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Abstract 

Domsjö Fabriker's main product is dissolving grade cellulose, sold in the form of 
sheets. Domsjö cellulose in mainly used for Viscose production. An additive 
called Visco 388 is often added to the sheets since it improves several quality 
parameters of the viscose dope e.g. filterability, amount of particles and particle 
size. It has been shown that the additive distribution on the sheet is important to 
achieve the desired benefits. However, the additive distribution at Domsjö 
Fabriker has been non-ideal. Monitoring of this distribution is problematic due to 
the carcinogenicity of the cobalt of the currently used visualisation reagent: 
cobalt(II)isothiocyanate. 
 
Thus, the purposes of this study was to find alternative means of detection for the 
additive Visco 388, to acquire information about the structure of Visco 388 and 
to acquire information about the currently used cobalt(II)isothiocyanate reagent.  
 
In this project: 
 

 Characterisation by Raman and infrared spectroscopy has provided a 

plausible structure of Visco 388; a benzene derivative monosubstituted 

with a polyoxyethylene glycol chain of unknown length.  

 
 The colour inducing complex of the currently used 

cobalt(II)isothiocyanate reagent was presented, as the result of a 

literature study.  

 
 Several potential new detection methods were identified. Raman 

spectroscopy coupled to multivariate classification was shown as a 

plausible candidate for a new detection method. A new qualitative 

colourimetric reagent, triiodide, was identified. Finally, the fluorescence 

emission spectrum of Visco 388 was presented, along with a detection 

procedure based upon this phenomenon. 

  



 
 
 
 
 
 
 
 
 
  



Sammanfattning 

Domsjö Fabrikers huvudprodukt är dissolving grade cellulose, såld i form av ark. 
Domsjö cellulosa används främst för Viscose produktion. Ett additiv vid namn 
Visco 388 appliceras ofta till arken då den förbättrar ett antal kvalitetsparametrar 
hos viscoslösningen t.ex. filtrerbarhet, partikelmängd och partikelstorlek. Det har 
visats att en jämn fördelning av additivet är viktigt för att ge optimal effekt. Hos 
Domsjö Fabriker har dock en viss fördelningsproblematik förekommit. 
Övervakning av denna fördelning har även försvårats då det nu använda 
reagenset, kobolt(II)isotiocyanat, är cancerframkallande. 
 
Således är syftet med detta examensarbete var att finna alternativa 
detektionsmetoder för additivet Visco 388, att få en bättre bild över Visco 388s 
struktur samt att få en bättre bild över hur det nu använda 
kobolt(II)isotiocyanatreagenset fungerar.  
I detta projekt: 
 

 Har karaktärisering av Visco 388 med hjälp av Raman- och infraröd 

spektroskopi lett till en sannolik struktur för additivet – ett bensenderivat 

monosubstituerad med en polyetylenglykolkedja av okänd längd. 

 
 Har en struktur på det färginducerande komplex som 

kobolt(II)isotiocyanatreagenset bildar med Visco 388 presenterats, som 

resultat av den initiala litteraturstudien. 

 
 Har flertalet potentiella nya detektionsmetoder identifierats. 

Ramanspektroskopi kopplat med multivariat klassning har framställts 

som en rimlig kandidat för nya detektionsmetoder. Ett nytt kvalitativt, 

kolorimetriskt reagens – trijodid – har identifierats. Slutligen har 

fluorescensspektrum för Visco 388 presenterats, tillsammans med ett 

förslag på hur detta fenomen kan användas för detektion av Visco 388. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
  



Popular scientific summary including social and 
ethical aspects 

Popular scientific summary 
Domsjö Fabriker is a biorefinery located in Örnsköldsvik, Sweden. In their 
process, they separate wood into its three main components - cellulose, 
hemicellulose and lignin. The lignin, in the form of lignosulphonate,  can be 
mixed into concrete to reduce the water consumption. The hemicellulose is 
digested down to sugars, which is fermented into alcohol (ethanol). This ethanol 
can then be refined into products such as windscreen washer fluid and biofuels 
for cars and buses.  
The cellulose can be used to produce products such as fillers in pharmaceutical 
tablets, dishrags and thickeners in paint. Another use for the cellulose is to use it 
in the Viscose process to produce Viscose textiles, sometimes referred to as 
”artificial silk”.  
 
Domsjö Fabriker produces cellulose in the form of sheets, visually similar to thick 
paper sheets. For the cellulose sheets intended for Viscose production, an 
additive called Berol Visco 388 is applied evenly over one side of the sheet. This 
additive helps in the conversion of cellulose to Viscose fibres, but requires an 
even distribution over the cellulose sheet in order to have good effect. Domsjö 
Fabriker currently uses a reagent with which they can visualize the distribution of 
Visco 388. If this reagent is sprayed onto a cellulose sheet, the parts where Visco 
388 is present turns blue while parts lacking the additive remain white. As such, 
the reagent offers a very clear picture of the additive distribution. The reagent is 
however carcinogenic, i.e. it causes cancer. Thus, finding one or many safer 
alternative detection methods is desirable.  
 
In order to understand the reason for the blue colouration of the current reagent 
in contact with the additive, the work of other people regarding the reagent was 
studied. Through this literature study, the structure responsible for the blue 
colour – and thus the detection – was identified.  
 
The current reagent is also used by law enforcement officers in e.g. Australia, the 
United Kingdom and the United States. Under the name ”Scott’s reagent” it is 
used as a presumptive test (or field test) for cocaine. By carrying a small satchel 
with the reagent on them, law enforcement officers can easily test any suspicious 
material they come into contact with. Some of the suspected drug material (e.g. a 
suspicious white powder) is placed in the satchel and allowed to react with the 
reagent. If the colour of the reagent solution remains pink, the material was not 
cocaine but if the solution changes colour to blue the material might be cocaine. 
These preliminary tests are not exact though (the additive handled in this project 
would for example register as ”possibly cocaine”), and confirmatory tests are 
conducted in a laboratory on samples which are marked as potential drugs by the 
presumptive tests. Nevertheless, they provide law enforcement with a simple and 
highly portable preliminary indication of what a suspicious material might be.  
 
There are a number of tests such as the Scott’s reagent used in law enforcement. 
Some tests are highly specific, and react only to a few organic chemicals. Others 
are very unspecific, and react to a large array of organic chemicals. Similar colour 
inducing reagents are also used extensively in a technique called thin layer 
chromatography – TLC – for visualisation of the sample. 
 



With all the colour reagents from the forensic presumptive tests and the TLC 
visualisation reagents there is bound to be reagents which produce a colour 
response in contact with Visco 388, regardless of the chemical structure of Visco 
388. For a new reagent to be interesting, however, it must offer detection of the 
additive but also be safer to handle than the current reagent. Consequently, 
literature on such presumptive tests and TLC visualisation was scoured and 
reagents which could safely be used were selected.  
 
In the end, 11 candidates were selected from the literature. After testing for their 
detection it was revealed that one of the reagents, a triiodide solution, produced a 
visible difference between presence and absence of Visco 388 on cellulose sheets. 
The difference was not as clear-cut as the blue and white of the current reagent, 
however. Here, presence and absence resulted in two different shades of brown. 
Thus, the new reagent is functional and safer than the current reagent, but does 
not offer quite the same clarity.  
 
The most straightforward way of eliminating dangerous chemicals is to eliminate 
the use of chemicals altogether. Consequently, two spectroscopic methods were 
also tested - fluorescence and Raman spectroscopy. Somewhat simplified, 
spectroscopic methods measures how a sample interacts with light.  
In fluorescence, if the sample is illuminated with light of the correct energy, the 
sample will shine with a different colour of smaller energy (more towards the red 
in the spectrum). This phenomenon is what is used at UV parties to produce the 
”glow in the dark paints” which only light up under a UV light source such as a 
blacklight. In this project the light energy needed to produce fluorescence and the 
energy of the light  produced by the fluorescence of the additive has been found. 
Fluorescence of the additive does not happen in the visible portion of the 
spectrum - both the absorption and the emission occur in the ultraviolet part. 
Thus, the fluorescence cannot be detected by our eyes. The knowledge of the 
fluorescence could potentially be used to construct a photographic setup through 
which the distribution could be visualised.  
 
