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ABSTRACT:

Aunique non-linear optical compound of
ommonium &ihyérogen phosphate and ammonium
Sihybrogen phosphate oped with B-alanine crystols
were grown by slow evaporation technigue ot room
temperature. These crystals are analysed by powder
XRD, FT-IR, FT-Raman, UV-Visible spectroscopy and
SEM with EDAX examines. The

optic modbulators, symphonies generators and
porametric generotors [1]. A few examination works
have been completed on immaculoate and 6oped ADP
crystals [2—6]. As of late, endeavours have been taken
to enhance the quality, development rate and
properties of ADP by utilizing new &evelopment
strotegies further more by the expansion of natural,

powder XRD pattern affirms the
crystalline noture of these | = b b
crystals. The FT-IR anb | = | |
FT-Raman spectroscopy| = |
concentrates on offirm Sifferent | 1 |
functional groups presentinthe | i
title compound. From the | 1 =
UV-Visible spectroscopy study, |
the grown crystals have a good
transparency in the entire
visible region. The morphology

of the O6eveloped precious

=97 7| inorganic and semi natural
3 | | pollutions [7-9]. Inorganic non-
4 straight optical materials have
e | extensive optical susceptibilities,
'."ZZ"I_ 4 inborn ultrafast reaction times, and
| high optical ebges for laser power
[10, 11]. In the present study, we
| l|lare intrigued to bevelop
: —i unadulterated ADP and ADP Soped
| with B-alanine crystals byslow
| | evaporation technique. The grown
| crystals were investigated by the

1
-
1

! powSer XRD, FTHR, FT-Raman,UV-

crystal recognized from the SEM [+
microphotogroph. The EDAX [ == | :

Visible Spectroscopy and SEM with
_ | EDAX systems and their results are

examination affirms the
presence of the B-alanine with

- | condensed inthe present study.

the ADP precious crystal.
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INTRODUCTION

Examines on Ammonium &ihyérogen
phosphate crystal still draws in interest due to their
special non—linear optical, dielectric, piezoelectric
and antiferroelectric properties and their
assortment of employments, for example, electro-

1

MATERIALS AND METHODS
MATERIALS

The raw materials are used for crystallization
(Ammonium dihyérogen phosphate (ADP),-alanine)
were purchaseé from the Merck IniaLts, Mumbai.

CRYSTAL GROWTH BY SLOW EVAPORATION
METHOD

The Equimolar (1:1) ratio of ADP and B-Alanine
salts are dissolved with distilled woter. The dissolved
solution stirred with magnetic stirrer for 15 minutes.
After the stirring process the solution is filtered by

s
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filter paper and the solution is placed in the petri
bish. The mouth of the petri dish tightly covered by
newspaper or any cover with small holes. The block
Siogram of the slow evaporotion methob is shown in
Fig. 1.The photographic view of the harvested
colourless crystals of pure ADP and ADP 6oped with
B-alanine complex crystals are shown in Fig. 2. The
Molecular structure of pure ADP anb ADP &opeb
with B-olanine crystals are shownin Fig. 3.

Stirred for 15 minutes At Room Temperature

Placed without disturbance After 30 days

S

ADP crystalboped with B-Alanine
Fig. 1: Block &iagram for Slow Evaporation Method

Pure ADP ADF doped with - alanine
T — _— .
5 A i == y
| SEEmBRERE
i3 LAY

Fig. 2:Photographic view of the harvested pure ADP
ond ADP 6oped with B-alanine crystals

Pure ADP
(@]

ADP doped with B—alanine

Ci o
H N/\-).LOH

+ - -
NH, 07 1Y0H =~ "
OH

NH, 071 OH
OH

Fig. 3: The Moleculor structure of pure ADP
on8ADP 6opeb with B-alaninecrystal
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CHARACTERIZATION TECHNIQUES

