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Abstract
Transparent crystals of manganesedioxide doped Ammonium dihydrogen phosphate crystal  is synthesized by slow evaporation solution growth process using distilled water as solvent. A close observation of FTIR and XRD profiles of doped and undoped samples reveal some minor structural variations. Energy dispersive spectra confirms the incorporation of Manganese in the crystalline matrix of ADP crystals. TG/DTA studies reports the purity of the sample and no decomposition is observed below the melting point. SEM images exhibit defect centers due to dopants incorporation into ADP crystal. Optical studies reveal that the doped ADP crystals have good transmittance with higher band gap energy than undoped ADP crystals and high optical quality. The  doping depresses/negligifies the second harmonic generation (SHG) efficiency.
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Introduction 



Latest studies report that Potassiumdihydrogenphosphate (KDP) and
 Ammoniumdihydrognphosphate (ADP) are some of the available nonlinear optical 
crystals needed for laser radiation conversion in laser fusion system1. The lattice 
studies on the ADP crystals still attract interest because of their unique nonlinear 
optical, dielectric and anti-ferroelectric properties and their varied uses as electro-
optic modulator, harmonic generators and paramagnetic generator 2-13. ADP, being 
an inorganic nonlinear optical material has made the researchers to study about its 
optical transparency, good susceptibility and low thermal and mechanical stability 
14. The enhancement of optical transmission 15, effect of complexing agent 16, 
dopant effect of KCl and Oxalic acid 17. Studies have also been made about the 
effect of mixing of divalent and trivalent impurities on the growth, habit 
modification and structure of ADP 18-21. Manganese is one of the metallic elements 
which appear in biologicial apatite like bone and teeth. It’s important effect on the 
growth and development of bone has been well known 22. The Mn2+ d-electron 
states act as efficient luminescent centres. Mn2+ emission was red shifted from 
584-600 nm 23. Further because of its transparency, it may be of use in laser 
production in the green region based on 3d54T1→6A1 transition of Mn (II) 24. A 
good number of investigations are reported on manganese as dopants. The unusual 
ferromagnetic properties of manganeseorthovanadate are studied25. 

Themagnetic properties of nano crystals of Mn doped ZnO is recently reported 26. 
The concentration effects of Mn (II) doping on ZTS is studied 27. Aiming to find 
new useful materials for academic and industrial use, an attempt has been made to 
modify the ADP crystal by the transition metal, Mn in the form manganesedioxide  
doped in the mother solution of ADP with equimolar concentration. The effect of 
doping is studied using FT-IR, UV-Visible spectra, XRD,  SEM-EDS spectra and 
Kurtz powder, SHG  measurements.

Materials and Methods

Crystal growth and synthesis
Single crystals of  manganesedioxide doped Ammonium dihydrogen phosphate is grown by slow evaporation solution growth technique. On mixing equimolar composition of ammonium dihydrogen phosphate and manganesedioxide, single crystals are synthesised using triply distilled water as solvent. High quality single crystals of doped ADP is harvested at around 12 -17 days. Photographs of pure and MnO2 doped ADP crystals are shown in Figure 1.
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Figure 1 Photographs of (a) Pure ADP (b) MnO2 doped ADP crystals
 FTIR
A comparison of FTIR spectra of pure and doped ADP crystal reveals that there are small shifts in the vibrational frequencies which could be due to lattice strain developed. A broad intense band observed in the higher region of pure spectra (3127cm-1) and doped specimens (3285cm-1) for MnO2 and (3290.56cm-1) are due to O-H stretching vibration of water in pure and doped specimen. FTIR spectra for pure and MnO2 doped ADP  crystals are shown in Figure 2.
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Figure 2 FTIR spectra for (a) Pure ADP (b) MnO2 doped ADP  crystals

The broadening of the bands could be due to hydrogen bonding within the crystal. The bending vibration (1657cm-1) of pure and (1690cm-1, 1639cm-1) for AMnS, supports the presence of water. The bond vibration of NH2 (1401cm-1) for pure is shifted to (1400cm-1) for Mn. The combination bond of vibration band (2369cm-1 to 2344cm-1) for pure is observed at (2461cm-1, 2362cm-1 and 2343cm-1) for Mn and shifted to higher (2856.58cm-1 to 2349.30cm-1) for Mn. The strong peaks in the range 1103cm-1 to 910cm-1   is due to phosphate part of pure one. In the case of doped specimens peaks (1041cm-1 to 1009cm-1) for Mn, P-O-H vibration is disturbed. The peak for PO4 at 544cm-1 for pure is not observed in doped specimens which could be due to substitution. 
 Powder XRD analysis

