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Abstract:
							                           
Copper, lanthanum, mercury, molybdenum, silver, titanium, and zinc ferrocyanides were synthesized and characterized by elemental analysis and spectral studies. The stability of synthesized metal ferrocyanides were recorded in heat (various temperature), various concentrations of acids (HCl, H2SO4, HNO3, CH3 COOH) various concentrations of bases (NaOH, KOH, NH4OH), and in sea and tap water. All stabilities were recorded at room and boiling temperature. Stability of synthesized metal ferrocyanides were also recorded in presence of visible and ultraviolet radiation. Oxidizing and photosensitizing potential of synthesized metal ferrocyanides were tested using potassium iodide and freshly prepared starch solution indicated copper ferrocyanide as possible strong oxidizer and photosensitizer. Molybdenum, mercury and tungsten ferrocyanides were found to act as weak oxidizer and photosensitizer. Lanthanum and zinc ferrocyanide did not show any oxidizing and photosensitizing potential. 



Keywords: Metal ferrocyanides, Stability, Oxidizer, Photosensitizer, Prebiotic mineral.
		                         


Resumen:
						                           
Los ferrocianuros de cobre, lantano, mercurio, molibdeno, plata, titanio y zinc se sintetizaron y caracterizaron mediante análisis elemental y estudios espectrales. La estabilidad de los ferrocianuros metálicos sintetizados se registró en calor (varias temperaturas), varias concentraciones de ácidos (HCl, H2SO4, HNO3, CH3 COOH) varias concentraciones de bases (NaOH, KOH, NH4OH), y en agua de mar y de grifo. Todas las estabilidades se registraron a temperatura ambiente y de ebullición. La estabilidad de los ferrocianuros metálicos sintetizados también se registró en presencia de radiación visible y ultravioleta. El potencial oxidante y fotosensibilizante de los ferrocianuros metálicos sintetizados se probó con yoduro de potasio y la solución de almidón recién preparada indicó que el ferrocianuro de cobre es un posible oxidante fuerte y fotosensibilizador. Se descubrió que los ferrocianuros de molibdeno, mercurio y tungsteno actúan como oxidante débil y fotosensibilizador. El lantano y el ferrocianuro de zinc no mostraron ningún potencial oxidante y fotosensibilizante.



Palabras clave: Ferrocianuros metálicos, Estabilidad, Oxidante, Fotosensibilizador, Prebiótico mineral.
                                







INTRODUCTION

Environment conditions on early Earth were important for both, the origin and the early evolution of life. Two variables are of particular significance (i) the atmospheric redox state, and (ii) the mean surface temperature. Most recent models of Earth prebiotic atmosphere [1, 2] suggested that this was weakly reduced, with N2 and CO2, predominating over NH3 and CH4. Nucleic acid bases are part of important compounds in biological systems. Most of the bases are readily formed in prebiotic conditions. Their synthesis and stability in environmental conditions is of paramount importance in chemical evolution [3]. Clay minerals considered the most likely inorganic material to promote organic reactions at the interface of the hydrosphere and lithosphere [4]. The relevancy of clay minerals to the origin of life is due to their ancient origin, wide distribution and especially for their physico-chemical properties [5]. Clays are important because of their strong affinity for organic compounds [6]. Certain montmorillonites catalyze the formation of RNA oligomers that contain up to fifty (50) monomers units determined by MALDI mass spectrometry and gel electrophoresis [7, 8]. Montmorillonite is a catalyst that favours sequence selectivity and phosphodiester bond selectivity [9].

Primitive atmosphere was anoxygenic and reaction potential of atmosphere was not high enough, hence metals like iron, copper, mercury, molybdenum, zinc etc. were in the form of their lower oxidation states. During the course of chemical evolution, cyanide ions were abundant in nature. Cyanide ion is smaller in size and is considered as a strong ligand due to the presence of triple bond. It shows basic ambidentate characteristics and form a variety of complexes with transition metal ions [10, 11]. Consequently, several insoluble metal ferrocyanides of general formula M2 [Fe (CN)6].X H2 O where M= Fe, Cu, Hg, Mo, Zn, etc., could have been formed. It is well established that metal ferrocyanides act as adsorbents [12-14], ion exchangers [15-17] and photosensitizers [18,19]. It is also suggested that the interaction of organic molecules with metal ferrocyanides take place through the coordination between the exchangeable outer metal ion and the available adsorption site of organic molecules.

A search of literature indicated some reports available on synthesis of metal-cyano complexes and very few reports available on stability and photosensitizing activity of these complexes. In view of this, attempt was made to study stability and photosensitizing activity of copper, lanthanum, mercury, molybdenum, silver, titanium, tungsten and zinc ferrocyanides. In addition, the present work describes a critical reviews on stability and photosensitizer potential of copper, lanthanum, mercury, molybdenum, silver, titanium, tungsten and zinc ferrocyanides.