Powber X-beam biffraction example was
recorbed utilizing oXPERT-PRO X-beam obiffracto
meter with CuKa (w=1.54183) radiation. The FTIR
spectra of immaculate ADP, ADP &opeb with B-
alanine precious stones were recorded by SHIMADZU
FTHR Spectrometer in the extent 4000400 cm™. The
Raman spectraof unadulterated ADP oand ADP 6oped
with B-alanine precious stones were recorbed over
the reach 4000-80 cm™ using the BRUKER RFS 27 FT-
Raman spectrometer. The sources utilized as apart of
this gadget was the N&:YAG laser worked at 1064 nm
with the episode force of 100 mW for excitation. The
optical retention spectra of unadulterated ADP and
ADP &opeb B-alanine precious stones were recorbed
with SHIMADZU-UV 1800 twofold pillar
spectrometer. The surface morphology and the
compoun® structure of the immaculote ADP and ADP
6oped with B-alanine gems have been recognizeb by
SEM with EDAX examination utilizing the CARLZEISS
EVO18 check magnifying lens.

RESULT AND DISCUSSION

The ammonium G&6ihydrogen phosphate
crystals and ammonium &ihybérogen phosphate
6oped with B-alanine complex crystals were grown
by slow evaporation method. These crystals are
anolysed by the powder XRD, FTHR, FT-Raman, UV-
Visible spectroscopy and SEM with EDAX
investigation.

CRYSTALDENSITY MEASUREMENT

The &ensity of the grown crystals is
6etermined by flotation method. The Sensity values
aregiveninTable 1.

Table 1: Density values of parent and complex

Crystal
Compounds Density(g/cm’)
ADP 180
&-Alanine 144
Conmplex 157

By employing the above flootation metho§,
the density of the grown complex crystal has been

o
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determined as 1.57 g/cm3.

POWDER X-RAY DIFFRACTION ANALYSIS

Powber X-ray ©Oiffraction pattern study
ofpure ADP and ADP 6oped with B-alonine crystals
were recorbed by using a Philips XPERT-PRO X-ray
Siffractometer with CuKa (w=1.5418A) raSiation [12-
14]. The Powber X—ray biffraction patterns for pure
ADP anb6 ADP 6oped with B-alanine crystals are
shown in Fig. 4.The sharp and well defined peaks
indicate the crystalline nature of the compound. The
complex crystalline nature has been identified by
comparing the interplanar spacing and 2w values of
the powder pottern with the pure ADP ané Soped
ADP crystal. The 6-spacing and 2wvalues of complex
crystal are &ifferent from that of the pure ADP. This
result confirms the formotion of ADP doped with B-
olanine complex crystal.

700 4
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500 Doped ADP

> 4004
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‘w300
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r] 0 "“‘—""-'"""'"—‘—\-"-—-'-u _\.4.._)'_.-(...._-...‘ — W
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Position('2 Theta)

Fig. 4: Powder X—ray biffractionpattern for pure ADP
ond ADP 6oped with B-alanine crystals
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Table 2:Powéber XRD dota of pure ADP and ADP
6oped with B alanine complex crystals

Pure ADP ADP doped with B-alanine
Postion | dspacing | FWHM | Particlesze | Position | d-spacing | FWHM Particles ze
[°2¢] [A] Left | D=0.9%/&cose | [°2¢] [A] Left D=0.9%/acose
[2¢] [rm] [*2¢] [nm
166414 | 532732 | 0.1476 | 544197 16.5866 | 5.34481 | 0.1476 | 54.4159
451014 | 201026 | 0.3936 | 218643 23.6189 | 3.76696 | 0.1968 | 41.2585
631936 | 147143 0.1968 | 474140 28.9594 | 3.08330 0.1476 | 55.6134
684214 | 137119 | 0.29%52 | 325565 33.6201 | 2.66576 | 0.1476 | 56.2505
731372 | 12939 0.1476 | 67.0451 37.8144 | 2.37917 0.1476 | 56.9179
44.9845 | 2.01521 0.2052 | 29.1401
51.3723 | 1.7784 | 0.1968 | 44.8135
54.6530 | 1.67988 | 0.2952 | 30.3054
574049 | 160525 | 0.2952 | 30.6950
60.1386 | 1.53865 0.2052 | 31.1103
63.1405 | 147254 | 0.2952 | 31.6003
68.1541 | 1.37592 | 0.7872 | 12.18%
70.7918 | 1.33098 0.39%6 | 24.7710
734150 | 1.28977 | 0.5904 | 16.7915
75.7641 | 1.25552 | 0.3936 | 25.5837
78.1509 | 1.22304 | 0.5904 | 17.3405

