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Abstract. Fluorescein sodium (FluNa) is an organic xanthene-derivative fluorochrome 

appearing as crimson powder. In the form of solution, fluorescein absorbs blue light and emits 

green-to-yellow fluorescence under the incidence of visible or ultra-violet light. In petroleum 

industry, it is normally used as fluorescent tracer to determine reservoir connectivity between 

injection and production wells. In this study, fluorescein concentration at 10 ppm was critical 

concentration that reversed relationship between fluorescence intensity and fluorescence 

concentration. Emission wavelength at maximum fluorescence intensity became a function of 

fluorescein concentration until 512 nm at 1 ppm and there was no longer reduction of emission 

wavelength beyond this value at lower concentration. Fluorescence of fluorescein could not be 

observed by naked eyes at concentrations below 100 ppb, whereas its detection limit by 

fluorescence spectrophotometer could be lowered to 1 ppb. Fluorescence spectra of fluorescein 

concentrations at 10 ppt and 100 ppt were similar to those of tap water, formation water, and 

deionized water. Therefore, detection limit of fluorescein was determined to be at 1 ppb. 

Fluorescence of fluorescein was photodegraded by light up to 30% when stored inside 

transparent glass bottles and being exposed to light for 7 days and fluorescence of the solution 

became darker with time. On the other hand, fluorescence intensities of FluNa solution stored 

inside amber-coloured glass bottles in both all-time concealment and normal room conditions 

were almost identical. Fluorescence spectra of the solution at pH of 3 had lower fluorescence 

intensity and shorter emission wavelength at maximum fluorescence intensity than the 

solutions at pH of 7 and 11 that were mostly identical. Fluorescence of fluorescein was not 

affected by temperature in the range of 30-70°C for 12 days. Hence, the storage conditions for 

fluorescein solution were recommended to be stored inside amber-coloured glass bottle to 

prevent photodegradation with pH 7 or above. 

1.  Introduction 

Tracer is described as any compound added to injected fluids and can be easily detected even in a trace 

amount. Tracer is normally used in applications of petroleum industry to determine reservoir 

connectivity between injection and production wells. Tracer selection is based on following 

characteristics including (1) being non-existent substance in the reservoir, (2) having low detection 

limit level, (3) having simple and easy quantitative analysis, (4) being thermally, biologically, and 

chemically stable in atmospheric and reservoir conditions, (5) following the phase being injected with 

the same flood front velocity and having minimal influence to other phases, (6) having no adsorption 
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and reaction to the formation, surface and subsurface equipment, (7) having minimal environmental 

consequence, and (8) being inexpensive [1]-[3]. 

Fluorescent tracer is a tracer that can illuminate itself upon receiving specific wavelength of light. 

It is considered to be inexpensive, safe, and simple to analyse, and can also be detected visually 

without conducting laboratory analysis. Fluorescein sodium (FluNa), one of the most referenced 

fluorescent tracer due to its fluorescence and the absence of toxicity and biodegradability, is an 

organic xanthene-derivative fluorochrome appearing as crimson powder. It is made from two 

petroleum products called resorcinol and phthalic anhydride [4]. It has very low detection limit and 

absorbs light from blue spectrum and emits light in green spectrum under the incidence of visible or 

ultra-violet light. Since it is widely used in many medical and pharmaceutical applications such as 

antibody-labelling agents and ophthalmic armamentarium, it can be obviously verified that it is 

absolutely harmless to the environment and human being. Furthermore, FluNa is usually used in other 

petroleum applications to determine fluid residence time distribution within the reservoir, dispersive 

characteristics, preferential flow channels, and fracture volume. However, the main drawbacks of 

FluNa are that it is highly pH-dependent, and can be photodegraded. Therefore, in this study, detection 

limit of FluNa would be determined and both drawbacks of FluNa would be evaluated. Chemical 

structure of FluNa is shown in figure 1, and physical and chemical properties are shown in table 1. 

 
 

Figure 1. Chemical structure of fluorescein sodium. 

Table 1. Physical and chemical properties of fluorescein sodium. 

