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Abstract 

Light filters are commonly used by photographers to capture images, researchers for their optical              

instruments and setting up conditions for their experiments, and for stage lighting. However, as              

current commercial optical filters are costly, there is a need for cheaper and more effective               

alternatives to optical filters. Past research has shown that Tutton’s salt have interesting             

properties such as light filtration and thus, this work aims to explore the properties of mixed                

metal crystals of the formula (NH4)2CuxFe1-x(SO4)2 , with different molar ratios of copper and              

iron. Varying molar ratios 1:9 to 9:1 of ammonium copper(II) sulfate, (NH4)2Cu(SO4)2 and             

ammonium iron(II) sulfate, (NH4)2Fe(SO4)2 were dissolved in 1M sulfuric acid to form crystals.             

They were analysed through the use of UV-vis spectroscopy, FT-IR spectroscopy and ICP-OES.             

Infrared spectroscopy confirmed that the crystals produced are Tutton’s salts variants, due to the              

presence of ammonium (NH4+) and sulfate (SO42-) ions. ICP-OES results showed the exact             

proportion of both metals in the crystalline structure, and that copper(II) ions crystallised more              

readily than iron(II) ions. UV-vis spectroscopy showed that the crystals of different molar ratios              

of Cu and Fe have a consistent peak in wavelength transmittance between 400-600nm in the               

visible light spectrum. The increase in wavelength absorbance of the crystals observed from             

300-400nm and 600-800nm also indicates the presence of Cu and Fe in the crystal. The results                

obtained suggests that the crystal has potential application in optical filters.  

 

Introduction  

An optical filter selectively transmits light of different wavelengths, usually implemented on            

glass or plastic. They are either dyed in the bulk or have interference coatings. The optical                

properties of filters are fully determined by their frequency response, which specifies how the              

magnitude and phase of each frequency component of an incoming light is modified by the filter.                

(Madsen, Zhao, 1999) Light filters are commonly used by photographers for special effects such              

as white balance, color correction and desaturation. They are also used by scientists to set up                

experimental conditions, and used for stage lighting as well. Commercial optical filters that are              

available currently are very costly, and a 5mm by 5mm optical filter costs more than $60. This                 
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work aims to reduce the cost and narrow down the broad transmittance of commercially              

available optical filters, by using variants of Tutton’s salts. 

 

Tutton’s salts are a family of salts with the molecular formula of A2B(XO4)2.6H2O, where A can                

be cations of K,NH4 Rb, Cs, Tl, B can be anions of Mg, Mn, Fe, Co, Ni, Cu, Zn, Cd, V, Cr, and                       

X can be S or Se. Crystals of Tutton’s salt have several important and useful applications in areas                  

such as ultraviolet (UV) light filters, missile approach warning systems etc. Studies on             

ammonium mixed metal sulfate crystals have shown that it can act as a UV filter (Pacheco,                

Ghosh, Oliveira, Barbosa, Perpétuo, & Franco, 2017) for Tutton’s salt (ammonium nickel-cobalt            

sulfate), which is a mixed metal salt. The study has shown 75% transmittance rate in the UV                 

region, suggesting the salt is suitable to be used as UV filters. Moreover, another study on                

potassium cobalt nickel sulfate hexahydrate crystals (Ghosh, Oliveira, Pacheco, Perpétuo, &           

Franco, 2018) found that this crystal has a transmittance rate of over 80% for wavelength range                

of 190 to 390 nm, which is ideal for UV filters.  

 

Given that Tutton’s salt crystal have current applications in UV light filtration, it may potentially               

display light filtering properties in the visible light spectrum by incorporating different metal             

ions into the crystalline structure and varying its proportion, making it suitable to be used as                

optical filters. Previous research has also yet to investigate the growth of mixed metal crystals of                

the formula (NH4)2CuxFe1-x(SO4)2. This project aims to explore the growth, structure and            

properties of this variant of Tutton’s salt.  
 

Materials and Methods 

Varying molar ratios 1:9 to 9:1 of ammonium copper(II) sulfate, (NH4)2Cu(SO4)2 and            

ammonium iron(II) sulfate (NH4)2Fe(SO4)2 were dissolved in 100ml of deionised water to form             

crystals. Fig. 1 shows the mass (in grams) of each salt of varying molar ratios that were dissolved                  

in 100ml of deionised water. Calculations were done based on the solubility of each salt at 25oC.                 

