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Abstract 

Warfarin is a well-known anticoagulant drug that is used to prevent cardiovascular 

disease and blood coagulation such as thrombosis. In this study, the main aim was to 

investigate the photo physical characteristics of warfarin in the different molecular 

environments provided by sodium dodecyl sulfate (SDS) micelles by using ultraviolet 

absorption and fluorescence emission spectroscopic techniques. Warfarin and a 

structural analogue not existing in solution as a cyclic hemiketal, phenprocoumon, were 

mixed with different concentrations of SDS and spectral changes for these warfarin and 

phenprocoumon were recorded. Interestingly, results demonstrated, based on an evident 

increase in the absorption intensity at 273 nm and an evident blue shift in the 

fluorescence emission spectrum after the addition of an increasing concentration of SDS, 

that primarily the cyclic hemiketal isomer of warfarin was found to be solvated by SDS 

micelles at an apparent recorded critical micelle concentration of ~8mM.  Altogether 

these observations suggest that warfarin may be used as a molecular probe to explore 

the polarities of complex colloidal mixtures. Moreover, the possibility of using micelles 

for controlling the isomeric state of warfarin is interesting and can potentially be used 

for better controlling dosage of warfarin thereby reducing side effects.  
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Introduction 
 

Coumarins  

 

Coumarin, Figure 1, .It is a fragrant organic compound found in many plants such as e.g. 

Dipteryxodorata, Anthoxanthumodoratum, Galiumodoratum, Verbascum sppand. In 

some cases, coumarin can protect the plant not be eaten from animal due to its bitter 

taste. Moreover, coumarin smell sweet but have appetite-suppressing property1. 

Pharmacologically, coumarin has a median lethal doses2 of 275mg/kg, but compared to 

other related compound its toxicity is low. Other compounds derived from coumarin 

belong to coumarins are brodifacoum3,coumafury4, auraptene5, warfarin6,7 and 

phenprocoumon. Warfarin is a coumarin derivative not only used as a drug to treat 

people suffering from cardiovascular disease but also used as a pesticide against rats 

and mice.  Coumarin derivatives are often synthesized via a perking reaction8 between 

the Salicylaldehyde9 and Acetic anhydride10. Nowadays, warfarin is popular to be used 

as the previous reagent in synthesis of the anticoagulant medicine. As a drug, it can treat 

Asthma11 and lymphedema12. 

                                                

Figure 1. The molecular structure of coumarin  

Warfarin and its use as a drug  

 

Warfarin [(R,S)-4-hydroxy-3-(3-oxo-1-phenylbutyl)-2 H -1-benzopyran-2-one] is one of 

the derivatives of coumarin. It is known as anticoagulant drug which function is to 

prevent cardiovascular disease and blood coagulation13 such as thrombosis13,14. In the 

human body, the enzyme vitamin K epoxide reductase (VKOR) plays a key role in the 

coagulation of blood. Warfarin effectively inhibits this enzyme. Although warfarin is 

widely used the dose of the warfarin should be inspected strictly this because of the 

narrow therapeutic window15 of the drug, Figure 2. In order to set the right dose for the 

patient and minimizing dangerous side effects, the dose-level of warfarin is typically 

measured through the INR (International normalized ratio) method16. Moreover, the 

interaction between warfarin and vitamin K1
17 is an important element for the patient 

undergoing warfarin therapy. When the level of warfarin is high, the patients have a 

higher risk of bleeding. When the dose of warfarin is low, its activity will be limited and 

blood clots can be formed. So, patients should intake the warfarin in a range, which the 

benefit is more than risk to humans. 
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Figure 2. Warfarin as drug can prevent cardiovascular disease and blood coagulation such as thrombosis. 

The dose of warfarin should suitable which in the therapeutic window part, more doses will result 

bleeding and fewer doses will result blood clot18. 