RESULTS AND DISCUSSION


Elemental analysis of metal ferrocyanides

The percentage compositions of metals in metal ferrocyanides are given in Table 1. The percentage of metals (copper, - lanthanum, mercury, molybdenum, silver, titanium, tungsten and zinc) are found higher in comparison to iron in all metal ferrocyanides studied. The found percentage of carbon was maximum and minimum in zinc and lanthanum ferrocyanides, respectively. The found percentage of hydrogen was maximum and minimum in titanium and mercury ferrocyanides, respectively. It is also clear from Table 1 that percentage of nitrogen was maximum and minimum in zinc and molybdenum ferrocyanides, respectively. The greater the percentage of hydrogen the more water molecules are expected to be attached to metal ferrocyanides.




Spectral studies of metal ferrocyanides

The infrared special data of metal ferrocyanides are given in Table 2. It is observed from Table 2 that water molecules/OH groups and metal-nitrogen band showed highest and lowest absorption frequencies, respectively. The HOH bending, cyanide and Fe-C stretching frequencies were observed around 1600 cm-1, 2000 cm-1 and 600 cm-1, respectively. It is also clear from Table 2 that the found frequencies for metal-nitrogen bands were maximum and minimum in titanium and copper ferrocyanides, respectively.




Effect of heat on the stability of metal ferrocyanides

It is clear from Table 3 that copper, lanthanum, mercury, molybdenum, silver, titanium, and zinc ferrocyanides are found to be stable at 100o C, while those of tungsten and titanium ferrocyanides are found to be unstable at 100o C.




Stability of metal ferrocyanides in various concentrations of acids at room temperature and at boilling temperature

It is observed from Table 4 that molybdenum, titanium, silver, and zinc ferrocyanides are insoluble in various concentrations of hydrochloric acid at room temperature with no colour change of particles in silver, titanium and zinc ferrocyanides and with colour change of particles in molybdenum ferrocyanide. Lanthanum and mercury ferrocyanides are slightly soluble in various concentrations of hydrochloric acid at room temperature with colour change of particles. Copper and tungsten ferrocyanides are slightly soluble at high concentration of hydrochloric acid at room temperature with colour change of particles, while insoluble at lower concentration of hydrochloric acid at room temperature with no colour change of particles.

It is clear from Table 5 that copper and zinc ferrocyanides are insoluble in various concentrations of boilling hydrochloric acid with colour change of particles. Silver and titanium ferrocyanides are insoluble in various concentrations of boilling hydrochloric acid with no colour change of particles. Mercury ferrocyanides is soluble at all concentrations of boilling hydrochloric acid. Lanthanum, molybdenum and tungsten ferrocyanides are slightly soluble at high concentrations of boilling hydrochloric acid and insoluble at low concentrations of boilling hydrochloric acid with no colour change of particles.


Table 6 shows that copper, zinc, silver, titanium, molybdenum, tungsten ferrocyanides are insoluble in various concentrations of sulfuric acid at room temperature with no colour change of particles. Lanthanum ferrocyanide is soluble in various concentrations of sulfuric acid at room temperature with colour of solution blue and clear at high and low concentrations, respectively.

It is observed from Table 7 that silver, titanium, molybdenum, tungsten ferrocyanides are insoluble in various concentrations of sulphuric acid at boilling temperature with no change in colour of particles. Copper and zinc ferrocyanides are insoluble in various concentrations of sulphuric acid at boilling temperature with colour change of the particles. Mercury ferrocyanide is soluble at all concentrations of sulphuric acid at boilling temperature with colour of solution change blue. Lanthanum ferrocyanide is soluble at high concentration of sulphuric acid at boilling temperature with colour of solution change to blue, while slightly soluble to low concentration of sulphuric acid at boilling temperature with colour change of solution light blue.

It is clear from Table 8 that copper, zinc, silver, titanium, molybdenum and tungsten ferrocyanides are in- soluble in various concentrations of nitric acid at room temperature with no change in colour of the particles. Lanthanum and mercury ferrocyanides are soluble and slightly soluble in various concentrations of nitric acid at room temperature with colour change of solution to green in both cases.


Table 9 shows that copper, zinc, molybdenum and tungsten ferrocyanides are insoluble in various concentrations of nitric acid at boilling temperature with colour change of particles in case of copper and zinc ferrocyanides, while colour of particles did not change in case of molybdenum and tungsten ferrocyanides. Lanthanum and mercury ferrocyanide are soluble in various concentrations of nitric acid at boilling temperature.

