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Wasotzzed Doy MiAlDG00 < 1 < 0U3F pasticles were synthesized issing smctowaie semabed eombastion procesi
with meiz] mibrebey & dertmg preowene. The oyrtallne bebamer of the sotheed ampis = anbined
Brougk the powds XAD and TEM studies XPE rfudies mre ooploved o obten the codshon siaic =nc the
ehemmesl al=meniy demmls, HB-5E6 analymr shows the movphclogy o¢ agplemeraiezd soslesenee behmoor. The
eleme=iid cormoobon of In, My O and Al was pualtenvely obuped: mam BB analyme UV DRE soectrn mre
uzed 1o evalbuate the cpinesd band gep whoch i in the Tange o 545 0 232 eV, In FTIR mpecie, fwvn escental
pesks nl and n2 are endowed the exizbenee of spiped sroctred By SEALC, (0 < x < 03] The exxthermic
trasnsitians and weight loey of clemients 22 cbtained by TG-UTA analyss, The magnetic parsmeters see confimed
the super passmasmcte belirviee fir ol micks] doped e sluminele seneparticlss. The noiliness eptical
Fup:rﬁqmﬁ&tmin:ﬂh}mhb&uﬂnmﬁi:inm&id ﬁ:t:q:ﬁmlﬂntlhulﬂlﬂ'uumﬁﬂirn:;:ul-

So0 505 455 el 3,73 miW respectively. All the sampies aie echihited the deforusms effers s OW Lises

1. Imtroduction

The irradiation of high enstgy laser beam upen varlous kibds of
mateeials drives (o exmacndinary nonlinear optes] affert which
smEnavaly applied from medical (o modern opteslecoronie devies
Mowndsys, mrense laser beam possesses 5 wide variety of applicagions
such ez medicine, defense and differen: photonic mdestry thus o needs
an inmnediate action 19 protect againat high Aosncy lassr besm, How-
ever the laser rechnology has more advantagzous in the Held of phe-
tonies, yet i has few disadvantageoue to human syes, optical seneors,
mnd semsitive optieal componests when it 2 expeaed oo high intense. This
tends to researchers to. work on noplinesr opics to echicve opoieal
limiters with high response speed, high linesr trensparency az well a:
lipear gansmistance [1]. One of the consequential applicetions of
pondingds optics |5 oprical Emivetz, Optica] Bmlters are nothing but an
eptical devics which perabstently abares the intenss lassr bearm which s
hzzardons in such & way, Ve loproduces high ourpur mansminance e

Low inpur neensity [2]. Wirk the help of inesr optical phenomena, like:

linear absorption. linear reflection and tanemittance one could not meet
the demands of opeical limiting application prerequisite. To create dy-
pamis materials for optical limiters, one coold be achisved entirely by

* Comespondmyg mthor
Empil oddrems- ivancheunASiE el esrn [N hmadorn],
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the help of nonlinezr opticsl phenomens like nonlinear tefractive index,
nonlinesr absorption [¥]. There is a smell difference between the linsar
eptical effeat and nonlinear effect which eoncerns the demands of op-
tezl applicadon [4-11]. Eg, optieol lmicer, In the caze of linear
responge, a¢ stated earlisy, dis cumpat ensagy emergent ol from the
sample 15 egual o the mpuot energy. Bar in the cage of noniinear, the
ouIpus energy et samwared for @ perncdar inpur mradance on the
sampls becanise of Jome nonkinesr sffecs

As mentioned above, & mon-perametric sad phisical proces: in
nonlinsar apties, leads o achieve optical limiting process. Faw specific
procenzes gre lieed cuch os-Heverse saoorable shoorpmion [HEA], Two:
photen sbsorption (TPA), Monlinear refraction. Monbinesr scattering,
Free carrier sbrorpeion, Self-forusing: Including all the sbove the RBA
and TPA ee the most mporant phenomens 1o scguirs the opicel
Hmdting process, The raearcher has been focused the noplinesr effects
over organic and inovgsnic compounds, For eg., fullerenss (GH0),
pirhalocyanine complexes and some inorganic dusErs have besn
widely invesdgated. The imadequate optical manspareney of GPL res
sources such a5 Pe, porphoring and their derivatives, were confinmed by
rubstantial ebsorption in the wisible &rea, Nondirear propemny of a me-
terial would produce the resules which are dgnificant to opeical limit=rs
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Flg. In Powdes sray diffrection pettern of 26, RipARDy (0 <0 < 0.3 nanppacticles