 

Warfarin and isomerization in different environment 

 

Warfarin exists as a series of isomers, Figure 3. It has been demonstrated previously 

that the distribution of isomers is environment-dependent and in turn will affect 

warfarin’s bioavailability.18 Valente et al have demonstrated some aspects of the 

isomeric distribution of warfarin during the 1970s. Cytochrome P2C9 (CYP2C9) 19 and 

human serum albumin (HSA) 20 and even binding site models such as the cyclodextrins 
21 have been investigated. A a series of studies have demonstrated that warfarin in 

solution is present as kind of isomers. It can be summed up that warfarin preferably 

adopts cyclic hemiketal structures in low dielectric constant solvents. When they 

transfer between solution and binding site, it can potentially even change the positions 

of the various equilibria responsible for formation of the different isomers. The 

photophysical behavior of the isomers of the anticoagulant drug warfarin in various 

solvents and solvent mixtures was investigated using absorption, 1H NMR, and steady-

state and time-resolved fluorescence in conjunction with B3LYP-based theoretical 

treatments, that spectroscopic studies performed by Karlsson et al. 22 explored the 

correlation of the existed Warfarin isomers presented in different environment and 

spectroscopic behavior. Furthermore, Warfarin’s isomerization behavior upon binding 

to different structures follows the same trends was researched by Nicholls et al 23, 

Moreover, these studies demonstrate the potential for using warfarin as a tool for 

studying molecular level characteristics, for example local dielectricity. One way to 

measure the nature of the molecular environment is through the dielectric constant24 

which is a parameter of material to attenuate the transmission of an electronic force25 

from one charged body to another. In chemistry, the value of the dielectric constant 

represents its chemical polarity26.  
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Figure 3. The structures of warfarin’s isomerization found in literature27,28. OCO the open side chain 

coumarin; DCO is deprotonated open side chain coumarin; HCO is H-bonded open side chain coumarin; 

CCO is cyclic coumarin;  

 

Table 1. Dielectric constants of solvents used in this study. It shows dielectric constants of four different 

solvents that are used in this work at 20℃. The higher value of the dielectric constant the more polar is 

the solvent. So, the order of the polarity from low to high should be octanol, propanol, acetonitrile and 

water. 

 

Material Dielectric constant 

Water 80.04 

Acetonitrile 36.64 

2-propanol 20.18 

Octanol 10.30 

a 20 °C (293 K) 
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Molecular Spectroscopy 
UV/Vis-Absorption Spectroscopy 

 

The ultraviolet (UV) and visible (Vis) absorption spectroscopy is a technology to record 

the attenuation of the light when it passes through a sample. The wavelengths used in 

UV/Vis-absorption spectroscopy ranges from approximately 200 nm to 800 nm. When 

the light passes through the sample and the energy of the photons matches the energy 

difference between electronic states, the light energy will be absorbed and the electrons 

will be excited from a lower energy orbital to an orbital of higher energy (Figure 4). The 

details of transition probability on vibration bands can be further obtained according to 

Born-Oppenheimer approximation and the Frank-Condon Principle. UV/Vis-

Spectroscopy used to detect the functional group in molecule, because different 

functional groups can absorb different wavelengths. Four types of electronic transitions 

occurred in UV/Vis-absorption spectroscopy ranges, they are π-π*, n-π*, σ - σ*, n - σ *. 

The π-π* and n - σ * also bring red shifts on the curves due to lower absorbed energy. 

Among them, π-π*, n-π* transitions can be observed in the UV-vis region, because σ - 

σ* transition need an absorption of photon which the wavelength not in UV-vis range.  

 

 

Fluorescence 

Fluorescence spectroscopy is a technique where the emitted light from an electronically 

excited molecule (fluorophore) can be recorded and analyzed. One way to explain the 

origin to the fluorescence emission phenomenon is by a Jablonskí diagram (Figure 4). 

In this diagram the thicker lines mean different electronic energy levels that can be 

populated, while the thinner lines mean vibrational energy levels. When the sample is 

irradiated, the electrons in the sample will absorb the photons from the light and transit 

from the ground level to a higher energy level. After an electron is becoming excited, 

there are several different ways that the excited molecule can be relaxed back to its 

ground state; these are e.g. vibrational relaxation, intersystem crossing, solvent 

relaxation and fluorescence emission. Initially, vibrational relaxation (internal 

conversion) typically occurs from vibrational excited states within electronically excited 

states quickly down to S1 and hence fluorescence emission represents the S1-S0 

transition. For the solvent relaxation process, it can be affected by the polarity of the 

solvent molecules and the excited molecule will lose some of its energy due to 

interactions with solvent molecules in its excited state (increased dipole moment) in 

turn leading to a lowering of the S1-state. As a result, the fluorescence emission 

maximum will be red-shifted. Comparing to the fluorescence emission process, the 

UV/Vis absorbance process is too fast to be affected by environment (10-15 s), so it 
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cannot show the wavelength change that is why the fluorescence technology is more 

sensitive to polarity of the solvent than UV/Vis absorbance spectroscopy.   

