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Abstract 

By 

Fazila Haque 

There are many biological and environmental uses for trivalent metals (like Fe3+, Al3+, 

and Cr3+) within our daily lives. Whether these trivalent metals are found in deficiency or excess 

can cause issues within our environment (global warming) or our bodies (can cause problems 

with our digestive, cardiovascular, and immune systems). Being able to detect them and 

understanding their importance becomes crucial in our understanding of the world that surrounds 

us.   

One of the ways we can detect these trivalent metals is through the use of chemosensors. 

Chemosensors are used to sense analyte (trivalent metal) to produce a signal (fluorescence or 

absorbance). Much research has been done about trivalent colorimetric and fluorometric 

chemosensors, but many of these have complex syntheses to obtain the primary ligand used for 

trivalent metal detection, and even with such complex ligands the detection limit is still 

unreasonably high.  

A chemosensor that is selective and sensitive to the trivalent metals (Al3+, Fe3+, and Cr3+) 

while aiming for a low detection limit and a simple synthesis for the ligand would save time and 

resources needed for trivalent chemosensors. This colorimetric and fluorometric chemosensor is 

proven useful in environmental applications, provides aid in research regarding the impacts of 

these metals in the environment, and the medical field, helpful for diagnostics and imaging, will 

allow for advancements in both fields. This researched successfully obtained a chemosensor with 

a low limit of detection, ranging from 0.067-0.092µM for absorbance and 0.016-0.019µM for 

fluorescence.  
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CHAPTER 1: INTRODUCTION 
  

There are many biological and environmental uses for trivalent metals (like Fe3+, Al3+, 

and Cr3+) within our daily lives. Being able to detect them and understanding their importance of 

them becomes crucial in our understanding of the world that surrounds us. Many of these 

trivalent metals can cause harm when found in deficiency or excess within their surroundings, or 

even in our own bodies.  

Al3+ is important due to its massive abundance within the environment and biological 

relevance. Excess of Al3+ within our own bodies can cause significant damage to cells and 

tissues, and cause a variety of diseases like Parkinson’s disease [1]. Another metal of focus is 

Cr3+, due to its links with many diseases regarding the digestive pathway and cardiovascular 

system [2]. Lastly Fe3+, excess or deficiency in this metal can cause detrimental damage to one’s 

body. Excess of Fe3+ in the body can cause it to become a reactive oxygen species, which can 

damage proteins, lipids, and nucleic acids found within the body. Deficiency of Fe3+ can lead to 

immunity and blood pressure issues [3]. 

 Significant research has been done regarding trivalent metal colorimetric and 

fluorometric chemosensors, but many have complex syntheses to obtain their ligand [7-14]. 

Many have utilized Rhodamine and its derivatives as their ligand  to expand on different 

dyes/ligands that could be used for such chemosensors [7, 9]. Another ligand that has been 

explored is Schiff-based chemosensors  which contain a double bond between nitrogen and 

carbon and have shown to be successful as a colorimetric and fluorometric chemosensor [14]. 

Even with these Rhodamine-based and Schiff-based chemosensors, they proven to still have 

complex ligand synthesis with high limits of detection, ranging from 0.086µM to 20µM [7]. 



Having a low detection limit for the ligand becomes important in chemosensor research 

because it allows a consistent reading of the analyte (trivalent metal) at low concentrations. 

While having a simple synthesis would cut down on the time and resources needed to create 

these ligands. Being able to detect these trivalent metals, in the environmental and medical 

aspects, would allow for advancements in research regarding the impacts of these metals in the 

environment and help with medical diagnoses and imagining. Creating a colorimetric and 

fluorometric chemosensor that has a simple synthesis, low limits of detection (less than 1µM), 

and is selective/sensitive to trivalent metals (Al3+, Fe3+, and Cr3+) will prove useful for later 

applications within the environmental and medical fields.  

