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Abstract: In the present study, a considerable, reproducible, and eco-friendly biological synthesis of
Ag nanoparticles using Mangifera indica leaf extract as a reductant is documented. The spectroscopic
characteristics of synthesized Ag nanoparticles are described by both UV-Vis and FT-IR techniques.
The bandgap offsets, reactivity, and NLO properties for two flavonoids, quercetin, and taxifolin, are
examined using the DFT approach. Also, a detailed comparative analysis for HOMO-LUMO
interactions among quercetin and taxifolin is discussed. Results show that quercetin and taxifolin
possess dipole moment (DM=4.79, 3.99 Debye) and bandgap offset (2.59, 2.98 eV). Both molecules
are promising candidates as window layers for solar cells and memory switch devices. In addition,
hyperpolarizability calculations show that quercetin NLO response is higher than taxifolin, which sets
a revolutionary recall for NLO manufacture upgrade. Moreover, NBO and UV-Vis absorption
characteristics are reported as well.
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1. Introduction

Recently, Ag nanoparticles synthesis has been developed efficiently owing to their
outstanding applications in both biological, optical, and nonlinear optical manufactured devices
[1-3]. Pristine Ag nanoparticles have the lowest fatigue resistance as well as the highest
electrical and thermal conductivity among other metals[4-7]. There are different studies of the
use of green nanomaterial synthesis agents, i.e., natural and environmentally friendly reducing
and capping agents [8-10]. In several plants and related plant products, an entire class of
flavonoids is present in abundance. Five flavonoids, specifically (—)- epicatechin-3-O-B-gluco-
pyranoside, 5-hydroxy/3 (4-hydroxylphenyl) pyrano [3,2-g]chromene/4(8H)one, 6(p-
hydroxybenzyl) taxifolin/70/B-D-glucoside, quercetin-3-O-a-glucopyranosyl-(1— 2)- B-D-
gluco-pyranoside &(-)- epicatechin(2(3,4dihydroxyphenyl) 3,4dihydro(2H) chromene
(3,5,Ntriol were detached from mango leaves (Mangifera indica L.). Quercetin (QCN) and
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Taxifolin (TXN) compositions are contained in Mangifera indica extracts with polyphenolic
compounds. Antifungal activities of both QCN and TXN have shown an increase in their
antifungal behaviors upon concentration rise [11-13]. QCN is an efficient scavenging
antioxidant, although that activity relays firmly upon the intracellular reduced glutathione
availability [14-16]. Also, QCN possesses a right, pro-apoptotic influence in cellular tumors
and prohibits human cancer cell growth at diversional phases of the cell cycle [17-19], which
act as chemo-preventers [20-23]. On the other hand, TXN prevented skin scar cell carcinoma
growth [24] and was promoted as myeloperoxidase (MPO)-derived RNS scavenger [25,26].
Moreover, TXN decreases BSO-induced injury to dermal fibroblasts as well as downregulates
collagenase 1 (MMP-1) in UVB-treated skin cells. Up to our knowledge, only a few reports
have been revealed on Ag nanoparticles synthesis using pure flavonoid reduction. Accordingly,
the present study uncovers both synthesis, spectroscopic and quantum chemical investigations
for QCN and TXN compounds. In addition, electronic, optical, and nonlinear optical (NLO)
characterization behaviors are studied to foresee the desired applications for QCN and TXN as
well.

2. Materials and Methods

2.1. Extraction of Ag nanoparticles.

Fresh Mangifera Indica leaves are picked up from Bangalore spot, Karnataka, India.
The collected leaves are washed a few times under running faucet water followed by twofold
refined water (DDM) to clear any residuals or dampness. The washed Mango leaves are left to
dry well, and then a sliced 10 g of leaves are bubbled in a hot water shower (~80°C) inside 500
ml Erlenmeyer cup along in 100 ml sterile DDW for 30 mins. Then, the concentrated solution
is cooled and filtrated well to maintain AgNO3 nanoparticles. Distinctive 10ml mango leaves
extracted, added to 30ml AgNQO3, and stirred for 1h to turn Ag™ into Ag. The development of
Ag nanoparticles is confirmed by turning stirred mixture contrast into ruddy earth color. After
that, the stirred mixture is centrifuged at 2000 rpm for 30 mins. The supernatant fluid is
disposed of, and the gooey Ag remainder is collected over Whatman No. 1 paper and left for
48 h. Finally, the dried Ag nanoparticles are assembled and moved to light-safe compartments.

2.2. FT-IR and UV-Vis investigations.

FT-IR chart is measured 4000-400 cm™ through the BRUKER IFS- 66V FT-IR
instrument with KBr pellet style. Also, the UV-Vis chart is scanned in region 200-700 nm
utilizing a twofold pillar spectrophotometer (Metash UV-Vis, model UV-8500).