[12-14],

in the field of cptoclectromics a5 well a: the photonicz. the nobie
metals play 3 vital rele due (o s an ntsresting optical properties which
was anracted by the résearcher [15], In spectfie, tee nonlinear marerials
urz ar imporant key purametes for opdeal swirshing and pasdve mede
opucel limiong purposs | 16). In the consequence of theoretical aspect a:
well ez technological sspecr, resesrchers heve been interrogared spaned
aluminates and it interrelated stuctures for merely four decades [17]1.
The crystallographic sites of zine slumingt=s sre wetrabedral (Tn*) and
cctghadral (A3*') cocrdinaden (A and B ctes respecuvely) with
different focal rypmmetyies are ascribed 25 @ clocely orderad
of ions with cubde strectore [18], Debariz Dhak ot al, hes observed that
the redistribotion of catioms aver A and B gites i slomdnates’ gives
variows size of particle [19]), Substitution of M** ions are muoch con-
cerngd o Interropate because of i propersy vasiations, In specific,
nicks] pubstingeed ZnAlz0, aluminatss are most significant one whereas
Zn" was replaced by i7" (ons, would be bener for nonlinear opcical
Epplicatons e power Hmiters end swinching dewice

The I sluminates are very mesponsve to the chemical comporitions,
sintered temperanoe and dme, verious synthetic procedure, end quan-
tity of substitution for transpoct properties 001 Thus, deceiding on
catiople dioyibution berwesn oetghedral and reghadral podirions in
spinel shiminstes yiaids vital role v fmding the spplicarions ond ex-
tends the ifes to mmarons onslyey (21 25]. Allerowaes sanisted £am.
buasion is-one of the simple methods to produce 2ll the elements present
gt the lomde level, it exhiblt reaction &t very shott time and inexpensive

compared o other chemiza] synthesis rootes. GomSequently, micyowave
amimed combustion method bes been utilized vo synthesize N2t doped
eine aluminares,

2. Experimental

21, Synthesz

The preciumon materfals sre 2a (NOglz-6H0, Wi (NQa26H20, Al
(MO 9H-0 and c-alanine (CH-00.) 2 fiel wed in synthesize Zn,.
L AL-0, nanoparricies. All the chemical and reagents were parchased
During the sample preparstion double defonized water i deed The
mixed sohuion of zinc/micke], ahmmmum and :-alanine were manzained
It the modar ratle of 1:2 The blendsd soludons were stirred jor 2h. The
nitraess served as oxidizer whereas the c-alanine served as fuel. The ratio
beoween foel o oxidiver (FA0) (propellant cheminry principie] i
retzined, Then the solufion & mlken i silice croeible and kept in noomal
microweve oven far the combustion approech.

The cutput power i fixed ar 700 Wetts and 2.54 GHz frequency for
15 min in the microwave oven, The comtinue r=action such 33 boiling,
vapotizing, decompegivion and dehydrarion Jeade ro evoliement of gas
woen e microware energy & apphed. In combozmon process, igniton
und gquirk Asme prodocs the foffy.liks pawders of Zn, N ALOL [0 < x
< 0.5} Consequendy, the procoed powder zamples weshed :several
times with ethanol and double defonized water. Then it was put in hot
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Table 1
Cryreiite mize_Inkhies peremeter and energr gep of Tng M0 (D < x < 005)
TEnOpE kg

Samgia Cromliis Edfectivs laztice Enargy Sin o
M iz Limm) oyradis Faramese @ gap eV

im, Diemj oA

by Viillas-

Hall plot
k| L4 11106 AB146 k45 0105100
™A 1435 R =-131 357 ﬂﬂﬁq!ﬂ
INAD i6.75 1563 .10 3.81 005053
DA 23 e B1Dg 252 0 a2

gir cven at 2 "C for L boto ger diy powders The some msthod was
adopred  for  ZnAlO,
Tng 2Mip zAlp0 it marked a5 ZA1, TMAZ, ENAJ snd ZNAS respectivey.