 
  



CHAPTER 2: EXPERIMENTAL 
 
2.1 Materials  

The reagents used for synthesis were hydrazine hydrate, 100% (Acros Organics), ethanol 

(Sigma-Aldrich), and 4-Dimethylanimobenzaldehyde (Sigma-Aldrich). Methanol, HPLC grade, 

99.99% (Sigma-Aldrich) was used as diluting solvent for all experiments. Aluminum nitrate 

nonahydrate 99.997%, and Chromium (III) nitrate nonahydrate 99.99% were both sourced from 

Sigma-Aldrich. Iron (III) chloride hexahydrate, 99+% for analysis was sourced from Acros 

Organics.  

2.2 Instrumentation 

All absorbance measurements were taken on the UV-1800 by Shimadzu, set to collect 

data within the visible light range (300nm-700nm) and all fluorescence measurements were 

taken on Fluorolog 322 by Horiba, set to collect data at emission within the 500nm-700nm and 

the excitation wavelength usually falling around 350nm-400nm. Absorbance measurements were 

recorded at 497nm and intensity measurement were recorded at 600nm. 

2.3 Methods 

2.3a. Synthesis of Dye 

In Yu et. al, 2012, a simple synthesis for a dye solution was performed [4]. We utilized 

the same synthesis for our dye to act as the ligand for trivalent metal ion binding. In 50 mL of 

ethanol, (1.25g, 7 mmol) 4-Dimethylaminobenzaldehyde was dissolved. To this solution, 165 µL 

(3.4 mmol, 100%) Hydrazine hydrate was added dropwise while being stirred at room 

temperature. The solution was left overnight to allow for crystallization. The precipitate was 

vacuum filtered after 24 hours with ethanol and left on the filter for around 20 minutes for the 

crystals to be fully dry.  



 
 

Figure 1: Dye (ligand) synthesis reaction schematic. 



2.3b. Job’s Plot 

Job's Plots were obtained using 10µM M3+, 10µM dye, and diluted with Methanol 

(MeOH). While lowering the volumes of dye (initial volume of 3000µL, final volume of 0µL), 

the volume of metal increased (initial volume of 0µL, final volume of 3000 µL). Each solution 

was prepared such that there was a combination of both the M3+ and dye (added up to 3000µL). 

Solutions were prepared and immediately measured. Job’s Plots were obtained in this fashion for 

both absorbance and fluorescence.  

2.3c. Calibration Curve 

Calibration curves are performed in triplicate to find the average absorption/intensity to 

plot against the concentration. Solutions were prepared using 1 mmol dye and 1 mmol M3+, with 

a range of 1-5 µM of M3+ and a constant of 5 µM of dye to plot the calibration curve for each 

metal.  

2.3d. Titrations 

Solutions with 10µM dye and 100µM of M3+ were used for titrations of all trivalent 

metals. Starting with 3000µL of 10µM dye, 30 increments of 20µL 100 µM M3+ were added and 

measured at each point to obtain points for titration curves. This same method was used for both 

absorbance and fluorescence.  

2.3e. Precision 

The precision experiment was measured as a figure of merit. Solutions of 5µM dye and 

0.5µM of M3+ were prepared in MeOH(n = 7) and measured for absorbance and intensity. A 

blank precision experiment was done with just 5 µM of dye diluted with MeOH (n = 7) and 

measured for absorbance and intensity. Precision was calculated from the average and standard 

deviation. 



CHAPTER 3: RESULTS AND DISCUSSION 

All recorded results are found in supplemental data. 

3.1 Synthesis of dye/ Percent Yield 

The dye synthesis was short with only two steps: mixing reagents at room temperature 

and crystallizing. While adding the hydrazine hydrate, the purple solution turned to a yellow 

color, which became even more opaque when left overnight and vacuum-filtered the following 

day. The yellow crystals were very small and had a powder consistency when dried from the 

vacuum filtration [4]. After calculating the theoretical yield to be 1.19g, the actual massed-out 

yield, once filtered and dried, was 0.8987g, resulting in a percent yield of 75.5%. 