When a material is illuminated with light, less than one millionth of that light will 
be scattered from the material with a slightly different colour (or energy). This 
phenomenon is what is used in Raman spectroscopy. Different materials will 
produce different patterns in this weak colour difference, and the graph 
visualising this difference is called a spectrum (plural: spectra). In our case, 
however, we want to see the difference between a ”clean” cellulose sheet and one 
with Visco 388 present. As Visco 388 is added in the proportion of grams per 
kilogram, seeing the difference between two spectra is somewhat like finding a 
needle in a haystack. Or perhaps rather, looking at two haystacks and identifying 
the one which contains a needle. Therefore, an advanced statistical model was 
constructed in order to investigate the difference between the spectra.  Evaluation 
of the spectra suggests that the model can differentiate between coated and 
uncoated cellulose sheets, though there is some uncertainty in the differentiation.   
 
One obstacle in finding a new detection method is that the chemical structure of 
the additive was not known to Domsjö Fabriker. The manufacturer has chosen to 
keep the details of the additive a secret, and only admitted the presence of two 
components – a benzene ring and a polyethylene glycol chain. While this did not 
hinder testing of fluorescence and Raman spectroscopy, it does complicate the 
search of a new reagent. Quite a few reagents could still be tested, as mentioned 
previously, but more chemical information about the additive would certainly 
help future work.  
 



While it is possible to determine the chemical structure of a compound, such a 
procedure is very time consuming. Further, complete knowledge of the chemical 
structure is not necessary for our purpose; information about the functional 
groups present is enough. This since a functional group will react in the same way 
regardless of what the rest of the molecule looks like.  
 
Infrared spectroscopy is a relatively fast technique which provides information 
about the functional groups in a sample. In infrared spectrometry, infrared light 
is shone on a sample and the amount of light absorbed by the sample is 
measured. The pattern of the light absorbed will differ from material to material, 
similar to the pattern in Raman spectroscopy. From the pattern of the infrared 
spectrum obtained of the additive, it was determined that it contained only the 
two components given by the manufacturer. It was further determined in what 
way these two groups were connected, but not the length of the polyethylene 
glycol chain. Thus, a pretty good idea of the structure of the additive was attained.  
 
In summary, this project has shown fluorescence and Raman spectroscopy as 
probable detection techniques. It has resulted in a probable chemical structure of 
the additive as well as knowledge of how the current reagent works. It has also 
resulted in the discovery of one new reagent, triiodide. 

Social and ethical aspects 
This project has investigated possible solutions to a process problem for a 
company. All sampling has been done from said company. As such, sampling 
have not had any impact on society or on any bystanders. Neither animals, 
bacteria, other living organisms nor organic tissue have been used. Certain 
sections of this report are confidential by request of the additive's manufacturer. 
The withheld information is exclusively spectroscopic information about Visco 
388 and is withheld solely on grounds of economic competition.  
 
All in all, it is the opinion of this author that the content of this project presents 
no social or ethical dilemmas. 
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1 Introduction 

1.1 Domsjö Fabriker 
Domsjö Fabriker is a biorefinery, processing and refining all components of the 
trees into valuable products, and is located in Örnsköldsvik. It started as a pulp 
mill back in 1903, and began producing dissolving cellulose in the 1930’s. The 
dissolving cellulose production grew steadily and soon became the main product. 
The possibility of producing ethanol as well as refining the ethanol to produce 
chemical products was also investigated. The consequent construction of the 
ethanol plant in 1940 led to the production of a wide array of chemical products, 
and though the word “biorefinery” was never used it was in essence what Domsjö 
Fabriker had become.  
 
The increased availability of low-price oil after the end of World War II led to a 
reduced demand for the products of the biorefinery. As a result of this, the 
production of dissolving cellulose steadily decreased and finally ceased and 
Domsjö Fabriker reverted into a paper pulp mill again. It was not until 1993 that 
the production of dissolving cellulose was to be resumed, along with the journey 
back to a biorefinery. 
 
In 2011 Domsjö Fabriker became a part of the Aditya Birla Group, a multinational 
corporate conglomerate from India with an annual revenue of about $41 billion. 
They are the world’s largest producer of viscose staple fibre, but also large scale 
producers of cement, aluminium, and copper as well as business in several other 
fields. Domsjö Fabriker is one of four dissolving cellulose plants within the Aditya 
Birla group, and apart from dissolving cellulose, Domsjö Fabriker also produces 
large quantities of lignin and bioethanol, as well as some production of biogas 
and bioresin. 1–3 

1.2 Wood composition 
Wood consists of three major components; namely cellulose, hemicellulose and 
lignin.  Other substances of lower molecularweight such as extractives (relatively 
small, <C40, non-structural organic molecules e.g. terpenoids and phenolics) and 
minerals do also exist in the tree but at much lower levels. The amounts of the 
three major components vary between different wood species such as hardwood 
(e.g. birch and oak) and softwood (e.g. spruce and pine). The raw material used at 
Domsjö is spruce and pine. Figure 2 shows the polymer distribution of the plant 
cell wall according to the sticky network model by McCann and Roberts (1991). 4 

1.2.1 Cellulose 

Cellulose is the most abundant component, constituting approximately 40 - 45 % 
of the total wood dry mass. Cellulose is a completely linear molecule composed of 
β-1,4-linked D-glucose, as shown in figure 1, and has strong tendency for 
hydrogen bonding. 5 
 
The large hydrogen bonding potential and consequent linearity of the cellulose 
molecules favours bundling into microfibrils, which in turn can build up fibrils 
and eventually fibres. These microfibrils contain both highly ordered crystalline 
regions and amorphous regions with a lower degree of order. The strong 
hydrogen bonding and fibrous structure results in a high tensile strength of the 
cellulose fibre. 5 
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Figure 1: Structure of the glucose polymer. Each glucose subunit is rotated 180° 
compared to its neighbour. As such, a set of two cellulose subunits composes the 
repeating unit in cellulose, called the cellobiose unit.6 The figure is reproduced from 
reference 6. 

Cellulose can exist in several different forms e.g. cellulose I and cellulose II. 
(Additional forms, such as cellulose III and cellulose IV does also exist but will 
not be covered here.)Cellulose I (also called native cellulose) is the form which is 
found in nature and has two different crystalline forms which also have different 
hydrogen bond patterns, these are called cellulose Iα and cellulose Iβ. Bacteria 
produce cellulose with high amount of cellulose Iα, while cellulose Iβ is the 
predominant form in higher plants (e.g. trees).  
 
Other crystal structures than cellulose I, e.g. cellulose II (and also cellulose III 
and IV), can be obtained by different chemical treatments. Cellulose II is the most 
thermodynamically stable form of cellulose.  It has anti-parallel chains compared 
to cellulose I which has parallel cellulose chains, which grants a more 
complementary hydrogen bonding pattern  resulting in one extra hydrogen bond 
per glucose residue compared to cellulose I. 7 
 
Cellulose I can be converted into cellulose II. The conversion is irreversible since 
cellulose II is the more energetically favourable form of cellulose. The viscose 
process, which will be summarised later, takes advantage of the ability to convert 
cellulose I to cellulose II and its consequent stabilisation. 

1.2.2 Hemicellulose 

While the cellulose microfibrils provide the strength of the cell wall, their stiffness 
leads to a relatively small contact area between nonparallel fibrils and thus a 
weak interaction. Thus, tethering glycans are needed which can crosslink the 
cellulose microfibrils 4 (see figure 2). These glycans are collectively called 
hemicelluloses and they constitute 20 - 30 % of the total wood dry mass. The 
hemicelluloses bind to the cellulose microfibrils through two main principal 
modes: by multiple hydrogen bonding interactions and by being trapped in the 
microfibril during its crystallisation just after synthesis. 8 
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Figure 2: Polymer distribution of plant cell wall according to the sticky network 
model. The figure is reproduced from reference 9. 

