – Ethanol

R5 - Hydrogen Peroxide

R6 - Ammonia Solution

Preparation of invisible inks and reag ents

Invisible ink solutions were prepared by dissolving 0.5 g of 
each metal salt in 10 mL of distilled water. Detection reagents 
were prepared by dissolving 1 g of the respective reagent 
in 50 mL of distilled water. The preparation and application 
of metal salt-based invisible inks were based on principles 
reported in invisible ink, security ink, and forensic document 
examination studies [3,4].

All glassware was rinsed well with distilled water in making 
the invisible ink solution and the visualization reagent. All 
analytical-grade chemicals were used in the study to achieve 
maximum reactivity and reproducibility and solutions of the 
metal salts were prepared fresh before the experiments. The 
solutions were completely dissolved and then stored at room 
temperature, covered with silver foil and labeled accordingly 
until use.

The ratio of metal salt (0.5 g for every 10 ml distilled water) 
and visualizing reagent (1 g for every 50 ml distilled water) 
was decided upon from preliminary investigations carried
out in the lab. These ratios were chosen with a view for 
producing clear, invisible writing, while eliminating problems 
of paper damage, staining and excess precipitation. This 
formulation allowed uniform color formation, uniform colour 
coating and repeatable colour visualization on different types 
of paper in this study.

Experimental procedure

Paper of varyin g colours and also paper with a shine 
was cut to appropriate dimensions. All of the paper samples 
were written on using the prepared invisible ink solutions, 
prepared with earbuds, with the text of "TEST" and "ABCD" 
on each paper. The samples were allowed to dry completely at 
room temperature.

Preparation of the prepared reagents then the paper 
samples was sprayed using spray bottles after they were dried. 
Hidden writing, colour change, Visibility, clarity of writing 
and spreading of reagent in the process of development were 
observed and recorded. Chemical reactions between the metal 
ions and the revealing reagents to display information that 
can be seen in the dark happened to be assessed according to 
the techniques used in the research of invisible ink and anti 
-counterfeiting [4,5].

All experimental work was done at room temperature and 
under laboratory conditions. After writing on the paper using 
the invisible ink solution, the paper samples were allowed to 
dry completely before the reagent was applied. Observations 
were made in the normal light and in long-wave ultraviolet 
(UV), if necessary. The visibility of the revealed writing, color 
intensity, clarity of characters, spread of the reagent and 
ϐluorescence was meticulously observed and recorded for 
every combination of metal salt and reagent.

Stability study

As far as the white pa per samples are concerned 
observations were made after 1 hour and after 24 hours in 
order to assess the short-term stability and the detectability of
inks/prints not visible to the naked eye. The results of the 
different reagents tested to show up the invisible writing and 
the effectiveness of them were compared and noted. In fact, 
comparable evaluation parameters are found in works done 
on security inks and invisible writing systems [6,7].

Evaluation of the experimental observations was 
done using comparative qualitative method. The colour 
development, visibility of the latent writing, ϐluorescence 
under ultraviolet (UV) light, clarity of the developed text and 
compatibility with various paper substrates were all evaluated 
as measures of the effectiveness of each combination of metal 
salt-reagent. The experiments were conducted in duplicate on 
white paper to determine the repeatability of the experiments 
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and to ensure the consistency of the observations made, while 
the coloured paper substrates were analysed once under 
the same experimental conditions. The results were noted, 
compared and described using quantitative approach and no 
inferences were drawn from study since the main aim of the 
study was to compare the qualitative performance of various 
formulations of invisible ink.