 

3.2 Job’s Plot 

Job’s Plots were performed to determine the binding ratio of ligand to M3+. The Job’s Plot 

shows that the binding ratio between the dye and metal was 1:1 [6] for all metals. This 

relationship is seen in Figure 2, where the peak of the curve is found to be at 0.5 showing that for 

every 1 mol of ligand added, 1 mol of metal binds to it.  

 

 
 
Figure 2: Color change when adding M3+. 

When adding M3+, there was a noticeable color change from a light yellow (dye alone) to an orange (when trivalent metal was 
introduced) 
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Figure 3: Absorbance and Fluorescence Job’s Plots for Fe 3+. 

In Plots A and B, 11 solutions of 10 µM Fe 3+ and 10µM of dye were used in varying increments to find the binding ratio of metal 
to the ligand.  
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3.3 Titrations 

Finding the equilibrium constant (Keq) of the binding reaction was an important 

parameter when discussing the chemosensor itself. This was achieved by performing titrations 

(Figure 3) and finding the Keq with the Benesi-Hildebrand Plot (Figure 4). 

While performing the titrations, for absorbance, the peak at 375nm decreased and the 

peak at 497 nm increased.  In addition, a color change was noted from a light yellow to an 

orange solution the more M3+ was added.   

Noting that there was an increase in the signal found in the fluorescence titration plot 

(Figure 3) indicated that this is a turn-on chemosensor and a signal change found within the 

absorbance titration indicated colorimetric change, that could be seen with the naked eye in the 

solution. Addition of the metal ion also causes a signal for the analyte to fluoresce. Without the 

metal, no fluorescence is seen of just the ligand by itself, and when adding the M3+ the signal 

increases (Figure 3) until the ligand is completely saturated and the signal flattens out. 

 

 

Figure 4: Absorbance and Fluorescence Titration Series Spectra of Fe3+. 

Raw data of titrations. The titration curve was achieved with an initial solution containing only 10µM of dye. Thirty increments 
(20µL) of 100µM Fe3+ were added to the dye solution 
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Figure 5: Absorbance and Fluorescence Titration of Fe3+. 

The titration curve was achieved with an initial solution containing only 10µM of dye. Thirty increments (20µL) of 100µM Fe3+ were 
added to the dye solution. The equivalence of added metal was calculated to show the binding ratio of metal to the ligand.  
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From the Titration curves, a Benesi-Hildebrand plot was made to find the equilibrium 

constant (Keq). The inverse concentration of the M3+ concentration was plotted against the 

inverse of the absorbance subtracted from the initial absorbance/intensity (dye alone). The linear 

portion of the data was plotted, and the slope and y-intercept were calculated to find the Keq. All 

Keq values are found in Table 1.  

 

 
Figure 6: Absorbance and fluorescence Benesi-Hildebrand Plot for Fe3+. 
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Table 1: Limit of Detection, Keq, precision % RSD, and percent recovery for trivalent metals.  

 

3.4 Accuracy and Precision 
 

Precision experiments were measured as a figure of merit (Table 1). Solutions were 

prepared and measured immediately. Precision under 10% validates that the data collected is 

precise. Precision for the dye alone was done to calculate the limit of detection later when the 

accuracy and calibration curve experiments were performed.  

Before measuring more figures of merit to verify the data from above, a calibration curve 

for each metal was done. Figure 5 shows the calibration curve for Al3+. Utilizing the calibration 

curve equation, the detection limit was calculated. The limit of detection was calculated with the 

equation: LOD = 3* SD of blank/slope. The limit of detection for all the trivalent metals was less 

than 1µM (Table 1), which is a good indicator that with very low concentrations of metal, a 

consistent detection of the analyte can still be made with the dye that was synthesized. Compared 

to other literature, the lowest LOD that was found was 0.19µM [14], where the ones obtained for 

this research all fell below that, ranging from 0.067µM -0.092µM for absorbance and 0.016µM-

0.018µM for florescence (Table 1).  
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Figure 7: Absorbance Calibration Curve for Al3+. 