Hemicelluloses consist of a large variety of polysaccharides; both homo- and 
heteroglycans, both branched and unbranched. The degree of polymerisation of 
hemicelluloses is usually significantly smaller than that of cellulose, often around 
200 monomeric units compared to 10 000 monomeric units in cellulose. 5 The 
hemicellulose composition as well as their structural details varies from specie to 
specie, and in different cell types of the same individual plant. 5,8 

1.2.3 Lignin 

The third major component in wood is lignin, which constitute around 20 - 25 % 
of the total dry mass for hardwoods and 25 - 30 % for softwoods. Lignins are a 
complex racemic aromatic heteropolymer (see figure 3) and are deposited in the 
forming cell wall after cellulose and hemicellulose deposition has occurred. 
Lignin improves the strengths and stiffness of the cell wall, while also rendering it 
waterproofs it due to its hydrophobic nature. Thus, lignin enables the transport of 
water and solutes through the vascular systems of the plant. 10 
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Figure 3: The three proposed main subunits in lignin biosynthesis (a) and an example 
of a possible lignin structure (b)11, demonstrating the large complexity of the 
molecule. Part b of the figure is reproduced from reference 11. 

1.3 The biorefinery process of Domsjö Fabriker 
The biorefinery process of Domsjö Fabriker is summarised below, as well as 
graphically in figure 4. 
 
The initial step of the biorefinery process at Domsjö Fabriker is to debark the 
wood and chip it down to centimetre scale. The debarking is performed to ensure 
a more uniform raw material composition and the chipping to ensure a more 
uniform penetration, and thus treatment, of the wood in the digestion stage.  
 
The Domsjö sulphite pulping process contains two cooking steps for digestion of 
wood. The purpose of the digestion is to remove lignin and hemicellulose and to 
free the cellulose fibres. The woodchips are placed in the digester and treated 
with steam in order to replace the air in the wood pores and cavities with steam. 
In the next stage, a cooking liquid is introduced. Sodium sulphite (Na2SO3) and 
sodium bisulphite (NaHSO3) and sulphur dioxide (SO2) are used as cooking 
chemicals in a sodium based process. 12 
 
In this digestion, the cell wall matrix in the wood are disrupted through 
sulphonation and hydrolysis of lignin and hemicelluloses. Consequently, the 
cellulose fibres are extricated from the cell wall matrix. The consecutive 
hydrolysis of hemicelluloses, reducing its degree of polymerisation down to 
oligosaccharides and monosaccharides, and the hydrolysis and sulphonations of 
lignin increases their water solubility. Thus, after the digestion most of the lignin 
and hemicellulose are dissolved in the cooking solution and are consequently 
removed from the cellulose in the subsequent washing step. The digestion is 
stopped when target viscosity is reached, which is assessed by measuring the 
cooking liquor colour. 12 
 
After the first washing step, the pulp is bleached in a two step bleaching 
procedure. The first step is called the extraction step (or E step). Here the pulp is 
treated with NaOH at high temperature with the intent of removing 
hemicellulose. In the second step, hydrogen peroxide (H2O2) is used in an 
alkaline environment to bleach any remaining lignin. Thus, the bleaching process 
at Domsjö Fabriker is total chlorine free (TCF).  
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After the bleaching procedure the cellulose pulp is washed with fresh water. The 
cellulose is then dried and cut into sheets, which are packed into bales for 
transport.  
 
The water from the second washing step is then used as washing liquid for the 
first washing step, creating a closed loop washing procedure. After passing the 
first wash step, the washing liquid is collected and sent to evaporation. Here the 
depolymerised hemicelluloses are collected and refined into ethanol through 
fermentation. The lignosulphonates are also collected, dried and sold separately. 
Cooking chemicals are also recycled back into the process. 
 

 
 
Figure 4: Schematic overview of the biorefinery process of Domsjö Fabriker. The 
figure is reproduced from reference 3. 

Dissolving grade cellulose can be used to produce products such as sausage 
casings, paint emulsifiers and as fillers in e.g. pharmaceutical tablets. One of the 
largest applications of dissolving cellulose is the production of textiles and fabrics 
through the viscose process.  

1.4 The viscose process 
The viscose process, summarised graphically in figure 5, was first described in 
1891 and is a method of solvation and desolvation of cellulose molecules with a 
subsequent conversion from cellulose I to cellulose II.  
 
In the first step of the viscose process, called the mercerisation step, the cellulose 
is steeped in a sodium hydroxide solution. This steeping has two main purposes; 
to break up the superstructure of the cellulose towards individual cellulose 
molecules (called swelling) and to convert the cellulose to alkali cellulose. 
Hemicelluloses and short chain cellulose molecules are dissolved in the lye during 
the mercerisation. The traditional method of sheet steeping, where the sheets of 
dissolving cellulose are submerged in a steeping lye, have gradually been replaced 
with the slurry steeping method where the dissolving cellulose is placed in a 
vigorously agitated steeping lye.  
 
After the mercerisation step, excess lye is removed from the cellulose by 
mechanical pressing of the slurry mixture. The dissolved hemicellulose and short 
chain cellulose mentioned above is removed with the lye. The pressed alkali 
cellulose is then shredded in order to increase its relative surface area, which 
facilitates the reactions in the subsequent pre-ageing and xanthation steps. 
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Figure 5: Graphical summary over the steps of the viscose process, the active 
chemicals and the chemical reactions and equilibrium of each step. 

The pre-ageing step reduces the degree of polymerisation of the alkali cellulose by 
oxidative degradation of the cellulose chains. Here, the oxygen of the air is used 
as oxidant and the final degree of polymerisation of the alkali cellulose, and thus 
the resulting viscosity, can be regulated by the time of the pre-ageing step.  
 
In the xanthation step CS2 is added to the alkali cellulose. The mixture is often 
kept below atmospheric pressure to ensure vaporisation of the CS2, which is 
liquid at room temperature. The CS2 reacts with the alkali cellulose producing 
cellulose xanthate, which is soluble in alkaline aqueous solutions. However, there 
are also a number of side reactions which consume CS2, some of which are 
simplified in the reactions below. 
 

3𝐶𝑆2 + 6𝑁𝑎𝑂𝐻 → 2𝑁𝑎2𝐶𝑆3 + 𝑁𝑎2𝐶𝑂3 + 3𝐻2𝑂 
𝑁𝑎2𝐶𝑆3 + 6𝑁𝑎𝑂𝐻 → 3𝑁𝑎2𝑆 + 𝑁𝑎2𝐶𝑂3 + 3𝐻2𝑂 

 
The resulting cellulose xanthate is then dissolved in alkaline solution, resulting in 
viscose dope. This viscose dope is then allowed to equilibrate at relatively low 
temperature (generally below 15°C). During this equilibration the CS2 is 
redistributed evenly throughout the cellulose chains, which is necessary for 
achieving stable spinning and good fibre properties.  
 
The viscose dope is then filtrated to remove undissolved particulates from the 
dope, as these can cause problems by plugging nozzles in the upcoming spinning. 
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The dope is also deaerated to prevent gas bubbles disrupting the fibre structure in 
the spinning.  
 
