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Abstract

A new crystal, (4-Methoxyphenyl) methanaminium rorde (4MPMAB) was
successfully developed by suitably functionalisthg counter anion for nonlinear optical
applications. Structural analysis was carried out axplores the monoclinic crystal system
of P2/c space group. The methoxy group of the catiosoiplanar with the phenylene
moiety with an r.m.s deviation of 0.0294 A from thiean plane (C1—C8/O1). The donor
mesomeric effect of methoxy group is revealed. T¢teong bonding nature and
intermolecular N—H---Br interaction between the aomim cation and the halide anion are
evidenced. In addition to that, C—H---Br and C—H-teractions are also observed. As the
protonation takes place by the hydrogen of hydnoliccacid (HBr), the contribution of HBr
is highlighted in the formation of the 4AMPMAB crgkt Powder X-ray diffraction (PXRD)
study authenticates the good crystalline natur@fsample. Fourier transform infrared (FT-
IR), *H and**C Nuclear magnetic resonance (NMR) spectral stsdgrgained the functional

groups, the formation of the molecule and the N—Bt-interaction of the grown crystal.



The crystal is stable up to 219 °C. 4AMPMAB has satiure. The crystals have 65 % optical

transmission from 330 nm to 1100 nm with estimatetical band gap value of 3.5 eV.

Z-scan study exhibits the higher third-order noadirity of 4AMPMAB crystal. The influence
of charge transfer on third-order nonlinear optipabperties were revealed. Further, the

optical limiting performance of 4AMPMAB crystal halso been investigated.
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1. Introduction

In recent years, there has been considerableges®@n synthesising nonlinear optical
crystals for frequency conversion, optoelectroniodoiators, optical disk data storage,
optical parametric oscillations and terahertz (Th&ve generation [1-3]. NLO crystals
should possess greater nonlinear coefficients, iderable phase matching birefringence,
wide optical transmittance, improved optical dam#geshold and excellent thermal and
mechanical stability [4,5]. Material scientists &een on tailoring the new NLO crystals
based on chemical structure and chemical incorporatoncentrating in the enhancement of
above mentioned properties. The third-order (NLQ)stals are least concentrated by the
researchers when compared to the extensive reseamidd out on new structures for second
order NLO crystals. At present, the scope for desig and analysing properties for third-
order NLO crystals has been intensified. A reastengbod susceptibility is one of the most
significant criterion for third-harmonic generatiorhe improvement in nonlinearity in some
crystals are due to the existence of donor-accaptoeties and the presence of hydrogen
bonding between the ions. The presence of hydrdgmmds influence the thermal and

mechanical stability of the crystal. [6-12]. Indhiegard, a halogen-based complex of the 4-



methoxybenzylamine (4MBA) family has been the stwdlyinterest. The incorporation of
halogen ions into organic framework opens up a ol®s8s of materials. As these organic
based halogen materials are expected to offer eedaNLO properties, they have been
identified as promising candidates for device aggpions [13-15]. Our research group are
also concentrating on the development of NLO ctysth6,17]. Effort has been taken to
synthesise and characterise the organic, inorgandt semi-organic crystals for NLO
applications. We have reported a new crystal ofetiHdxybenzylammonium nitrate [4]. As a
continuation of our work in 4-methoxybenzylaminesbd halogen compounds, we reported
another novel crystal 4AMPMAB and deposited the tatiggraphic information file in the
Cambridge Crystallographic Data Centre [CCDC Numht8d4132]. The 4AMPMAB crystal
consists of 4MBA (@H12NO") cation and bromine (Br anion linked by N—H---Br
hydrogen bond resulting in an open framework aechitre with hydrogen bonded
ammonium groups and bromide anions situated inrsaparallel to (011), separated by
various hydrophobic layers with interlocked anisgups. N—H---Br and C—H---Br
interactions play a decisive role in the crystatipag of the title compound. The grown
crystal belongs to the centrosymmetric crystaleyst In AMPMAB crystal structure, the
protonated amino group (NP compensates the negative charge of the halogeng(ion
group. The Brdonor, transfer a proton to the acceptorsNHnhances the nonlinearity and
serves as an excellent NLO material. AMPMAB exhibnsiderable NLO coefficients, large
transmission, wide bandwidth, better thermal andcchaeical stability. Hence it can be
preferably used for NLO devices. High power lasaterials are in great demand and are
extensively used in several applications. On th&reoy, new nonlinear optical crystals are
currently being developed for limiting the higheanse laser beam, more importantly for
protecting human eyes and optical sensors. Atterapgson the way to find the suitable