Solutions of 1mM dye (starting with 250 µL) and 1mM Al3+ (10-50 µL) were made, diluted to 10mL with methanol (MeOH), and 
measured for absorbance to create a calibration curve. The limit of detection (LOD) was then calculated from the curve with the 
equation: LOD = 3* SD dye/slope, to determine the lowest concentration of metal in the sample which can be detected 
consistently. 
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Figure 8: Fluorescence Calibration Curve for Al3+. 

Solutions of 1mM dye (starting with 250 µL) and 1mM Al3+ (10-50 µL) were made, diluted to 10mL with methanol (MeOH), and 
measured for intensity to create a calibration curve. The limit of detection (LOD) was then calculated from the curve with the 
equation: LOD = 3* SD dye/slope, to determine the lowest concentration of metal in the sample which can be detected 
consistently. 

 
Lastly, accuracy experiments for all the trivalent metals were performed. After noting that 

the midpoint from the Calibration Curve was found at around 1mM of M3+, the accuracy 

experiment was utilized as a figure of merit for the project.  After collecting all the absorbances 

and intensity for the three trials, the percent recovery was calculated for each trial and then 

averaged at the end. A percent recovery of around 90-110% was deemed to be acceptable (Table 

1).  
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CHAPTER 4: CONCLUSION 
 

All of the experiments performed were successful and provided insight into the turn-on 

fluorescent chemosensor. Through the utilization of Job’s Plots and titrations, we were able to 

determine the binding ratio of all the metals to be 1:1 and that the ligand was a turn-on 

chemosensor. The Keq for each of the metals was found with the Benesi-Hildebrand Plot. 

Calibration curves were also made to determine the limit of detection for each metal that showed 

low numbers. This indicates that the chemosensor would be able to detect trivalent metals at very 

low concentrations. Lastly, figures of merit experiments were measured to support the data and 

show precision and accuracy in the data collected.  

Overall, the data gives insight into the world of fluorescent chemosensors when detecting 

trivalent metal ions. With this, more work can be done to show where the metal is binding to 

within the ligand through the use of NMR. There are proposed areas of binding but very little 

data to support such ideas. Now being able to detect these trivalent metal ions using fluorescent 

chemosensors will be useful in the medical field for diagnoses and imaging, and even in 

environmental applications like water testing. Chemosensor research has made many strides 

within the last couple of decades, providing a chemosensor with a simple synthesis and low 

limits of detection provides a step in the right direction and many more things to be discovered. 
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SUPPLEMENTAL DATA 
 

 
Figure 3a. Absorbance Job’s Plot for Al 3+ 
In the UV-viz, 11 solutions of 10 µM Al 3+ and 10µM of dye were used in varying increments to 
find the binding ratio of metal to the ligand.             
                  

 
Figure 3b. Fluorescence Job’s Plot for Al 3+ 
In the Fluorometer, 11 solutions of 10 µM Al 3+ and 10µM of dye were used in varying 
increments to find the binding ratio of metal to ligand. 
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Figure 3c. Absorbance Job’s Plot for Fe 3+ 
In the UV-viz, 11 solutions of 10 µM Fe 3+ and 10µM of dye were used in varying increments to 
find the binding ratio of metal to ligand.                              
 

 
Figure 3d. Fluorescence Job’s Plot for Fe 3+ 
In the Fluorometer, 11 solutions of 10 µM Fe 3+ and 10µM of dye were used in varying 
increments to find the binding ratio of metal to ligand. 

0
0.02
0.04
0.06
0.08

0.1
0.12
0.14
0.16
0.18

0.2

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Ab
so

rb
an

ce

10µM [Fe3+]

Job's Plot- Absorbance [Fe 3+]

0

50000

100000

150000

200000

250000

300000

0 0.2 0.4 0.6 0.8 1

In
te

ns
ity

10µM [Fe3+]

Job's Plot- Fluorescence [Fe3+] 



 28 

 
Figure 3e. Absorbance Job’s Plot for Cr 3+ 
In the UV-viz, 11 solutions of 10 µM Cr 3+ and 10µM of dye were used in varying increments to 
find the binding ratio of metal to ligand.                              
 