In spinning the viscose dope is passed through small holes of a spinneret into a 
spinning bath, consisting of an acidic solution. The acidity of the spinning bath 
strips the CS2 from the alkali cellulose and reprotonates the hydroxyl groups, 
allowing for the reformation of the strongly hydrogen bonded structure and thus 
resulting in precipitation of the cellulose molecules. By applying a suitable stretch 
to the resulting filaments, the cellulose molecules are oriented in the same 
direction, resulting in a strong fibre structure. The fibres are then washed and 
some after treatment, such as bleaching, is often performed before the final fibre 
is obtained. 13 

1.4.1 Berol Visco 388 and its effects 

A number of surface active additives are used in the viscose process in order to 
improve processing performance and the end product. These additives are 
sometimes added already in the pulping, as adding it to the dissolving cellulose 
will simplify maintaining a uniform additive distribution in the viscose processing 
steps. 14 
 
Domsjö Fabriker uses the additive Berol Visco 388 (henceforth referred to as 
Visco 388) for their dissolving grade cellulose. Visco 388 is a non-ionic 
polyethylene glycol derivative of an aromatic compound. 15 For its application 
onto the cellulose, it is solvated in water and sprayed onto the wet cellulose before 
the drying step.  
 
It has been proven that the filterability, particle size and particle number of the 
viscose dope is significantly improved (i.e. reduced in the case of particle size and 
particle number) if Visco 388 is added to the cellulose sheets as described above. 
16–18 For Visco 388 to have full effect, it is important that the additive is 
distributed evenly over the sheet. However, uniform distribution over one side of 
the sheet (i.e. good 2-dimentional distribution) is enough to achieve desired 
effect, i.e. applying Visco 388 to both sides of the sheet or ensuring homogenous 
penetration through the sheet (i.e. good 3-dimentional distribution) does not 
produce a significantly larger effect. 19 
 
It has been shown that similar additives also reduces power usage in the 
shredding step and improves CS2 penetration in the xanthation step, increasing 
its efficiency.14 While these advantages have not been proven for Visco 388, it is 
plausible to exhibit these effects.  Further, it is plausible that these effects causes 
the improved filterability and particle size mentioned above, although no such 
relationship has yet been proven.  

1.5 The problem at hand 
Domsjö Fabriker has a problem with even distribution of Visco 388 on the 
cellulose sheets produced. The nozzles through which the aqueous Visco 388 
solution is aerosolised and applied occasionally plug up, resulting in zones of no 
addition on the cellulose sheets. As the nozzles covers the width of the sheet-track 
the distribution problem is one dimensional in nature, i.e. a sheet with imperfect 
spread will have stripes of additive and additive free zones (see figure 6). 
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Figure 6: Dissolving cellulose sheets coated with the additive. Addition of a reagent 
causes presence of the additive to produce blue colouration. Note the streaky 
distribution pattern of the additive.17 The figure is reproduced from reference 17. 

To ensure even distribution of Visco 388 it is important to discover plugged 
nozzles as quickly and effortlessly as possible. Such monitoring does however 
demand a good detection technique which can be used directly on site between 
the drying and the baling of the sheets.  
 
Currently Domsjö Fabriker uses cobalt(II)isothiocyanate as a reagent to visualize 
presence of Visco 388. The wine-red aqueous solution of cobalt(II)isothiocyanate 
turns blue in contact with Visco 388, giving a very good view of the distribution of 
the additive (as seen in figure 6). However as both the cobalt and the thiocyanate 
are toxic 20, this additive cannot be used directly "near-line". Thus analysis of the 
Visco 388 distribution must be conducted at in a laboratory where human 
exposure to the reagent can be minimized, which introduces a significant time-lag 
for the analysis.  
 
Finding alternative detection methods is preferable both to resolve the general 
health and safety issue as well as the time-lag of the current reagent. 

1.6 How to solve the problem 

1.6.1 Characterisation of additive functional groups 

The structure of Visco 388 is not known to Domsjö Fabriker, which complicates 
the development of alternative detection methods. A complete structure 
determination is a difficult and time consuming task. It is also plausible that 
Visco 388 is not composed of one single molecule, but is a composition of several 
structurally related polymerisation products, which further complicates a full 
structure determination.  
 
A complete structure would hence be beyond the scope of this project, but also 
needlessly arduous as information about the functional group composition of the 
additive is sufficient. By performing a functional group characterisation using 
Fourier transform infrared spectroscopy, a preliminary image of the structural 
elements can be provided. The information from this characterisation, along with 
the sparse information about the composition of the additive supplied by 
manufacturer, could then potentially be used to propose a structure of Visco 388.  

1.6.2 Investigation of coordination/mechanism of current reagent 

Currently, Domsjö Fabriker uses ammonium cobalt(II)thiocyanate as the mean of 
detecting Visco 388. Here, the polyethylene glycol portion of the additive is 
qualitatively determined on the basis of the colour change it exhibits. The pink 
aqueous solution of ammonium cobalt(II)thiocyanate shifts colouration into an 
intense blue in contact with polyethylene glycol. 
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Figure 7: Structure of the cobalt(II)isothiocyanate-polyethylene glycol complex 
according to literature. 21,22 

A structure for the cobaltous complex responsible for the colour change was 
suggested by Crabb and Persinger in 1964. 21 In their proposed structure, a 
polyethylene glycol chain chelates to a cobalt(II) ion in a hexadentate fashion. In 
this structure, the central cobalt atom has a formal charge of +2 while the formal 
charge of the polyethylene glycol ligand is ±0, leading to a net charge of +2 for the 
complex. This charge is neutralized by the concurrent formation of a tetrahedral 
cobalt isothiocyanate complex with a net charge of -2. They propose that the blue 
colour of the complex is due to a strong blue colouration of this tetrahedral 
complex whereas the hexacoordinated cobalt-polyethylene glycol complex is red, 
but with a much smaller intensity. 21,22 
 
The structure of the aqueous cobalt(II)isothiocyanate reagent were suggested as 
Co(II)(NCS)2(H2O)4 by Haddoub et al (2011). 23 Both Haddoub et al (2011) and 
Crabb and Persinger (1968) 22 also mention water having an effect of the 
equilibrium of the complex, shifting it away from the blue coloured complex. As 
such, a potential equilibrium for the complex is presented below. 
 

2 𝐶𝑜(𝐼𝐼)(𝑁𝐶𝑆)2(𝐻2𝑂)4 + 𝑅𝑂(𝐶𝐻2𝐶𝐻2𝑂)5𝑅′ 
⇄ 
𝐶𝑜(𝐼𝐼)(𝑁𝐶𝑆)4

2− + 𝐶𝑜(𝑅𝑂(𝐶𝐻2𝐶𝐻2𝑂)5𝑅′)2+ + 8𝐻2𝑂 

1.6.3 Evaluation of spectroscopic methods 

One of the most straightforward methods of eliminating hazardous chemicals is 
eliminating the use of chemicals altogether by the transition to a physical 
detection method. Consequently, the feasibility of two spectroscopic detection 
methods was evaluated. 
 
Primarily, the possibility of using Raman spectroscopy coupled to multivariate 
data analysis for the detection of Visco 388 was assessed. Raman spectroscopy is 
a vibrational spectroscopy method which yields information about the molecular 
vibrations of the molecule. In Raman spectroscopy the sample is illuminated with 
monochromatic light. Most of this light is reflected off the sample, while a small 
portion of the light (10-4-10-3) is scattered. Of this scattered light a vast majority is 
elastically scattered while a small portion of the light (10-5-10-3) is inelastically 
scattered. The elastic and inelastic scattering are called Rayleigh scattering and 
Raman scattering, respectively. For elastic scattering, the incident light and the 
scattered light are of the same wavelength, while for inelastic scattering the 
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wavelength of the scattered light is altered. The light can be shifted to a longer 
wavelength, called Stokes scattering, or to a shorter wavelength, called anti-
Stokes scattering.  
 
For a molecular vibration to give rise to a signal in Raman spectroscopy it must 
change the polarization potential (also called polarizability) of the molecule. The 
energy of this molecular vibration event is equal to the energy difference between 
the incident light and the Raman scattering. 24,25 
 
In addition to the Raman spectral data, a UV-vis absorbance spectra and 
fluorescence emission spectra of Visco 388 was also acquired. The fluorescent 
nature of Visco 388 was of interest for two reasons. The primary purpose was to 
see if Visco 388 fluoresced in a manner which can be utilized to construct a 
detection method based upon this phenomenon. Secondarily, the exciting and 
emitted wavelengths of the molecule were of interest for the Raman 
measurements. The main drawback of Raman spectroscopy is the low signal 
intensity. Therefore, if a sample which fluoresce in the measured region the 
relatively small Raman signals can be lost in the intense fluorescent signals. 26 By 
determining the fluorescence of Visco 388, the wavelength of the incident light in 
the Raman spectroscopy can be set to eliminate fluorescence. 