2.3. Computational details.

DFT calculations of QCN and TXN are achieved as built-in G09 [27] and visualized by
GV5 [28]. The well-examined WB97XD [29-37] is employed due to the premium electronic
representation revealed for various structural systems [38-48]. The simulated QCN and TXN
are optimized and shown in Figure 1. The optimal geometries for both QCN and TXN are
collected in Table 1. A comparison between measured and computed wavenumbers with
corresponding assignments for both QCN and TXN is shown in Table 2. All calculated
wavenumbers are multiplied by a factor (~0.98) to concur with the experimental results. Both
Experimental and simulated IR spectra for both QCN and TXN are displayed in Figure 2. Also,
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nonlinear optical (NLO) parameters as static-polarizability (o) and 1% order hyperpolarizability
(B) for both QCN and TXN are computed and registered in Tables 3. Comparative physical
indices such as EHOMO, ELUMO, HOMO/LUMO offset, spin, ionizing-potential (I),
electronic-affinity (A), chemical-potential (), hardness (x), electrophile-index (¢ ), softness
(s), total dipole-moment (TDM), static polarizability oy, polarizability anisotropy Aa and
first-order hyperpolarizability ;. for QCN and TXN with other similar published compounds
are calculated and collected in Table 4. Finally, natural bond orbital (NBO) and UV-Vis
absorption analyses have been carried out B3LYP/6-311++(G,p). The 2" order Fock matrix is
performed to speculate acceptor-donor interplays in NBO. For each donor (i) & acceptor (j),
the stabilization-energy E (2) correlating with the delocalization i — j is given as:

F(i,§)?
E® = AE, = @ F@.)”
Ei—ej

where, q; is the donor orbital occupancy, ¢; & ¢; are diagonal_elements, and F(i, ) is the
NBO/off-diagonal Fock matrix.

3. Results and Discussion

3.1. Structural and FT-IR analyses.

The optimum geometries for both QCN and TXN are achieved by WB97XD/Lan2MB
and SDD Levels shown in Figure 1 and Table 1. From Table 1 and Figure 1, we may clarify
the following:

The optimal bond length for C=C is in the range 1.40 to 1.42 A that compares well with
experimental data 1.48 A [49]. The C=0 bond length is somewhat longer than experimental
data 1.23 A [49] for QCN and TXN. Also, the computed bond extent for all O-H terminals is
similar 1.02 A. The calculations show that stable structures for both QCN and TXN are twisted
via hydroxy-phenol moiety with dihedral angles C12C10C11C17=133.35° and
C9C8C10C16=-102.07°, respectively. QCN is expected to be more active than TXN due to
7 —electrons resonance along with nearby withdrawing groups. TXN has two extra H antennae
over QCN, which holds = —electrons in aromatic moiety lowering its dipole moment.

Calculated IR spectra for both QCN and TXN have been achieved using
WB97XD/SDD. Both experimental, computed IR wavenumbers, IR intensity, and desired
assignments are collected in Table 2 and presented in Fig. 2. Detailed assignments are briefly
discussed as the following:

The OH stretch is monitored in the range 3500-3200 cm™ [50]. Mode 1 is assigned to
OH stretch at 3262 (QCN), 3386 (TXN) cm™ which is comparable to the experimental peak
3416 cm™. Mode 6 is attributed to OH inplane bending at 1415 (QCN), 1404 (TXN) cm™
corresponds to measured value 1419 cm™. Asymmetric and symmetric CH stretch are tracked
at 3200-2800 cm™ [51]. Modes 2&3 are corresponding to both Asymmetric and Symmetric CH
stretch at 3191; 3168 (QCN), 3040; 2998 (TXN) cm™, respectively; match with indexed data
at 2920 and 2851 cm™. Modes 7&8 are recognized as C-H inplane bending at 1378-1273
(QCN), 1387-1284 (TXN) cm™, respectively; that approved with found peaks at 1363-1273
cm™. Mode 10 is specified for both OH and CH out plane bending at 594 (QCN), 617 (TXN)
cm, which correspond to tracked peak at 608 cm™. The C=C stretch is detected in domain
1800-1600 cm™ [52,53]. Modes 4&5 are assigned to C=C stretch at 1705-1658 (QCN), 1692-
1628 (TXN) cm, respectively; that agreed with experimental data at 1823-1608 cm™. Mode 9
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is identified for C-O+C-C stretch at 882 (QCN), 889 (TXN) cm™ that concord with an indexed
peak at 890 cm™. Our Calculations have shown a good agreement with measured data,
especially with QCN molecules. It is convenient to relate any deviations between computed
results (single molecule-gas phase) and experimental frequencies (metamolecules-solid phase)
to extended hydrogens and packing interactions.

Figure 1. Optimized structure and numbering scheme for (a) QCN, (b) TXN at WB97XD/SDD.

Table 1 Structural parameters for QCN and TXN at WB97XD aided with Lanl2MB and SDD sets.