The XRD patterns of  MnO2 doped ADP crystals are given in Figure 3. No new phases are obtained due to doping but there is change in intensity of some characteristic peaks. The most prominent peaks with maximum intensity for pure and doped ones are quite different which may be attributed due to strains in the crystal lattice.
Figure 3 PXRD patterns of (a) Pure ADP (b) MnO2 doped ADP crystals
 SEM and EDS

The structure defect centers are seen due to the effect of dopant on the surface morphology of ADP faces. Figure 4 shows the SEM-EDS image of pure and  MnO2 doped ADP crystals. The photographs of doped  specimen shows more scatter centers than that of undoped one. The incorporation of Mn is confirmed in EDS graph which is non-uniform over the surface of the doped specimen.
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Figure 4 SEM-EDS picture of (a) Pure ADP (b)  MnO2 doped ADP crystals
 Thermal studies
In order to know the thermal behaviour of MnO2 doped ADP crystals TG/DTA analysis was carried out in nitrogen atmosphere. The recorded TG/DTA curves are given in Figure 5. 
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Figure 5 TG/DTA of (a) Pure ADP (b) AMnS  crystals
A sharp endothermic peak at about 200ºC is assigned to the melting point. Below this endothermic, no exothermic or endothermic peak is observed. In TG, the material exhibits a single stage weight loss starting around 190ºC that could be due to the decomposition of the material below which no significant weight loss is observed. The sharpness of endothermic peak observed in the DTA curves show the good crystallinity of the material. Absence of decomposition up to the melting point shows the stability of the material for applications in laser technology where the specimens are required to withstand high temperatures. Sharp endotherm is an indicative of solid state transition for relatively pure material.

 Optical studies

Optical spectra of  MnO2 doped ADP specimen is shown in Figure 6. From the Table 1 we can conclude that the doped specimens have high transparency and optical quality than the pure ADP crystal.
Table 1 Cut-off wavelength and band gap energy of doped and
undoped ADP crystals
	System
	Cut-off wavelength(nm)
	Band gap energy (eV)

	ADP
	320
	4.01

	 MnO2 doped ADP
	230
	5.40
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Figure 6 UV-Spectra of (a) Pure ADP (b) MnO2 doped ADP crystal
Single crystal XRD analysis 
The cell parameter values of   MnO2 doped ADP crystals is given by single crystal XRD Table 2.

Table 2 Cell parameter values of doped and un-doped ADP crystals

	Crystal
	Systm/Space group
	a (Å)
	b (Å)
	c (Å)
	V (Å3)
	β (º)

	ADP
	cubic/I-42d
	7.50
	7.48
	7.55
	421
	90

	MnO2 doped ADP
	cubic/P21/c
	7.51
	7.51
	7.51
	424
	90


 The structure of both pure ADP and doped manganesedioxide crystals were found to be cubic, at room temperature with  the space group P21/c, their volume differing for both pure and doped one.
 Second harmonic generation
The NLO efficiency of a material is indicated by the SHG intensity. The input radiation of 2.5mJ/pulse was used and the SHG output of pure ADP and    MnO2 doped ADP crystals are given in the Table 3.
Table 3 SHG output

	System
	I2Ѡ (mv)

	ADP
	24

	 MnO2doped ADP
	47.5


There is an increase in the second harmonic generation value for manganesedioxide doped ADP Crystal than pure ADP which shows that doped one is highiy NLO active material.

Conclusion

The single crystal XRD reveals that there is slight modification in cell parameter valuesof doped compared to pure ADP.  The stability, purity and crystallinity of the material is shown by TG/DTA curves. The optical studies show the good transmittance and band gap energy of doped specimens which is higher than that of pure ADP crystal. The surface morphology and confirmation of the presence of metal in the doped specimens are discussed by SEM-EDS study. The powder XRD shows some changes in the intensity of characteristic peaks due to doping of metals in the crystal lattice. Some changes in the vibrational frequencies are observed in the FTIR spectrum of doped ADP. The NLO activity of the synthesized crystal is higher than the undoped ADP due to manganese incorporation in the crystal lattice.
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