Data analysis

The results obtained fro m different inks, reagents, and 
paper substrates were comparatively analyzed to determine 
their effectiveness for invisible ink detection and forensic 
applications. The observed colour changes, visibility of 
hidden writing, and reagent performance were assessed 
and compared to identify the most effective ink-reagent 
combinations for forensic and anticounterfeiting purposes 
[4,5]

Results
The re sults obtained in the pr esent study revealed varying 

performances of the different metal salt invisible inks when 
applied in the same paper substrates and various visualization 
agents. Of the three metal salts used, the Copper sulphate 
invisible ink exhibited the best overall performance. Clear 
colour changes of the reagents were found in the developed 
latent writing on nearly all of the paper substrates. Some 
distractions from the colour of the background of the pink 
and brown papers were noted but the writing was still easily 
visible. All six reagents turned out to be positive with copper 
sulphate invisible ink reagents, either the colour appeared 
immediately or could be made to appear after treatment 
with UV light or nothing appeared at ϐirst but was made to 
appear later by the copper sulphate treatment. Moderate 
results were obtained with ferrous sulphate invisible ink. In 
a number of instances, the light created by the latent writing 
was not apparent with ordinary light. But under longwave 
ultraviolet light, the writing was able to be detected because 
of the ϐluorescence. Under normal sunlight, some paper 
substrates also had clear colour development which led to 
an adequate visibility. The effectiveness of ferrous sulphate 
depended on both the paper substrate and the reagent, which 
is used. The colour development was the lowest with zinc 
sulphate invisible ink than with copper sulphate and ferrous 
sulphate invisible ink. A solution of potassium ferrocyanide 
gave the best results among all the reagents which were tried. 
Positive results: Under normal light sources no visible colour 
changes were observed on white paper; under the UV light, 
the latent writing appeared. Similar observations were made 
on brown paper. Potassium ferrocyanide (K4Fe(CN)6) gave 
an immediate yellow colour on shiny paper and allowed to see 
the invisible writing (Table 1).

Observation

Chemical Development Imag es (Figures 1 -15, Tables 2,3).

Discussion
The results show that coppe r sulphate invisible ink is 

good for forensic document examination purposes as it gave 
good uniform colour-developing reactions with the different 
types of paper and was positive with most of the chemical 
reagents chosen.It can change color immediately it can 
become luminescent in UV light and it can be seen as writing 
after drying which conϐirms its applicability to the detection 
of latent writing in forensic uses.

The use of the ferrous sulphate invisible ink was moderately 
effective Although it wasn't all that impressive in normal light 
its UV detection of latent print made a difference.It is seen from 
these observations that the ferrous sulphate invisible ink can 
be successfully used in the instances where UV examination 
facilities are available especially in documents where the 
latent writing is not easily discernible under normal lighting.

The activity of the invisible ink zinc sulphate was 
comparatively low when compared with the other two 
metal salts However Potassium ferrocyanide applied as 
visualization reagent was the most successful in terms 
of compatibility especially on glossy paper in which the 
yellow colour is developed instantly. Moreover under 
the ultraviolet light the latent writing on both the white 
paper and the brown paper were enhanced. Though zinc
sulphates showed inferior overall performance it should have 
potentiality for latent writing detection if used in combination 
with potassium ferrocyanide and UV examination. From the 
results of the present study, it is clear that the efϐicacy of the 
metal salt based invisible inks is greatly dependent upon 
the chemical properties of the metal ions, the visualization 
reagent used and the paper type of the media. This is the case 
for all three of the metal salts.

Results of the current research indicated that the 
effectiveness of the metal salt based invisible inks depends on 
the chemical properties of the metal ion, visualization agent 
used, and paper substrate. Copper sulphate showed better 
visualizing performance than any of the other metals' salts 
in this study, producing different colour developing even for 
all of the visualization agents tested. This improvement in 
performance may be explained by the ease with which copper 
ions tend to form complexes with different chemical reagents 
in which stable, easily distinguished colours are formed. The 
results are similar to that reported in past studies [3,4] on 
metal ion-based invisible inks which exhibited outstanding 
visualization characteristic and thus were chosen as the 
wisely suited candidate for forensic document examination 
and security printing application.

The result of the Ferrous sulphate was fair compared to 
both CuSO4. The developed writing was not always discernible 
upon all illumination during the normal circumstances, 
however it was also seen that with the illumination of long-
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Table 1: Observation of Copper Sulphate Invisible Ink on Different Paper Types.