 
Figure 3f. Fluorescence Job’s Plot for Cr 3+ 
In the Fluorometer, 11 solutions of 10 µM Cr 3+ and 10µM of dye were used in varying 
increments to find the binding ratio of metal to ligand. 
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Figure 5a. Absorbance Titration of Al3+ 
Titration curve was achieved with an initial solution containing only 10µM of dye. Thirty 
increments of 100µM Al3+ (20µL) was added to dye solution. Equivalence of added metal was 
calculated to show the binding ratio of metal to ligand.  
 

 
Figure 5b. Adjusted Absorbance of Al3+ 

To account for the dilution, calculations were performed to graph the adjusted absorbance for 
each titration point. The formula used for this was:  
Absorbance *(µL of metal added + initial volume of dye [Vint])/ initial volume of dye [Vint] 
Which accounted for the dilution concentration of the metal to ligand.  
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Figure 5c. Fluorescence Titration of Al3+ 
Titration curve was achieved with an initial solution containing only 10µM of dye. Thirty 
increments (20µL) of 100µM Al3+ was added to dye solution. Equivalence of added metal was 
calculated to show the binding ratio of metal to ligand.  
 

 
Figure 5d. Adjusted Intensity of Al3+ 

To account for the dilution, calculations were performed to graph the adjusted absorbance for 
each titration point. The formula used for this was:  
Intensity *(µL of metal added + initial volume of dye [Vint])/ initial volume of dye [Vint] 
Which accounted for the dilution concentration of the metal to ligand.  
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Figure 5e. Absorbance Titration of Fe3+ 
Titration curve was achieved with an initial solution containing only 10µM of dye. Thirty 
increments of 100µM Fe3+ (20µL) was added to dye solution. Equivalence of added metal was 
calculated to show the binding ratio of metal to ligand.  
 

 
Figure 5f. Adjusted Absorbance of Fe3+ 

To account for the dilution, calculations were performed to graph the adjusted absorbance for 
each titration point. The formula used for this was:  
Absorbance *(µL of metal added + initial volume of dye [Vint])/ initial volume of dye [Vint] 
Which accounted for the dilution concentration of the metal to ligand.  
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Figure 5g. Fluorescence Titration of Fe3+ 
Titration curve was achieved with an initial solution containing only 10µM of dye. Thirty 
increments (20µL) of 100µM Fe3+ was added to dye solution. Equivalence of added metal was 
calculated to show the binding ratio of metal to ligand.  
 

 
Figure 5h. Adjusted Intensity of Fe3+ 

To account for the dilution, calculations were performed to graph the adjusted absorbance for 
each titration point. The formula used for this was:  
Intensity *(µL of metal added + initial volume of dye [Vint])/ initial volume of dye [Vint] 
Which accounted for the dilution concentration of the metal to ligand.  
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Figure 5i. Absorbance Titration of Cr3+ 
Titration curve was achieved with an initial solution containing only 10µM of dye. Thirty 
increments of 100µM Cr3+ (20µL) was added to dye solution. Equivalence of added metal was 
calculated to show the binding ratio of metal to ligand.  
 

 
Figure 5j. Adjusted Absorbance of Cr3+ 

To account for the dilution, calculations were performed to graph the adjusted absorbance for 
each titration point. The formula used for this was:  
Absorbance *(µL of metal added + initial volume of dye [Vint])/ initial volume of dye [Vint] 
Which accounted for the dilution concentration of the metal to ligand.  
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Figure 5k. Fluorescence Titration of Cr3+ 
Titration curve was achieved with an initial solution containing only 10µM of dye. Thirty 
increments (20µL) of 100µM Cr3+ was added to dye solution. Equivalence of added metal was 
calculated to show the binding ratio of metal to ligand.  
 