The reactions of chemical and the foomation of oy Wi AlsDy (0 <1
< 0,3 aluminzies whils the microwave comburtion wechnique urilizing
r-alaning s pIven am

FRINOR |z B gy 4 TANNO ]y P20 g | 660 H Ny — Ay )
VA Nt | B0 T DI o 1 (1)

2.2 Choractertmation

The phase fcemanon of Zop NLALO, {0 < x < 0.5] aluminates ac
mang seale wers recorded through powder XRO (Medsl Rigalolfinma
) smomg 20° -8 with Colln wevelength & 1.5406-A. The infor-
mation  shout oymallinity, size and sepe of the symrhesized

Zmg ig | ALOS, Iy oNig shls0y  amd

nenoperticles were =xined by ming JEOL JEM 2100 PLUS elzcoron mi-
Crozcope wWinich &g operated at 200 KV, ERATOS-AXIS Uloa DLD XP3
apparans usad along dual alumimom-maghesiem anodes using Al Eo
radizdan (hy — [486,6 2V] operated ox 10 mA znd 13 EeV with 2 r=z-
clution of 20.e¥ and pams ensrgy 160 V. The carbon 12 penk is served g
reference {285.0 €V] o obtain optical binding energy of the pownder
perticies, DX anabyser furnished with FEI Quangs FEG 200 SEM iz used
t6 analae the slementz] detafls and murfzce morphology, Tloavialet
virible diffuss refiectance spectriom was recorded using double beam
Perkin Elmer (Thermo Scientific Evolution 220) spectrophotoonerss
bepween 300 and 800 nm, The emison hebavior was colleered pver
Fluorescence Specoromeser (Varian Cary Eclipse), Fourier oensform
mirared spectra were taken as & KBr pellet on the Perldn Eimer {Spec-
tum BX1) specorophotometer in the range of 3006400 om . Therma!
siudies were mezsured theough Thermogravimersic / diffesential thermal
analvrir (Perkin Elmer), VEM were carried our a: amblent ismperamre
ming {Lake Shore, US4 Modsl 7404 with 5 magnen)h Third order
DONiReET  pATOGSEErs Were recerded : by - oolining Helmare's Z-5am
Exstem [Model Mo HO-ED-LOE-03).

B, Results and discwssions
3.1. Siueorol mnohsis

Powder XRTH sy of the synmhesized powders was carmied mit m
order to ohtain the phase purity and erystallinity, Ty A0 (0 < x
< 0.5) nanoparticies exhibin diffraction peals &3 shown Fiy. 1a. 1t chovn
thae acquired panem have nine bragg peaks &1 31.2°, 3675, 4477,
49.1%, 55.6°, 59.3° 659, T4.1* and 77.3° which &t coresponds to
£2200, (3113, (4000, (331), (422), [511), (440), (625) and [533) Bragga
reflertion respectively. All theee diffrected peaks are exactly agree with
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Fig: e Williemmon-Hall plot of Tny JNGALD, [0 < 1 < 0.9) nenopernelis

JCPDS (card moc B2-1043) which ensure the spinet souctured cubic
EZnAla0y phoce with FE 3 m space group [74]. No axrs peak proves the
oonappestanes - of imporiry phise. As shown in XAD paoern of
Zmy. MizAlOs (0 < x < 0.5) = elight deviation of dhe diffracted bragg
peakn from high @ low degpree iz observed as incorporation of ¥i* jom
incressed, Lamice corotant 57 were evaluated by the ziven equation
(UL @

The Jattics parametess of Tng N AlDy (00 < & < (L5) pano alumi-
pates gre shown in Fig. b The lumiee parametsr value decreases from
5140 A to 8109 A while adding Nr*! fons in ZnAl,0, nanopartictes. In
the A-terrahedral position, the rate of relatve jonic radivg for 20", N7
and AI*" lons were found 1o be 0,74 A, 0,70 A and 0:53 A, whereas inB-
octahedral site, the size of iomic radius were found to be 0,80 4, 0.69 A
und 0.67 A for the same matal cavions [24]. The decreste in lurmic
pazrameter (Lalls |} can be caused dus to the doping of %1% jom which
migrate into B-ocabedrsl site and replace the AP 1ons which Jead to
inverse spinel srscnare.