No. Ink Reagent Paper types Colour Developed Visibility UV Response

1

Copper sulphate
 

R1

White

Sky blue Visible after drying Fluorescence Observed

R2 red Immediately visible Fluorescence Observed

R3 yellow Immediately visible Fluorescence Observed

R4 yellow Visible after drying Fluorescence Observed

R5 Yellow Immediately visible Fluorescence Observed

R6 yellow Visible after drying Fluorescence Observed

2

R1

Pink
 

yellow Immediately visible Fluorescence Observed

R2 Red Immediately visible Fluorescence Observed

R3 Light red Immediately visible Fluorescence Observed

R4 Light yellow Immediately visible Fluorescence Observed

R5 Yellow Immediately visible Fluorescence Observed

R6 Light yellow Visible after drying Fluorescence Observed

3

 
 
 
 
 
 

R1

Orange

Red Immediately visible Fluorescence Observed

R2 Red Immediately visible Fluorescence Observed

R3 Red Immediately visible Fluorescence Observed

R4 Red Immediately visible Fluorescence Observed

R5 Red Immediately visible Fluorescence Observed

R6 Red Immediately visible Fluorescence Observed

4

 
 
 
 
 
 

R1

Lime green

Faint brownish Slightly visible Fluorescence Observed

R2 Reddish brownish Immediately visible Fluorescence Observed

R3 Faint brown Immediately visible Fluorescence Observed

R4 Faint reddish Immediately visible Fluorescence Observed

R5 Faint reddish Immediately visible Fluorescence Observed

R6 Faint reddish Slightly visible Fluorescence Observed

5  R1 Yellow Slight red Faintly visible Fluorescence Observed

 

 

R2

 

Red Immediately visible Fluorescence Observed

R3 Faint red Faintly visible Fluorescence Observed

R4 Red Faintly visible Fluorescence Observed

R5 Faint red Faintly visible Fluorescence Observed

R6 Faint reddish Faintly visible Fluorescence Observed

6

R1

Glossy paper

Faint green Immediately visible Fluorescence Observed

R2 Red Immediately visible Fluorescence Observed

R3 Faint yellow Immediately visible Fluorescence Observed

R4 Faint yellow Immediately visible Fluorescence Observed

R5 yellow Immediately visible Fluorescence Observed

R6 Faint yellow Faintly visible Fluorescence Observed

7

R1

green

Not identiϐied Not visible Blue Fluorescence

R2 Not identiϐied Not visible Blue Fluorescence

R3 Not identiϐied Not visible Blue Fluorescence

 
8

 

R4

 

Not Not visible Blue Fluorescence

R5 Not identiϐied Not visible Blue Fluorescence

R6 Not identiϐied Not visible Blue Fluorescence

R1

Sky blue

Slightly yellow Immediately visible Fluorescence Observed

R2 Red Immediately visible Fluorescence Observed

R3 Slightly yellow Faintly visible Fluorescence Observed

R4 Slightly yellow Faintly visible Fluorescence Observed

R5 yellow Faintly visible Fluorescence Observed

R6 yellow Faintly visible Fluorescence Observed

9

R1

red

Reddish brownish Immediately visible Fluorescence Observed

R2 Reddish brownish Immediately visible Fluorescence Observed

R3 Reddish brownish Immediately visible Fluorescence Observed

R4 Reddish brownish Immediately visible Fluorescence Observed

R5 Faint Reddish Immediately visible Fluorescence Observed
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10
 
 
 
 

 

  
brownish   

Reddish brownish Immediately visible Fluorescence Observed

R1 Brown Blackish Immediately visible Fluorescence Observed

R2 Brown Reddish Immediately visible Fluorescence Observed

R3  Faintly black Immediately visible Fluorescence Observed

R4  Not identiϐied Not visible No Fluorescence

R5  Faint reddish Immediately visible Fluorescence Observed

R6  Not identiϐied Slightly visible Fluorescence Observed

11

R1

Navy Blue

Not Not visible Blue Fluorescence

R2 Not identiϐied Not visible Blue Fluorescence

R3 Not identiϐied Not visible Blue Fluorescence

R4 Not identiϐied Not visible Blue Fluorescence

R5 Not identiϐied Not visible Blue Fluorescence

R6 Not identiϐied Not visible Blue Fluorescence

12
 

R1 Skin Slightly Immediately Blue

 

colour visible Fluorescence

R2  Red Immediately visible Blue Fluorescence

R3  Slightly Immediately visible Blue Fluorescence

R4  Slightly Immediately visible Blue Fluorescence

R5  Slightly Immediately visible Blue Fluorescence

R6  Slightly Immediately visible Blue Fluorescence

Figure 1: Development of Copper Sulphate Invisible Ink on White Paper 
Under Visible Light.