The 6-spacing and 26 values of pure ADP and
ADP Doped with B-alanine crystals are shown in Toble
2. The particle size is 6etermined by Debye-Sherrer
formulausing powber X—ray iffraction data

D=0.9uyB cosw(nm)

The average crystallite size is found to be as 47
nm and 31 nm for pure ADP an ADP 6opeb B-alanine
crystals respectively with by using the above relation.
From this powder XRD stubies, 2w and 6-spacing
values reveal the significant change of X-ray
Giffraction peaks. Comparing the pure ADP and ADP
6oped with B-alanine dota, the minimum numbers of
peaks are observed in pure ADP and most of the
peaks are presented newly in ADP 6oped with B-
alanine.. This confirms the B-alanine compound is
6oped with ADP crystal.

VIBRATIONAL ANALYSIS

The infrared and Raman spectroscopy
analysis are employed here for the identification and
assignment of the various functional groups present
in the molecule. The FTHR and FT-Raman spectra of
pure ADP and ADP 6opeb with B-alanine complex
crystals are shown in Fig. 5 and Fig. 6 respectively. The
title compound has PO,, P-OH, P=0O, O-P-O, NH,+, O-
H, C=0, C-O-H (in COOH-carboxylic group), CH,
(methylene group) and NH, (amine group) groups.
The Setailed assignments of absorption bands /peaks
observed in the FTHR and FT-Raman spectra of pure

o
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ADP ond ADP with B alanine complex crystals are
shownin the Toble 3.

VIBRATIONS OF ADP

Based on the literoture data and correlation
with well observe® wove numbers, the special
ossignments are given Table 3. In the present work,
the vibration of various functional groups of ADP
molecules such as PO,, P-O-H, P=0, O-P-O, NH,+, OH
ore biscussed in detail.

PO, VIBRATION

The PO4 antisymmetric stretching wove
numbers normally occur in the region between
1280-1300 cm™[15]. In the present investigation, the
very strong band ot 1292 cm™ is obtoined in the FT4R
spectrum which is ossigned to PO4 vibration. This
band is slightly shifted to 1288 cm™ in the FTHR
spectrum of ADP oped with B-alanine crystal anéd is
Sue the formation of hydrogen bonding. There is no
its counterpart in the FT-Raman spectra for this
region. The PO, bending wave numbers normally
occur in the region of 547-439 cm™ [15]. In present
investigation, wove numbers of pure ADP are
observed at 547,445 cm™ and 540,477 cm™ inthe FT-
IR ané FT-Raman spectra for PO, bending mobe
respectively. These wave numbers of pure ADP are
compared with the ADP &oped with B-alanine
complex crystal and ore observed ot 547, 432 cm™
and 535,474 cm™ in both spectro. P-O-H Vibration

In this phosphate group, the stretching
vibrations of P-O-H is assigned at near 3150 cm-1
and another stretching vibration region at 1100-906
cm’[16]. In the present investigation, the bands are
observes at3101(w), 1022(w), 920(w) cm™ for pure
ADP ond 3124(w), 1024(w), 920(s) cm™ for ADP
6oped with B-alanine complex crystal in the FTHR
spectrum s assigned to the P-O-H stretching mode.
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Fig. 5: FTHR spectra of pure ADP and ADP 6oped
with B-olanine complex crystols

P=0 AND O-P-O VIBRATIONS

In this phosphate group, the stretching
vibrations of P=0 ané O-P-O bands are assigned ot
the region of 1200-1100 cm™ and 1100-1000 cm”
respectively [14, 15]. In present investigation, the FT-
IR spectraof pure ADP anb ADP 6opeb with B-alanine
crystals are show the bands at 1112 and 1101 cm™
which are very strong bonds of P=0 stretching
vibrations. Also the O-P-O stretching vibrations are
observed as the weok bands ot 1022 ans 1024 cm for
pure ADP and ADP 6oped with B-alanine crystals.