It is observed from Table 10 that mercury, tungsten, copper and zinc ferrocyanides are insoluble in various concentrations of acetic acid at room temperature with no change in colour of particles. Silver, titanium, lanthanum and molybdenum ferrocyanides are insoluble in various concentrations of acetic acid at room temperature with colour change of the particles.

It is clear from Table 11 that lanthanum, copper and zinc, molybdenum ferrocyanides are insoluble in various concentrations of boilling acetic acid with no change in colour of particles. Titanium ferrocyanide is slightly soluble in various concentrations of boilling acetic acid with colour change in particles. Mercury, silver and tungsten ferrocyanides are insoluble in various concentrations of boilling acetic acid with no change in colour of particles. The colour change of metal ferrocyanides in various acids at room and boilling temperature is probable due to electronic transition within molecules of metal ferrocyanides.




Stability of metal ferrocyanides in various concentrations of bases at room and boilling temperature.


Table 12 show that copper, tungsten, silver, molybdenum, mercury ferrocyanides are insoluble in various concentrations of sodium hydroxide at room temperature with no change in the original particles. Titanium ferrocyanide is insoluble in various concentrations of sodium hydroxide with no colour change in the original particles. Zinc ferrocyanide is soluble in high concentration and insoluble at low concentration of sodium hydroxide at room temperature. The lanthanum ferrocyanide is slightly soluble at all concentrations of sodium hydroxide at room temperature with colour change in the particles.

It is observed from Table 13 that copper and silver ferrocyanides are insoluble in various concentrations of boilling sodium hydroxide with colour change in the original particles. Titanium, tungsten and lanthanum ferrocyanides is insoluble in various concentrations of sodium hydroxide with no colour change in the original particles. Zinc and molybdenum ferrocyanides are soluble in various concentrations of sodium hydroxide at boilling temperature. Mercury ferrocyanideis soluble in high concentration and insoluble at low concentration of boilling sodium hydroxide.

It is clear from Table 14 that copper, mercury, molybdenum and tungsten ferrocyanides are insoluble in various concentrations of potassium hydroxide at room temperature with change in colour of original particles. Zinc ferrocyanide is soluble in all concentrations of potassium hydroxide at room temperature. Silver, titanium and lanthanum ferrocyanides are insoluble in various concentrations of potassium hydroxide at room temperature with no colour change in original particles.


Table 15 showed that copper, tungsten, mercury, molybdenum and tungsten ferrocyanides are insoluble in boilling potassium hydroxide with change in colour of the original particles. Zinc ferrocyanide is soluble in various concentrations of boilling potassium hydroxide. Titanium and lanthanum ferrocyanides are insoluble in various concentrations of boilling potassium hydroxide with no change in colour of original particles.

It is observed from Table 16 that copper and titanium ferrocyanides are insoluble in various concentrations of ammonium hydroxide at room temperature with no colour change in particles. Molybdenum and zinc ferrocyanides are soluble in various concentrations of ammonium hydroxide at room temperature. Silver, tungsten and lanthanum ferrocyanides are insoluble in various concentrations of ammonium hydroxide at room temperature with no change in colour. Mercury ferrocyanide is soluble in high concentrations of ammonium hydroxide and insoluble at low concentration of ammonium hydroxide at room temperature.

It is observed from Table 17 that copper and titanium ferrocyanides are insoluble in various concentrations of boilling ammonium hydroxide with colour change in original particles. Molybdenum and zinc ferrocyanides are soluble in various concentrations of ammonium hydroxide at boilling temperature. Lanthanum and tungsten ferrocyanides are insoluble in various concentrations of boilling ammonium hydroxide with colour change in original particles. Silver and mercury ferrocyanide are partially soluble in high concentration of boilling ammonium hydroxide and insoluble at low concentrations of boilling ammonium hydroxide. The colour change of metal ferrocyanides in various bases at room and boilling temperature is probably due to electronic transition within molecules of metal ferrocyanides.




Stability of metal ferrocyanides in tap water and sea water at room and boiling temperature


Table 18 showed that all eight copper, lanthanum, mercury, molybdenum, silver, titanium, tungsten and zinc ferrocyanides are found to be insoluble and stable in tap water and sea water at room and boiling temperature.




Effects of visible light on the stability of metal ferrocyanides

It is observed from Table 19 that tungsten, lanthanum, molybdenum and mercury ferrocyanides are stable to visible light until the 48 hours of radiations. Copper and silver ferrocyanides are unstable to visible light until the 12 hours of irradiation, it is also clear from Table 19 that zinc and titanium ferrocyanides are found stable to visible light 24 hours of irradiation.