Figure 2: UV Visualization of Copper Sulphate Invisible Ink on Lime Green 
Paper.

Figure 3: Development of Copper Sulphate Invisible Ink on Glossy paper 
Under Visible Light.

Figure 4: UV Visualization of Copper Sulphate Invisible Ink on Skin colour 
paper.

Figure 5: UV visualization of copper sulphate ink on yellow paper.

Figure 6: UV Visualization of Ferrous Sulphate on White paper.
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Figure 7: UV Visualization of Ferrous Sulphate on Glossy paper.

Figure 8: UV Visualization of Ferrous Sulphate on Pink paper.

Figure 9: UV Visualization of Ferrous Sulphate on Lime green under UV light.

Figure 12: UV Visualization of Zinc Sulphate on Glossy paper.

Figure 13: Development of zinc sulphate invisible ink on brown paper 
under visible light.

Figure 14: UV visualization of zinc sulphate on skin paper.

Figure 10: UV visualization of ferrous sulphate on Red paper.

Figure 11: UV Visualization of Zinc Sulphate on Brown paper.

Figure 15: UV visualization of zinc sulphate on Pink paper.

wave UV, the ϐluorescence between the different layers 
enhance the detecting of the latent writing. This discovery is 
signiϐicant with regard to other sources of light in examinatory 
work of the forensics. In a forensic laboratory, ultraviolet 
light is regularly used to ϐind erased text or hidden writing, 
and also to spot alterations on documents which cannot be 
seen by "white" light. Hence, these present results reafϐirm 
the applicability of the ferrous sulphate invisible ink for 
some applications, where the facility of the UV examination is 
available [7,8].

Potassium ferrocyanide is the most compatible reagent 
among the visualization reagents to zinc sulphate invisible 
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Table 2: Observation of Ferrous Sulphate Invisible Ink on Different Paper Types
No. Ink Reagent Paper types Colour Developed Visibility UV Response

1

Ferrous Sulphate

R1

White

Light yellow Visible after drying Fluorescence Observed

R2 Light yellow Visible after drying Fluorescence Observed

R3 Light yellow Visible after drying Fluorescence Observed

R4 Light yellow Visible after drying Fluorescence Observed

R5 Light yellow Visible after drying Fluorescence Observed

R6 Light yellow Visible after drying Fluorescence Observed

2

R1

Pink

Light yellow Immediately visible Fluorescence Observed

R2 Light red Immediately visible Fluorescence Observed

R3 Light yellow Slightly visible Fluorescence Observed

R4 Red Immediately visible Fluorescence Observed

R5 Light yellow Immediately visible Fluorescence Observed

R6 Red Slightly Fluorescence

 3

 

   visible Observed

R1

Orange

 Not visible No Fluorescence

R2 Black Immediately visible Fluorescence Observed

R3 Not Identiϐied Not visible No Fluorescence

R4 Reddish brownish Immediately visible Fluorescence Observed

R5 Not Identiϐied Not visible No Fluorescence

R6 Not identiϐied Immediately visible Fluorescence Observed

4

R1

Lime green

Not identiϐied Not visible Blue Fluorescence

R2 Green Immediately visible Fluorescence Observed

R3 Not identiϐied Slightly visible Fluorescence Observed

R4 Red Immediately visible Fluorescence Observed

R5 Red Slightly visible Fluorescence Observed

R6 Light red Slightly visible Fluorescence Observed

5
R1

Yellow
Not identiϐied Slightly visible Fluorescence Observed

R2 Green Immediately Fluorescence

 