1.6.4 Multivariate data analysis 

For evaluation of a large set of data, containing several variables as well as 
measurements, multivariate data analysis (MVDA) is an advantageous method to 
use. All the variables are modelled together in order to find relationships between 
all the variables (X’s) and all the responses (Y’s). This is why MVDA can be used 
to investigate the relationship between variables and between samples (also 
called observations) such as grouping, trends and correlations and their reasons. 
MVDA can also be used for classifications; it explains the difference between 
observation classes and predict class identity of an unknown sample. 
 
In multivariate analysis, principal component analysis (PCA) is used in order to 
obtain an overview of the data. It is a projection method, where multivariate 
data(i.e. set of observations and variables) is converted into so called principal 
components (i.e. linear uncorrelated variables) by orthogonal transformation. 
The largest variation in the data is described in the first component, the second 
largest in the second component etcetera. The data is often scaled and mean-
centred before the model is fitted.  
 
The regression method partial least square projections to latent structures (PLS) 
is also used for MVDA.  PLS discovers relationships between independent (i.e. 
predictor) variables (X) with dependent variables (Y), i.e. how they vary together. 
The main difference between PCA and PLS is that PCA models the maximum 
variance in the data (X) and PLS models the maximum covariance between 
predictor variables (X) and responses (Y), i.e. the model variation is only in one 
data block for PCA compared PLS where the model variation is in two data 
blocks. This is the reason why PCA is more suitable for data overview while PLS 
could be used for creating quantitative models and prediction. 27 
 
For classification a modified version of PLS called orthogonal partial least square 
projections to latent structures (OPLS), can be used. The advantaged with OPLS 
over PLS is that class separation is located in the first component, which is the 
correlated variation and in the orthogonal components the uncorrelated variation 
is located. This is due to the division of the systematic variation into two parts for 
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the OPLS models. The first part is linearly related to the response (Y) whereas the 
second is orthogonal to Y. 28 
 
Different variable scaling e.g. mean centring (Ctr), unit variance (UV) and Pareto 
(Par) can be done. Pareto-scaling increases the contribution from medium sized 
features without enhancing the noise from areas with small signal intensities. 
Mean centring is when the centre of the points (average) is moved to the origin of 
the variable space. When only mean centring is used, important data can be lost if 
distinguishing qualities are found in areas with small peak height. UV-scaling is 
the most commonly used method for scaling.  The “length” difference is evened 
out by multiplying each column of X with the inversed standard deviation. When 
using UV scaling noise from quiet areas will be scaled up as well. 27 

1.6.5 Screening for new reagents – presumptive tests 

The lack of structural information about the additive introduces obstacles with 
development of new detection methods – especially for a rational approach to the 
development. As such, a more trial and error based approach may be preferential. 
In some fields, a wide range of detection methods for various compounds based 
on colourimetric shifts are used. Some of these tests have a high specificity while 
others, e.g. the Marquis reagent used in forensics, show a very low selectivity and 
thus wide detection span. In forensics such methods are used for presumptive 
testing of suspected illicit substances while they are used in thin layer 
chromatography (TLC) to visualise compounds on the silica plate. 
 
Given this wide range of available colourimetric methods it is likely that 
alternative methods of detecting Visco 388 are already developed and in use, 
albeit for a different application. By studying literature for forensic presumptive 
tests, thin layer chromatography (TLC) visualisation reagents and miscellaneous 
other colour tests and colourimetric methods, a number of potential candidates 
were selected for testing.  
 
As stated before, the cobalt(II)isothiocyanate reagent used today is not being 
replaced due to dissatisfaction with its detection but due to the health hazard it 
presents with all that entails. Consequently, any new reagent must be able to fulfil 
the following three criteria: 

 It must be able to detect Visco 388. 

 It must be less hazardous than the currently used reagent. 

 It must be applicable for 2-dimentional detection on the cellulose sheet.  

In light of these criteria several of the reagents used in forensics, 23,29,30 TLC 31 and 
other fields 32 have regrettably been disqualified from use. Sheet wide detection 
simply was not safely applicable for some of these methods. 
 

1.7 Aim of the diploma work 

1.7.1 Purpose 

The purpose of this project is to find alternative methods for the detection of 
Berol Visco 388, so that it can be performed through less hazardous means than 
the current cobalt(II)isothiocyanate reagent offers.  

1.7.2 Objectives 

 To characterise the present functional groups in Berol Visco 388 by 

vibrational spectroscopy.  
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 To investigate the potential of vibrational spectroscopy as a detection 

method for Berol Visco388 in the industrial process. 

 To find and test an array of existing presumptive tests for detection of 

Berol Visco 388(in line with the criteria given above).  

 To elucidate the mechanism of the colour inducing complex formation of 

the current reagent. 

 To present all discovered alternative methods which can be used for 

detection of Berol Visco 388, with pros and cons of each suggested 

method. 
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2 Experimental  

2.1 UV-vis spectroscopy and fluorescence 
The UV-vis spectroscopy and fluorescence were both performed using a 0.1 
g/dm3 solution of Visco 388 in water. The absorbance spectrum was collected in 
a 10 mm quartz cuvette using a VWR UV-3100PC spectrometer with a VWR A-
102 constant-temperature system at 20°C coupled to a computer with UV-Vis 
Analyst 5.32.  
 
Fluorescence spectra were measured at steady state in the spectral range of 200-
800 nm. Right angle detection was used for all data sets and spectra were 
corrected and recoded using a spectral bandwidth of 4 nm on a Fluorolog TCSPC 
HORIBA JobinYvon with a 450W Xenon Lamp as excitation source. 

2.2 Drying of Visco 388 
Water has strong absorbance in the infrared region of the spectrum. As such, 
water can disturb the measurements in IR spectroscopy. The water content of the 
sample was therefore determined using Karl Fisher Titration.  
 
As a significant portion of water was found in the collected sample, an initial 
drying of Visco 388 was performed using rotary evaporation at 40°C and 0,035 
Pa overnight. Molecular sieve was then added to further dry the sample. The 
water content was determined with Karl Fisher titration after each drying step 
until satisfactory water content was reached.  

2.3 Vibrational spectroscopy 

2.3.1 Fourier transform infrared spectroscopy (FTIRS) 

Acquisition of FTIRS data was provided by MoRe Research AB measuring dried 
Visco 388 spread on a potassium bromide disc using a Perkin-Elmer frontier 
FTIR spectrometer.  
Reference spectra were attained from a library search using KnowItAll mixture 
analysis with two components. 

2.3.2 Raman spectroscopy 

Data acquisition was performed on a Renishaw inVia Raman spectrometer and 
microscope using static scans centred at 1200 cm-1 and with 5x magnification. 
Incident exciting radiation was provided by a 785 nm infrared diode laser at 
100% laser power with a spectral acquisition time of 1 s.  
The Raman spectrum of pure Visco 388 was acquired in a single point 
measurement. The Raman spectra for the classification was acquired as Raman 
images taken as a rectangle with just above 10 measurements for each side, and a 
step size of 30 µm between each measured point.  
 

2.3.2.1 Data pre-processing 

Cosmic ray removal and multivariate noise filtering were then performed for the 
images using Renishaw Cosmic ray remover. An average spectrum from all the 
spectra of each image was then calculated. As such, each data point in the 
multivariate classification is the result of some 120-160 spectra, i.e. 120-160 
technical replicates were performed for each data point. 
 