 
Figure 5l. Adjusted Intensity of Cr3+ 

To account for the dilution, calculations were performed to graph the adjusted absorbance for 
each titration point. The formula used for this was:  
Intensity *(µL of metal added + initial volume of dye [Vint])/ initial volume of dye [Vint] 
Which accounted for the dilution concentration of the metal to ligand.  
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Figure 6a. Absorbance Benesi-Hildebrand Plot for Al3+ 
Calculations were made from the observed absorbance from the titration data to achieve the 
Benesi-Hildebrand plot. The inverse of adjusted absorbance was plotted against 1/ (absorbance 
observed- absorbance of dye alone). The linear portion of the data was then plotted.  
 

 
Figure 6b. Fluorescence Benesi-Hildebrand Plot for Al3+ 
Calculations were made from the observed intensity from the titration data to achieve the Benesi-
Hildebrand plot. The inverse of adjusted absorbance was plotted against 1/ (intensity observed- 
intensity of dye alone). The linear portion of the data was then plotted.  
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Figure 6c. Absorbance Benesi-Hildebrand Plot for Fe3+ 
Calculations were made from the observed absorbance from the titration data to achieve the 
Benesi-Hildebrand plot. The inverse of adjusted absorbance was plotted against 1/ (absorbance 
observed- absorbance of dye alone). The linear portion of the data was then plotted.  
 

 
Figure 6d. Fluorescence Benesi-Hildebrand Plot for Fe3+ 
Calculations were made from the observed intensity from the titration data to achieve the Benesi-
Hildebrand plot. The inverse of adjusted absorbance was plotted against 1/ (intensity observed- 
the intensity of dye alone). The linear portion of the data was then plotted.  
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Figure 9a. Absorbance Benesi-Hildebrand Plot for Cr3+ 
Calcula6eons were made from the observed absorbance from the titration data to achieve the 
Benesi-Hildebrand plot. The inverse of adjusted absorbance was plotted against 1/ (absorbance 
observed- absorbance of dye alone). The linear portion of the data was then plotted.  
 

 
Figure 6f. Fluorescence Benesi-Hildebrand Plot for Cr3+ 
Calculations were made from the observed intensity from the titration data to achieve the Benesi-
Hildebrand plot. The inverse of adjusted absorbance was plotted against 1/ (intensity observed- 
intensity of dye alone). The linear portion of the data was then plotted.  
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LOD 0.071956      

Figure 7a. Absorbance Calibration Curve for Al3+ 

Solutions of 1mM dye (starting with 250 µL) and 1mM Al3+ (10-50 µL) were made, diluted to 
10mL with methanol (MeOH), and measured for absorbance to create a calibration curve. The 
limit of detection (LOD) was then calculated from the curve with the equation: 
LOD= 3* SD dye/slope 
to determine the lowest concentration of metal in the sample which can be detected consistently. 
 

trial abs [Al] 
% 
recovery 

1 0.231 2.557895 102% 
2 0.227 2.528519 101% 
3 0.242 2.638678 106% 

    
 known 2.5 103% 

Table 1a. Absorbance Accuracy Experiment for Al3+ 

Utilizing the calibration curve, the accuracy experiment was performed to ensure that the percent 
recovery for the sample was accurate (90%-110%). This was achieved by using the same 
solution as the calibration curve experiment, 1mM dye (250 µL) and 1mM Al3+ (25 µL) and 
diluted with MeOH to the 10mL. Performed in triplicate to get averages and calculate the percent 
recovery for Al3+. 
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LOD 0.016347454 

 

Figure 7b. Fluorescence Calibration Curve for Al3+ 

Solutions of 1mM dye (starting with 250 µL) and 1mM Al3+ (10-50 µL) were made, diluted to 
10mL with methanol (MeOH), and measured for intensity to create a calibration curve. The limit 
of detection (LOD) was then calculated from the curve with the equation: 
LOD= 3* SD dye/slope 
to determine the lowest concentration of metal in the sample which can be detected consistently. 
 