 

R3

 

 visible Observed

Not identiϐied Slightly visible Fluorescence Observed

 red Immediately visible Fluorescence Observed

R5 Not identiϐied Slightly visible Fluorescence Observed

R6 Not identiϐied Slightly visible Fluorescence Observed

6

R1 Glossy Not identiϐied Not visible Blue Fluorescence

R2 Glossy Blue Immediately visible Blue Fluorescence

R3
paper paper

Not identiϐied Not visible Blue Fluorescence

R4  Faint reddish Slightly visible Blue Fluorescence

R5  Not identiϐied Slightly visible Blue Fluorescence

R6  Not identiϐied Slightly visible Blue Fluorescence

7

R1

green

Not identiϐied Not visible Blue Fluorescence

R2 Not identiϐied Not visible Blue Fluorescence

R3 Not identiϐied Not visible Blue Fluorescence

R4 Not Not visible Blue

 
8
 

 

 
 

identiϐied Not identiϐied  Fluorescence Blue Fluorescence

R6 Not identiϐied Not visible Blue Fluorescence

R1

Sky blue blue

Not identiϐied Slightly visible Fluorescence Observed

R2 Light black Immediately visible Fluorescence Observed

R3 Not identiϐied Slightly visible Fluorescence Observed

R4 Faint orange Immediately visible Fluorescence Observed

R5 Faint yellow Slightly visible Fluorescence Observed

R6 Faint yellow Slightly visible Fluorescence Observed

9

R1

 

Not Identiϐied Not visible No Fluorescence

R2 Reddish brownish Slightly visible Blue Fluorescence

R3 Not Identiϐied Not visible No Fluorescence

R4 Not Identiϐied Not visible No Fluorescence

R5 Not identiϐied Slightly visible Blue Fluorescence

R6 Not Slightly Blue
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  identiϐied visible Fluorescence
R1

Brown

Faint yellow Immediately visible Fluorescence Observed
R2 Reddish brownish Immediately visible Fluorescence Observed
R3 Faint Green Immediately visible Fluorescence Observed
R4 Reddish brownish Immediately visible Fluorescence Observed
R5 Reddish brownish Slightly visible Fluorescence Observed
R6 Reddish brownish Slightly visible Fluorescence Observed

11

R1

Navy Blue

Faint yellow Slightly visible Fluorescence Observed
R2 Faint yellow Slightly visible Fluorescence Observed
R3 Faint yellow Slightly visible Fluorescence Observed
R4 Faint yellow Slightly visible Fluorescence Observed
R5 Faint yellow Slightly visible Fluorescence Observed
R6 Faint yellow Slightly visible Fluorescence Observed

12
R1

Skin colour
Red Immediately visible Fluorescence Observed

R2 Blue Immediately Fluorescence

  

   visible Observed
R3  Faint red Slightly visible Fluorescence Observed
R4  Faint black Immediately visible Fluorescence Observed
R5  Not identiϐied Slightly visible Fluorescence Observed
R6  Faint black Immediately visible Fluorescence Observed

Table 3: Observation of Zinc Sulphate Invisible Ink on Different Paper Types.
No. Ink Reagent Paper types Colour Developed Visibility UV Response

1

Zinc Sulphate

R1

White

Not Identiϐied Not visible No Fluorescence
R2 Not Identiϐied Not visible Blue Fluorescence
R3 Not Identiϐied Not visible No Fluorescence
R4 Not Identiϐied Not visible No Fluorescence
R5 Not Identiϐied Not visible No Fluorescence
R6 Not Identiϐied Not visible No Fluorescence

2

R1

Pink

Not Identiϐied Not visible No Fluorescence
R2 Not Identiϐied Not visible No Fluorescence
R3 Not Identiϐied Not visible No Fluorescence
R4 Pink Immediately visible Fluorescence Observed
R5 Not Identiϐied Not visible No Fluorescence
R6 Not Identiϐied Not visible No Fluorescence