Further processing was performed using the MCRALS MatLab program from the 
Umeå University Vibrational Platform.33 The spectra intended for the 
classification were cut at 1700 and 700 cm-1 to obtain a more manageable data as 
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no peaks could be detected above and below those wavenumbers in the Raman 
spectra of pure Visco 388 (seen in figure 13). Baseline correction of all spectra 
was performed using the asymmetrical least squares baseline correction, with a λ 
value of 10 000 and a P value of 0.001. Area normalisation was also performed 
for all averaged spectra intended for the multivariate classification to avoid 
classification based solely on total intensity differences (see figure 8). 
 

 
Figure 8: Spectra for multivariate classification before and after baseline correction 
and area normalisation. 

2.4 Presumptive tests 

2.4.1 Preparation of reagent solutions 

Iron(III)chloride 
Solution 1: 0.33 g iron(III)chloride hexahydrate was dissolved in water with a 
final volume of10 cm3. 
Solution 2: 0.825 g iron(III)chloride hexahydrate was dissolved in water with a 
final volume of 10 cm3.  
Solution 3: 0.33 g iron(III)chloride hexahydrate was dissolved in ethanol with a 
final volume of 10 cm3.  
Solution 4: 0.825 g iron(III)chloride hexahydrate was dissolved in ethanol with a 
final volume of 10 cm3.  
 
Aluminium(III)chloride 
Solution 1: 0.18 g aluminium(III)chloride hexahydrate was dissolved in water 
with a final volume of 10 cm3. 
Solution 2: 0.18 g aluminium(III)chloride hexahydrate was dissolved in ethanol 
with a final volume of 10 cm3. 
 
Ninhydrin 
25 mg ninhydrin was dissolved in ethanol with a final volume of 10 cm3.  
 
Nitric acid 
0.25 ml nitric acid was diluted with ethanol to a final volume of 10 cm3.  
 
Phosphomolybdic acid 
Solution 1: 0.5 g phosphomolybdic acid was dissolved in water with a final 
volume of 10 cm3. The solution was left over night to allow saturation to be 
reached. 
Solution 2: 1 ml of solution 1 was diluted with water to a final volume of 10 cm3. 
Solution 3: 0.5 g phosphomolybdic acid was dissolved in ethanol with a final 
volume of 10 cm3. The solution was left over night to allow saturation to be 
reached. 
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Solution 4: 1 ml of solution 3 was diluted with ethanol to a final volume of 10 cm3. 
 
Triiodide 
0.2 g iodine and 0.4 g potassium iodide was dissolved in water with a final 
volume of 10 cm3. The solution was left over night to allow saturation to be 
reached. 
 
Cobalt(II)thiocyanate 
0.12 g anhydrous cobalt(II)thiocyanate was dissolved in water with a final volume 
of 10 cm3. 
 
Ammonium Ferrothiocyanate 
0.27 g Iron(III)chloride hexahydrate and 0.30 g ammonium thiocyanate was 
dissolved in water with a final volume of 10 cm3. 
 
Iron(II)chloride 
0.2 g iron(II)chloride hexahydrate was dissolved in water with a final volume of 
10 cm3. 
 
Cobalt(II)chloride 
0.16 g cobalt(II)chloride was dissolved in water with a final volume of 10 cm3. 
 
p-Anisaldehyde 
0.1 ml p-anisaldehyde was diluted with ethanol to a final volume of 10 cm3. 
 
Vanillin 
0.2 g vanillin was dissolved in ethanol with a final volume of 10 cm3. 

2.4.2 Test of reagent solutions 

To increase the probability of visual detection for any reagent which produced a 
positive response to Visco 388, each reagent was tested on four different forms of 
Visco 388. The tested forms were pure Visco 388, aqueous and ethanolic 
solutions of Visco 388 as well as coated cellulose sheets. The 
cobalt(II)thiocyanate reagent above was used as positive control. 
 
A drop of pure additive (mass approx. 7 mg), as well as 1 cm3 each of 10 g/dm3 
solutions in water and ethanol, were added individually into a set of small test 
tubes (total volume approx. 5 cm3).  
For each of the test tubes three drops of reagent solution was added. Results were 
recorded as visual colouration, with the colour of the pure reagent solution used 
as negative control. 
 
Cellulose sheets coated with 1g/kg were also tested. Here, one drop of reagent was 
added to each test zone and an uncoated sheet was used as negative control.  
Results were recorded as visual colouration difference as well as visual detection 
under ultraviolet light.  
The p-anisaldehyde and vanillin reagent was tested only on sheets, and a drop of 
hydrochloric acid (HCl) was added after the reagent. Five different 
concentrations of hydrochloric acid were used: concentrated HCl(≈11.7 M), 1 M, 
0.1 M, 0.01M and 0.001 M.  
 

2.4.3 Simple titration experiment 

1 cm3 of cobalt(II)isothiocyanate solution was titrated drop wise with Visco 388 
and the colour of the solution was evaluated visually to estimate a equivalence 
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point. The weight per drop of Visco 388 was evaluated with a ten point 
calibration curve.  
When the presumed equivalence point was reached, 1 cm3 of water was added to 
the solution to investigate the effect of water on the equilibrium, after which the 
solution was titrated again to the equivalence point.  
 

 
3 Results and Discussion  

3.1 UV-vis spectroscopy and fluorescence 
The absorbance measurements of Visco 388 shows two absorbance maxima in 
the measured region 200 to 850 nm.  
 

 
Figure 9: Absorbance spectra (a and b) and fluorescence emission spectra for Visco 
388 (c and d). 

Berol Visco 388 exhibits fluorescence. 
 

3.2 Drying of Visco 388 
The initial water content of Visco 388 was determined to 7,7%. After the rotary 
evaporation the water content dropped to 600 ppm, proving rotary evaporation 
an efficient technique for drying Visco 388. Two weeks over molecular sieves 
dropped the water content further to 300 ppm, proving molecular sieve an 
applicable method if very low water content is needed despite the high viscosity of 
Visco 388.  

3.3 Vibrational spectroscopy 

3.3.1 Fourier transform infrared spectroscopy (FTIRS) 
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Figure 10: FTIR spectrum of Visco 388. 

The FTIR spectrum of Visco 388, seen in figure 10, provides a clear view of the 
characteristics of the additive. It confirms the presence of the aromatic and 
polyethylene glycol subunits promised in the product information sheet15, and 
further specify that these two are the only components of the additive. This 
statement is backed up both by the assignments of the spectral peaks (not shown 
due to confidentiality) and by the library search matching of polyethylene glycol 
monomethyl ether and [2-[2-[2-bromoethoxy]ethoxy]ethoxy]-benzene (see figure 
11 and 12). 
 

 
 
Figure 11: FTIR spectrum of dried Visco 388 as well as a composite spectrum from 
library search. 
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Figure 12: FTIR spectra of dried Visco 388 (lower, black)and of the two components 
of the KnowItAll composite spectrum: polyethylene glycol monomethyl ether (middle, 
red)and[2-[2-[2-bromoethoxy]ethoxy]ethoxy]-benzene (upper, blue). 

3.3.2 Raman spectroscopy 

3.3.2.1 Raman spectrum of Visco 388 

The Raman spectrum of Visco 388, seen in figure 13, supports the structure 
proposed by the FTIR spectrum. Only peaks corresponding to aromatic rings and 
polyethylene glycol were found.  
 

 
Figure 13: Raman spectrum for Visco 388. 
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The Raman data suggests a mono substitution of Visco 388.25 
 

3.3.2.2 Classification of coated and uncoated sheets 

Multivariate modelling of the Raman spectral data was performed in order to 
assess if such data could be used for classification of coated and uncoated sheets, 
as well as sheet regions to assess distribution. The principle component analysis 
for all three scaling methods provides separation of the three classes, at least in 
the first and second component (see figure 14). 
 