Doped ADP
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Fig. 6: FT-Raman spectra of pure ADP and ADP
b6oped with B-olanine complex crystals
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Table 3: Observed wave numbers in FTHR spectrum
oand FT-Raman spectrum and their assignments for
ADP anb ADP &opeb with B-aloanine complex

crystals.
Pure ADP ADP doped with - alanine
FT- IR FT- Raman FT-1IR FT- Raman Assignment
P/em™) @ /em™) @ /em™) @ fem™)
3240(sbr) | - 3246(s,br) i (O-H); is(NH4Y; i (NHp)
- 3152(sh) - i (NHs")
3101(w) - 3124(w) i (P-O-H); i (NH4)
- 2924(s) - i .(CH,);i (O-H); & (C-OH); i (NH,)
2858(w) 2858(w) 2840(m) i (NH,")
- - 2670(w) ic (NH; i (O-H)
- 2618(w) is (NHL; i (O-H)
2369(vs) -
- 2329(vs)
1793(w) - Overtonesand combinati on bands
1772(w) 1778(sh)
1741(9 1753(sh)
- 1720(sh) ias(C=0)
1707(sh) fas(C=0)
1697(9 - & (NH4")
- 1683(sh) - is (C=0)
- - - 1662(s) i(C=0
1649(s) 1657(9 - - & (O-H); & (NH,; 4(NH,)
- - 1600(sh) 8a(NH2)
1541(s) 1546(w) a (NHz)
1512(s) - a(NHzh
1456(vs) a(NH,")
- 1442(vs) a (CH,)
- 1404(vs) a(O-H)a (CH,); 8 (C-O-H)
1292(vs) 1283(vs) i & (POs)
1112(vs) 1101(vs) i (P=O)
1022(w) - 1024(w) - i (P-O-H); i (O-P-O)
920(w) 922(vs) 920(s,br) 923(vs) i (P-O-H)
877(vw) - - - u (N H,)
694(vw) - 675(vw) - u (N H,)
B547(vs) 540(m) 547(vs) 535(m) i (PO &(PO,)
245(w) 477(m) 432(vs) 474(m) i (POy); &(PO4)

s—strong; vs-very strong; vvs-very very strong;
m-medium; w-weak; vw-very weak;
sh-shoul&er;
v-stretching; w-symmetric stretching;
w,—asymmetric stretching; w-wogging; B—in plane;
6-bending; 6.-symmetric bending; 5, —asymmetric
bending; 6ef-6eformation.

Also the samemobe is observed ot 922 and
923 cm-1 in FT-Raman spectra of pure ADP anb ADP
6oped with B-alanine crystals respectively.

VIBRATIONS OF [NH,] +

In pure ADP, the uB vibrational spectrum of
the free ammonium ion [NH,]+ is presented. In this
molecule, H otoms are bonded with one N atom as in
T6 symmetry. The [NH,]+ vibration splits into N-H,
NH, and [NH,]+vibrations. Also B-olanine has the
same amine group i.e., NH,. The characteristic -NH2
ban&s around at 3200 cm™ usually appears. Also
[NH,]+assignments are supported by [Nh,]+
vibrations.

Now, the [NH,] +stretching vibrotions are
assigned at the region between 3500-2600 cm™[16].

5
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In present investigation, 3101(w), 2858(w)
and 3124(w), 2924(s), 2858(w) banés are observed
Sue to [NH4] +stretching vibrations in FT-R spectrum
for pure ADP and ADP doped with B-olanine crystals.
Also, 3152 cm™ an& 2840, 2670, 2618 cm™ bands are
observed due to [NH,]+stretching vibrations in FT-
Raman spectrafor pure ADP and ADP doped with -
alanine crystals. Particularly, in symmetric (uil) and
antisymmetric (uB) stretching vibrations are assigned
at near 3270 cm™ and 3343 cm’ respectively [15]. In
present investigation, only the symmetric stretching
of [NH,]+vibration is observeb as the strong band ot
3240 an& 3246 cm™ in pure ADP an8 ADP Soped with
B-alanine crystals from FTHR spectra respectively.
Also, symmetric (u2) and antisymmetric () bending
vibrations are assignes at near 1669 cm™ and 1447
cm™ respectively [16]. In present study, the
symmetric bending of [NH,]+vibrotion is observed as
the strong bands at 1697, 1649 cm™ and 1657 cm™ in
FTHR spectra and FT-Romon spectra for pure ADP
respectively. Also, the antisymmetric bending of
[NH,] +vibrotion is observed as the very strong band
at 1456 cm™ in FTHR spectrum for pure ADP crystol.