3

 R1

Orange

Not Identiϐied Not visible No Fluorescence
 R2 Not Identiϐied Not visible No Fluorescence
 R3 Not Identiϐied Not visible No Fluorescence
 R4 Not Identiϐied Not visible No Fluorescence
 R5 Not Identiϐied Not visible No Fluorescence
 R6 Not Identiϐied Not visible No Fluorescence

4

 R1

Lime green

Not Identiϐied Not visible No Fluorescence
 R2 Not Identiϐied Not visible No Fluorescence
 R3 Not Identiϐied Not visible No Fluorescence
 R4 Not Identiϐied Not visible No Fluorescence
 R5 Not Identiϐied Not visible No Fluorescence
 R6 Not Identiϐied Not visible No Fluorescence

5
 R1

Yellow
Not Identiϐied Not visible No Fluorescence

 R2 Not Identiϐied Not visible No Fluorescence

 

 R3

 

Not Identiϐied Not visible No Fluorescence
 R4 Not Identiϐied Not visible No Fluorescence
 R5 Not Identiϐied Not visible No Fluorescence
 R6 Not Identiϐied Not visible No Fluorescence

6

 R1

Glossy paper

Not Identiϐied Not visible No Fluorescence
 R2 Yellow Immediately visible Fluorescence Observed
 R3 Not Identiϐied Not visible No Fluorescence
 R4 Not Identiϐied Not visible No Fluorescence
 R5 Not Identiϐied Not visible No Fluorescence
 R6 Not Identiϐied Not visible No Fluorescence

7

 R1

 

Not Identiϐied Not visible No Fluorescence
 R2 Not Identiϐied Not visible No Fluorescence
 R3 Not Identiϐied Not visible No Fluorescence
 R4 Not Identiϐied Not visible No Fluorescence
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ink. Using zinc sulphate generally resulted in a less intense
colour, although the presence of yellow colour on glossy paper 
surface suggest a detectable colour under UV light, this means 
that the choice of reagent is important for determining the 
efϐicacy of invisible ink systems. These observations indicate 
that the performance of less active metal salts for forensic use 
can be improved by optimizing reagents' composition.

Another factor, observed during the present study, was 
the inϐluence of paper substrate. As far as contrast, white 
paper offered the best results due to the uniform background, 
while with coloured papers (pink and brown) it was slightly 
less pronounced between the colour and the paper surface. 
However, copper sulphate was still very evident on all 
substrates tested. Glossy paper was found to show unique 
behavior in the reagents seen because it absorbs less and the 
surface is smoother with the result that the coloration could 
be observed more quickly in the case of some of the reagent 
combinations. The results highlight the need to take paper 
properties and the reagents' chemistry aspects into account 
in the forensic analysis of questioned documents.

In forensic aspects, the developed metal salt based 
invisible inks are very precious and useful. They can be used 
for conϐidential communications, deciphering important 
documents, antfordalisation, security printing, analysis of 

questioned documents, educational demonstration and 
laboratory training. These invisible inks can also be used 
to securely store information or verify documents because 
speciϐic chemicals or ultraviolet light is required to reveal 
their content.

Further the present study exhibits some advantages 
of the metal salt based invisible ink. The materials used 
are cheap, readily available, easily prepared and not so 
detrimental as many security ink commercial materials. 
Moreover, expensive instrumentation and complicated 
synthesis are not required for the preparation procedure, 
and hence these invisible inks could be applied in routine 
forensic laboratory uses or academic research. However, 
some considerations should be noted about these positive 
results. Only three metal salts and a select few visualization 
reagents were assessed and on only selected paper 
substrates. No investigation was done on the environmental 
factors like prolonged storage, humidity, temperature, 
ageing and exposure to sun. Besides, quantitative colour
measurement and long term stability studies could not be 
done as such in the present work. However. more research 
must be carried out using other metal salts better formulation 
of the reagents faster ageing processes and using more 
sophisticated instrumental analysis techniques in order to 
better adapt the use of these invisible ink systems to actual 
casework scenarios.