Effects of ultraviolet light on the stability of metal ferrocyanides

It is clear from Table 20 that lanthanum, mercury and molybdenum ferrocyanides are stable to ultraviolet light until the 48 hours of irradiations. Copper ferrocyanide is stable to ultraviolet light until the 24 hours of irradiation. Zinc, tungsten and titanium ferrocyanides are found to be stable to ultraviolet light 12 hours of irradiation. It is also clear from Table 20 that silver ferrocyanide unstable to ultraviolet light at 12 hours of irradiations.




Test of oxidizing and photosensitizing activity of metal ferrocyanides

Test on oxidizing and photosensitizing potential of copper, zinc, molybdenum, mercury, tungsten lanthanum ferrocyanides in potassium iodide and freshly prepared starch solution indicated copper ferrocyanide as a strong oxidizer and photosensitizer. Lanthanum and zinc ferrocyanides did not show any oxidizing and photosensitizing potential. Molybdenum, mercury and tungsten ferrocyanides found to act as weak oxidizer and photosensitizer during the course of chemical evolution on primitive Earth.






CONCLUDING REMARKS

1. The copper, lanthanum, mercury, molybdenum, silver, titanium, tungsten and zinc ferrocyanides are found to be stable to heat at 100oC of temperature.

2. The molybdenum, titanium, silver and zinc ferrocyanides are insoluble in various concentrations of hydrochloric acid at room temperature with no change in colour of original particles.

3. The copper, zinc, silver, titanium, molybdenum, tungsten, ferrocyanides are insoluble in various concentrations of sulphuric and nitric acids at room temperature with no change in colour particles.

4. Lanthanum ferrocyanide found to be more unstable in various concentrations of acids at room and boilling temperature in comparison to other metal ferrocyanides studied.

5. Most of the metal ferrocyanides are more stable to room temperature at various concentrations of acids and bases.

6. Zinc ferrocyanide is found to be soluble in various concentrations of bases (NaOH, KOH, NH4OH) at room and boilling temperature.

7. Titanium ferrocyanide is found to be more stable in various concentrations of bases (NaOH, KOH, NH4OH) at room and boilling temperature with no change in colour of original particles.

8. Copper, mercury, molybdenum tungsten ferrocyanide is found to be insoluble in various concentrations of bases (NaOH, KOH, NH4OH) at room temperature with change in colour of original particles.

9. Metal ferrocyanides seems to be more stable in various concentrations of acids at room and boilling temperature in comparison to bases.

10. All eight metal ferrocyanides (copper, lanthanum, mercury, molybdenum, silver, titanium, tungsten and zinc) are found to be insoluble and stable in tap water and sea water at room and boilling temperature.

11. Lanthanum, mercury and molybdenum ferrocyanides are stable until the 48 hours of visible and ultraviolet light radiations.

12. Zinc and titanium ferrocyanides are found to be stable until the 24 hours of visible light radiation while they’re stable until the 12 hours in ultraviolet light radiations.

13. Silver ferrocyanide is found to be unstable in both visible and ultraviolet light on 12 hours of radiations.

14. Copper ferrocyanide is found to have high oxidizing and photosensitizing potential whereas molybdenum, mercury and tungsten ferrocyanides found to have weak oxidizer and photosensitizing potential during the course of chemical evolution on primitive Earth.

15. It is also concluded from present study that double metal ferrocyanides are insoluble and stable during the course of chemical evolution on primitive Earth and played a significant role in condensation of precursors of early life in primeval seas.




EXPERIMENTAL


Chemicals

Potassium ferrocyanide, copper (II) chloride, lanthanum chloride, mercury (II) chloride, sodium molylidate, silver nitrate, titanium tetrachloride, sodium tungsten, zinc chloride were obtained from British Drug House (BDH), Poole, England. All chemical used were of AnalaR grade and used as such without any further purification. Solutions were prepared in doubly distilled water.




Synthesis of metal ferrocyanides

Copper, zinc, silver, mercury, lanthanum ferrocyanides were prepared by Kourim’s method [20] by adding potassium ferrocyanide (167 m L, 0.1 M) slowly to metal chloride (500 m L; 0.1 M) with constant stirring. The reaction mixture was heated on a water bath for 2-3 h and then cured for 24 h. The precipitate was washed and dried at 60o C. The dried product was ground and sieved at 125 µM BSS mesh size. In case of silver ferrocyanide all procedure were carried out in the dark.

The best condition for the preparation of titanium ferrocyanide involves variation in the mole ratio of titanium to hexacyanoferrate (II), which vary between10 to 1 and 1 to 10, respectively. For this experiment we used a 0.5 M solution of titanium tetrachloride in 2.0 M aqueous hydrochloric acid and 0.34 M solution of hexacyanoiron (II) acid [21]. The solution of hexacyanoiron (II) acid is won by pouring a solution of potassium hexacyanoferrate (II) over a Dower-50-exchanger and then poured into the 2.0 M HCl / TiCl4 solution. The filling material from the exchanger is centrifused out after 24 h and dried over phosphorus pentaoxide and potassium hydroxide in a vacuum desiccators. The dried product was washed with water free from chloride ion and then dried again in the vacuum desiccators. The dried product was ground and sieved at 125 µM BSS mesh size.