Debye-Scherrer equatton [7=] is utilized to estimate eryatailite sizs,

.89

b o @

It iy determined that the obiained cryaallize gize iz in the ange of
11.40-20.31 mm, The finear growth in the sice of cryametliee is due to the
cevelopment of nano-clustens which & demonstrated in HRSEM image

The other structaral parameters siuch as effective aystallite sze and
laprics srrain are evaluared through W-H pior by using the relations,

Nowd L desnd
i n 4 )
The graph iz drawn among 4stnild and: flecallA. The lamies soain

values are pbrnined with the siops of the piot and the efferave crysaliits

sizes are obtained via the ntercept (k/d] on v-exds Asseen inFiv Lo the
positive dope iz changed to negative shope while adding Ki*' fens tnto

ZnAl0y navoparticles. Tt is owing to smaller ionic radius of Ni*¥ foms

l=ads to Lattics commraction and this resultsd on lanics wmain values,

which are Unsarly decregsad a8 ralses the percentage of nickiz] lons in
rine sheminate ranoparticies: Moreover, it iz found thar the sffscrive

cryeeliice size are 12,10, 1515, 1805 and 21.54 nm forx = 0, 0.1, 0.3
and 0.5 respectively. The sight difitrence among size =f the average
crvstallits valoe (L) and effective sverage crystallite value (D) s due to
the consideration of nternal arome i Willismeon Hall plot medhod.

3.2, High resolition cromsmizsion eleoeron mictoscopy (HR-TEM] analyel

The HR-TEM =natysis is used 0o examine the sorfsce morpholozy,
shape end mize of the prepered nanoparticles. As seenn Fig. @ and ), &t
iz ooted that the value of the crym=life size tin the range of 10-20mm
The msean value of susface srea and erystallies diameter of pure and §i°'
dopad rine alnminares naneparvicler ie tobe 3576 mm and 563,743 with
4 rmndard deviaion (9107 and 436,985 nm respecrvely), The phe.
nomenon of interfocial surface tension comses to the. shape of the
panoparticlen 3 1o be spherical. Az indicated in Fiz. 2 (b and &), SAED
pattern reveals the Bragg's planes (220, {311), (400, (331), (422),
(514, (240), (620) and (333} and it la proved that the stroctusl for-
mation of FGC lanice whicl is well matched with XRD da.

35 High resoligion scanming elfctron microscopy andlysis

The detnil information relared @ mertice morphalegy and shape of
pure and miekel doped Tine slumingtes sammies i arained fromm HR-SEM
stoudien, Fiz 3, reveals coalescence and spheviczl morphology with
azglomerstion. Tn addition, the pores aie seen in varions dimensicns on
the external surface of Tn; 2MisAl=04 (0 < x < 0.5) nanosluminates is
owing to the appearance of canpldesahie amount of gas molecules 31 he
moment of combestion spproaci

3.4, Energy diperstie Xray spectroscapy analyss

The plemirnm] @nd gquandimtive smdies of Zmp MiAlOy mEns-
Bluminates carry ot throogh EDX spectroscopy. The EDAY specoum. of
Ty MlAlDy &5 a5 shown tn P £ and the outcome of elements!
analveis are prasensed in ble. Az Indiested in table, the To/NitAl molar
rafio in slmocr near o 12 moichinmerrie rare. The appearanss of
divalenr nickel zine cxvgen and oivalenr alominom slemenm are
confirmed by EDX spectra. In addition, the pury of starting matenals ia
endorsed thwoush the shsence of eny other dlement.
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Fig. 1. HE-TEM fmags with SAED petieren of (5 end b} Inad 0y (o and d) Zns 860, 430,

35, Diffies reflecmmer apacoscoy anatyat

The apiea]l behavior recponee of Zn; NILATO, (0 € x < 0.5)
nanoaluminates is exermned dirough aring UV-ORS cpectrascopy. The
refiectence data (R} is comverted as linepr shsorption coefficient [af
when applied Fubelks-Munk function [26],

|
L ﬂ:” (5
Where, & - i3 the reflectanre data, FIR) - i= the Enbelizz-3Monk foncton,
Orpaice! band gap (Egl energy could be evalusted wilizing a Tanc

plot, which corresponds 1o che following squation (277

whe — Aihy - !illl"| 6]

Where o lUnsar absorption coefficlent, E; - optical band gap, 4 - con-
pant, n - optical ranaiden (n = 12 denetes indirect energy bandgap &
n — 2 demotes divecs energy bandgep), (ahy)® v b graphiis seen in Fis

for pore end nicke doped zinc manosluminstes, Linear exrapolaton i
welected for n - 2. In order to determine the diiect bandgap of Zny.
ailAlalls [0 < x < 0.5), Ik &5 obtainsd dhar the valoe of energy band gap

i

B 54T eV, 3.57 eV, 3,51 eVand 3,32 &V, The optical band gap valuss are
derreassg oe Increses Ki° ' jon concentrarinng iz Indieatez thae additan
el new ensagy levels smong the ensrgy bands [22].