The three classes plotted in the PCA model are coated cellulose sheets (c, green), 
reverse side of coated sheet (r, blue) and uncoated sheet (u, red). Due to mistakes 
made at sampling all samples from the coated class and from the reverse class are 
from the same cellulose sheet, while the samples from the uncoated class are 
from another cellulose sheet. As such any difference between the uncoated sheets 
and the other classes may be due to differences in the cellulose sheet 
composition, and not related to the presence or absence of Visco 388.  
 
Visco 388 is only applied to one side of the cellulose sheet and application of the 
cobalt(II)isothiocyanate reagent on the reverse side does not produce a positive 
response. As such, any difference between class c and class r should be solely 
caused by the presence or absence of Visco 388. Separation between class c and 
class r are thus plausibly the best proxy for feasibility of Visco 388 classification.  
 

 
 
Figure 14: Score plots for the PCA models of Visco 388 coated and uncoated cellulose 
sheets with various data scaling. The first row contains scores for the mean centred 
(ctr) data, the second row for unit variance (UV) data and the third row for pareto 
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(par) scaled data. The first column charts the second vs. the first principal component 
while the second column charts the fourth vs. the third principal component. The 
three classes are coated (c, green), uncoated (u, red) and reverse (r, blue), where 
reverse corresponds to the reverse side of a coated sheet (and hence should contain 
no Visco 388). Quite good separation between the classes can be seen. 

The one dimensional loadings, found in appendix 3 and in figure 15 for the first 
component, give information about which wavenumber shows the greatest 
variation. In theory, a principal component giving good separation between 
presence and absence of Visco 388 should show some resemblance to the 
spectrum of pure Visco 388 shown in figure 13. For the various PCA models, the 
mean centred (ctr) has the highest amplitude of the loadings. The pareto scaled 
(par) and the unit variance scaled (UV) models are significantly more noisy.  
 

 
Figure 15: Amplitude of the loading for principal component one for each of the 
variables. Num 1 corresponds to 1700 cm-1 going all the way down to 700 cm-1. 

The OPLS-DA classification of the three classes, shown in figure with a number 
for all three scaling methods, provided good separation. The good separation 
between class c and class r suggests that Raman spectroscopy can be used as the 
basis for a spectroscopic classification technique. 
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Figure 16: Score plots for the OPLS-DA 
models of the Visco 388 coated and 
uncoated cellulose sheets. The three 
classes are coated (c, green), uncoated 
(u, red) and reverse (r, blue), where 
reverse corresponds to the reverse 
side of a coated sheet (should contain 
no Visco 388). Good separation 
between the classes can be seen. 

 
 

3.4 Colour tests 
Of all the potential reagents tested, only two presented some form of visible 
reaction of Visco 388 (excluding the cobalt(II)isothiocyanate positive control). 
The saturated aqueous phosphomolybdic acid presented a white precipitate when 
tested against a drop of Visco 388, but presented no discernible detection for 
diluted Visco 388 or on the cellulose sheet. The yellow coloured spots of the 
reagent were indistinguishable between the cellulose sheets with and without 
Visco 388, and no change could be discerned in the diluted Visco 388 samples.  
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Figure 17: Colour of the reagent solutions (a), as well as their colouration when 
applied to a sheet not coated with Visco 388 (b) and coated with Visco 388 (c). Note 
that only the positive control (located in each corner of the grid) exhibit a visual 
difference between the two sheets.  
The solutions, from left to right, are Iron(III)chloride in water (1-2) and ethanol (3-
4), aluminium(III)chloride in ethanol (5), nitric acid (6), iron(II)chloride (7), 
ammonium ferrothiocyanate (8), aluminium(III)chloride in water (9) and the cobalt 
isothiocyanate positive control (0).  
For information about which reagent was added to which square, please refer to 
figure 19. 

The triiodide solution exhibited visible distinction of Visco 388 in all tested 
forms. However, the presence of Visco 388 only resulted in a colouration shift 
from the original brown to a lighter shade of brown. As such, it is significantly 
more ambiguous than the currently used cobalt isothiocyanate reagent. It does, 
however, serve as a potential starting point for an optimisation process for a new 
reagent. The colouration shift of triiodide is shown in row 3, column 1 in figure 18 
below. 
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Figure 18: Colour of the reagent solutions (a), as well as their colouration when 
applied to a sheet not coated with Visco 388 (b) and coated with Visco 388 (c). Note 
that both the positive control (located in each corner of the grid) as well as the 
triiodide (located at row 3, column 1) exhibit a visual difference between the two 
sheets.  
The solutions, from left to right, are phosphomolybdic acid in water (1-2) and ethanol 
(3-4), ninhydrin (5), cobalt(II)chloride (6), triiodide (8),  and the cobalt 
isothiocyanate positive control (0).  
For information about which reagent was added to which square, please refer to 
figure 19. 

The iron(II)chloride solution tested was amber coloured like the iron(III)chloride 
solutions with undissolved precipitates, as seen in figure 17. Consequently, it is 
possible that the iron(II)chloride used was old and had oxidized to 
iron(III)chloride after contact with oxygen from the air. No conclusions of a 
potential reaction between Visco 388 and iron(II)chloride should therefore be 
drawn from the data presented here. 
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Figure19: Schematic overview of the solution addition scheme of the cellulose sheets. 
Use this figure along with  
figure 17 and figure 18 to determine which reagent was added 
to which square. 

3.4.1 Visco 388 penetration test 

A simple test of the cellulose sheet penetration of Visco 388 was also performed 
by applying the cobalt(II)isothiocyanate  reagent to either side of the sheet. While 
the coated side produced the blue colouration indicative of a positive response, 
the response for the reverse side was negative. Thus it can be established that 
Visco 388 does not fully penetrate the sheet, and that the concentration of the 
additive is significantly lower (if at all existent) on the reverse side of the sheet 
compared to the coated side. The blue colouration did not appear 
instantaneously. The subjected area changed gradually from pink to blue from the 
borders to the centre as the area dried.  

3.4.2 Cobalt(II)isothiocyanate reagent equilibrium 

The small titration experiment was performed in order to assess the effect of 
water on the equilibrium. 0.22 g Visco 388 was needed to reach an azure blue 
coloration of the 1 cm3cobalt(II)isothiocyanate titrand. The addition of 1 cm3 
water fully restored the pink colouration of the titrand (albeit with slightly lower 
intensity due to the dilution effect), and the azure blue stage was reached with the 
addition of another 0.22 g Visco 388. As such, water seems to play a large role in 
the equilibrium of the coloured reagent complex. The equilibrium presented in 
the introduction, and just below for convenience, is thus plausible as the large 
water term on the left side makes it likely to have a large effect on the 
equilibrium.  

2 𝐶𝑜(𝐼𝐼)(𝑁𝐶𝑆)2(𝐻2𝑂)4 + 𝑅𝑂(𝐶𝐻2𝐶𝐻2𝑂)5𝑅′ 
⇄ 
𝐶𝑜(𝐼𝐼)(𝑁𝐶𝑆)4

2− + 𝐶𝑜(𝑅𝑂(𝐶𝐻2𝐶𝐻2𝑂)5𝑅′)2+ + 8𝐻2𝑂 
 

4 Concluding discussions  

4.1 Structure of Visco 388 
The vibrational spectroscopy data strongly indicate that Visco 388 consists of an 
aromatic compound mono substituted with a polyethylene glycol chain, as 
presented graphically in figure 20. Length of the polyethylene glycol chain is 
undetermined.  
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Figure 20: Proposed structure of Visco 388. Length of the polyethylene glycol chain is 
undetermined. 

4.2 Structure of the Co(II)NCS - Visco 388 complex 
As a result of the literature study, the structure displayed in figure 21 was found 
to be the colour inducing complex between Visco 388 and the currently used 
reagent.21,22 A potential equilibrium for the reagent reaction has also been 
presented (see "Cobalt(II)isothiocyanate reagent equilibrium"). 
 