Molybdenum hexacyanoferrate was isolated [22, 23] by adding ethyl alcohol to a mixture containing 14 m L of 0.1 M molybdic acid and 20 m L of 0.1 M potassium hexacyanoferrate solution. The precipitate was filtered and washed with alcoholic water and dried for 48 h. The dried compound was ground and sieved to 125 µM BSS mesh size.

Tungsten ferrocyanide was prepared by adding potassium ferrocyanide (0.1 M, 200 m L) sodium tungstate (0.1 M, 400 m L) and HCl (1.0 M, 10 m L) with constant stirring [24]. The reaction mixture was then heated in a boiling water bath for 3 h. the product was left at room temperature for 24 h. The precipitate was then filtered under vacuum, washed with distilled water and dried in an oven at 60o C. The dried product was ground and sieved to 125 µM, BSS mesh size.




Characterization of metal ferrocyanides

Copper, lanthanum, mercury, molybdenum, silver, titanium, tungsten and zinc ferrocyanides are dark rust brown, white, blue, green, light blue, forest green, dark green and white, respectively. The double metal ferrocyanides are amorphous insoluble solid and showed no X-ray pattern. The metal ferrocyanides are characterized on the basis of elemental and spectral studies. The percentage composition of metals was determined by IL-751 atomic absorption spectrophotometer [25]. Carbon, hydrogen and nitrogen analysis were carried out by CEST-118, CHN analyzer. Percentage composition of elements in the metal ferrocyanides are given in Table 1.

Infrared spectra of metal hexacyanoferrate (II) complexes were recorded in KBr disc on Beckman IR-20 spectrophotometer (Table 2). All eight metal ferrocyanides show a broad peak at 3600 - 3800 cm—1 is characteristic of water molecule and OH groups. A peak at around 1590-1625 cm—1 is due to HOH bending [25], two sharp peaks, one at around 2020 cm—1 and the other at around 600 cm—1 in all eight spectra of complexes are characteristic frequencies of cyanide and Fe-C stretching, respectively [26]. Another sharp band at 450-500 cm—1 in all eight metal ferrocyanides probably shows the presence of metal-nitrogen bond thus indicating a certain degree of polymerization in the products [27,28].




Stability study on metal ferrocyanides

Effect of heat on the stability of metal ferrocyanides

A 20 mg of each metal ferrocyanides was placed in a petri dish. The petri dishes were then placed in the air oven for 6 hours at 100oC. This process was repeated at 150o C, 200oC, and 250oC to demonstrate the effect of heat on the various metal ferrocyanides. The colour of metal ferrocyanides at various was carried temperatures was observed (Table 3). All procedure for silver ferrocyanide was carried out in the dark.

Stability of metal ferrocyanides in various concentrations of acids at room temperature and at boilling temperature

The metal ferrocyanides (20 mg) were placed in the test tubes containing 10 mL of each 2.0 M, 1.0 M, 0.5 M, 0.2 M and 0.1 M acids (hydrochloric acid, sulphuric acid, nitric acid and acetic acid). The mixture was agitated for 20 minutes at room temperature and observation for any change in colour of metal ferrocyanides were recorded (Tables 4, 6, 8. 10). The same reaction mixture boilling on a Bunsen flame for 20 minutes and any change in colour of metal ferrocyanides were recorded (Tables 5, 7, 9, 11). This process was repeated for each metal ferrocyanides. The colour change for ferrocyanides metallic was recorded. All procedures for silver ferrocyanide were carried out in the dark.

Stability of metal ferrocyanides in various concentrations of bases at room temperature and at boilling temperature

The metal ferrocyanides (20 mg) were placed in test tubes containing 10 mL of each 2.0 M, 1.0 M, 0.5 M, 0.2 M and 0.1 M bases (sodium hydroxide, potassium hydroxide, ammonium hydroxide). The mixture was agitated for 20 minutes at room temperature and observation for any change in color of metal ferrocyanides was recorded (Tables 12, 14, 16). The same reaction mixture boiled on a Bunsen flame for 20 minutes and any change in color of metal ferrocyanides was recorded (Tables 13, 15, 17). This process was repeated for each ferrocyanide metallic. The color change for metal ferrocyanides was recorded. All procedures for silver ferrocyanide were carried out in the dark.