optical limiters which exhibit low threshold valte safeguard the optical devices from high-



intensity laser radiation. Optical limiters depend irradiance related NLO properties.
Moreover, an effective optical limiter should havaigher third-order susceptibility and low
optical threshold value. [18-22]. The present &tiocuses on the critical study of the crystal
structure, molecular structure confirmation, thdymeechanical, linear, nonlinear and optical
limiting behaviour of the grown crystal. Furtherrapthe relationship between the structure

and property is also investigated.
2 Experimental methods

2.1 crystal growth
AMPMAB crystals were successfully synthesised by ssalving 4-
methoxybenzylamine and hydrobromic acid (HBr) doluin the stoichiometric ratio of 1:1

in double distilled water, according to the follogiequation:

CgH1iNO + HBr — C3H12NO+. Br

" NH,"
+ e _.ém

Scheme. IReaction scheme of AMPMAB crystal

Ck

The resultant solution was stirred well for morartt2h by a magnetic stirrer until it reached
a homogeneous equilibrium. The mixture was theteréd by Whatman filter paper to
remove the impurities. The final solution was kepta constant temperature bath at 37 °C

with £ 0.1 °C accuracy to control the rate of evapion. Good colourless crystals suitable



for analysis were obtained in 5 weeks. The readtheme of AMPMAB crystal is exhibited

in scheme. 1. The photograph of the as-grown sicryigtal of AMPMAB is shown in Fig. 1.

Fig. 1.As grown single crystal of AMPMAB

2.2 Characterization techniques

Various characterisation methods were performed tfie 4MPMAB crystal to
investigate the suitability for device applications single crystal was used for X-ray
measurements, with a Bruker AXS Kappa Apex2 CMO8atitometer operating at 296 K
with the wavelength MoK = 0.71073A. A colourless crystal of 4AMPMAB withzsi
0.25x0.23x0.20 mm was selected for the data cadlectFor the title compound, data
collection: APEX2 [23] cell refinement: SAINT [23flata reduction: SAINT [23]; program
(s) was used to solvstructure:SHELXT 2014/5 [24]; program (s) was used to refine
structure SHELXL-2018/1 [25]; molecular graphicsRDEP-3 for Windows [26]
and PLATON [27]; software used to prepare materifdr publication:
SHELXL2018/1 [25] and PLATON [27]. All non hydrogeatoms were refined
anisotropically. All H atoms were located in a diffnce Fourier map, but were repositioned
geometrically and as riding, with C—H distances0d3 (aromatic), 0.97 (methylene) or
0.96A (methyl) and N—H distances of 0.89A. The immsangles of the methyl and
ammonium H atoms were allowed to refine to beghft experimental electron density map
and theUiso (H) values of these groups were constrained taingst that of their carrier
atom. For the other hydrogen atorhiso was set to 1.2 timeldeq of the carrier atom. The
CIF file is provided in supplementary informatiomhe details of crystal data and the
structural refinement for AMPMAB crystal are sumised in Table. 1.

Powder X-ray diffraction was done using pan anedyt XPERT-PRO X-ray

diffractometer with Cu & (\= 1.54060 A) radiation to assess the crystallinalituand to



index the diffraction peaks. The sample was saseth in the Z values range between
10.0231° and 80.9231° with step size 0.05°/s ate@ of 10.1600s. The FT-IR spectrum was
recorded with the help of KBR pellet method in thavenumber region between 400 and
4000 cnt using BRUKER spectrophotometer to confirm the fior@l groups and the
vibrational modes. ThtH NMR and™C NMR spectrum were recorded for the grown crystal
at 300 MHz using a BRUKER AMX spectrometer in DMS@Nvent to verify the presence of
hydrogen and carbon environment. Thermogravimeinalysis was performed to know the
thermal stability using SDTQ 600 simultaneous tregravimetric analyser in a nitrogen gas
atmosphere between 25 °C and 1000 °C with a heedbegof 20 °C /min. 4AMPMAB crystal
was subjected to Vicker's indentation study usifiiMADZU diamond pyramidal indenter
to analyse the mechanical nature of the crystad gptical transmittance is investigated by
UV-Vis-NIR transmission spectrum recorded in Pef&imer spectrophotometer in the range
of 190-1100 nm, and the bandgap is determined th@eTauc's plot. The Z-scan method was
carried out to determine the nonlinear refractinelex (), the nonlinear absorption
coefficient (R), nonlinear susceptibility’( using a continuous wave diode pumped 532 nm
Nd:YAG laser beam of power 50 mW, focused withresleneasures 3.5 cm focal length. The
optical limiting experiment was performed using #ame exciting source adopted in the Z-

scan study to know the threshold wavelength ofjtieevn sample.