QCN TXN
Lanl2MB SDD Lanl2MB SDD
Bond Length (A) Bond Length (A)
01-C9 141 141 01-C8 1.49 149
01-C10 141 141 01-C13 141 141
02-C12 141 141 02-C9 1.45 1.45
02-H28 1.02 1.02 02-H28 1.03 1.03
03-C14 1.36 1.36 03-Cl11 1.29 1.29
03-H29 1.10 1.10 04-C14 1.37 1.37
04-C13 1.30 1.30 04-H31 1.07 1.07
05-Cl16 1.40 1.40 05-C19 1.40 1.40
05-H30 1.02 1.02 05-H32 1.02 1.02
06-C20 1.42 1.42 06-C20 1.40 1.40
06-H31 1.02 1.02 06-H33 1.02 1.02
07-C22 141 141 07-C22 141 141
07-H32 1.02 1.02 07-H34 1.01 1.01
C8-C9 1.42 1.42 C8-C9 1.58 1.58
C8-C13 1.46 1.46 C8-C10 1.54 1.54
C8-C14 1.45 145 C8-H23 1.11 111
C9-C15 1.40 1.40 C9-C11 1.55 1.55
C10-C111 151 151 C9-H24 1.12 1.12
C10-C12 1.38 1.38 C10-C15 141 141
C11-C17 141 141 C10-C16 1.40 1.40
C11-C19 141 141 C11-C12 144 1.44
C12-C13 149 149 C12-C13 1.43 143
C14-C18 142 142 C12-C14 144 144
C15-C16 142 142 C13-C17 1.40 1.40
C15-H23 1.09 1.09 C14-C18 142 142
C16-C18 141 141 C15-C20 1.40 1.40
C17-C20 141 141 C15-H25 1.09 1.09
C17-H24 1.10 1.10 Cl16-C21 141 141
C18-H25 1.09 1.09 C16-H26 1.10 1.10
C19-C21 1.40 1.40 C17-C19 1.43 143
C19-H26 1.10 1.10 C17-H27 1.09 1.09
C20-C22 143 143 C18-C19 141 141
C21-C22 141 141 C18-H29 1.09 1.09
C21-H27 1.10 1.10 C20-C22 1.43 143
C21-C22 1.40 1.40
C21-H30 1.10 1.10
Bond Angle (°) Bond Angle (°)
C9-01-C10 116.22 116.22 C8-01-C13 112.35 112.35
C12-02-H28 102.87 102.87 C9-02-H28 99.09 99.09
C14-03-H29 101.26 101.26 C14-04-H31 101.96 101.96
C16-05-H30 103.22 103.22 C19-05-H32 103.43 103.43

https://biointerfaceresearch.com/ 8244


https://doi.org/10.33263/BRIAC126.82418257
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC126.82418257

QCN TXN
Lanl2MB SDD Lanl2MB SDD
C20-06-H31 103.58 103.58 C20-06-H33 100.47 100.47
C22-07-H32 103.60 103.60 C22-07-H34 104.41 104.41
C9-C8-C13 122.20 122.20 01-C8-C9 111.96 111.96
C9-C8-C14 120.18 120.18 01-C8-C10 107.00 107.00
C13-C8-C14 117.60 117.60 01-C8-H23 109.12 109.12
01-C9-C8 121.88 121.88 C9-C8-C10 111.42 111.42
01-C9-C15 116.93 116.93 C9-C8-H23 107.84 107.84
C8-C9-C15 121.20 121.20 C10-C8-H23 109.47 109.47
01-C10-C11 111.00 111.00 02-C9-C8 111.75 111.75
01-C10-C12 125.31 125.31 02-C9-C11 109.49 109.49

C11-C10-C12 123.65 123.65 02-C9-H24 111.91 111.91

C10-C11-C17 119.60 119.60 C8-C9-C11 107.21 107.21

C10-C11-C19 121.21 121.21 C8-C9-H24 107.90 107.90

C17-C11-C19 119.19 119.19 C11-C9-H24 108.41 108.41

02-C12-C10 124.78 124.78 C8-C10-C15 119.65 119.65
02-C12-C13 115.50 115.50 C8-C10-C16 120.04 120.04
C10-C12-C13 119.71 119.71 C15-C10-C16 120.29 120.29

04-C13-C8 121.06 121.06 03-C11-C9 119.31 119.31
04-C13-C12 124.32 124.32 03-C11-C12 123.33 123.33
C8-C13-C12 114.62 114.62 C9-C11-C12 117.35 117.35

03-C14-C8 118.92 118.92 C11-C12-C13 121.27 121.27
03-C14-C18 122.58 12258 Cl11-C12-C14 117.66 117.66
C8-C14-C18 118.50 11850 C13-C12-C14 121.01 121.01
C9-C15-C16 118.24 118.24 01-C13-C12 122.84 122.84
C9-C15-H23 121.24 121.24 01-C13-C17 117.67 117.67
C16-C15-H23 120.53 120.53 C12-C13-C17 119.47 119.47
05-C16-C15 115.72 115.72 04-C14-C12 119.00 119.00
05-C16-C18 122.08 122.08 04-C14-C18 122.03 122.03