Stability of metal ferrocyanides in tap water and sea water at room temperature and at boilling temperature

The metal ferrocyanides (20 mg) were placed in the test tubes containing 10 mL tap water and sea water. The mixture was agitated for 1h and observation for any change in colour of metal ferrocyanide were recorded (Table 18). The same reaction mixture boilling on Bunsen flame for 20 minutes and any change in colour of ferrocyanides were recorded (Table 18). All procedures for silver ferrocyanide was carried out in the dark.

Effect of light (UV/Vis) on the stability of metal ferrocyanides

A 20 mg of each metal ferrocyanides were placed in a dry petri dish and the original colour was recorded. A 250 W visible lamp was kept vertically above the sample at a distance of 28 cm. The observations for any change in colour of metal ferrocyanides were recorded at 12, 24, 36 and 48 hours (Table 19). The same experiment was repeated using a long wave (300 – 380 nm) ultraviolet lamp. The observations of any change in colour of metal ferrocyanides were recorded (Table 20).

Test on oxidizing and photosensitizing potential of metal ferrocyanides

The oxidizing and photosensitizing activity of copper, lanthanum, mercury molybdenum, tungsten and zinc ferrocyanides were compared by potassium iodide and freshly prepared starch solution. Oxidation of iodide to iodine in presence of starch gives blue colour. One drop of freshly prepared 2.0 % starch solution was added into test tubes (length =10 cm; internal diameter = 1.30 cm) containing 10 mL of 0.1 M potassium iodide solution. A 25 mg of potassium ferrocyanide were added into each test tube and agitated, observation for any decolourization of blue color and potassium iodide and starch solution were recorded. The same experiment was repeated using a 250 W visible lamp and a long wave UV lamp, which was kept vertically above the test tubes at a distance of 15.0 cm. Photosensitizer will decolorize the blue color of potassium iodide and starch solution in the presence of visible and ultraviolet light. The oxidizers will decolorize the blue color of potassium iodide and starch solution in the absence of light.
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Table 1:






Elemental analysis of metal ferrocyanides
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Table 2:






Infrared spectra data of metal ferrocyanides
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Table 3:






Effect of heat on the stability of metal ferrocyanides
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Table 4:






Stability of metal ferrocyanides in hydrochloric acid at room temperature
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Table 5:






Stability of metal ferrocyanides in hydrochloric acid at boiling temperature
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Table 6:






Stability of metal ferrocyanides in sulphuric acid at room temperature
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Table 7:






Stability of metal ferrocyanides in sulphuric acid at boiling temperature
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Table 8:






Stability of metal ferrocyanides in nitric acid at room temperature
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Table 9:






Stability of metal ferrocyanides in nitric acid at boiling temperature
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Table 10:






Stability of metal ferrocyanides in acetic acid at room temperature
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Table 11:






Stability of metal ferrocyanides in acetic acid at boiling temperature
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Table 12:






Stability of metal ferrocyanides in sodium hydroxide at room temperature
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Table 13:






Stability of metal ferrocyanides in sodium hydroxide at boiling temperature
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Table 14:






Stability of metal ferrocyanides in potassium hydroxide at room temperature
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Table 15:






Stability of metal ferrocyanides in potassium hydroxide at boiling temperature
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Table 16:






Stability of metal ferrocyanides in ammonium hydroxide at room temperature
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Table 17:






Stability of metal ferrocyanides in ammonium hydroxide at boiling temperature
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Table 18:






Stability of metal ferrocyanides in sea water and tap water (at boilling and room temperature)
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Table 19:






Effects of light (Visible) on the stability of metal ferrocyanides
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Table 20:






Effects of light (Ultra violet) on the stability of metal ferrocyanides
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Table 9: Stability of metal ferrocyanides in nitric acid at boiling temperature
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Table 4: Stability of metal ferrocyanides in hydrochloric acid at room temperature
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Table 10: Stability of metal ferrocyanides in acetic acid at room temperature.
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Table 14: Stability of metal ferrocyanides in potassium hydroxide at room temperature
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Table 15 Stability of metal ferrocyanides in potassium hydroxide at boiling temperature
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Table 19: Efiects of light (Visible) on the stability of metal ferrocyanides
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Table 1 Elemental analysis of metal ferrocyanides.
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Table 11: Stability of metal ferrocyanides in acetic acid at boiling temperature
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Table 5: Stability of metal ferrocyanides in hydrochioric acid at boiling temperature
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Table 2: Infrared spectra data of metal ferrocyanides
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Table 20: Effects of light (Ulira violet) on the stability of metal ferrocyanides
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Table 16: Stability of metal ferrocyanides in ammonium hydroxide at room temperature
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Table 12: Stability of metal ferrocyanides in sodium hydroxide at room temperature
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Table 7: Stability of metal ferrocyanides in sulphuric actd at bolling temperature
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Table 8: Stability of metal ferrocyanides in nitic acid at room temperature