3. Results and discussion
3.1 Snglecrystal XRD analysis

The crystal 4AMPMAB, crystallises in centrosymntetmonoclinic space group
P2i/c, with Z = 4, having one independent cation andhaion in the asymmetric unit. The
atomic numbering scheme of the crystal is illusgain Fig. 2.(C1-C8/0O1) atoms form a

mean plane with an r.m.s. deviation of 0.0204rhe N1 atom deviates away from this mean



plane by 1.3411 (31) A. The network of ammonium hramide ions are linked By—H---

Br hydrogen bonds. The crystal packing diagram ewalong the a axis is exhibited in Fig.
3. The cationsind anions areonnected by—H---Br andN—H---Br hydrogen bondsThe
fluctuation in the N--Br distances [3.291 (2) to 3.312 (2) A], revealsmsgrbonding between
the ions of ammonium and halogenide i¢28]. The organic fragments are found between
consecutive inorganic layers. The combination ohfide ions and ammonium groups which
are parallel to the bc plane possesses numerousdgrbonds that bridge distinct entities of
the compound to form inorganic layéd¥gy. 3. The different graph-set motifs which includes
R%8) and R%(16) motifs are noticeable inside the layers [ZBiie organic fragments are
found between consecutive inorganic layers Fig.z4. stacking interactions are not
observed between the phenylene rin@¥—H7A:-x interaction involving (C1—CB6)
benzene ring is noticed (Table. 2, Fig.).5The organic molecule reveals a constant
dimensional configuration with habitual distancesl angles. The C1—0O1 [1.359 (3) A]
distance is marginally lesser than that of C8—Odtatice [1.432 (3) A], which can be
ascribed to the donor mesomeric effect of the methgroup. All the geometrical

characteristics of the crystal accord with the teat of the related compound [28].

Fig. 2. A view of the asymmetric unit in (I) showing atommbering and ellipsoids drawn at

the 40% probability level. Dashed lines indicatéimgen bonding interaction.

Fig. 3. Projection along tha axis of the inorganic layer in the structure of titie
compound, showing the N—H- - - Br hydrogen bonditgractions (dashed lines).

Only the ammonium and bromide sections are showalérity.

Fig. 4. Projection of the structure of the title compowhoihg the b axis, Hydrogen bonds are

shown as thin black dashed lines.



Fig. 5. Partial packing showing th@7—H7A. - = interactions involving (G3C6) benzene

ring.

Table 1. Crystal data and structure refinement for 4AMPM&#gstal

Table. 2.Hydrogen-bond geometry (A, °)

3.2 Powder XRD study

The PXRD analysis confirms the crystalline natarel the crystal system of the
grown crystals. The sharp and high-intensity ddfiegn peaks seen in the PXRD
diffractogram (Fig. 6) evidences the better crystalquality of AMPMAB crystal [30]. The
diffraction peaks have been indexed by using tlix software. The lattice parameters are
determined by unit cell software. The calculatettida parameters are in good agreement
with the experimental data obtained from the simglestal X-ray data. The unit cell values
determined from single crystal XRD analysis and gewXRD analysis are compared in
table 3. For photonic device fabrication, good talysith perfect crystalline quality is
required as they rely on the transmission of lighdl eliminates the scattering of light [31].
As AMPMAB possess better crystalline property,ah de a suitable material for photonic
applications.