 
 R5

 
Not Not visible No Fluorescence

 R6 Not Identiϐied Not visible No Fluorescence

8

 R1

Sky blue

Not Identiϐied Not visible No Fluorescence
 R2 Not Identiϐied Not visible No Fluorescence
 R3 Not Identiϐied Not visible No Fluorescence
 R4 Not Identiϐied Not visible No Fluorescence
 R5 Not Identiϐied Not visible No Fluorescence
 R6 Not Identiϐied Not visible No Fluorescence

9

 R1

 

Not Identiϐied Not visible No Fluorescence
 R2 Not Identiϐied Not visible No Fluorescence
 R3 Not Identiϐied Not visible No Fluorescence
 R4 Not Identiϐied Not visible No Fluorescence
 R5 Not Identiϐied Not visible No Fluorescence
 R6 Not Identiϐied Not visible No Fluorescence

10

 R1

Brown

Not Identiϐied Not visible No Fluorescence
 R2 Not Identiϐied Immediately visible Fluorescence Observed
 R3 Not Identiϐied Not visible No Fluorescence
 R4 Not Identiϐied Not visible No Fluorescence
 R5 Not Identiϐied Not visible No Fluorescence
 R6 Not Identiϐied Not visible No Fluorescence

11

 R1

Navy Blue

Not Identiϐied Not visible No Fluorescence
 R2 Not Identiϐied Not visible No Fluorescence
 R3 Not Identiϐied Not visible No Fluorescence
 R4 Not Identiϐied Not visible No Fluorescence
 R5 Not Identiϐied Not visible No Fluorescence
 R6 Not Identiϐied Not visible No Fluorescence

12
 R1

Skin colour
Not Identiϐied Not visible No Fluorescence

 R2 Not Identiϐied Not visible No Fluorescence

  

R3

 

Not Identiϐied Not visible No Fluorescence
R4 Not Identiϐied Not visible No Fluorescence
R5 Not Identiϐied Not visible No Fluorescence
R6 Not Identiϐied Not visible No Fluorescence
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Some possible further studies are to incorporate the 
ϐluorescent nanomaterials rare earth metal ions photochromic 
compounds and environmentally friendly formulations into 
them for enhanced sensitivity durability and security. These 
advances could enhance the use of invisible inks for secure 
communication smart packaging anti counterfeiting  and in 
forensic science [7,9].

Copper sulphate always showed better performance than 
other materials in terms of demonstrating a clear colour 
development under the inϐluence of all the visualization 
reagents used. This improvement in performance may be 
due to the fact that Copper ions are easily susceptible to 
complexation reactions with different chemical reagents 
which provides stable coloured complexes which are easily 
distinguishable In a fore mentioned study Kamyshny et al., [3] 
revealed that the availability of visible property and good level 
of visualization was observed for metal ion based invisible 
inks which were potentially usable in forensic document 
examination and security printing. Also similar observation 
was reported in previous studies where metal ion based 
invisible inks showed excellent visualization characteristics 
which were suitable for forensic document examination and 
security printing [4].

Ferrous sulphates proved to give medium performance 
when compared to copper sulphates. The developed 
writing was not at all times clearly seen in daylight but the 
ϐluorescence observed under long wave ultraviolet light was 
of great help in detection of latent writing.This discovery is 
of signiϐicance in the ϐield of forensic document examination 
for use of alternate lighting sources.Ultraviolet illumination is 
often used routinely in the forensic lab to search for written 
content under the visible light that may have been obliterated 
or hidden from the naked eye.Thus the current results suggest 
that ferrous sulphate invisible ink can be utilized in cases 
where an ultraviolet examination setup is present [7,8].

Potassium ferrocyanide had the largest compatibility with 
zinc sulphate invisible ink among the visualization reagents.
As with other metal salts zinc sulphate tends to give less 
intense colour but the fact that a visible yellow was produced 
on glossy paper and that UV visualisation is also greater 
indicates reagent selection is a key factor in determining 
effectiveness of invisible ink systems.These considerations 
imply that the performance of relatively less reactive salts 
of the metals for forensic purpose can be signiϐicantly 
enhanced by optimisation of reagent composition.
Another important observation made for the present study 
was that of the inϐluence of paper substrate.White paper in 
general gave the greatest visibility due to its good uncoloured 
background while coloured papers such as pink and brown 
slightly decreased the contrast between the colour developed 
and the paper surface.However  copper sulfate solution was 
still easily identiϐied on all substrates analysed.Glossy paper 
had another property as a result of its smooth surface and low 

absorbency; certain reagent combinations resulted in rapid 
visualization.Our ϐindings supports the need to consider paper 
properties and reagent chemistry in forensic examination of 
questioned documents.