trial  abs [Al 3+] 
% 
recovery 

1 360930 2.438725 98% 
2 363420 2.456933 98% 
3 337510 2.26747 91% 

    
 exp 2.387709 96% 
 known 2.5  

Table 1b. Intensity Accuracy Experiment for Al3+ 

Utilizing the calibration curve, the accuracy experiment was performed to ensure that the percent 
recovery for the sample was accurate (90%-110%). This was achieved by using the same 
solution as the calibration curve experiment, 1mM dye (250 µL) and 1mM Al3+ (25 µL) and 
diluted with MeOH to the 10mL. Performed in triplicate to get averages and calculate the percent 
recovery for Al3+. 
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LOD 0.066592 

Figure 7c. Absorbance Calibration Curve for Fe3+ 

Solutions of 1mM dye (starting with 250 µL) and 1mM Fe3+ (10-50 µL) were made, diluted to 
10mL with methanol (MeOH), and measured for absorbance to create a calibration curve. The 
limit of detection (LOD) was then calculated from the curve with the equation: 
LOD= 3* SD dye/slope 
to determine the lowest concentration of metal in the sample which can be detected consistently. 
 

trial abs [Fe] 
% 
recovery 

1 0.198 1.978704 79% 
2 0.207 2.039873 82% 
3 0.258 2.386498 95% 

    
 known 2.5 85% 

Table 2a. Absorbance Accuracy Experiment for Fe3+ 

Utilizing the calibration curve, the accuracy experiment was performed to ensure that the percent 
recovery for the sample was accurate (90%-110%). This was achieved by using the same 
solution as the calibration curve experiment, 1mM dye (250 µL) and 1mM Fe3+ (25 µL) and 
diluted with MeOH to the 10mL. Performed in triplicate to get averages and calculate the percent 
recovery for Fe3+. 
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LOD 0.018698 

Figure 7d. Fluorescence Calibration Curve for Fe3+ 

Solutions of 1mM dye (starting with 250 µL) and 1mM Fe3+ (10-50 µL) were made, diluted to 
10mL with methanol (MeOH), and measured for intensity to create a calibration curve. The limit 
of detection (LOD) was then calculated from the curve with the equation: 
LOD= 3* SD dye/slope 
to determine the lowest concentration of metal in the sample which can be detected consistently. 
 

trial  abs [Fe3+] 
% 
recovery 

1 305660 2.584077 103% 
2 319330 2.698409 108% 
3 301380 2.54828 102% 

    
 exp 2.610255 104% 
 known 2.5  

Table 2b. Intensity Accuracy Experiment for Fe3+ 

Utilizing the calibration curve, the accuracy experiment was performed to ensure that the percent 
recovery for the sample was accurate (90%-110%). This was achieved by using the same 
solution as the calibration curve experiment, 1mM dye (250 µL) and 1mM Fe3+ (25 µL) and 
diluted with MeOH to the 10mL. Performed in triplicate to get averages and calculate the percent 
recovery for Fe3+. 
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LOD 0.091627 

Figure 7e. Absorbance Calibration Curve for Cr3+ 

Solutions of 1mM dye (starting with 250 µL) and 1mM Cr3+ (10-50 µL) were made, diluted to 
10mL with methanol (MeOH), and measured for absorbance to create a calibration curve. The 
limit of detection (LOD) was then calculated from the curve with the equation: 
LOD= 3* SD dye/slope 
to determine the lowest concentration of metal in the sample which can be detected consistently. 
 

trial abs [Cr] 
% 
recovery 

1 0.209 2.65586 106% 
2 0.202 2.590399 104% 
3 0.192 2.496883 100% 

    
 known 2.5 103% 

Table 3a. Absorbance Accuracy Experiment for Cr3+ 

Utilizing the calibration curve, the accuracy experiment was performed to ensure that the percent 
recovery for the sample was accurate (90%-110%). This was achieved by using the same 
solution as the calibration curve experiment, 1mM dye (250 µL) and 1mM Fe3+ (25 µL) and 
diluted with MeOH to the 10mL. Performed in triplicate to get averages and calculate the percent 
recovery for Cr3+. 
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LOD 0.017686 