.6 Founler monsforme mfrored speciraseopy analys

The funenion proaps informarion i artaimed by FEIH spacmrastopy. As
zeenn m Fig 6, the FTIR specirz of pure end nickel doped Zndla0y
nenoparticles have beeni recordad from 400 to 4000 em *, The notable
frequency band is observed aver 447 em ™, ST em” b 556 em 1, 619
em ' egdem ) 1110 em Y1150 em Y, 1384 em Y, 1447 em ! 1565
em Y, 1610 om Y 2855 ot 2926 om fand 3436 om ). The phese
formedon of ZnAls0y 5 endorzed by the fregmency bend beoween 447
and 694 om Y. In particoler, the freqoency band at 447, 472 om Y ia
atrributed 1o A -0 metzl jons whereas the frequency band at 556,
619 em ' and 694 em ' (x related to wreiching vibrations of Zn/
Ni** 0% meml fons [29]. The ather ngnifirans frequency bands oz 1190
emt 1984 em ¥, 1447 em !, 1565 om ! and 1610 am ? are come-
snond 1o inminse rretching vibrations of OH hydroxy groups [30]. The
small frequency band & 2855 cm Y, 2996 cm © end 3436 om T e
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Fig. A [-5EM coagey of (8] ZoAli0y (bl Tog oMy (AlpDy (£ Tog Doy pal;0y amd (d) Tng 00 (A0, senopartcies.

belonge to aymmesrie vibratons of C-H molecnles [31].
3.7 Thermal analysss

TC-DTA curve Iz seenin Flg 7 for Eng Ml a0, [0 < x < {.58)
nonoglomingtes, The exmthermic mansitdons peak ac 324 "G is observed
dise o zine nioese debvdratons. The oxidston/boming of organic el
ements make a lerge excthermas process whach reflected o 8 broad peak
pt 324 " Moreover, shove 600 "C the =micténce of mint aluminste
nanaperisles b eonfirmed in DTA corve [37], Az chown In Fiy, 7, weight
[ngy process 8 cheerved in TG eurve ot rwo stuges, The firs omge af
weight oz in nodesd 21 T2 6L, 305, 4.56% i doe (o the remara] of
orgamic and adsorbed wwater molecnles. B4, 534, 342 and 2.31%
weight loss isobserved in second stage s owing o the decomposition of
resmaining components, Tn addition; it b noced that there i3 no weighe
lags above 600 T which confitm the eliminstion of 31 other arganie and
residnal compounds [33,54],

3.5 Xvoy phomelectron spectroeeny (XPS} analyveis

The sadation nate chemiea] stute and surfaes of the slement of
Zny ML ALD, {0 < x < 05) can be det=rminsd via the XPS smdise, 29
inehested in Fig. Ub, the slemental peaks ke 2n 2p Wi 2p, Al 32 015 ond
Cla zre proved the pheye forming of pure and mickel doped ZnAlo 0y

nanoalummarss, The exstence of divalent Zn fonr in A-terrahedral
lecation are endorsed by the spectra (Fiz. 285 Zn 2p which comprises of
peaksat Zn Ipq - .and 7In 2ps - asmociceed ro binding energy 1042.64
and 1019.65 &V respectively [75]. The appesranee of divalent ¥1°7 ion
In A-tetrahedra] locaton are confirmed through Wil2p spectra and
comprises whish show doubler peales of Nidp; .- and Nidp, - eommectad
o the binding ensrgy 87148 and 853.5% ¢V meopectively [38], The oe.
cupmcy of mivelent A*" tons m B-ocmhedral locsrion i5 ensared
through the Al 2p and Al 15 specm= (Fip. Sb) and their refsted binding
enerpy 7243 end 8740 &V, The hydroxide (OH ) e the surface hy-
droxyl, the surface adeorbed pxypen (0° ) of metal oxides and phye-
eally adsorbed HoD eausss fo appear O, Ly mpecrrz and chelr 2eseciatad
binding emergy of 529.63 a¥ [37].