 
Figure 21: Structure of Co(II)NCS - Visco 388 complex according to literature 
search.21,22 

4.3 One new reagent found 
Out of the tested presumptive tests one reagent was found with a visibly 
detectable response to Visco 388 on cellulose sheets, namely the triiodide 
reagent. The colour response of the triiodide reagent is two different shades of 
brown, a lighter shade if Visco 388 is present and a darker brown in its absence. 
As such, applicability of the triiodide reagent for detection and distribution 
evaluation might be limited. It is possible that further refinement of the reagent 
could lead to a more clear response. 
 

4.4 Raman based classification plausible 
Separation of the three classes (coated, reverse side and uncoated) was attained 
in both PCA and OPLS-DA modelling of the Raman spectral data. However, since 
only one coated and one uncoated cellulose sheet was sampled, only technical 
replicates were performed for the data points of each class. Hence, there is a risk 
that separation of the uncoated class is based solely on differences in the cellulose 
sheet composition.  
As the coated and reverse class are both from opposite sides of the same sheet, 
separation between the two should be due mainly to spectral contributions of 
Visco 388. Raman spectroscopy is thus a plausible method for coating 
classification.  
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Modelling of sheet wide distribution of Visco 388, such as visualized in figure 6, is 
also heavily reliant on the handheld Raman spectrometer used. For easy of 
interpretation, such a device should allow for clear-cut, simplified presentation of 
the response of the scanned surface, such as percentile probability or binary 
classification of coating.  
A spectrometer which can measure and convey such information continuously is 
also preferable. This because sheet wide distribution modelling will otherwise 
entail collecting a number of spectra a set distance from one another. 
Inhomogeneous distribution could then be missed if e.g. the step size of the scans 
were set too high. 
 

4.5 Fluorescence of Visco 388 
Visco 388 has been shown to fluoresce. As such, it is possible that fluorescence 
can be used as a basis for sheet wide modelling of Visco 388.  
A potential setup for such detection is presented in figure 22. A cellulose sheet 
with unknown Visco 388 distribution (b) is placed in a dark box. Then, light 
sources (a) illuminate the sample (b) with light of a suitable wavelength (in this 
case around 218 or 269 nm), causing it to fluoresce. A bandpass filter (c) which 
only allows light of the fluorescence wavelength to pass is placed at an opening of 
the box, with a camera (d) mounted behind it. The camera is used as a detector 
which allows 2-dimentional modelling of the fluorophore distribution. Low signal 
intensity at detector can be mitigated with longer exposure time. 
 

 
 
Figure 22: Potential setup for fluorescence sheet wide  
detection of Visco 388. 
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5 Outlook 

5.1 Structure of Visco 388 

5.1.1 Length of polyethylene glycol chain 

While the vibrational characterisation of the additive provided a fairly detailed 
structure of the additive, it did not provide the length of the polyethylene glycol 
chain of the molecule. If more detailed information about the structure of the 
additive is desired, the following two techniques are suggested for the 
determination of the polyethylene glycol chain length. 
 
The relative peak integrals in the FTIR spectrum can be used to assess the 
stoichiometric relation between the aliphatic and the aromatic portion of the 
molecule, and thus the length of the polyethylene glycol chain. However, it is 
plausible that Visco 388 is an ethylene oxide polymerisation product with a span 
of chain lengths. As such, investigation of the chain length via peak integral will 
only give an average length of the polyethylene glycol chain.  
 
Another alternative is to separate single length fractions of Visco 388 by 
preparative liquid chromatographic separation (similar to the separation 
performed by Crabb and Persinger, 196822). Such a chromatographic separation 
would provide the chain length distribution of Visco 388, and mass spectrometry 
of each of these fractions would then provide the chain length of each fraction. An 
additional benefit of mass spectrometry would be confirmation of the structure 
suggested by the vibrational characterisation.  

5.1.2 Confirmation of substitution – NMR spectroscopy 

If confirmation of the suggested substitution mode of Visco 388 is desired, NMR 
spectroscopy of Visco 388 can be performed.  

5.2 Development of new reagents 

5.2.1 Potential new reagents 

Two reagents which give colourimetric detection of polyethylene glycol were 
found in the literature too late for testing in this project; potassium picrate and 
5(p-dimethylaminobenzylidene)rhodamine.34,35 
 
Further, the possibility of a two-step reagent with cleavage of the alkyl aryl ether 
followed by phenol detection by iron(III)chloride could be explored. Here, finding 
an applicable cleavage method is the key as phenol detection should be relatively 
straight forward.  
 
Additionally, reagents similar to the Duquenois Levine reagent for cannabis 29 
which elongate the conjugated system of Visco 388 could be evaluated. As part of 
this, a re-evaluation of the tested vanillin and p-anisaldehyde reagents should be 
performed as their lack of detection could be due to lack of reaction in the current 
test format.  

5.2.2 Investigation of application of triiodide reagent 

To the naked eye, the only difference between a positive and negative result for 
the triiodide reagent was the shade of brown of the treated area. While this 
results in a quite ambiguous difference between a positive and negative result, it 
is possible that simple image manipulation could result in a more distinctive 
difference.  
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5.3 Raman classification 
Further classification studies should be performed with sampling which enables 
true replications of the various classes. True replication of classes is important to 
ensure elimination of intrinsic variation of the cellulose sheet composition in the 
classification model.  
 
Samples of coated and uncoated sheets from several different batches should be 
collected. Sampling different batches will include  the intrinsic compositional 
variation of the sheets in the modelling, and thus exclude it from classification. 
 
Raman spectra should be collected from the front and reverse side of both the 
coated and uncoated sheets. The front and reverse spectra of the uncoated sheet 
is collected to assess if the different sheet sides hold spectral differences, e.g. due 
to varying levels of hornification. If these spectral difference are found to be 
minor, the reverse side of coated sheets can be used to model uncoated sheets. 
The advantage of this (assuming low discrepancy between the two sides) is low 
sheet composition variation in the modelling, as both classes are from the same 
batch. The disadvantage (apart from those mentioned above) is the possibility 
that Visco 388 could have penetrated the sheet partially, despite the lack of 
colouration when the reverse side is subjected to the cobalt(II)isothiocyanate 
reagent.  
 
It could also be an idea to attain spectra from a handheld Raman spectrometer to 
ensure that classification is possible even when a simpler and less expensive 
instrument is used. 
 

5.4 Fluorescence 
In order to assess the possibility of using fluorescence for the detection of Visco 
388, as presented in figure 22, a number of potential obstacles must first be 
investigated.  
 
Primarily, the fluorescent behaviour of uncoated cellulose sheets must be 
investigated. Information of the excitation wavelengths and emission 
wavelengths of potential other fluorophores present in the cellulose sheet must be 
found. Depending on the number of present fluorophores and the extent of their 
presence, excitation wavelength might be tweakable to allow only (or at least 
mainly) fluorescence of Visco 388. 
 
In addition, the optical nature of light filtering by bandpass filters available on 
the market should be investigated. This since if a bandpass filter distorts the 
lights direction, “monochromatic photography” as proposed in figure 22 is not 
possible. Further, it needs to be investigated whether a camera (figure 22, d) with 
suitable wavelength sensitivity can be found on the market, to ensure adequate 
detection of the fluorescent light.  
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Appendices 

Appendix 1: FTIR spectral assignment 
Table 1: Peak assignment table for the FTIR characterisation of dried Visco 388. 
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Appendix 2: Raman spectral assignment 
Table 2: Peak assignment table for the Raman characterisation of Visco 388. 
Coloured rows were hard to assign, and are given as several plausible molecular 
vibrations. 
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Appendix 3: PCA loadings 

 
Figure 23: Loading versus wavenumber for the ctr scaled model. In the x-axis, num 1 
to 1000 correspond to wavenumber 1700 to 700 cm-1. 
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Figure 24: Loading versus wavenumber for the UV scaled model. In the x-axis, num 1 
to 1000 correspond to wavenumber 1700 to 700 cm-1. 
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Figure 25: Loading versus wavenumber for the par scaled model. In the x-axis, num 1 
to 1000 correspond to wavenumber 1700 to 700 cm-1. 