C15-C16-C18 122.20 122.20 C12-C14-C18 118.97 118.97

C11-C17-C20 120.93 120.93 C10-C15-C20 119.74 119.74

C11-C17-H24 120.29 120.29 C10-C15-H25 120.64 120.64

C20-C17-H24 118.78 118.78 C20-C15-H25 119.62 119.62

C14-C18-C16 119.68 119.68 C10-C16-C21 120.65 120.65

C14-C18-H25 119.77 119.77 C10-C16-CH26 119.83 119.83

C16-C18-H25 120.55 120.55 C21-C16-H26 119.52 119.52

C11-C19-C21 120.53 120.53 C13-C17-C19 119.18 119.18

C11-C19-H26 120.17 120.17 C13-C17-H27 120.21 120.21

C21-C19-H26 119.23 119.23 C19-C17-H27 120.60 120.60

C6-C20-C17 117.71 117.71 C14-C18-C19 118.96 118.96
C6-C20-C22 122.81 122.81 C14-C18-H29 120.82 120.82

C17-C20-C22 119.44 119.44 C19-C18-H29 120.22 120.22

C19-C21-C22 120.67 120.67 05-C19-C17 121.22 121.22

C19-C21-H27 120.69 120.69 05-C19-C18 116.42 116.42

C22-C21-H27 118.62 118.62 C17-C19-C18 122.36 122.36

07-C22-C20 122.92 122.92 06-C20-C15 121.72 121.72
07-C22-C21 117.86 117.86 06-C20-C22 118.77 118.77
C20-C22-C21 119.19 119.19 C15-C20-C22 11951 11951
C16-C21-C22 119.32 119.32
C16-C21-H30 120.54 120.54
C22-C21-H30 120.14 120.14
07-C22-C20 112.76 112.76
07-C22-C21 126.75 126.75
C20-C22-C21 120.49 120.49
Dihedral Angle (°) Dihedral Angle (°)

C10-01-C9-C8 -0.17 -0.17 C13-01-C8-C9 53.91
C10-01-C9-C15 179.69 179.69 C13-01-C8-C10 176.26
C9-01-C10-C11 179.98 179.98 C13-01-C8-H23 -65.39
C9-01-C10-C12 2.19 2.19 C8-01-C13-C12 -22.47

H28-02-C12-C10 -6.14 -6.14 C8-01-C13-C17 159.16
H28-02-C12-C13 172.88 172.88 H28-02-C9-C8 139.37
H29-03-C14-C8 -0.32 -0.32 H28-02-C9-C11 20.74
H29-03-C14-C18 179.55 179.55 H28-02-C9-H24 -99.50
H30-05-C16-C15 -179.87 | -179.87 H31-04-C14-C12 -0.44