Fig. 6. Powder XRD diffractogram of AMPMAB crystal

Table 3. Comparison of single crystal and powder XRD valae4MPMAB crystal

3.3 Vibrational spectroscopic measurement:
3.3.1 FT-IR Spectral study

The crystal structure has various functional geospch as Ni, CHs, CH,, C-N,

C-C, C-O and C-H. The vibrational assignments aodesponding wave numbers are



summarised in the table. 4. The FT-IR spectrundldPMAB is shown in Fig. 7. The
broadband noticed between 3450-2700'¢mFT-IR is due to the N-H, C-H stretching mode
and N—H---Br intermolecular hydrogen bond. The phand medium intensity bands at
2698, 2596 ci are evident for the N—H---Br intermolecular intetians. The N—H---Br
intermolecular hydrogen bonds play a significaé iia stabilising the crystal structure. The
medium intensity peaks at 1607 is assigned fos'Nsymmetric bending vibration, which
confirms the formation of N moiety due to the protonation of Mkhrough N—H---Br
interaction. C-C ring stretching mode correspormld460 crit and 1514 cril. The peak
appeared at 1373 ¢his assigned to CHsymmetric deformation mode. C-N stretching
vibration is appeared at 1301 ¢éniThe intense C-O-C asymmetric stretching vibrapeak

is observed at 1254 cnirhe bands at 1117,1079, 1022 @re attributed to the C-H in-plane
deformation mode. At 950 ¢l medium intensity peak is ascribed to C-H out t@np
bending mode. CHrocking mode is observed at 832 trnThe weak peaks appeared at 738
cm*and 711 cnt are assigned as C-H out of plane deformation. Emel® observed from
636 to 457 cni are assigned to C-C-C bending mode [32-37]. Thivgea ligand
coordination confirms the existence of 4AMPMAB compd. Furthermore, the crystal
structure is revealed through protonation and theHN--Br influence is also evidenced.

Fig. 7. FT-IR spectrum of AMPMAB crystal

Table 4.Vibrational assignments of AMPMAB crystal

3.4 NMR spectral analysis
3.4.1'H NMR spectral analysis

The'H NMR spectrum detects the presence of protonsti@aumber of hydrogen

nuclei coupled to that group. The position of hygnoe atom in the organic ligand is shown in



Fig. 8. The resonating signal of 4MPMAB is comparéth the'H NMR signal of 4AMBA
[38] in table 5. The expected five different prowignals are observed in the spectrum (Fig.
9.) DMSO water peak is observed at 3.406 ppm aaddhvent signal appears at 2.505 ppm
[39]. The two adjacent doublet proton signals dtl9.ppm (A), 7.390 ppm (A) and 6.989
ppm (B), 6.960 ppm (B) are attributed to the aramahg protons. The resonating shift of
aromatic carbon signals compared to 4MBA may be thiethe C7—H7A---Cgt”
interaction. In 4MBA, the methylene proton sigrnahioticed at 3.77 ppm (C). This signal is
shifted and a multiplet is seen in AMPMAB crystatween 3.989 and 3.933 ppm due to C—
H---Br and N—H---Br hydrogen bond interactions. Timethyl proton is observed at 3.758
ppm (D) in AMPMAB crystal. The Nfiproton peak of 4AMBA observed at 1.41 ppm is absent
in 4AMPMAB crystal. The presence of a signal at 8.ppm (E) corresponds to the protonated
amino moiety (NH"). A proton from HBr is transferred to NHyroup of 4MBA. Here the
NH; group is coordinated with Bthrough N—H---Br bonds. This further supplemertts t

FT-IR observation and confirms the formation of #PMAB crystal.
Fig. 8. The position of hydrogen atom in the organic pathe 4AMPMAB crystal

Table 5.Comparison ofH NMR resonating signal of 4MBA with 4AMPMAB crysta

Fig. 9.'H NMR spectrum of 4MPMAB crystal
3.4.2 ¥C NMR spectral analysis

The*®*C NMR spectral study detects the presence of caib@momatic, methyl and
methylene groups respectively. The position of carbtom in the titled crystal is shown in
Fig. 2. The 4AMPMAB spectrum J¢fC NMR is presented in Fig. 10. The spectrum shdwes t
six carbon signals. THEC NMR resonating signal of the 4AMPMAB crystal ismqmared with
the signal of 4MBA in the table. 6. The DMSO soliv@eak is noticed between 39.11 and