 

 

 

 

Figure 4. The Jablonskí diagram showing the excitation and relaxation processes involved in UV/VIS 

absorption- and fluorescence emission spectroscopy. 

 

Micelles 

A micelle is an aggregate of surfactant molecules dispersed in liquid. The form of 

Micelle consists of “hydrophilic head” which contact with the solvent and “hydrophobic 

tail” which gather in the inner of the micelle center.   

Association colloids 

A colloid system is defined according by the Oxford English Dictionary as: 

“a homogeneous non-crystalline substance consisting of large molecules or 

ultramicroscopic particles of one substance dispersed through a second substance. 

Colloids include gels, sols, and emulsions; the particles do not settle, and cannot be 

separated out by ordinary filtering or centrifuging like those in a suspension.”  
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A colloidal system can be classified in three, these are: colloidal dispersion, true 

solutions of macromolecular material and association colloids.  

Colloidal dispersions contain a dispersed phase (insoluble solid particles, liquid droplets 

or air bubbles) suspended in a dispersing medium. The dispersions are 

thermodynamically unstable and irreversible system that means they cannot reconstitute 

after phase separation. True solutions of macro-molecular material are thermodynamic-

ally stable and they can reconstitute after the phase separation. Association colloids, 

such as micelles, are also thermodynamically stable. The micelles are aggregates of a 

surfactant in aqueous solution. 

Micellization of sodium dodecyl sulfate   

Sodium dodecyl sulfate (SDS) is an anionic surfactant29 

A surfactant is a compound that can decrease the interfacial tension between liquid and 

a solid or between two liquids as well as the surface tension between a liquid and a gas.  

A surfactant consists of two parts, hydrophobic and hydrophilic, which means that SDS 

contains both an oil- and a water-soluble part, Figure 5 (a and b). When the 

concentration of SDS in water reaches a critical level (critical micelle concentration, 

CMC) and when the temperature is above the KRAFFT point, micelle structures form 

spontaneously. A micelle is stabilized by the formation of hydrophobic interactions 

between the hydrophobic chains, and the polar head groups are projected outwards 

which allows for their interaction with water (Figure 5c).  CMC for SDS in pure water 

at 25 ℃ is 8.2mM. 30 There are three main methods for determining CMC, they are 

tensiometry31, conductometry32 and fluorescence spectroscopy33. 
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Figure 5. a) The structure of sodium dodecyl sulfate b) A schematic structure of sodium dodecyl sulfate 

highlighting its hydrophobic tail (blue) and the hydrophilic head (red). c) A representation of a cross 

section of a roughly spherical SDS micelle.  

Micelles as Drug-Delivery Systems 

In studies aimed at investigating possible micelle-based mechanisms for drug delivery, 

how warfarin and other substances can be incorporated into micelles was examined 

using fluorescence energy resonance transfer (FRET) in work published by Parvaiz 

Ahmad Bhat et al. 34 and by Aijaz Ahmad Dar et al. 35.  Cosolubilization of Coumarin30 

and Warfarin in Cationic, Anionic, and Nonionic Micelles: A Micelle−Water Interfacial 

Charge Dependent FRET). These study shows cosolubilization and solubilization 

performance of warfarin and C30 in surfactant assemblies of SDS. For the warfarin, it 

shows no interaction with SDS micelles because of the proportion of its deprotonated 

form which restricted interaction with SDS solution.  

Many drugs are taken orally. In order to reach good absorption and bioavailability, the 

drug should match the different molecular environments that it encounters on its way to 

its biological target including low gastric pH and the epithelial membrane of the gastro 

intestinal tract. However, many drugs do not reach the bioavailability requirement and 

in these case needs to be carefully reformulated. .In one such example polymeric 

micelles (PMs)36 can increase the drug bioavailability and drug absorption. The PM:s 

consist of hydrophilic block of polymer and hydrophobic block of the polymer (Figure 

6)37,38. PMs can be regarded as a drug delivery system, because the core of a PM is a 

hydrophobic block, which can incorporate (solubilize) a non-polar drug particle and the 

outer shield is a hydrophilic block, which can stabilize the system and interact with the 

biological cells. The core-shield structure will self-assemble spontaneously in an 

aqueous solution when the concentration of the block polymer is above CMC39. 