e 00 TOM [ 020 [
©c)
CuFe Insaluble Insoluble Insaluble Insoluble Insoluble
(Dak rust dakrustbown  darkrustbrown  darkrustbown  darkrustbrown  dark st brown
brown) paticles did  particles did  particles did  particks did  pertiks did
not change not change not change not change not change
LaFe Soluble Soluble soluble soluble soluble
(WEite) solution turnedsolution faintly  solution solution solution
exeen greens ereen green exeen
HgFe Slightly soluble  Slightly soluble  Slightlysoluble  Slightly soluble  Slightly soluble
(Blue) solution solution solution solution solution
tumed tumed tumed tumed tumed
exeen green ereen green exeen
MoFe Insaluble Insoluble Insoluble Insoluble Insoluble
(Green) green powder green powder gxeen powder green powder exeen powder
didnotchange  didnotchange  didmotchange  didnotchange  didnot change
supematant supernatant supematant supematant. supermatant
clear clear clear clear clear
AgFe Insaluble Insoluble Insaluble Insoluble Insoluble
(Light blue) Iight blue light blue Iight blue light blue Light blue
(o change) (30 change) (o change) (a0 change) (o change)
TiFe Insaluble Insoluble Insaluble Insoluble Insoluble
(Forest green) night green dark green dark green datk green dark green
datk green (a0 change) (o change) (a0 change) (o change)
WFe
(Dark green) Tnsoluble Insoluble Tnsoluble Insoluble Insoluble
partcles particles particles particles paticles
dark green dark green dark green datk green dark green
ZFc
(White) Tnsoluble Insoluble Tnsoluble Insoluble Insoluble
white white white white white
Particles particles particles particles pastcles
Didnot did not didnot did not did not
changed changed changed changed

0C = Orgal colows of mel oyt
T 2 mites
Room e =310C.

Amons of e Erocynides =

Vol o e st - 105
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Table 18: Stability of metal ferrocyanides in sea water and tap water (at boilling and room temperature)

Yy Tapater Seavatar
©0) Room Boiling Room Boiling
temperature temperature temperature temperature
CuFe Insoluble Insoluble Insoluble Insoluble
(ark rust dark rust brown dark rust brown dark rust brown dark rust brown
brovm) particles particles particles blue particles
id not changed id not changed d not changed id not changed
LaFc Insoluble Insoluble Insoluble Insoluble
(White) white powder white powder white powder white powder
did not changed did not changed did not changed id not changed
HeFe Insoluble Insoluble Insoluble Insoluble
®Blue) blue powder blue powder blue powder blus power
did not changed did not changed id not changed id not changed
MoFe Insoluble Insoluble Insoluble Insoluble
(Green) green ponder green powder reen powder ‘reen powder
@d not changed &d not changed d not changed & not changed
AgFe Insoluble lght bine Insoluble light bine Insoluble light bine Insoluble light
(Light blue) particles particles particles blue particles
@d not changed d not changed d not changed id not changed
TiFe Insoluble forest Insoluble forest Insoluble forest Insoluble forest
(Forestgreen)  green particles e particles een particles ‘een particles
&d not change d not changed @d not changed & not changed
WEe Insoluble dark green Insoluble dark green Insoluble dark green Insoluble dark
(Dark gree) Particles particles particles ‘een partcles
d@id not changed id not changed id not changed & not changed
ZuFe Insoluble Insoluble Insoluble Insoluble
(White) white partcles white partcles white partcles white partcles
did not changed did not changed did not changed did not change
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Table 17: Stability of metal ferrocyanides in ammonium hydroxide at boiling temperature

fyiy T0M T0M 5N 2 0T

©Q)

CuFe Insoluble Insoluble Insoluble Insoluble Insoluble

Dakrust dakcrustbown  darastbown  dakrustbrown  darkrustbrown  dark rust brown

brown) Partices tumed  Partcles fumed  Particles fumed  Particles tumed  Particlss tumed
green green e geen green

LaFe Insoluble Insoluble Insoluble Insoluble Insoluble

(White) whittpowder  whitepowder  whitepowder  whitepowder  white poder
Gdnotchange  didmotchange  didmotchange  didmotchange  didnot chang

HeFe Sightiysoluble  Slightlysoluble  Slightiysoluble  Soluble Soluble

) blue powder blue pouder blue povider blus povder blue povwder
Tumed gold tumed green, tumed green, fumed green, tumedgreen
brown

MoFe Soluble. Soluble Soluble Soluble. Soluble

(Green) areen powder geenpowder  geenponder  green powder green powder
fumed brovn tumed brovn tumed brovn. fumed brown tumed blue