40.78 ppm respectively. The resonance signal a95835.67, 128.20 and 113.86 ppm are



due to the aromatic carbon of 4MBA which appeai®8.82 ppm (¢, 131.06 ppm (4),
126.24 ppm (g Cs) and 114.39 ppm (£CCs) in AMPMAB crystal. These shifts are due to
C7—HT7A.--Cg{" interaction. The upfield shifts ofsCCs, Cs aromatic carbon signals are
more pronounced than the other aromatic carboralsigrs they are situated adjacent to the
protonated amino moiety. The methylene peak of 4MBAobserved at 45.87 ppm. The
corresponding peak is upfield shifted and appead2.41 ppm (C7) in the 4AMPMAB crystal.
The upfield shift is due to C7—H7B---Bt1C7—H7A.--Cgf” and various N—H---Br
interactions involved in the crystal. In additioa that, the upfield shift confirms the
protonation of NH by the hydrogen of Hpresent in HBr. The signal at 55.75 ppm
corresponds to the carbon attached to the metloypgof 4AMBA, whereas the same peak is
observed at 55.71 ppm (C8) in 4MPMAB crystal. Thsisght variation in the shift
corresponds to the influence of C8—H8B-- Brhydrogen bond. Thus the impact of
hydrogen bond interactions are elucidated, and fdmmation of molecular structure is

confirmed.

Fig. 10.1°C NMR spectrum of 4MPMAB crystal

Table 6. Comparison of*C NMR resonating signal of 4MBA with 4AMPMAB

crystal

3.5 Thermal investigation

TG/DTA analysis assess the thermal nature of AMBMAystal, and the TG/DTA
plot is illustrated in Fig. 11. The initial weigldf 6.0080 mg was taken for analysis.
Decomposition is not observed up to the meltinghpof the crystal (219 °C). Hence it is
understood that, no adsorbed water molecules preséne crystal [40]. This evidences the
relative thermal stability of 4AMPMAB till 219 °Clhe first endothermic peak at 219 °C
indicates the simultaneous melting and decompaositio4AMPMAB crystal. This confirms

that AMPMAB is well suitable for NLO applicationstil 219 °C. The TGA curve shows the



two-step decomposition process. Steady weight tdsabout 40% is observed between
219 °C and 366 °C with corresponding endothermakpeat 219 °C, 297 °C and 380 °C.
This mass loss may be due to the decompositioheobtganic moiety. Kefi et al. observed
the similar melting point for poly (bis 4-methoxytaylammonium)tetra-p-chlorido-cadmate
(1) crystal [32]. The second stage of degradationtinues upto 650 °C. This corresponds to
the liberation of the inorganic moiety. Finally,.28 % (1.390 mg) of initial weight was

retained.
Fig. 11. TGA/DTA plot of 4AMPMAB crystal

3.6 Mechanical study

Mechanical property needs to be assessed for inglishe crystal for NLO
application. Vicker's indentation test is carriedt o reveal the mechanical stability of
AMPMARB crystal. Fig. 12 depicts the variation @rtiness number (Hwith different load.
Each hardness value (Hrepresents the average value of the diagonaltHeofy various

indentations. The Vicker's hardness values wererehéed by the standard relation.

H, =1.8544X dé Xg /mm? (1)
where P is the load in Kg and d is the averageagialglength in mm.

The value of hardness linearly rises with an ineeeia load from 5g to 509 then, i found

to be gradually nearing the saturation point. Abd,Gt almost reaches the saturation. Hence
AMPMARB crystal realises the reverse indentatior g#fect (RISE). The log P vs log d plot
is illustrated in Fig. 13. Work hardening coefficign) is assessed from the slope of Fig. 13.
The n value is determined to be 4.1, which is higtman 2, reveals the soft nature of

AMPMARB crystal [41].

Fig. 12.Variation of hardness number on applied indentdtiaa of 4AMPMAB crystal



Fig. 13The plot of log P vs log d of AMPMAB crystal

3.7 Optical studies
3.7.1 Linear optical study

The transmission spectrum displayed in Fig. héws the lower cut-off wavelength
at 330 nm. 4AMPMAB crystal is said to exhiltr* transition [42]. AMPMAB has a wide
optical window from 330 nm to 1200 nm, which isesmsential criterion for NLO application.
The UV-Vis-NIR transmission spectrum shows goodgnaittance percentage of about 65%,
which indicates the transparent nature and enahkesrystal for NLO applications. The
transmittance (T) of 4AMPMAB crystal is used to detme the absorption coefficientr()
using the relation,

= 2:3026l0g(1/ T}
t (2)