(NH4)2Cu(SO4)2: 24.0g/100cm3 ; (NH4)2Fe(SO4)2: 26.9g/100cm3 
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Fig. 1. Calculations of mass of salts 

The solutions were left in the incubator at 16 oC. A single seed crystal that appeared was then                  

allowed to grow to a size of approximately 2cm by 2cm and collected. However, the crystal                

contained Fe2+ ions which are prone to oxidation under neutral or alkaline conditions. Thus, the               

Fe2+ ions dissolved in the solution oxidised to form a brown precipitate, hindering the crystal               

growth.  

 
Fig. 2. Brown precipitate in solution due to oxidation of Fe2+ ions  
 

1M of 100ml sulfuric acid was used instead of deionised water to prevent the oxidation of Fe2+                 

ions in the solution. Although crystals started to form, small crystals often grew together in a                

lump or bunch, which was not desirable. Hence, regular monitoring was required to ensure a               

single crystal could grow smoothly to a desired size. 
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Fig. 3. Small crystals grew together in a bunch  
 

To analyse the wavelength absorption displayed by the crystals, Ultraviolet-visible (UV-Vis)           

spectroscopy was used. A small sample of the crystal in powdered form was obtained by               

scraping the surface of the crystal, and was dissolved in deionised water to obtain a lightly                

coloured solution. The solution was placed in a cuvette and scanned in a UV-vis              

spectrophotometer between 300-800nm, and a graph of absorbance against wavelength was           

obtained. In order to identify the bonds present in the crystals and confirm whether the crystals                

were variants of Tutton’s salts, Infrared (IR) spectroscopy was carried out. A mixture of the               

powdered anhydrous crystals were mixed well, and a pellet was formed using a hydraulic press.               

The pellet was placed in an IR spectrophotometer to test for the transmittance of wavelengths               

between 400 nm and 4000 nm. Graphs of absorbance of infrared waves were obtained for each                

variant, which confirmed that the crystals are indeed variants of Tutton’s salt. An Inductively              

Coupled Plasma Optical Emission Spectrometry (ICP-OES) was conducted to determine the           

proportion of iron and copper in the crystal as compared to the proportion in the solution. 
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Results and Discussion 

Crystal growth 

Crystals that are about 2cm by 2cm in size, with a thickness of approximately 5mm to 10mm                 

were collected. The coloration of the crystals was changed from turquoise to blue with increasing               

concentration of copper. The crystals also tended to get more irregular in shape and rougher in                

texture as the concentration of copper increases.  

 

(A) (B) (C) (D) 

(E) (F) (G) (H) 

(I) (J) (K) 
Fig. 4. Image of the crystals with the mass percentage of Cu in compositions in the solutions (A) 0% Cu (B) 10% Cu                       

(C) 20% Cu (D) 30% Cu (E) 40% Cu (F) 50% Cu (G) 60% Cu (H) 70% Cu (I) 80% Cu (J) 90% Cu (K) 100% Cu 
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UV-Vis Spectroscopy 

A graph of absorbance against wavelength ranging from 300-800nm was obtained for crystal             

samples of all molar ratios of Cu and Fe.  

 
Fig. 5. UV absorbance graph of the sample with 40% Cu and 60% Fe 

In Fig. 5, the increase in wavelength absorbance from 600-800nm of light is associated with the                

presence of Cu ions in the crystal. Fe ions in the crystal also displayed a higher wavelength                 

absorbance between 300-400nm. There was a peak in wavelength transmittance observed           

between 400-500nm of light, with almost 0% absorbance and 100% transmittance. 

 

For all the crystals of varying molar ratios of Cu and Fe, a higher wavelength absorbance was                 

displayed at both ends of the spectrum, between 300-400nm and 600-800nm, similar to that seen               

in Fig. 5. The qualitative results obtained indicates the presence of both Cu and Fe in the crystals.                  