H30-05-C16-C18 0.16 0.16 H31-04-C14-C18 178.80
H31-06-C20-C17 -156.92 | -156.92 H32-05-C19-C17 0.72
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QCN TXN
Lanl2MB | SDD Lanl2MB |  SDD
H31-06-C20-C22 25.31 25.31 H32-05-C19-C18 179.78
H32-07-C22-C20 23.51 23.51 H33-06-C20-C15 -179.75
H32-07-C22-C21 | -158.35 | -158.35 | H33-06-C20-C22 0.07
C13-C8-C9-01 -0.94 -0.94 H34-07-C22-C20 -179.34
C13-C8-C9-C15 17921 | 179.21 H34-07-C22-C21 0.78
C14-C8-C9-01 179.97 | 17997 01-C8-C9-02 -177.59
C14-C8-C9-C15 0.11 0.11 01-C8-C9-C11 -57.61
C9-C8-C13-04 -179.45 | -179.45 01-C8-C9-H24 58.97
C9-C8-C13-C12 0.21 0.21 C10-C8-C9-02 62.62
C14-C8-C13-04 -0.34 -0.34 C10-C8-C9-C11 -177.40
C14-C8-C13-C12 | 179.33 | 179.33 C10-C8-C9-H24 -60.82
C9-C8-C14-03 179.68 | 179.68 H23-C8-C9-02 -57.54
C9-C8-C14-C18 -0.20 -0.20 H23-C8-C9-C11 62.44
C13-C8-C14-03 0.55 0.55 H23-C8-C9-H24 179.02
C13-C8-C14-C18 | -179.33 | -179.33 01-C8-C10-C15 -46.55
01-C9-C15-C16 | -179.84 | -179.84 01-C8-C10-C16 135.25
01-C9-C15-H23 0.02 0.02 C9-C8-C10-C15 76.13
C8-C9-C15-C16 0.02 0.02 C9-C8-C10-C16 -102.07
C8-C9-C15-H23 179.88 | 179.88 H23-C8-C10-C15 -164.67
01-C10-C11-C17 | -44.48 -44.48 H23-C8-C10-C16 17.13
01-C10-C11-C19 | 13578 | 135.78 02-C9-C11-03 -25.98
C12-C10-C11-C17 | 13335 | 13335 02-C9-C11-C12 152.94
C12-C10-C11-C19 | -46.39 -46.39 C8-C9-C11-03 -147.39
01-C10-C12-02 17601 | 176.01 C8-C9-C11-C12 31.53
01-C10-C12-C13 -2.97 -2.97 H24-C9-C11-03 96.37
C11-C10-C12-02 -151 -151 H24-C9-C11-C12 -84.71
C11-C10-C12-C13 | 17951 [ 17951 C8-C10-C15-C20 -178.62
C10-C11-C17-C20 | -179.28 | -179.28 |  C8-C10-C15-H25 2.02
C10-C11-C17-H24 | -0.32 -0.32 C16-C10-C15-C20 -0.42
C19-C11-C17-C20 0.47 0.47 C16-C10-C15-H25 -179.78
C19-C11-C17-H24 | 17943 | 179.43 C8-C10-C16-C21 178.16
C10-C11-C19-C21 | -179.84 | -179.84 | C8-C10-C16-H26 -1.50
C10-C11-C19-H26 | -3.09 -3.09 C15-C10-C16-C21 -0.03
C17-C11-C19-C21 0.41 0.41 C15-C10-C16-H26 -179.69
C17-C11-C19-H26 | 177.16 | 177.16 03-C11-C12-C13 176.36
02-C12-C13-04 2.20 2.20 03-C11-C12-C14 -6.43
02-C12-C13-C8 | -177.45 | -177.45 | C9-C11-C12-C13 -251
C10-C12-C13-04 | -178.72 | -178.72 C9-C11-C12-C14 174.70
C10-C12-C13-C8 1.62 1.62 C11-C12-C13-01 -3.93
03-C14-C18-C16 | -179.72 | -179.72 | C11-C12-C13-C17 174.42
03-C14-C18-H25 0.18 0.18 C14-C12-C13-01 178.96
C8-C14-C18-C16 0.15 0.15 C14-C12-C13-C17 -2.70
C8-C14-C18-H25 | -179.95 | -179.95 | C11-C12-C14-O4 4.19
C9-C15-C16-05 179.96 | 17996 | C11-C12-C14-C18 -175.06
C9-C15-C16-C18 -0.07 -0.07 C13-C12-C14-O4 -178.59
H23-C15-C16-05 0.09 0.09 C13-C12-C14-C18 2.15
H23-C15-C16-C18 | -179.93 | -179.93 [ 01-C13-C17-C19 179.69
05-C16-C18-C14 | 179.95 | 179.95 01-C13-C17-H27 -1.46
05-C16-C18-H25 0.05 0.05 C12-C13-C17-C19 1.26
C15-C16-C18-C14 | -0.02 -0.02 C12-C13-C17-H27 -179.90
C15-C16-C18-H25 | -179.92 | -179.92 | 04-C14-C18-C19 -179.43
C11-C17-C20-O6 | -179.87 | -179.87 | 04-C14-C18-H29 0.27
C11-C17-C20-C22 |  -2.02 -2.02 C12-C14-C18-C19 -0.20
H24-C17-C20-06 1.16 1.16 C12-C14-C18-H29 179.51
H24-C17-C20-C22 | 179.00 | 179.00 C10-C15-C20-06 -179.62
C11-C19-C21-C22 0.30 0.30 C10-C15-C20-C22 0.57
Cl11-C19-C21-H27 | 17844 | 178.44 H25-C15-C20-06 -0.25
H26-C19-C21-C22 | -176.48 | -176.48 | H25-C15-C20-C22 179.94
H26-C19-C21-H27 1.65 1.65 C10-C16-C21-C22 0.33
06-C20-C22-07 -1.46 -1.46 C10-C16-C21-H30 -179.81
06-C20-C22-C21 | -179.57 | -179.57 | H26-C16-C21-C22 179.98
C17-C20-C22-07 | -179.19 | -179.19 | H26-C16-C21-H30 -0.16
C17-C20-C22-C21 2.69 2.69 C13-C17-C19-05 179.71
C19-C21-C22-07 | 179.94 | 17994 | C13-C17-C19-C18 0.70
C19-C21-C22-C20 | -1.85 -1.85 H27-C17-C19-05 0.87
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QCN TXN
Lanl2MB | SDD Lanl2MB |  SDD
H27-C21-C22-07 1.76 1.76 H27-C17-C19-C18 -178.14
H27-C21-C22-C20 | 179.98 | 179.98 C14-C18-C19-05 179.72
C14-C18-C19-C17 -1.23
H29-C18-C19-05 0.01
H29-C18-C19-C17 179.06
06-C20-C22-07 0.02
06-C20-C22-C21 179.91
C15-C20-C22-07 179.85
C15-C20-C22-C21 -0.27
C16-C21-C22-07 179.69
C16-C21-C22-C20 -0.17
H30-C21-C22-07 -0.17
H30-C21-C22-C20 179.96
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3912.80cm-1
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Figure 2. Experimental and Calculated IR spectra for both QCN and TXN at WB97XD/SDD.

Table 2. Comparative experimental and theoretical IR peaks indexing and corresponding assignments for both
QCN and TXN at WB97XD/SDD.