The relation between optical bandgap)(Eabsorption coefficientd) and photon energy

(hv) of AMPMAB crystal is given by,

(ahv)®> =B(hv - E,)
3)

The bandgap value can be calculated from the Talots(Fig. 15 between ¢hv)® and h.
The linear part is extrapolated and intercepteXinoordinate, and the bandgap value is
found to be 3.5 eV. This wide bandgap and the apticansparency of the crystal is

especially suited for LED and laser diodes in tbklifof optoelectronics [43].
Fig. 14.Transmission spectrum of AMPMAB crystal

Fig. 15.Tauc's plot of 4AMPMAB crystal



3.7.2 Third-order nonlinear optical study

The third order nonlinearity at a specified wavegjth has been studied to utilise the
title crystal for NLO applications. The third-orderoperties of 4AMPMAB were investigated
by a simple and accurate Z-scan technique emplbydghhae et al [44]. The laser beam was
incident normally on the sample through a lens thiedsample was moved through the axial
direction from +Z to -Z. The nonlinear refractivedex produces a change in focusing and
defocusing of the light depending on the positinel aegative value of,nThe sample is
placed at the far field concerning the positionthed sample to find the phase shift. For an
open aperture, the aperture is removed, and thee éransmitted beam is collected and the
intensity absorption is determined. The transmitt&ensity was measured by a detector
attached by a digital power meter at the closedtayse(Fig. 1§ and open aperturgig. 17
configuration. The closed aperture transmittangeedds on both nonlinear refractive index
and nonlinear absorption. The open aperture trdtemoe depends only on nonlinear
absorption. The closed aperture data should beelivby corresponding open aperture data
to obtain the pure refractive index [45]. The raifoclosed to open aperture Z scan curve is
shown in (Fig. 18). The peak to valley patternlosed aperture curve demonstrates the self-
defocusing nature, because of the negative nomitjed AMPMAB crystal. Henceforth the
crystal can be used for optical sensors [46]. Th&imum transmission is observed near the
focus (Z=0) which corresponds to the saturable mgitiem of AMPMAB. This property can
be utilised in laser applications such as picoségarise shapers and mode lockers [47]. The
third-order nonlinear parameters calculated usitagdard relations [48] are displayed in
table 7. The third-order nonlinear susceptibijifyvalue of 4AMPMAB crystal is larger when
compared with other well-known crystals and is tated in the table. 8 [18,49]. In

AMPMAB, HBr transfers a proton to the amine grobii§) of organic ligand and forms an



amino moiety (NH"). A strong intermolecular hydrogen bond N—HBis formed between
NHs" cation and Br anion. This improves the charge transfer and tesin larger
hyperpolarisation and encourages higher third-ordenlinearity. Consequently, the

AMPMARB crystal is endorsed as an efficient mateioalNLO devices.

Fig. 16. Closed aperture Z-scan curve of the 4AMPMAB cilysta
Fig. 17. Open aperture Z-scan curve of the 4AMPMAB crystal

Fig. 18 The ratio of open to closed aperture Z-scan caftbe 4AMPMAB crystal
Table 7. Third order nonlinear optical parameters of AMPMéxgstal

Table 8 y®values of several representative nonlinear crystals

3.7.3 Optical limiting behaviour

The optical limiting behaviour of the grown crystegas analysed using the Z-scan
technique by placing the crystal in the valley poirhe input power is varied systematically
and the corresponding output power is detected foyweer meter. A graph is plotted between
the input power along the X-axis and the output gooalong the Y-axis. The optical limiting
curve is illustrated in Fig. 19. From the curvejsitobvious that the output transmittance
power increases with increasing input power andy'sbBeer-Lambert's law. On further
increasing the input power, the output power readhe plateau and attains saturation and
becomes nonlinear [50]. The maximum output powemshthreshold limiting amplitude at
24.3 mW and qualifies the crystal for passive @btiomiting devices to compensate the

fluctuating signal in telecommunication applicasda8].