Properties Value 

Molecular formula C20H10Na2O5 

Molecular weight 376.3 

Melting point 315°C 

Decomposition temperature 395°C 

Solubility in water 100 mg/mL at 20°C 

Excitation wavelength 480 nm 

Emission wavelength 520 nm 

2.  Theory 

Fluorescence is one of photoluminescence which is related to a photonic emission process by 

fluorochromes during the molecular relaxation from electronic excited states to electronic ground state 

after being excited by electromagnetic radiations. The transition of excited electrons involves with two 

states: electronic and vibrational states. Electronic states are separated by energies of the order of 

10,000 cm-1. Each electronic state is divided into multiple sublevels so-called vibrational states which 

are separated by energies of the order of 100 cm-1. The electromagnetic radiations in the ultraviolet are 

required to trigger an electronic transition. 
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Originally, electrons remain as electron pairs on the lowest vibrational state of the electronic 

ground state and rotate on their own orbitals around the nucleus. Each electron pair stays in the form 

of antisymmetric electronic wave function so-called singlet state or single electronic state in which 

each electron has opposite electron spin. After electron pairs are impacted by electromagnetic 

radiations, an absorption occurs which excites electrons. After that, one electron from each electron 

pair leaves its own orbital on the lowest vibrational state of the electronic ground state and goes to the 

higher orbital on the accessible vibrational state of the accessible electronic excited state. This makes 

the singlet state of electron pair to be excited singlet state in which one electron on the electronic 

excited state still has the opposite electron spin from another electron that remains on the electronic 

ground state. The higher the energy impact from electromagnetic radiation on electrons, the higher the 

accessible vibrational state of the accessible electronic excited state of the excited electrons. 

Subsequently, the unstable excited electrons are quickly relaxed back to the lowest vibrational state 

of the electronic ground state. During the relaxation, the excited electrons lose their energies through 

three processes: vibrational relaxation, collisional quenching and internal conversion. Vibrational 

relaxation is a process that makes excited electrons lose their energies in the form of vibrational 

energy, whereas collisional quenching is a process that excited electrons lose their energy by colliding 

with quenchers which are substances that can absorb fluorescence such as oxygen, chloride ions, 

iodide ions and acrylamide. These two processes result in the excited electrons to relax from higher 

vibrational state to lower vibrational state of the same excited electronic state. Internal conversion is a 

process that makes excited electrons on the lowest vibrational state of the higher excited electronic 

state to lose their energies and goes to the highest vibrational state of the lower excited electronic state. 

These three processes continue until the excited electrons reach the lowest vibrational state of the 

lowest electronic excited state. Next, the last interval conversion from this state to the allowable 

vibrational state of the electronic ground state occurs in two ways: non-radiative and radiative 

processes. Non-radiative process is a process that the excited electrons lose their energies in the form 

of thermal energy, whereas radiative process is a process that the excited electrons lose their energies 

by emitting photon in the form of fluorescence. Fluorescence has wavelength longer than that of 

electromagnetic radiation due to the loss of energy though vibrational relaxation, collisional quenching 

and internal conversion. Eventually, vibrational relaxation and collisional quenching occur until the 

excited electrons reach the lowest vibrational state of the electronic ground state. 

Moreover, during the relaxation of the excited electrons on the excited singlet state, intersystem 

crossing can occur instead of internal conversion which is caused by spin orbit coupling that reverses 

the electron spin of electron pairs from antisymmetric (opposite electron spin; singlet) to symmetric 

(same electron spin; triplet) electronic wave function; that is, the relaxation of excited elections from 

higher energy of excited singlet state to lower energy of excited triplet state occurs. The following 

processes occur in the same manners as described in the previous paragraph. When excited triplet 

electrons reach the lowest vibrational state of the lowest electronic excited state, intersystem crossing 

occurs again which makes excited triplet electrons to lose energies and change back to grounded 

singlet electrons upon reaching the electronic ground state. The energies are also lost in two ways: 

non-radiative and radiative processes. Non-radiative process also causes the energy lost in the form of 

thermal energy, whereas radiative process causes the excited triplet electrons to lose energies by 

emitting photon in the form of phosphorescence. Unfortunately, phosphorescence can occur only at 

least cryogenic temperature and is rarely detected in aqueous systems at average temperature. [5]-[8]. 