 

Figure 6. The polymeric micelle as a drug delivery systems40 
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Main Objective 
In this project, the photo physical characteristics of warfarin and phenprocoumon, 

which is a structural analogue to warfarin and not capable of existing as a cyclic 

hemiketal, are investigated in a series of different molecular environments to test the 

role of solvent parameters on their UV-absorption and fluorescence spectroscopic 

properties, and in particular their potential to interact with micelles. Moreover, 

experiments will be performed in order to investigate the potential of using warfarin and 

phenprocoumon as molecular probes to measure the critical micelle concentration of the 

surfactant sodium dodecyl sulfate. 
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Materials & Methods 

 
Chemicals 
 

Warfarin (>98%), phenprocoumon (analytical grade), acetonitrile (spectroscopic grade), 

1-octanol (HPLC grade, >99%) and 2-propanol (HPLC grade, >99%) and sodium 

dodecyl sulfate (92,5-100,5% based on total alkyl sulfate content basis) were all 

purchased from Sigma-Aldrich (St. Louis, USA). The water used was of Millipore 

quality and from Millipore (Bedford, USA). 

Apparatus 

Absorption spectroscopic measurements were recorded at 20℃  on a Hitachi U-2000 

double-beamed spectrophotometer whereas fluorescence emission spectroscopic 

measurements were recorded on a SPEX fluoroMax-3 fluorimeter from JOBIN-YVON 

HORIBA. The wavelength of absorption spectroscopy was recorded from 200nm to 

400nm. The wavelength of excitation was 342nm and the fluorescence emission 

spectroscopy was recorded from 310 nm to 450 nm. The excitation and emission 

monochromatic slit widths were 5 nm and were held constant during all experiment. 

All recorded fluorescence emission spectra were corrected for wavelength dependent 

optical components.  

In all measurements quartz cuvettes from HELLMA were used (1 cm path length and 

total volume 3.0 mL) using a final concentration of warfarin or phenprocoumon in the 

cuvette of 10M. 

Methods 
 
Sample preparation and measurements 

Initially, the purity of all solvents was checked by fluorescence emission spectroscopy. 

Prior to spectroscopic investigations, 100 M solutions of warfarin and 

phenprocoumon in Millipore water (due to solubility problems a 30 M solution of 

phenprocoumon was prepared in this solvent) , acetonitrile41, water, 1-octanol , 

(acetonitrile and 2-proponal, 1:1, v/v) were prepared. In order to remove dissolved 

oxygen the solutions were  put in an ultrasonic bath for 20 minutes at 20℃.  

During titrations in water using sodium dodecyl sulfate (SDS) aliquots of SDS were 

taken from a 346.7mM stock solution of SDS to a 3.0 mL cuvette containing 10 M of 

warfarin or phenprocoumon. The final concentration of SDS in the cuvettes was 

21.65mM. Experiments were performed at least two times for titration experiments 
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followed by absorption spectroscopy however only once for titration experiments 

followed by fluorescence spectroscopy.  
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Results & Discussion 
In this work, the photo physical characteristics of warfarin and phenprocoumon were 

tested in different solvents and molecular environments.  

 

Figure 7. UV absorbance spectra of warfarin and phenprocoumon upon titration with increasing 

concentrations of SDS (0mM to 21.65mM).  

Figure 7 shows the UV absorbance spectra of the warfarin and phenprocoumon at 

different concentrations of SDS. For warfarin, it is evident that the absorbance increases 

at regions in the spectrum centered at approximately 273 nm and decreases at 305 nm. 

But for phenprocoumon, which cannot exit as a cyclic hemiketal (CCO, Figure 3) in 

solution, the absorbance only increases and is significantly smaller than that observed 

for warfarin. Based upon this observation it can be suggested that the presence of SDS 

in solution can influence the isomeric distribution of warfarin favoring the formation of 

cyclic hemiketals (CCO).  

 

Figure 8. This figure shows the absorbance change (mean  standard error of the mean) in warfarin and 

phenprocoumon absorption spectrum that occurs as a function of SDS concentration at a single 

wavelength.  