Now, the characteristic -NH, banés arouné ot
3200 cm-1 usually appears [16]. The stretching and
bending vibrations of NH, are assigned at the region
between 35003200 c¢cm” oan§ 1650-1590 cm™
respectively [16]. In present investigotion, 3240 and
3246 cm™bond are observed Sue to -NH, stretching
vibrational mode in FTHR spectra for pure ADP ané
ADP 6opeb with B-alanine crystals. The strong bands
at 1649 ond 1657 cm™ are observed Sue to -NH,
bending vibrational mode in FTHR and FT-Roman
spectrafor pure ADP crystal. Already these bands are
reported to [NH4]+vibrations. The vibration of -NH,
wagging is assigned at the region between 900-660
cm™ [15,16]. The band ot 877 cm™ is observed in FTHR
spectrum for pure ADP crystal. From FTHR spectrum,
the band ot 694 cm™ for pure ADP is Sownshiftes to
675 cm™ for ADP Soped with B-alanine crystals Sue to
formation of hyérogen bonding.

Also [NH,]+ assignments are supported [Nh,]
+vibrations. The [NH,]+ &isplays its characteristics
bending moSes at 1475-1600 cm™ [15, 16]. The FT4R

L
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spectrum shows the ban&s ot 1541cm™ for pure ADP
is upshifted to 1546 cm™ for ADP Soped with B-
olanine crystals due to formotion of hydrogen
bonding. The [NH,]+ benbing vibrations is observed
at 1512 cm™ in the FTHR spectrum for pure ADP
crystal.

O-H VIBRATION

The functional groups of O-H stretching is
assigned at the ronge 3500-3200 cm™ [17]. In the
present analysis, the FTHR spectrum of the pure ADP
ond ADP Sopeb with B-alanine crystals show the
strong peaks at 3240 and 3246 cm” respectively. It is
known that the O-H bending vibration mokes o peak
at 1642 cm™ in FTHR spectrum. In present study, 1649
cm” and 1657 cm™band are assigned to O-H bending
vibration of pure ADP and ADP 6oped with B-olanine
crystals respectively.

VIBRATIONS OF B-ALANINE

The hydrogen bonbing leads to several
modes of vibration undergoing changes in position
ond intensity. Based on the literature Sdota and
correlation with well observed wave numbers, the
spectral assignments are given Table 3. Inthe present
work, the vibration of various functional groups of -
olanine molecules such as O-H, C=0, C-O-H (in COOH-
carboxylic group), CH2(methylene group), NH,
(amine group) are Siscussed in betail.

VIBRATION OF CARBOXYL GROUP
O-H VIBRATION

The O-H stretching vibration of COOH -
Carboxylic acid group is assigned in the region
between 33002500 cm™ [18]. In the present
investigation, the strong bond at 2924 cm™ is
occurred in FTHR spectra of complex crystal which is
assigned to the O-Heee(Q stretching vibration of
carboxylic aci6. Also the FT-Raman spectra are
observe6 the ban8s ot 2670, 2618 cm™ in ADP Soped
with B-olanine crystal. However, the corresponding
FTHR banés are not identified distinctly because the
overlapping of CH,, O-H, and N-H stretching banss
contributes to the broad FTHR band. This mode is
observed only ADP 6oped with B-alanine crystals,

6
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because COOH-Carboxylic acid group oppears in B-
alanine.

The O-H in plane bending wave number
normally occurs in the region between 1440-1395
cm™[18, 19]. In the present study, the FTHR spectrum
shows very strong band at 1404 cm™ in ADP Sopeb
with B-olanine.

C=0 AND C-O-H VIBRATIONS

As the carboxyl &imer structure hos a centre
of symmetry, the antisymmetric carbonyl stretch will
be IR active whereas its symmetric stretch will be
Raman active. Most carbonyl 6imers have an IR band
in the range 1720-1680 cm™ Sue to antisymmetric
C=0 stretch ané it is lower than the absorption for a
monomer [20]. In the FT-Raman spectrum, abané is
expected between 1680-1640 cm™ Sue to symmetric
C=0Ostretch. Inthe present structure, ashoulber FTHR
ban&s ot 1707, 1720, 1683 cm™ (Raman inactive) is
ottributed to the C=0 antisymmetric stretching
mo&e and a strong FT-Raman band ot 1662 cm™ is
assigned to C=0 symmetric stretching mobe of
vibration. These banés clearly confirm the
occurrence of acyclic carboxyl Simerinthe crystal.