3.9 VEM Fysrerests lop analysts

The perameter which i= redated to magnetic properies is measarad
throagh VEM sodies, The VEM specirs are recorded emong  15k0e @
i 15 ke at smiient temperature, A seen in Fip. 5, the super pers-
magnetic behavior b obeerved for Ty N ALOG (0 < & < 0.5) pano-
slupinares [52], It i found that the vaipe of cosreivity (H) 16072
1441, 63.50 znd 92.93 Oe, whersas the rapenmviny (RG] 0.00930,
0.00323, 0,00659 pnd 0.00634 s/ g of pure and nicksl doped zme
alumipates - (Table J)L Lagtice defects, mesnedc: super exchsnse
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interaction &nd mndom Ipin orentation indoce a lirtde varstion m
magnetic coercivity snd retentivity vahues [29), Purthermore, addition
af ¥i*' ions intc Zn ahminate which resule in cationic re-distribution
also changss the magnetic paramer=r values.

J00 MNLD soidies

Z-5can is s mmphe amd sngle beem cheracrenzenon method. It goves
the nonjimearity which comprises both magnitode and sign. In addidon
po that, it shows clase similarity 1o optical limiting gecmetriss. In-depth
mudy of Z-sean rechniqos mos anly present valoable information an te
bomlinesy oprical grribictes of & sampls vet sdditioaally wield erental
Infrrmprinn eody rezpeet te the optimiracfen conditon of the oporal
power limiting setup (e the ideal sample postton and ideal sample
thickness): This infloence T-scans as the fevoured  procedure while
ansesing matedaly for the applicetion of optical Hmiters

zial,, Opet gpetire

Fig. 10z 105, 10z and 10 shows the reconded pamam of -open
gpertore for micke! substituted minc ahminate nenopartcles. From the
daig, irwas concloded that the nondinearabscrption was experienced by
ull the samples and it gives the masimmun ransmirtance 3t the paint of
e foris 13 mainly beesuee of the wimrshlz shesrption propemy. Here,
the normalized wansmiranes inevesses when the sanipls = moving go-
wndrﬂ:zpmuﬂnms:ndnhm;k:rnbuwﬁm:ﬂ:mﬂngimyﬁm
tite focus. Banarable sbrorption is & rermarkable sbentprion process was

evidenced by the normalized dots of mansmittance. The determimed
valves of the pondinesr absorption coefficient () st the power of 38 pf
are dizplaved in Talile 3, In our cesz, the opeical enerpy gap of nickel
doped zine aluminate napoparicles lies tn beewesn 5,45 and 3326V
which ix cigrificantdy noficed by UV-DRS Thug, the phenomena of aingle

phmmnhmrplim{ﬁﬁﬁmn. 3.32eV]) wonld be preveiled by the process
of exciteron of lnser [17]. In this work, the CW laser was noed acem

exritetion souree snd the nonkinesrity is dependent on thermal effect
where the samphes a2t 85 3 thermal lens feself [40]. Therefore, the
nonlipear sbsorption 15 expected fom the 1ype of sanirabls shsorprion
which i5 indieared In the gpen apermure t-tean. Arthis poinr, wWe can say
the ponlinesrity depends purely on the thermal effect which can be
satisfied by the process of single photon absofption rather then the
mubt-photon ehsorption process.

3102 Cloved opermure

The I.eran doo for closed apermore: confinme the sxforence af
ponlinear refraction of W*° dome gobedoted zine oluminare nano.
panticies vere shown i Pig. 100 (o) - P 162 (), In senernl, the
nonitnesr refraction of the sample can be positive or nezative bassd on
self-fociing of self-defornsine phenomens when i£ was excied by the
CW Laser. The nonlinesriey of afl e samples can be directy noticsd in
the far-fisld, while conducring an experimsny in the laborarory, thar
when the sample nssr o the laser source it exiabin near canmmiimnce.
and it was (nereased 10 reach mmxinom at the focus (z = 0), mnd when i
i moving towards the far-Geld apertore started o decesse to become
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linear. The resufis tiesmamed that the obrzined peak followed by valley is
mainly becguse of self-defocsing [41] effier s well &5 negative
nonlinearity behavior of the smple under CW 533 nm lager,

003, Thard order

Distinguishable feamres of I scan experiment wes calcufaced [40]
axd tabulated fm Table A It was observed that as the dopent concen-
wation of nicke increases the third erder ponlinesr susceptibility has
incressed In Zine aluminate. Thess type of advantsgesus resaolo
emarging our the mdusrial imparrance in the feld of opeo-alectronics in
pardeuiar in opieal modolzcrs, de noroge device, optiesl f2lecam-
mmicaton systems, conversion of oprcal mgmale Among sl thee
opticzl power limiter i3 an important epplicagon. These outcomes
confirmed that, these systems have béen potentially making wie of de-
vice fabrlcation Ih optical switching and optical Imiting.