A more detailed analysis of the absorbance changes that occurs upon titration of SDS 

were performed, Figure 8. For warfarin, a clear saturation behavior can be observed in 

both the decrease in absorbance at 305 nm as well as the increase at 273 nm. 
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Interestingly these curves were found to intersect at around a SDS concentration of 

8.9mM. The CMC for SDS in pure water is reported to be 8.2mM and it is interesting to 

note that this might imply that the presence of cyclic hemiketals in solution can favor 

the formation of micelles. Due to the environment sensitivity of the fluorescence 

spectroscopic technique, a series of fluorescence emission spectra were recorded of 

warfarin and phenprocoumon in the absence and presence of increasing concentrations 

of SDS, Figure 9. Also, In the Appendix, Figures 7.1 - 7.2 refer to the fluorescence 

emission spectra of warfarin and Figures 7.3 - 7.4 refer to the fluorescence emission 

spectra of phenprocoumon. 

 

Figure 9. The fluorescence spectroscopy of the (top) warfarin and (bottom) phenprocoumon in the 

aqueous solution of SDS. 

The additions of increasing concentrations of SDS to solution or warfarin and 

phenprocoumon resulted in a very evident blue shift for warfarin at concentrations of 

SDS > 6mM, Figure 10. This result can be interpreted when considering the molecular 

environment encountered by warfarin when interacting with SDS micelles. Based on the 

fluorescence emission maximum observed at these higher concentrations of SDS which 

is 340-350 nm, this environment is similar to that of pure heptane, Table 2. From this it 

can be suggested that warfarin as a cyclic hemiketal isomer is solvated by the micelles. 

However, these results are not in agreement with the FRET-based studies of Bhat et al. 

and by Dar et al. 29, who showed warfarin is no interaction with SDS micelles due to the 

predominance of its deprotonated form which restricted interaction with SDS solution.  

The differences between the behavior observed here and that in the Bhat and Dar papers 

including the differences in relative concentrations of components, contamination with 

impurities in the surfactant or the presence of other fluorescent components. 
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Figure 10.The correlation between emission maximum wavelength and the concentration of SDS for 

phenprocoumn and warfarin. 

Table 2. This table was cited from previous published paper42, it shows spectroscopy’s information of 

different solvent. 

 

 

Finally, the previously reported spectroscopic behavior of warfarin in acetonitrile and 

the alcoholic solvents such as methanol and ethanol that indicated the presence of an 

fraction of an anionic species of warfarin in these solvents42, prompted the running of 

a series of emission spectra in octanol and in a solution comprised of equal volumes 

of acetonitrile and 2-propanol, Figures 11 and 12. In these experiments, warfarin and 

phenprocoumon solution in acetonitrile and water were used as references.  
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Figure 11. Fluorescence emission spectra of warfarin in water, acetonitrile (ACN), octanol and a mixture 

(1:1, v/v) of ACN and 2-propanol.  

 

Figure 12. Fluorescence emission spectra of phenprocoumon in water, acetonitrile (ACN), octanol and a 

mixture (1:1, v/v) of ACN and 2-propanol.  

Interestingly, results from these studies indicated that octanol gives rise to a broad 

fluorescence emission spectrum with two fluorescence bands for both warfarin and 

phenprocoumon. This can be expected if the hydroxyl group of octanol is capable of 

interacting with the phenolic-type hydroxyl group of warfarin and phenprocoumon 

thereby leading to a fluorescent state of warfarin with a significantly higher quantum 

yield. This has previously been observed for both ethanol and 2-propanol and most 

significantly also for acetonitrile. It has previously been shown that it is possible to 

prepare a warfarin sodium 2-propanol solvate.  
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Altogether, this implies the complexity of studying the influence of the molecular 

environment on the isomeric distribution of warfarin.   
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Conclusions and Future Outlook 

In this work a series of UV-visible and fluorescence spectroscopic experiments were 

performed on solutions of warfarin and the structural analogue phenprocoumon. In 

summary, the results obtained indicate that warfarin may be used as a molecular probe 

to estimate critical micelle concentrations (CMC). Studies on the nature of warfarin’s 

interaction in the micelle structures are of interest to help further understand the 

behavior of this complex small organic molecule. Fluorescence studies, in particular 

time resolved spectroscopy, and anisotropy studies (steady state and time resolved) 

could help shed light on the mobility of warfarin in these systems. Such studies may 

also yield insights of value for understanding warfarin’s bioavailability, and even be of 

help in the development of controlled release. 
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