The C-OH bending wave number normally
occur in the region 1440-1395 cm™ whereas CH,
6eformation, O-H in plone vibrations are involved
[20]. In the present study, the FT-R spectrum shows
very strong band ot 1404 cm™ in ADP Sope§ with B-
alanine. Also, benbing of C-OH vibration is assigneb ot
the region between 3000-2800 cm™ whereas
antisymmetric CH2 stretch, O-H stretch is involved. In
present study, strong band ot 2924 cm™ is assignes to
C-OH bend vibration. There are no FT-Roman banés in
both groups.

VIBRATIONS OF METHYLENE GROUP

The antisymmetric and symmetric stretching
mobes of the methylene group were identified
together with their §eformation modes. In B-alanine,
the stretching mod&es of the CH, group are observed
at the region between 3000-2850 cm™ [19, 20].
Particularly, the asymmetric stretching and
symmetric stretching of CH2vibrations occur ot the
region between 29452910 cm™ and 28652835 cm™

L
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respectively. In present work, the ban&s ot 2924 cm™
is due to antisymmetric stretching vibration of CH,.
The vibration due to symmetric bending of
CH,(6eformation) mode is expectebd to occurs ot
1470-1350 cm™[20]. In present study, the very strong
bonds ot 1442, 1404 cm™ are obtained in FTHR
spectrum.

VIBRATIONS OF NH2

Bending vibrations of NH, is assigneb at the
region between 1650-1590 cm™ [20-22]. At present
investigation, the shoulber bané is appeared ot 1600
cm™ in FTHR spectrum for ADP oped with B-alonine
Sue to NH2 bending vibration. Also, the vibration of
NH2 wagging is assigned at the region between 900-
660 cm™. From FTHR spectrum, the bané ot 694 cm™
for pure ADP is Sownshifted to 675 cm™ for ADP
b6oped with B-alanine crystals due to formation of
hySrogen bon&ing. The band ot 675 cm™ for ADP
6oped with B-alanine crystals is appeared due to the
presences of NH2 group in B-alanine molecule.

From all the obove vibrational assignments,
wave numbers of the FTHR ané FT-Raman spectraare
identified the various functional groups of pure ADP
ond ADP bopeb with B-alanine crystals. The wave
numbers are shifte6 because of the hyérogen
bonding formation. These vibrational assignments
ore used to assess the complex crystal.

UV-VISIBLE SPECTROSCOPY ANALYSIS

The optical absorption spectra of pure ADP
ond ADP with B-alanine crystals hove been recorbed
with SHIMADZU-UV 1800 &ouble beam spectro
meter. Tronsmittance and obsorption dato were
observed for the crystals in the wavelength range
200-1100 nm insteps of 1 nm. The slit width chosen
was 0.2 nm. The wavelength rote was in fost mode.
The observed values of absorbance were recorbed
and stored inthe memory of acomputer and plotted.
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Fig. 7: Absorption spectra of pure ADP and ADP
b6oped with B-olanine complex crystals

From the spectro, the crystals show a good
transmittance in the entire visible region. A good
optical transmittance from ultraviolet to infrared
region is very useful for optical applications. The
lower cut-off wavelength is found to be 215 nm ané
234 nm for pure ADP and ADP 6oped with B-alanine
complex crystals respectively. The transparency of
the pure ADP is decreased in the presence of B
alanine which is depicted in the Fig. 7. But there is no
change in the optical window for both crystals in the
visibleregion [23, 24].

Table 4:Cut-off wavelength and Band gap of pure
ADP and ADP with B alanine complex crystals

Sample Cut-off wavelength | Band gap
(nm) (eV)

Pure ADP 215 6.16

Doped ADP 234 5.50

The energy gap value Eg could be etermined
by analyzing the optical 6ata with optical absorption
coefficient a and the photon energy hwusing Tauc’s
relation [25], (ahw2 = A(hw-Eg).The optical band gap
was evaluated by plotting(ahuwj2vs. hwas shown in
Fig. 8 and extrapolating the linear portion of
obsorption edge (ahw2the photon energy axis gives
the optical band gop of the crystal [26].