The electronic transition is illustrated by using Jablonski diagram shown in figure 2. It is noted that 

in figure 2, S0, S1, S2, and T1 represent electronic ground state, lower electronic excited singlet state, 

higher electronic excited singlet state, and electronic excited triplet state, respectively. The singlet and 

triplet states of electron spin are shown in figure 3. 
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Figure 2. Jablonski diagram. [7] 

 

 
 

Figure 3. Singlet and triplet states of electron spin.  

3.  Materials and Methods 

3.1. Materials 

Fluorescein sodium salt was used to represent fluorescent tracer in this study. Deionized was used as a 

solvent. Sodium carbonate and 5% acetic acid were used in potential of hydrogen (pH) sensitivity 

evaluation of FluNa. Acetone was utilized to clean all laboratory equipment before and after 

performing the tests. Formation water used in detection limit determination of FluNa was based on 

chemical composition of formulation taken from Sirikit Oilfield (S1) operated by PTT Exploration and 

Production Public Company Limited. Total dissolved solid (TDS) of formation water was 14,098 ppm 

and it was artificially prepared by using NaCl, KCl, NaHCO3, MgCl2, CaCl2, and Na2SO4. 

3.2. Characterization of Fluorescein Sodium 

FluNa was characterized by using Cary Eclipse fluorescence spectrophotometer available at the 

Department of Chemistry, Faculty of Science, Chulalongkorn University. Photomultipliers (PMT) 

voltage was ranged between 400-800 V and slit sizes for both excitation and emission filters were 5 

and 10 nm. Standard rectangular fluorimeter quartz cuvette with dimensions of 12.5 mm × 12.5 mm × 

45 mm, path length and internal width of 10 mm, and nominal volume of 3.5 ml was used to contain 

sample inside fluorescence spectrophotometer. The cuvette had four windows and base-polished, and a 

polyethylene vaned lid was used to provide a liquid-tight seal. 

3.3. Detection Limit Determination of Fluorescein Sodium 

FluNa solution with concentration of 1,000 ppm was prepared and diluted to 500 ppm, 200 ppm, 100 

ppm, 50 ppm, 10 ppm, 1 ppm, 500 ppb, 200 ppb, 100 ppb, 50 ppb, 10 ppb, 1 ppb, 100 ppt, and 10 ppt. 

Suitable PMT voltages and slit sizes were selected to match with the detectable limit of each 

concentration. Deionized water, saline water, and tap water were used to compare the results with 

FluNa solution at very low concentrations. 
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3.4. Photosensitivity Evaluation of Fluorescein Sodium 

FluNa solution with concentration of 100 ppm was prepared and poured into transparent and amber-

coloured glass bottles. Three sets of the experiment were designed including (1) all-time exposure to 

light using transparent glass bottles, (2) all-time concealment using amber-coloured glass bottles, and 

(3) normal room conditions (approximately 30°C) using amber-coloured glass bottles. Each sample in 

each set was collected within 1, 2, and 7 days. 

3.5. Potential of Hydrogen (pH) Sensitivity Evaluation of Fluorescein Sodium 

FluNa solution with concentration of 100 ppm was prepared and equally divided into three beakers. 

Acetic acid (CH3COOH) and sodium carbonate (Na2CO3) were added into two beakers to make the 

solution acidic and basic, respectively. The last beaker was left without adding anything to make it 

neutral. The pH universal indicator papers were used to measure pH of each solution. Each sample 

was poured into borosilicate glass measuring cylinders for better qualitative comparison. 

3.6. Thermal Stability Evaluation of Fluorescein Sodium 

FluNa solution with concentration of 100 ppm was prepared and poured into amber-coloured glass 

bottles. The bottles were soaked in water bath at temperatures of 30°C, 50°C, and 70°C. Each sample 

of each temperature was collected within time period of 1, 2, 5, and 12 days. 