Age Partclysoluble  Partialy soluble  Insoluble. Insoluble Insoluble

(ight blue) light blue light blue lght blue lght blue light bine
tobrown
Particles Partcles Partcles Partcles
changeto changeto change to change to
light erey light erey lght grey light erey

TiFe Insoluble Insoluble Insoluble Insoluble Insoluble

(Forestgreen)  forest green forest green Sorest green Sorest green forest green
particles partcles particies particles partcles
changed to changed to changed to changed to changed to
light yellow light yellow lght yellow lght yellow light yellow

Wre

(Dark green) Insoluble Tnsoluble Tnsoluble: Insoluble Insoluble
dark green dak green dark green dark green dak green
particles paticles particles particles particles
ddnot didnot didnot @dnot &dnot
change change change change change

ZFe

(White) Soluble. Soluble Soluble Soluble. Soluble
white white white white white
Particles paticles particles particles partcles
Dissolved dissolved dissolved dissolved dissolved

00 = Orgalcoto el racynsies e of et o = s

T 20 s ol of s s = 0 mL

Rooe tenpartze =310 C
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Table 13: Stability of metal ferrocyanides in sodium hydroxide at boiling temperature

MFes 20M 10M 05M 02M 01M

)

CuFe Insoluble Insoluble Insoluble Insoluble Insoluble

(ark rust dacrustbown  dakrastbrown  dakrustbrown  darkrustbrown  dark rust brown

brovn) Partices tumed  Partcles fumed  Particles fumed  Paricles tumed  Particlss tumed
green green e geen green

LaFc Insoluble Insoluble Insoluble Insoluble Insoluble

(White) whittpowder  whitepowder  whiepowder  whiteponder  white poder
Gdnotchange  didmotchamge  diduotchange  didnotchange  didnot change

HeFe Soluble. Soluble Soluble Soluble. Soluble

®Blue) blue powder blue ponder blue povider blus povider blue povider
tumedbrovn tumed brovn, tumed areen fumed green tumed ereen

MoFe Soluble. Soluble Soluble Soluble. Soluble

(Green) green pouder geenpowder  geenponder green powder ereen powder
fumed brovn tumed brovn tumed brovn. fumed brovn tumed blue

Age Insoluble Soluble Soluble Soluble. Soluble

(Light blue) light grayish Peach- black. Peach- black Peach- black Peach- black.
peachslate
erey

TiFe Insoluble Insoluble Insoluble Insoluble Insoluble

(Forestgreen)  forest green forest green forest green Sorest green forest green
Particles Partcles Partcles Partcles Partcles
d@dnot didnot didnot d@dnot @dnt
change change change change change

Wre

(Dark green) Insoluble Tnsoluble: Tnsoluble: Insoluble Insoluble
dark green dak green dark green dark green dak green
particles paticles particles particles partcles
ddnot didnot didnot ddnot &dnot
change change change change change

ZFe

(White) Soluble. Soluble Soluble Soluble. Soluble
white white white white white
Particles paticles particles particles partcles
Dissolved dissolved dissolved dissolved dissolved

00 = Orgalcoton el racynies e of e e
T 25 s ok ot e
Snn s =
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Table 6: Stability of metal ferrocyanides in sulphuric acid at room temperature

MFes 20M Lo 053 02 o1M
©0)
CuFe Insolsble Insaluble Insoluble
Dtk st duknstbows  dukrustbrown  dwkrustbrown  darkrustbron  dark st brown
brov) Partcles did  Pariles did  Paricls did  Paricles dd  Pamicles &d
ot change ot change not change not change not change
black
Lare Saluble Saluble Saluble Salsble Salsble
(Whits) solutiontumed  solution faindly  solutionclear  solutionclear  solution clear
blue bluss
HeFe Soluble Soluble Soluble Salsble Salsble
®Ble) soluticn. solation. ation soluton soluton
tumad tumad tumad tumad tumed
blue blus blue blue blue
MoFe Insolsble Insaluble Insoluble
(Groen) gempowde  geenpowder  grsen ponder
Gdnotchmge  didnotchmge  didnotchange
supermatant supernatant supematant
dxr dlexr dlexr
Insolsble Insaluble Insoluble
blus blue blue
(n0 changs) (n0 changs) (n0 changs)
T Insolsble Insoluble
(Forest green) forest green. forest green.
(n0 changs) (n0 changs) (00 changs) (a0 changs)
WwEe
Dk groen) Insoluble Insoluble Insoluble
partcles particles particles
dak green dak green dak green.
ZuFe
(Whits) Insoluble Insoluble Insoluble
white white white
particles particles particles
did not didzor didnor
change changs change