Fig. 19.The optical limiting curve of 4AMPMAB crystal



4 Conclusion

In summary, we accomplished in developing a nevamigghalogen bonded crystal,
AMPMAB for third harmonic generation of the laseequency. The crystal belongs to the
monoclinic system. The PXRD analysis assessedryistatline perfection. The crystal shows
the donor mesomeric effect. The crystal packing PMAB is determined by N—H---Br
and C—H---Br interactions. The single crystal XRBdaPXRD study strongly support the
validation of the 4MPMAB structure. In addition tiwat, FT-IR,"H NMR, *C NMR, results
were consistent with structural components detezthiby single crystal XRD study. The
influence of intermolecular hydrogen bonding int#iens of the crystal packing and the
protonation is recognised. It is worthy to notattdMPMAB is thermally stable upto 219
°C. soft nature of the grown crystal is revealetie TUV-Vis-NIR spectrum shows the
maximum transmission from 330 nm to 1100 nm andtihe®ptical band gap of 3.5 eV. The
Z-scan study reveals that 4AMPMAB exhibits gooddiorder NLO properties, due to the
transfer of protons between the organic cation hatbhgen anion and hydrogen bond
interactions. The relationship between structure #ird order NLO properties were well
established. These properties reveal the potempiplication of AMPMAB toward photonic
devices. Moreover, AMPMAB crystal shows a bettdroap limiting response at 532 nm for

optical limiting applications.
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Table 1. Crystal data and structure refinement for 4AMP M&#gstal

Empirical formula C8H12BrNO
CCDC 1814132
Formula weight 218.10
Temperature 296(2) K
Wavelength 0.71073 A
Crystal system Monoclinic
Space group P2

Unit cell dimensions

Volume

Z
Density (calculated)

Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.000°
Absorption correction

Max. and min. transmission

Refinement method

a=11.6605(5) A
b =9.2453(5) A
c =9.1907(5) A
954.90(8) R
4

1.517 Mgfn

4.252 mrh

440

a= 90°.
R=105.472(2)°.

v = 90°.

0.250 x 0.230 x 0.200 ®m

3.185to 27.551°.

-15<=h<=15, -12<=k<=12, -11<=I<=11

11559

2187 [R(int) = 0.0439]

99.9 %

Semi-empirical from equivaten

0.43 and 0.38

Full-matrix least-squares én F



Data / restraints / parameters
Goodness-of-fit on

Final R indices [I>2sigma(l)]
R indices (all data)

Extinction coefficient

Largest diff. peak and hole

2187/0/102

1.092
R1 = 0.0339, wR2 ©666
R1 =0.0524, wR2 = 0.0718

n/a

0.287 and -0.5502 A



Table. 2.Hydrogen-bond geometry (A, °)

D—H---A D—H H---A D---A D—H---A
C7—H7B---BH¥ 0.97 3.06 3.918 (3) 148
C8—H8B---BrY 0.96 3.14 3.780 (3) 126
N1—H1A---Brl 0.89 241 3.291 (2) 174
N1—H1B-:--Br{" 0.89 2.41 3.300 (2) 175
N1—H1C--- Bt 0.89 2.44 3.312 (2) 168
C7—H7A.-.cd? 0.97 2.73 3.694 (3) 175
Cgl is the centroid of benzene ring C1-C6
Symmetry codes: (Bx+1, —y+1, —z+1; (i) x+1, y, z
(i) x, —y+1/2, z+1/2; (iv) —x+1, y—1/2, —z+1/2
Table 3. Comparison of single crystal and powder XRD valae4MPMAB crystal
Method a (A) b (A) c (A Re Volume @

Single crystal 11.6605 (5) 9.2453 (5) 9.1907 (5) 105.472(4954.90 (8)

XRD

Powder XRD 11.6596 9.2406 9.1806 105.693° 952.26




Table 4.Vibrational assignments of AMPMAB crystal

Wave number cih Assignment

3450-2700 N-H, C-H stretching mode and N—H---Br

intermolecular hydrogen bond

2791, 2698, 2596 N—H---Br intermolecular hydrogemd
1607 NH" symmetric bending

1514, 1460 C-C ring stretching

1373 CH symmetric deformation

1301 C-N stretching

1254 C-0O-C asymmetric stretching
1117,1079, 1022 C-H in plane deformation

950 C-H out of plane bending

832 CH rocking

738, 711 C-H out of plane bending

636-457 C-C-C bending mode




Table 5.Comparison ofH NMR resonating signal of 4MBA with 4AMPMAB crysta

Resonating Resonating Functional group Atom
signal of signal of
4MBAIn AMPMAB in

(ppm) [38] (ppm)