4.  Results and Discussion 

4.1. Detection Limit Determination of Fluorescein Sodium 

The results showed that fluorescence intensity of 1,000-ppm FluNa solution had lower maximum 

fluorescence intensity than that of 500-ppm solution as shown in figure 4a. In addition, 1,000-ppm 

solution had emission wavelength at maximum fluorescence intensity of 545 nm, whereas 500-ppm 

solution had slightly shorter emission wavelength of 541 nm. The physical appearance of 1,000-ppm 

solution (figure 5a) was darker in fluorescence compared to 500-ppm solution (figure 5b). 

Likewise, fluorescence intensity of 200-ppm solution still had lower maximum fluorescence 

intensity than that of 100-ppm solution as shown in Fig. 4a. Also, 200-ppm solution had slightly 

longer emission wavelength at maximum fluorescence intensity of 532 nm than that of 100-ppm 

solution which had emission wavelength of 528 nm. Both 100- (figure 5c) and 200-ppm (figure 5d) 

solution showed brighter fluorescence than 500- ppm solution and 100-ppm solution emitted brighter 

fluorescence than 200-ppm solution. 

 
(a)           (b) 

 

Figure 4. Fluorescence emission spectra of FluNa solution with (a) PMT voltage of 600 V and slit size 

of 5 nm, and (b) PMT voltage of 500 V and slit size of 5 nm. 
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         (a)       (b)     (c)                  (d) 
 

Figure 5. FluNa solution with concentrations of (a) 1,000 ppm, (b) 500 ppm, (c) 200 ppm and (d) 100 

ppm. 

Next, figure 6 showed that 10-ppm solution had the highest maximum fluorescence intensity. 

FluNa solution with concentrations higher than 10 ppm showed lower fluorescence intensity with 

higher concentration, whereas concentrations lower than 10 ppm also showed lower fluorescence 

intensity with lower concentration, meaning that self-quenching effect had stopped. Similarly, higher 

fluorescein concentration still had slightly longer emission wavelength at maximum fluorescence 

intensity than the lower one where the wavelengths were 528, 523, 516, 512, and 512 nm for the 

concentrations of 100, 50, 10, 1, and 0.5 ppm (500 ppb), respectively. Besides, 50-ppm solution had 

brighter fluorescence than 100-ppm solution (figure 5d) and below 10 ppm, the fluorescence became 

fader as shown in figure 7. 

 
Figure 6. Fluorescence emission spectra of FluNa solution with PMT voltage of 400 V and slit size of 

5 nm. 
 

    
            (a)        (b)   (c)            (d) 
 

Figure 7. FluNa solution with concentrations of (a) 50 ppm, (b) 10 ppm, (c) 1 ppm, and (d) 500 ppb 

(0.5 ppm). 
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Later, as fluorescein concentration was diluted, maximum fluorescence intensity had decreased as 

shown in figure 8. Emission wavelength at maximum fluorescence intensity of each concentration 

stopped to decline at 512 nm when the concentration fell below 1 ppm. As shown in figure 9, 

fluorescence of FluNa solution became fader as the concentration decreased and eventually 

fluorescence could not be observed by naked eyes when the concentration fells below 100 ppb. 

 
(a)         (b) 

 
(c)         (d) 

 

Figure 8. Fluorescence emission spectra of FluNa solution with (a) PMT voltage of 550 V and slit size 

of 5 nm, and (b) PMT voltage of 600 V and slit size of 5 nm, (c) PMT voltage of 700 V and slit size of 

5 nm, and (d) PMT voltage of 800 V and slit size of 5 nm. 

 

    
              (a)          (b)                 (c)          (d) 
 

Figure 9. FluNa solution with concentrations of (a) 200 ppb, (b) 100 ppb, (c) 50 ppb, and (d) 10 ppb. 

As shown in figure 10, at concentrations of 100 ppt and 10 ppt with slit size of 10 nm, fluorescence 

intensity peak could not be observed in the spectra, meaning that fluorescein could not be detected. 
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showed no peak similar to that of 10- and 100-ppt FluNa solution. Therefore, the detection limit of 

FluNa was determined to be at the concentration of 1 ppb. 