Figure 7f. Fluorescence Calibration Curve for Cr3+ 

Solutions of 1mM dye (starting with 250 µL) and 1mM Cr3+ (10-50 µL) were made, diluted to 
10mL with methanol (MeOH), and measured for intensity to create a calibration curve. The limit 
of detection (LOD) was then calculated from the curve with the equation: 
LOD= 3* SD dye/slope 
to determine the lowest concentration of metal in the sample which can be detected consistently. 
 

trial abs [Cr3+] 
% 
recovery 

1 270940 2.63562 105% 
2 291300 2.796692 112% 
3 248410 2.45738 98% 

    
 exp 2.629897 105% 
 known 2.5  

Table 3b. Intensity Accuracy Experiment for Cr3+ 

Utilizing the calibration curve, the accuracy experiment was performed to ensure that the percent 
recovery for the sample was accurate (90%-110%). This was achieved by using the same 
solution as the calibration curve experiment, 1mM dye (250 µL) and 1mM Fe3+ (25 µL) and 
diluted with MeOH to the 10mL. Performed in triplicate to get averages and calculate the percent 
recovery for Cr3+. 
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Figure 12a. Absorbance Precision Experiment for dye alone 
Solutions with 1mM dye (250µL) that was diluted to 10mL with MeOH, was put in a UV viz to 
collect the absorbance. This was repeated 7 times to obtain the precision percentage. Precision 
percentage was calculated by: (AVG/ST.DEV) * 100% 
 

 
Figure 12b. Fluorescence Precision Experiment for dye alone 
Solutions with 1mM dye (250µL) that was diluted to 10mL with MeOH, was put in a fluorimeter 
to collect the intensity. This was repeated 7 times to obtain the precision percentage. Precision 
percentage was calculated by: (AVG/ST.DEV) * 100% 
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Figure 13a. Absorbance Precision Experiment for Al3+ 

Solutions with 1mM dye (250µL) and 1mM Al3+(30 µL) that was diluted to 10mL with MeOH, 
was put in a UV viz to collect the absorbance. This was repeated 7 times to obtain the precision 
percentage. Precision percentage was calculated by: (AVG/ST.DEV) * 100% 
 

 
Figure 13b. Fluorescence Precision Experiment for Al3+ 
Solutions with 1mM dye (250µL) and 1mM Al3+(30 µL) that was diluted to 10mL with MeOH, 
was put in a fluorimeter to collect the intensity. This was repeated 7 times to obtain the precision 
percentage. Precision percentage was calculated by: (AVG/ST.DEV) * 100% 
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Figure 14a. Absorbance Precision Experiment for Fe3+ 

Solutions with 1mM dye (250µL) and 1mM Fe3+(30 µL) that was diluted to 10mL with MeOH, 
was put in a UV viz to collect the absorbance. This was repeated 7 times to obtain the precision 
percentage. Precision percentage was calculated by: (AVG/ST.DEV) * 100% 
 

 
Figure 14b. Fluorescence Precision Experiment for Fe3+ 
Solutions with 1mM dye (250µL) and 1mM Fe3+(30 µL) that was diluted to 10mL with MeOH, 
was put in a fluorimeter to collect the intensity. This was repeated 7 times to obtain the precision 
percentage. Precision percentage was calculated by: (AVG/ST.DEV) * 100% 
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Figure 15a. Absorbance Precision Experiment for Cr3+ 

Solutions with 1mM dye (250µL) and 1mM Cr3+(30 µL) that was diluted to 10mL with MeOH, 
was put in a UV viz to collect the absorbance. This was repeated 7 times to obtain the precision 
percentage. Precision percentage was calculated by: (AVG/ST.DEV) * 100% 
 

 
Figure 15b. Fluorescence Precision Experiment for Cr3+ 
Solutions with 1mM dye (250µL) and 1mM Cr3+(30 µL) that was diluted to 10mL with MeOH, 
was put in a fluorimeter to collect the intensity. This was repeated 7 times to obtain the precision 
percentage. Precision percentage was calculated by: (AVG/ST.DEV) * 100% 
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