7.254-7.126  7.419, 7.390 aromatic proton (CH) A
6.920-6.793  6.989,6.960  aromatic proton (CH) B

3.77 3.989,3.971, methylene proton (Chl C
3.952, 3.933
3.759 3.758 methyl proton (GH D
- 8.143 protonated amino moiet§E
(NH3")

1.41 - Protons of amine (NH




Table 6. Comparison of*C NMR resonating signal of 4MBA with 4AMPMAB

crystal
Resonating Resonating Functional group Atom
signal of signal of
AMBA in AMPMAB in
(ppm) [38] (Ppm)
158.49 159.82 aromatic carbon (CH) C1
135.67 131.06 aromatic carbon (CH) C4
128.20 126.24 aromatic carbon (CH) C3,C5
113.86 114.39 aromatic carbon (CH) C2,C6
45.87 42.11 methylene carbon (§H C7
55.15 55.71 methyl carbon (GH C8

Table 7. Third order nonlinear optical parameters of AMPMéxgstal

Parameters

Values

Nonlinear refractive index ¢h
Nonlinear absorption coefficient)
Real part of susceptibility [Re®]
Imaginary part of susceptibility [Inp )]

Third order susceptibilityy[®]

-8.44 X 10° cn?/W
0.01 X 10" cm/W
3.36 X 10° esu
0.07 X 10° esu

3.36 X 10°esu




Table 8 y®values of several representative nonlinear crystals

Crystal Third order
susceptibility
1 (esu)
NaB5 [18] 2.07 x 10’
KBe,BOsF, [18] 0.99 x 10"
KDP [18] 2.04 x 10"
MMTC [49] 6.58 x 10’
VMST [49] 9.6963 x 10
AMPANP [49] 3.00844 x 16

AMPMAB (present work) 6.21 x 10°
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Fig. 1. As grown single crystal of AMPMAB

Fig. 2. A view of the asymmetric unit in (I) showing atommbering and ellipsoids drawn at
the 40% probability level. Dashed lines indicatéimgen bonding interaction.



RN S <

ttttt 4..... __,Hu - 8 ) - . .._. a e
“N Nh O h% N

..... NN Y
Fa G e G

Fig. 3. Projection along tha axis of the inorganic layer in the structure of titie

compound, showing the N—H- - - Br hydrogen bonditgractions (dashed lines).

Only the ammonium and bromide sections are showalérity.



Fig. 4. Projection of the structure of the title compowahang the b axis, hydrogen bonds are

shown as thin black dashed lines.



Fig. 5. Partial packing showing th@7—HT7A: - = interactions involving (C+C6) benzene

ring.



(211)

2500 -

2000 -
1500

(n-e) AJiIsuajul paiajpess

20

Fig. 6. Powder XRD diffractogram of 4AMPMAB crystal
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Fig. 7. FT-IR spectrum of AMPMAB crystal
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Fig. 8. The position of hydrogen atom in the organic pathe 4AMPMAB crystal
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Fig. 9. 'H NMR spectrum of 4MPMAB crystal

Fig. 10. **C NMR spectrum of 4AMPMAB crystal
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Fig. 11. TGA/DTA plot of 4AMPMAB crystal
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Fig. 12. Variation of hardness number on applied indentdtba of 4AMPMAB crystal
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Fig. 13.The plot of log P vs log d of AMPMAB crystal
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Fig. 14. Transmission spectrum of 4AMPMAB crystal
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Fig. 15. Tauc's plot of 4AMPMAB crystal
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Fig. 16. Closed aperture Z-scan curve of the AMPMAB cilysta
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Fig. 17. Open aperture Z-scan curve of the 4AMPMAB crystal
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Fig. 18. The ratio of open to closed aperture Z-scan caftbe 4AMPMAB crystal
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Fig. 19. The optical limiting curve of 4AMPMAB crystal



Highlights
New crystal 4AMPMAB belongs to monoclinic crystal system and centrosymmetric
spacegroup P2,/c.
Influence of various hydrogen bonding interaction on spectral, third-order nonlinear
optical properties were explored.
The relationship between structure and third-order NLO properties were revea ed.
AMPMAB shows wide optical transmission from 330 nm to 1100 nm.
The crystal exhibits higher third-order nonlinearity and the optical limiting behavior
confirms that 4AMPMAB crystal is a promising candidate for optical limiting

applications.