QCN TXN
No | Exp. | Wavenumber (cm™) | IR_Intensity Wavenumber (cm™) IR_Intensity Assignments
Unscaled | Scaled | Rel. | Abs. | Unscaled Scaled Rel. | Abs.
1 | 3416 3329 3262 275 78 3455 3386 178 26 vOH
2 | 2920 3256 3101 4 1 3102 3040 23 3 vosCH (Aromatic)
3 2851 3233 3168 3 1 3059 2998 93 14 v;CH (Aromatic)
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QCN TXN
No | Exp. | Wavenumber (cm™) | IR_Intensity Wavenumber (cm™) IR_Intensity Assignments
Unscaled Scaled Rel. | Abs. | Unscaled Scaled Rel. | Abs.
4 1823 1740 1705 468 133 1727 1692 681 100
5 | 1608 | 1692 1658 | 352 | 100 1661 1628 372 | 55 ve=c¢
6 1419 1444 1415 20 6 1433 1404 68 10 BOH
7 1363 1406 1378 179 51 1415 1387 90 13 BCH
8 1273 1299 1273 310 88 1310 1284 141 21
9 890 900 882 90 26 907 889 70 10 vC—0+vC—-C
10 608 606 594 57 16 630 617 9 1 yOH + yCH
11 434 451 442 53 15 466 457 80 12 yC—0+yC—-C

U; setrching, v,s; asymmetric stretching, vg; symmetric stretching; f; inplane bending,y; outplane bending

3.2. FMOs and NLO analyses.

The optical behavior and chemical reactivity are mainly determined through bandgap
energy and dipole moment for the investigated structures [35-38,42,44,45,54]. Other physical
characterization may be computed using Enomo and ELumo, such as ionizing-potential /P =
— Eyomo, electron-affinity EA = — E;yumo, Chemical-potential y = (E ymo + Enomo)/2,
hardenability k¥ = (E ymo — Enomo)/2, electrophilicity ¢ = ¥%/2k and plasticity S = 1/k
[55-57]. To foresee NLO properties for investigated structures, polarizability and 1st-order
hyperpolarizability are calculated. The static-polarizability (aswt), anisotropic-polarizability
(Aa) and 1%-order hyperpolarizability (Bwt) are determined through the deduced relations
[32,43,58,59]:

Oy + ayy + Qg
Aot = 3

Aa =

2 2
\/(axx — ayy) + (ayy — aZZ) + (az; — axy)? +6a3, + 6az, + 6aZ,
2

Brot = | (Brox + By + Beaa) + Boy + Brss + Boa)’ + (Buss + Ben + Buy)’

All computations are completed through WB97XD/SDD level and registered in Table
3. Results showed that both QCN and TXN possess dipole moment (DM=4.79, 3.99 Debye)
and bandgap offset (2.59, 2.98 eV), respectively. QCN is more reactive than TXN as a result
of its higher dipole-moment and reduced energy gap value (Figure 3). QCN shows the highest
hyperpolarizability (Bt =18.44 *10%° esu) than TXN, that is 49 times larger than urea
[DMurea=1.32 Debye, Purea = 0.3728 * 100 esu] as standard reference [60,61]. QCN outstanding
NLO response sets a revolutionary recall for NLO manufacture upgrade. Both QCN and TXN
are promising candidates as window layers for solar cells and memory switch devices.
Previously published like-structures data are compared with QCN and TXN (Table 4).
Considering a computational error percent, the accuracy of the obtained results is highly
acknowledged.

Table 3. Static polarizabilitya,,,, polarizability anisotropy Aa and 1% hyperpolarizability B,,. for QCN and

TXN.
a (*10% esu) B (*10°% esu)
QCN TXN QCN TXN
Oxx 42.80 -4.27 Pxxx -19.82 -4.27
Uy -0.84 2.33 By 6.74 233
Oyy 29.68 3.89 Bxyy 2.59 3.89
e 0.08 3.94 Byyy 013 3.94
ay2 135 0.02 Broce -0.22 0.02
Ozz 12.75 0.86 Bxyz -0.54 0.86
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o (*10°%* esu) B (*10°% esu)
ot 28.41 26.75 Byyz -0.33 0.05
Aa 26.24 19.05 Bxzz -0.04 -0.22
By -0.21 0.42
Bzzz -0.15 -0.62
Prot 18.44 6.74

Quercetin

Figure 3. QCN and TXN bandgap offsets at WB97XD/SDD level.

Table 4 A comparative analyses of Enomo, ELumo, bandgap offsets, ionizing-potential (IP), electronic-affinity
(EA), chemical-potential (y), electrophile-index (¢), hardenability (x), plasticity (S), dipole-moment (DM),
Static polarizability oy, polarizability anisotropy Aa and first-order hyperpolarizability 5., for QCN and TXN
with other similar compounds.