Forensic aspects of well-developed invisible inks using 
metal salt-based chemicals have great practical signiϐicance.
This kind of system can be used in conϐidential communications 
during the veriϐication of important documents anti-
counterfeiting applications security printing in questioned 
document examination and in education and laboratory 
training.Since these inks need particular chemical ingredients 
or ultraviolet light to uncover they can also be employed in 
secure data storage and document veriϐication [5,6].

The present study also shows some key beneϐits of 
metal salt inks as invisible inks.The materials are easily 
obtained in inexpensive quantities and are easibly prepared 
without harming the environment compared to many of 
the commercially available security inks. Moreover the 
preparation protocol is simple and no complex equipment or 
synthesis is needed so the invisible inks can be applied in the 
routine forensic laboratory and in academic research.

However there are some drawbacks to this promising 
research.It has been tested with only three metal salts 
and select paper substrates with the limited number of 
visualization reagents.Environmental inϐluences such as 
long storage humidity temperature  exposure to sunshine 
and ageing were not studied.Moreover quantitative colour 
measurements and long time stability studies were not in 
the scope of the present work. Thus more studies are desired 
with other metal salts optimizing the reagent compositions 
performing aging experiments under accelerated conditions 
and using more powerful instrumental techniques to enhance 
the usefulness of these invisible ink systems for actual scene 
forensic work.

The future research can also involve the integration of 
ϐluorescent nanomaterials rare earth metal ions photochromic 
compounds and environmentally friendly formulations 
for enhanced sensitivity durability and security. These 
innovations could enhance the use of invisible inks in a variety 
of ϐields such as forensic science secure communication  smart 
packaging and advanced anti-counterfeiting technologies 
[7,9-27].

Conclusion
In this study, we investigated the use of different 

chemical reagents and UV examination methods to assess 
the usefulness of cop per, iron, and zinc as invisible ink (non-
registered trademarks). The results showed that copper was 
the best performing of the three invisible inks with respect 
to generating colour development and clear visibility on the 
various paper types tested. Copper invisible ink positively 
reacted with all chemical reagents and could be visualised 
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successfully via the following two methods: (1) by using the 
normal light; and (2) via long-wave ultraviolet (UV) light (UV) to 
stimulate the development of visible colour (ϐluorescence) and 
colour visibility of the original written message. Ferrous was 
moderately effective as an invisible ink, as both the writing and 
the ϐluorescing colour could not always be seen using normal 
lighting conditions (dark blue); however, ϐluorescence from a 
long-wavelength source could be detected on many occasions 
when using long-wave ultraviolet light. The performance of 
the ferrous invisible ink was affected positively or negatively 
by the paper type and by the reagent/licensing supplier. Zinc 
was the least effective invisible ink and did not produce much 
colour development on most of the paper substrates used 
in the study. In contrast to the other chemical agents tested, 
potassium ferrocyanide exhibited superior results when 
using zinc sulphate ink. There was signiϐicant yellow colour 
development on glossy paper with potassium ferrocyanide 
although no visible results were produced on the white and 
brown paper unless viewed through UV light, therefore latent 
writing may be found on all the papers once exposed under 
UV light but not visible when examined with normal lighting 
conditions. These results indicate how crucial both chemical 
reagents and ultraviolet examination are when detecting and 
viewing invisible writing. Copper sulphate was found to be the 
most effective of the three different metal salt inks evaluated, 
followed by ferrous sulphate, and zinc sulphate being the 
least effective. This study gives forensic document examiners 
an increased knowledge base as well as potentially improves 
the methodology used to detect invisible writing on different 
types of paper substrates.
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