L
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Fig.8: Energy gap curve of pure ADP an6 ADP with B
-alanine complex crystals

From the Fig.8, the band gap values of the
crystals were found to be as 6.16 eV for pure ADP and
5.50 eV for ADP 6oped with B-alonine. The band gap
value of pure ADP is decreased in the presence of B-
olanine. This result also confirms presence of B-
olanine in the complex crystal.

SEM WITH EDAX ANALYSIS

A high energy beam of electrons are scanning
the surfaces in a raster pattern is called Electron
Microscope. The shape and size of the particles
moking up the object can be viewed and stubied.
SEM analysis is carried out using CARLZEISS EVO18
scan microscope. The SEM analysis shows the optical
clarity and substance nature. Also, nature of the
surfaces and morphology of the crystal are identified
by the SEM analysis [27].In present investigation,
SEM image shows the highly optical clarity and
noture of the substances for pure ADP and ADP
6oped with B-alanine. The surfaces of the grown
crystals are smooth and well defined planes
(morphology) for pure ADP anb ADP &opeb with B-
alanine whichis due to SEM analysis.

Pure ADP

ADP doped with [i— alanine

Fig. 9: SEM image of pure ADP and ADP &oped with
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B -alanine complex crystals
Shape ané size of microcrystals are different
in pure ADP and ADP 6oped with B-alanine to identify
by SEM analysis. This SEM image proves thot the
presences of Sopant.

ENERGY DISPERSIVE X-RAY ANALYSIS

The Energy Dispersive X-Ray Analysis (EDAX)
is performeé using the CARLZEISS EVO18. The EDAX
pattern reveals the presence of chemical
compositions of crystals, from the charocteristic
peaks of the elements and also confirms the absence
of impurities. From EDAX spectrum, the chemical
composition weight has been calculated [27-29].

Table 5: Estimated Weight Percentage of pure ADP
and ADP &oped with B-alanine crystals

S.NO | Element | Pure ADP ADP doped with p-
alanine

Weight | Atomic | Weight | Atomic %
% Y% %

L O 59.46 65.75 48.00 45.55

2. P 2531 14.46 11.57 5.67

3. N 12.57 15.88 12.90 13.99

4. Cc 2.66 3.91 27.52 34.79

TOTAL 100 100 100 100

Pure ADS ADP doped with [-amanme

BT Bt ]
| i

Fig. 10: EDAX Spectrum of ADP 6oped with B-alanine
crystal

From the EDAX analysis, the presence of
chemical composition(O, P, N and C) has been
identifie6 and its weight percentage has been
colculated for pure ADP ond ADP 6oped with B-
alanine crystals. From the results, estimoted weight
percentage (%) and atomic percentoge (%) of carbon
component of ADP doped with B-alanine reveals the
high value than pure ADP. This result confirms that
the Sopant is existing in the ADP &opeb with B-

alanine crystal.
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CONCLUSIONS

The pure ADP and ADP 6oped with B-alanine
single crystals were grown by slow evaporation
method. From the Powder XRD studies, 2w and 6-
spocing values reveal the significant change of X-ray
Siffraction peaks. Compared to pure ADP and ADP
boped with B-alanine data,the minimum number of
peaks are observed in pure ADP and more of the
peaks are pronounced newly in the ADP dopeb with
B-alanine. The frequency assignments have been
made for various functional groups and they are
found to be in good ogreement with previously
published works. From UV-Visible Spectroscopy, the
crystal shows a good transmittance in the entire
visible region. The band gap value of pure ADP is
Secreased in the presence of B alanine. This result
olso confirms presence of B-alanine in the complex
crystal. From SEM image shows the highly optical
clarity and nature of the substances for pure ADP and
ADP §oped with B-alanine. The surfaces of the grown
crystals are smooth and well &defined planes
(morphology) for pure ADP and ADP boped with -
alanine which is due to SEM analysis. From the EDAX
analysis, the presence of chemical composition(O, P,
N andé C) has been ibdentified and its weight
percentage has been calculated for pure ADP and
ADP 6oped with B-alanine crystals.
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