QCN TXN Ref.[62] Ref. [63] Ref.[59]

ELuwmo (eV) -2.49 -2.46 -2.78 -1.49 -2.15

Erowo (eV) -5.03 -5.44 -6.33 -4.89 -6.14

Energy gap offset (eV) 2.54 2.98 3.56 3.39 3.99

EA (eV) 2.49 2.46 2.78 1.49 2.15

IP (eV) 5.03 5.44 6.33 4.89 6.14

K (eV) 1.27 1.49 4.56 3.19 4.41

x (eV) -3.76 -3.95 -4.56 -3.19 -4.30

¢ (eV) 5.56 5.24 1.78 1.69 1.99

S (eV?h) 0.79 0.67 0.28 0.29 0.50

TDM (Debye) 4.79 3.99 5.69 6.52 2.68

ot (10 esu) 28.41 26.75 34.91 48.14 19.17

Aa (*10°%* esu) 26.24 19.05 41.85 16.04 16.80

Brot (*10°%0 esu) 18.44 6.74 2.98 29.5 7.18
8.46
H

i 11.46 8.67
7.53 9.40 10.89

7.58H

10.850

8.67
(@) QCN (b) TXN
Figure 4. Orbital electronegativity for (a) QCN and (b) TXN.
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3.3. NBO analyses.

NBO is considered an efficient tool in explaining inter and intramolecular bonding and
provides a precise style to inspect charge carry or conjugative systems interactions [64-66]. The
2" order Fock matrices are performed to investigate the acceptor-donor interplays in NBO for
both QCN and TXN. All NBO characterizations for both QCN and TXN are inserted in Table
5. Figure 4 (a) & (b) predicts the orbital electronegativity for QCN and TXN. Results showed
that the highest E()values for QCN are O4 — C13— Cs- Coin m1 —7*(288 KJ /mol) & Cs - Cq
— Cus - Cg in © —n* (325 KJ/mol) whereas for TXN are Cyx — C2— C10-Cisin ©
—n*(247 KJ /mol) & Ci2 — C13— Ci4-Cigin 1 —»n*(313 KJ/mol), respectively.

Table 5. The 2" order Fock matrix at NBO for both QCN &TXN.

o o
o 2 3 2l 32| = s )
: - 5| & ~ 5 | & £l | 3%
= 1] 3 @ 3 Q : s B:S
S o o o o QN X ) S
|z‘ O lz\ o] [ 7 RO
C8-C9 |r |1639 |0 4-C13 | =* |0347 | 2959 |027 | 008
1639 | C 14-C 18 | «* | 0369 | 2445 | 029 | 0075
1639 | C15-C 16 | «* | 041 | 1286 | 028 | 0.055
1809 | O 4-C 13 |« | 0347 | 2157 |03 0.075
1666 | C 10-C 12 | «* | 0266 | 1219 | 028 | 0.053
1666 | C 17-C 20 | == | 0378 | 2002 | 027 | 0.066
1666 | C 21-C 22 | n* | 0373 | 1828 | 028 | 0.064
C14-C18 |=n | 1679 |C 8-C 9 7 | 0478 | 12.69 | 0.27 | 0.055
1679 | C15-C 16 | «* | 041 | 2871 | 028 | 0081
C15-C16 |= | 165 |C 8-C 9 o | 0478 | 2958 | 027 | 0.083
1656 | C 14-C 18 | n* | 0369 | 1282 | 028 | 0.054
C17-C20 |z | 1711 |C11-C19 |n* | 0398 | 1756 |03 0.067
OCN 1711 | C21-C 22 |n* |0373 | 1822 |03 0.067
C21-C22 |= | 1644 |C11-C 19 |n* |0398 | 2173 |029 | 0071
1644 | C17-C 20 | =* | 0378 | 2053 | 028 | 0.068
O 4-C13 |= |0347 |C 8-C 9 T | 0478 | 287.96 | 001 | 0.076
0347 | C10-C 12 | x* | 0266 | 13967 | 002 | 0.076
C8-C9 |x |0478 |C14-C 18 |n* |0369 | 32539 | 001 | 0.079
C17-C20 |= | 0378 |C11-C 19 |=* |0398 | 26247 | 001 | 0.078
C10-C15 |r | 168 |C16-C21 |=* |0358 |2021 |028 | 0.068
1683 | C20-C 22 |n* |0412 | 2071 | 027 | 0.069
C12-C13 |= | 1619 |O 3-C 11 | =* |0229 | 339 027 | 0.089
1619 | C 14-C 18 | n* | 0345 | 2515 | 029 | 0.077
C14a-C18 |= | 165 |C17-C19 |=* |0403 | 2764 | 027 | 0.079
C16-C21 |r | 1691 |C10-C 15 |=* |0372 | 1998 | 029 | 0.069
1691 | C20-C 22 | =n* |0412 | 2059 | 027 | 0.069
C17-C19 |= | 164 |C12-C 13 |n* | 0476 | 2665 | 028 | 0.079
C20-C22 | | 1636 |C10-C15 | |0372 | 1915 |03 0.068
TXN 1636 | C 16-C 21 | n* | 0358 | 1992 | 029 | 0.068
C12-C13 |= | 0476 |C 14-C 18 | n* |0345 | 3131 | 001 | 0.081
C20-C22 |=n |0412 |C10-C 15 |=* |0372 | 2473 |001 | 0082