 
 

Figure 10. Fluorescence emission spectra of FluNa solution and various types of water with PMT 

voltage of 800 V and slit size of 10 nm. 

 

4.2. Photosensitivity Evaluation of Fluorescein Sodium 

The results showed that FluNa was photodegraded by light. As shown in figure 11, for all-time 

exposure to light, fluorescence intensity had lost its intensity up to 30% compared to maximum 

fluorescence intensity of 545 a.u. for 7 days, respectively and fluorescence spectra were slightly 

shifted to left. Fluorescence of FluNa solution also became darker as time passed as shown in figure 

12. On the other hand, both all-time concealment and normal room conditions showed almost no 

difference in fluorescence spectra for all days. Therefore, amber-coloured glass bottle was considered 

as an appropriate storage for FluNa solution. 
 

 
(a) 

 
(b) 

  
(c) 

 

Figure 11. Fluorescence emission spectra of FluNa solution with PMT voltage of 500 V and slit size 

of 5 nm for (a) all-time exposure to light, (b) all-time concealment, and (c) normal room conditions. 
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Figure 12. Fluorescence of FluNa solution in all-time exposure to light including 1 day (left), 2 days 

(middle), and 7 days (right). 

4.3. Evaluation of pH Sensitivity of Fluorescein Sodium 

FluNa solutions were prepared with pH of of 3, 7, and 11 to represent acidic, neutral, and basic 

conditions, respectively. Figure 13 showed that acidic solution had lower fluorescence intensity and 

shorter emission wavelength at maximum fluorescence intensity than the others. Moreover, the 

cylinder containing acidic solution showed darker fluorescence compared to the rest that showed 

almost the same fluorescence as shown in figure 14. Therefore, fluorescence of FluNa was affected in 

acidic pH, but unaffected and remained stable in neutral and basic pH. 

  
 

Figure 13. Fluorescence emission spectra of FluNa solution with different pH with PMT voltage of 

500 V and slit size of 5 nm. 

 
 

Figure 14. FluNa solution with different pH in borosilicate glass measuring cylinders including pH 3 

(left), pH 7 (middle), and pH 11 (right). 

4.4. Evaluation of Thermal Stability of Fluorescein Sodium 

As shown in figure 15, fluorescence intensity of FluNa solution was not affected by temperature up to 

70°C for 12 days, meaning that FluNa could be used in petroleum reservoir under these temperature 

ranges without substantial thermal degradation. 
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Figure 15. Fluorescence emission spectra of FluNa solutions at different temperatures for 12 days 

with PMT voltage of 500 V and slit size of 5 nm. 

5.  Conclusions 

In this study, fluorescein concentration at 10 ppm was critical concentration that reversed relationship 

between fluorescence intensity and fluorescence concentration. Fluorescence of fluorescein could not 

be observed by naked eyes at concentrations below 100 ppb, whereas its detection limit by 

fluorescence spectrophotometer could be lowered to 1 ppb. Fluorescence of fluorescein was 

photodegraded by light up to 30% when stored inside transparent glass bottles and being exposed to 

light for 7 days and fluorescence of the solution became darker with time. On the other hand, 

fluorescence intensities of FluNa solution stored inside amber-coloured glass bottles in both all-time 

concealment and normal room conditions were almost identical. Fluorescence spectra of the solution 

at pH of 3 had lower fluorescence intensity and shorter emission wavelength at maximum fluorescence 

intensity than the solutions at pH of 7 and 11 that were mostly identical. Hence, the storage conditions 

for FluNa solution were recommended to be stored inside amber-coloured glass bottle to prevent 

photodegradation with pH 7 or above. Fluorescence of fluorescein was not affected by temperature in 

the range of 30-70°C for 12 days. This study was the first step of FluNa investigation in applications 

of petroleum industry. Further investigations shall focus on fluorescein adsorption on the rock matrix 

and appropriate fluorescein concentration used in the pilot project can be determined. Simultaneous 

use of FluNa with other fluorescent tracers shall also be evaluated. 
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