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Abstract

Ruddlesden-Popper structures are a class of complex oxide materials with unique electronic
and magnetic properties. These materials are composed of layers of transition metal oxides,
such as perovskite oxides and rock salt-based metal oxide stacked on top of each other. The
layers are held together by weak van der Waals forces, and the electronic properties of the
material are determined by the interactions between the different layers. These materials can
exhibit a wide range of electronic phases, including metallic, insulating, and superconducting
phases. This makes them very interesting for potential electronic and magnetic applications.
Ruddlesden-Popper structures are also known for their excellent electrocatalytic properties,
especially for the oxygen evolution reaction (OER) and oxygen reduction reaction (ORR). This
makes them potentially useful in technologies that store or convert energy, such as fuel cells

and water splitting reactors.

The ideal RP structure has tetragonal symmetry, which, as with simple perovskites, deviates to
lower symmetries as compositions or stoichiometries change. In addition to exhibiting a
K>NiFs-type structure, the essential electrical and magnetic characteristics of A2BO4 (with n =
1) type RP phases are sensitive to variations in oxygen stoichiometry. These layer-structured
phases and characteristics are profoundly affected by the kind and size of the cations present at
sites A and B. Properties of these compounds can be further altered by substitution of the
lanthanide ion by alkaline earth metals like calcium, strontium leading to AA'BO4 type

structure.

The structural morphology and surface structure of Ruddlesden-Popper series oxides prepared
by using traditional methods like solid-state and sol-gel synthesis lead to normally micron-
sized particles. Since nanoparticles have different magnetic and electrical characteristics than

their bulk counterparts, studying them has been a popular topic in recent years.
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Our effort aims to reverse-micellar-route synthesise a variety of morphological forms of RP-
type nanostructures. We have used reverse micellar route to obtain the nanostructures and have
varied the surfactant/ co-surfactants and solvents to obtain varied morphology of the
nanoparticles. With the aim of obtaining morphological and structural information relevant to
their performance the prepared oxides have been thoroughly characterized by Powder X-ray
Diffraction (PXRD) and FESEM-EDX studies. Lanthanum-based oxides LaxNiOs, LaNiOs3,
La,CuO4 and LaSrMO4 (M= Co, Ni and Cu) have been studied to see effect of morphology on

the magnetic, photoelectrochemical and other related properties.

The PXRD shows that La;NiO4, LaSrMO4 (M= Co, Ni and Cu) Crystallises in tetragonal
system with space group of [4/mmm, whereas LaNiOs; in rhombohedral system and La,CuO4

crystallises in orthorhombic crystal system.

Weak ferromagnetic interactions may be seen in the M(H) curves recorded at 5 K in LaxNiOa.
The samples of LaxN10O4 have magnetic moments values varies from 2.73-3.08 ug respectively.
For LaNiOs, the magnetic susceptibility data shows that the antiferromagnetic behaviour with
the possible of weak ferromagnetic contribution at low temperatures. LaxCuOs shows no
hysteresis and possesses antiferromagnetic behaviour. For LaSrCoO4 no magnetic ordering at
temperatures below 2 K, however one sample shows a modest increase at 250 K and bifurcation
at lower temperatures, which may be due to deviation from exact composition. There is no
long-range ordering for LaSrNiO4 down to the observed temperature, which is 2 K. The spin-
glassy behaviour has been observed in the majority of the bulk compound, and our observation
are in agreement with reported literature since we found nonlinear variation in the plot of

inverse susceptibility vs temperature.
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Isothermal magnetization of LaSrCoO4 at 10 K reveals that one sample has a ferromagnetic
character, although none of the other samples exhibit hysteresis; this is also the case with

LaSrNiOs, which has the same property.

The Mott-Schottky studies show that the La;NiOs, La,CuOas, LaNiO3, LaSrMO4 (M= Co, Ni
and Cu) have a p-type behaviour, with holes serving as the primary carriers. The all La;NiO4
nanocrystalline shows good photostability of photocurrent density via chronoamperometric

measurements.

To investigate organic transformations, LaxCuO4 and LaSrCuO4 were utilised as catalysts.
Catalytic reaction has been carried using copper-catalyzed one-pot C(sp?)- H bond scission of

aldehydes for oxidative esterification.
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Fo@TS -UIR AT 3ifgdig Saiaei-a SR gad g oI & 1Y Sifed siiaarss
1 T ¥ ¢ 1 A IR paur U1q 3fass & iRal § & gt €, 9 & yeloamse
3TES 3R JuT T MR UTq 3RTES T g b HWR TSI gid! &1 TR AR
a9 SR ATed Sl g1 U A1 X! Il &, TR IRl & saiagie qon ol fafts wRal &
9 @ STt § R fear s 8 1 3 Imiat org, sgee iR iR Siadd aRull Jfgd
TGS IRUN B Ueh fagd 4Rae USRid #R Tl €1 98 S JHIad Sadei-d 3R
JEDHIT ST & o 9gd ey 9911 81 Tead -UIR WA 301 PP
SaaeIareiaied Ul & forg oft St St &, Ry U § siffaritor gategR RUaRH (OER)
3R Hifior Rgae™ RuarM (ORR) & o | T8 3= 3 ddb-1dh! § WHIfad 0 & Iyt
ST 8 Sl Sl bl YUeId a7 gRafdd el 8, oY b S I 3R T fAHTe Ruaex |