The peak in wavelength transmittance between 400-600nm was also observed throughout all the             

crystals with different proportions of Cu and Fe. The results show that the crystals grown are                

able to transmit light between a specific range of wavelength, and thus has great potential to be                 

applied as a visible light filter.  
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ICP-OES Analysis  

The chemical analysis by ICP-OES allowed the identification of the trend observed of the              

proportion of Cu and Fe put into the solution, and the corresponding proportion of Cu and Fe that                  

were present in the crystalline structure. For instance, for the solution where 10% Cu and 90% Fe                 

was dissolved, 16.99% of Cu and 83.01% of Fe was present in the crystal that was collected.  

 

In Fig. 6, it can be seen that for almost every sample, there was a higher percentage of Cu present                    

in the crystalline structure as compared to the percentage of Cu dissolved in the solution. This                

shows that Cu more readily crystallised as compared to Fe, giving rise to this relationship               

observed. As both Cu and Fe present in the crystal are known to absorb a specific range of                  

wavelength of light, finding out the actual proportion of each metal cation present in the               

crystalline structure will give a good estimate of the particular range of wavelength that the               

mixed-metal crystal will be able to filter. This trend can therefore be taken into consideration in                

the adjustments of the proportion of Cu and Fe added into the solution to obtain a crystal with                  

specific wavelength absorbance in the application of optical filters.  

 
Fig. 6. Dependence of the mass percentage of Cu composition in the crystalline structure obtained from the                 

ICP-OES analysis with respect to the mass percentage of Cu in the solutions. 
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IR Spectroscopy 

A graph of absorbance of IR radiation against wavelength ranging from 400nm-4000nm was             

obtained for crystal samples of all molar ratios of Cu and Fe.  

 

 
Fig.7. IR-absorbance graph generated for sample of Cu8Fe2 ratio of Tutton’s salt 

 

The qualitative results obtained from IR-spectroscopy allowed for the confirmation of various            

bonds found within the crystal sample, and hence helped in the identification of the salt family of                 

which the crystal belongs to. 

 

In Fig.7, the various peaks identified from the graph were selected through single peak picking               

after consulting the IR spectroscopy guidebook for identification of various bonds as well as              

referencing various papers published which used similar procedures to identify ammonium           

bonds and sulfate bonds within the sample. The peaks correspond to huge jumps in absorption of                

IR radiation of specific wavelengths as specific bonds within the molecules were excited and              

vibrate about fixed positions. The peaks in absorption on various IR wavelengths suggest that              

ammonium bonds and sulfate bonds were present within the crystal samples of all ratios of Cu                

and Fe. This confirmed that all samples of the crystals that were engineered are under the                

Tutton’s salts family, and that the crystals will likely exhibit specific light transmittance             

properties which Tutton’s Salts have shown to display in past research and studies.  
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Conclusion 

Mixed metal crystals of the Tutton’s Salt family were obtained for the empirical formula              

(NH4)2CuxFe1-x(SO4)2 , with different proportions of Cu and Fe in each crystal. It was revealed               

via ICP-OES analysis that there were consistently higher percentages of copper within the crystal              

as compared to its theoretical percentage. Since Cu and Fe each absorb a certain range of                

wavelength of light in the visible light spectrum, the exact proportion of each metal present in                

the crystalline structure, as determined via ICP-OES analysis, also indicates the specific range of              

wavelengths of light that the crystal will be able to filter. UV-vis spectroscopy confirmed that the                

crystals displayed light transmittance over a specific wavelength range, while IR spectroscopy            

confirmed that the crystals belonged to the Tutton’s salt family through the bonds identified.              

However, the actual effectiveness of the crystals when used as optical filters cannot be              

determined via the above mentioned methods, and the crystals still have to undergo further              

processing before it can be used. Nevertheless, this specific copper-iron variant of Tutton’s salts              

has shown to have great potential to be used as optical filters. 
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UV Absorbance graphs 
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Pure Ammonium Iron Sulfate 

 

ICP-OES 
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IR Spectroscopy 

Cu1Fe9 

 

Cu2Fe8  

 

 

 

 

 

17 



 
 

Cu3Fe7 

 

 

Cu4Fe6 

 

 

 

 

18 



 
 

 

Cu5Fe5 

 

Cu6Fe4 

 

 

 

 

19 



 
 

Cu7Fe3 

 

Cu9Fe1 

 

 

20 