-
i

1. 4

-
i

Mormalized transmittance
]

Opiessl Mleperial 122 303D 171550
311 Opeicel iting (0L} stwifies

The optical lmie=rs are sxploited by the nonplinearity which was
exibited by the zample. To-raveal the phenomens of apdcal limiving,
the mmple war irradinesd with CW [nzer beam s analogous o the rypical
setup of Z-Bcan aszisted with the combinetion of polarizer-mnalyzer
[PA) The limiting emplitode defined a5 the inorease in the inpur
valus, the output power contuersd 2 platesy and finally gtz mtarated
ot g poing wheress the ransmitted power arrsing linsar varistiont with
the input fnEney, nohis case, 35 the dopant imeresces the effici=nry of
the opticel Hmitmg wes foumd o be ncrepsed with the decrezse o the
limiting simplimide was thows in Pl 11, The threshold vaher o
considered as & amentie! parameter of optical limiters and found o be
596, 5.29, 485 and 373 mW foc the concemtrations of x-0.0:0, 0.1,
0.30 and 030 respecrively, This indicases thar 817" lons probably in-
creace the =fficiency of threshald value in zine spinel shominaze.

Spenifically, the opocel perfommance of spinsl dluminates wos oe-
guired by the mansfer-of charge between 3d state of A" jons and 2p
state of O ions [49]. Therefore, seli-trapping of chatge transfer
mechaniym war chosen to explain the distinction of optical pariomiance
and the meshanizm ean be comralled by the |amiee sorain, The struetusal
geformarion, aswell oz e Iartirs orain, was schieved ag the 81° " azome
being introduced tnto the 2ime aluminates rystam. The foraign (M)
afom cocupies either artnhedral or reonhedyal site which dépends &n
the inverse or nommal spimel syetem. Sellreoping of CT tensition is
bmproved by stimulated lassice straln, T {5 replicated via ite sxtended
lfesime In the exchizd m&te. As a resul, noable modification takes

1 1]

-
£

Normalized tranamittance

| = Theoratica

@ Exparimentsl Dsts

.88 T T T
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0 1 i 1

Z (em)

Fig 10a, {a} Closed, (h) Dpen and {c) raba of clased to open apertizre T-scen pattorn of TAY
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places bn nonlinesr absorpion cosfficient [1], This, the effecniveness of
the aprieal limitng deviees iz enhaneed by the phose oansidane [40,42]
from inverse 1o normes] spinel {which specified the presence of excem
A®! jons in oorahedvalf, At higher concenoations of Mi?" fons expose
better monlinesr absorpdon (which s demonstreted m Toble 3) and
lienizisrg threshold,

4. Conclusion

Iy M ALOs (0 € x < 0,5) nanoalumingtes were prepared by m-
crowsve sgisted combistion technique, The stroctural snabnis of pm-
thesized samples was obtained from XRD and XP5 stidies which
confizmed that the prepared pure and Ni*© lon substizuzed zine alumi-
nege pystem exhibio cuble covenare and macches well with JCPDE. SAED
patern conflrms e erymnlling behavior of the mmples with FCC lat
tee, The HE-SEM images reveal that the synthesized spinel alumingses

i

wers well-orvatallized spherical graing with uniferm diseribotion The
EDX spectrn xactly point out the existence of In NI, Al and O peaks
aiene which confinme the puriny of ynthesized sluminate samples. The
valves of opticel band gap star to iinsarly decrapse from S.45t0 3.32 eV
35 the Ni*" dopam: fracton increases, The exiseence of absorption bands
corripanding 1o metal oxyyen fons in ocishedral snd tefrahedral
complexes (£ confirmed by the FTIR spacrra. The valies of n; {nonlinear
refraction} and || (monlinsar absorpeion} are observed duough Z-man
methed md recol were compared, Iz wos obeerved thor thers 12 sm
inerepsing rend in third srder nuscepability-which cen be sseribed o2
greatet degree of application in NLD devices, Especislly the confirme-
tiom of the nuperior optical limiting property of nickel doped zine
aluminate eyerem give rize 1o wider and new posidbilites to smploy the
material in oprical device fibricadon and for commereial use,
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