3R SRU WA H e THRUdT gl §, STt fb IR0 U o1z ey o1 ave, [T

Y (e

I EIZDIACIA H URad & A1 HH THEG & [od faafard g1 | KoNiF, -UHR Bt 6]

&I UG B & SIATET, A2BOs (n = 1 & TIY) YHR RP TRON BI 3aH faggd iR
YD1 fAATATY 3o Wigdadt # fiddr & ufd JagT=iia g1 3 Ra-WRfud =ru
3R fIRTAT TMEe T SR &t R ANE SGRUN & YHR 3R HR I TERTs ° U giat
g1 39 AMD! & 01 DI BieRrad, Wifead ol &R gedt Urgsf gRT dUHSS 3T &
TARITT GRT 3R 31UF Faell o bl 5| AA'BO, UHR B TRTHT & forg 3o |
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Jifte-Re iR Ae-ofd YIAWUr FY URUREG didbl B IUINT Fdb AR fHT MU
Fee -UMR YA SHaSs B WTED P [IH SR g a1 I =
T TSI AMHR & HUN B R A IMd 5 | o A-Ih0N & 39 Ui THBEN B gorl J
3ITT-3ET a1 SR faggd fa=IvdT &, ST S99 gTd & a8 | U Al o f[awd
G 21 TR T BT Iex RaU-AEehR-&¢ HRUL-TRY THReaR & (e THR &
EUTHS FUI DI YA HRAT 3 | THA AR YT B b o R Argsher AN &1
IUNT far § 3R A0 & At St urd & & o gthade / Tg-gthaccy
3R Ticdew & fafgear @8 81 9% UeRH & oy yRifie T urdisd iR WRadS
BRI U B3 & I J dIR A8 S B Urds Tag- faad (fiuagsmsh sk
ThSUTSUH-SSIUR Sl gRT I aRe @ fafya fear mar 31 quefgw-snumfka
TRIZS LayNiOs, LaNiOs, LaCuOs AR LaStMOs (M=Co, Ni 3R Cu) &1 Jab1q,
hIeIgdac - 3R 3T Yafid 0T UR SHTHTRE! & THIG B oa- & (o S1eqa fHarTa
|

PXRD 9 UdT IadT § fh LaaNiOs, LaStMO4 (M=Co, Ni 3R Cu) [4/mmm & 3faRel THg &

Y I 0T JoTTert H fohReciidd gl §, STaidh LaNiO; fasHe ot gomedt 7 3R

La,CuO, TR fheea yomelt § e diipd glaT g |

La;NiOs H 5 K R NP3 fHT T8 M(H) I H HHOR BRIARH Feiar S8 o 9&hd &

| Lay NiO4 & TAI & GaBIT &0 T HH: 2.73-3.08 ps F T 8 81 LaNiOs & I,
GBI YdGIRITadr SeT ¥ Udl Iadl ¢ o HH UM R HHGR BRIFHeH dNEH $i
JUTET & 1Y TEAHIHAeS TaeR|




La,CuO, $13 e Refir 7} femarr 8 oiR TiIfifes o9agR a1 § | LaSrCoOs &
fiT 2 K ¥ el & qIUaM W $IS 9D 1 HH g1 5, STaliioh b AT 250 K TR T i
3R HH A9 W fEHIeH faard &, ot 9éie Wa1 3 faae & SRU gl gl ¢ | o
T AT, S 6 2 K B, 3 19 LaStNiO, & RIT P18 wiall g8t 7 3= e B | Teb U S
& Tgud B fUA-7aRR SgagR <1 T 8, 3R HRT Sadid KUl fby e Aifig &
31 B Fifeh g U i I8 SRR § | SGehH HacT=ierar SHIH arawT b1 |riorer o
fASIAT| 10 K TR LaSrCo0, & FolleHd HHCTZOIM § Udl Idl & f Td 79 # thRidfes
PR T, TCioh o Tl 8 4 prs Hl R R wafRia 78T &=l §; LasiNio, & |1
W 78t Rufa 7, foreest oo dufa g

Mott-Schottky 31 I Y gl Iedl % fo La;NiOs4, La;CuO4, LaNiO3, LaSrMO4 (M = Co, Ni
3R Cu) BT p-UBR HI AIER ¢, orH &% Wufe a6d & 9 & S Hd &1 It

La;NiO4 "HIfehecas HHTARARE A & WEH ¥ Bicdbic g9d Pi 3D
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