Donor: i; Acceptor: j

2 £(2) means hyper-conjugative energy interplays.

b Differential energy among donor(i) and acceptor(j) Orbitals at NBO
CF(i. ) is the Fock matrix

3.4. UV-Vis Absorption calculations.

The optical properties of QCN and TXN are carried out using TD-DFT/B3LYP/6-
311G(d,p)++, which are applied on optimal QCN and TXN structures. The UV-Vis spectra for
QCN and TXN are shown in Figures 5 (a)&(b). The theoretical UV-Vis absorption spectra are
reported within the range of 200-800 nm. The dominant absorption peak in QCN is situated at
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317 nm, whereas TXN is allocated at 270 nm (blue shift due to two H antennae attached to
aromatic moiety). The compositions of distinguished excitations, oscillator strength, and
excitation energy are shown in Table 6. Figure 6 shows the observed UV-Vis spectrum for
Mangifera Indica leaves extract. Four major absorption peaks are detected at 210, 269, 317,
and 360 nm for Mangifera Indica leaves extract. The prominent transition in QCN is mainly
due to H_; = L (transition coefficient~ 0.85) while for TXN is produced by H_; = L
(transition coefficient~0.88). Eventually, QCN seemed to be optically active than TXN due to
7 — electron pair resonating along aromatic moiety and pushing the Fermi level up close to the
conduction band, which made electron excitation much easier than in TXN.

UV-VIS Spectrum
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Figure 5. Theoretical UV-Vis spectra for (a) QCN) & (b) TXN.

2.5

15

Absorbance

0.5

200

300

1

-0.20

C 018 12000 7
F016 & 10000
U € o
FT 0 =
F010 & 60004
o a 1
ggg g 10 4000
Blaisaifi= |

002 7 0-

-0.00

UV-VIS Spectrum

.l|"

(b)

r0.25
-0.20

s =

= &
yibuansg
J01e19sO

T
=
=
(=31

[T T T[T [T T[T T[T [ I T[T Trrrrr]

~-0.00

550 500 450 400 350 300 250 200 150 100
Excitation Energy (nm)

400

500
Wavelength(nm)

600

700 800

Absorbance

Figure 6. Observed UV-Vis Spectrum for Mangifera Indica leaves extract.

Table 6. Oscillator strength (f), wavelength (1), excitation energy (Ex) and transition compositions of prominent

transitions in QCN and TXN.

A (nm) Ex (eV) f(a.u) Transition composition

H-L (57%)

H-3 >L (25%),

362 3.42 0.15 H.1—L (10%)
H-3 >L (58%),

332 3.74 0.2 H —L (34%)
317 391 0.09 H.a—L (85%)
H.2 —>L (16%),

QCN 290 4.28 0.07 H-z—)L((67%))

H.a —L (41%),

H->—L (13%)

286 4.33 0.02 H —>L+1(29%)
H—L (21%)

212 4.56 0.01 H. —La(52%)
H—L (46%)

H.4 —L (26%),

361 3.44 0 H.1—L (25%)
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A (nm) Ex (eV) f(a.u) Transition composition
TXN H-L (53%)
H.4 >L (20%),
341 3.63 0.01 Ha—L (25%)
H.4 >L (26%),
H.>—L (36%)
315 3.93 0.04 H. >L (33%),
H.4 >L (23%),
H.-2—L (62%)
208 4.17 0 H.1 —>L (14%),
270 4.59 0.23 H-s —>L (88%)
H-2 —>L+s5 (10%),
H—L+ (18%)
257 4.82 0.05 H—L+2 (65%)

L; LUMO, H; HOMO (Highest occupied molecular orbitals).

QCN

Figure 7. Simulated dominant transitions for both QCN and TXN.

The dominant transitions compositions for both QCN and TXN are shown in Figure 7.
It can be noticed that charge carry is higher in QCN than TXN, which stimulates high
absorption efficiency for QCN.

4. Conclusions

The authors investigate a novel synthesis process for QCN, and TXN extracts from
Mangifera indica using Ag nanoparticles. Both FT-IR and UV-Vis spectra are performed for
refined Mangifera extracts with high precision. Either IR or UV-Vis spectra are simulated using
GO09 software utilizing DFT. Results show an excellent agreement with measured data,
especially with QCN. Also, QCN shows the highest hyperpolarizability (ftot =18.44 *10-30
esu) than TXN. QCN outstanding NLO response sets a revolutionary recall for the NLO
manufacture upgrade. In addition, QCN seemed to be more optically active than TXN due to
n— electron pair resonating along with aromatic moiety and pushing the fermi level up close to
the conduction band, which made the electron excitation much larger and easier than in TXN.
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Eventually, both QCN and TXN are promising candidates as window layers for solar cells and
memory switch devices.
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