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KoNiFs-type organic-based perovskites of theH§NH3)FePh«Cls (x=0.00, 0.25, 0.50, and 0.75) system

have been synthesized using a low-temperature solution method under a flowing argon gas. When
stoichiometric butylamine, iron chloride, and lead chloride are mixed, a yellow solution are obtained from slow
cooling of 90 to -10C. The final product is a plate-like yellow crystal. The X-ray crystallographic analysis has
been carried out using XRD in the range©£526 < 8(°. The local symmetry around the absorbing Pb atom

of the samples has been determined by the EXAFS spectroscopic study. The crystals assign to orthorhombic
system by the XRD analysis. The FT-IR spectra are analyzed in the range of 600 to 33D$Ehand TGA

are measured to detect thermal stability between 30 an®8C30@wvo endothermic peaks are detected in all
samples. The electrical conductivity has been measured using the four-probes technique fdskhés),C
FelPhbixClasystem in 300-460 K. Photoluminescence phenomenon was also investigated at room-temperature.

Keywords : Organic layered, Local symmetry, EXAFS, Electrical conductivity, Photoluminescence.

Introduction (PbCL) are commercially available. The compounds of the
(C4HgNH3)FePhyCls (x=0.00, 0.25, 0.50, and 0.75) system
Recently, the divalent transition metal halide members ohave been synthesized by reacting the/8H;, FeCh and
the organic-inorganic perovskite family have been studied anBbCh mixture in the HCI solution with flowing Ar gas. The
have generated considerable interest as self-assembling mulitixed starting materials are heated to °@ and cooled
quantum-well structurk® Layered perovskite-type compounds slowly to -10°C. The sheet like crystals of layered lead
have naturally formed the quantum-well structure consistinggompound are white, while those of the iron compound are
of a metal halide semiconductor sheet sandwiched betwesgmellow.
organic insulator layers. X-ray diffraction spectra of the powder samples are
Due to the low dimensionality of these compounds, theecorded up to 80of 26 value at room temperature by
exciton has a large binding energy, which enables stronRigaku X-ray diffractometer with Ni-filtered Cu&k (A =
photoluminescence even at room temperdttiréhus the  1.5406A) radiation at 40 kV and 35 mA.
materials are sufficient to offer applications in emitter materials Infrared spectra are recorded on the range of 1000 to 3300
in electroluminescent devicés! cm?® using Bruker IFS66 spectrometer with pressed KBr
While inorganic materials offer the potential for high carrier pellets. Coordination number, local structure, Debye-Waller
density, mobility, and substantial thermal stability, organicfactor and bond distance for the samples have been deter-
materials provide virtually unlimited flexibility to choose mined by measuring extended X-ray absorption fine struc-
molecules for varying length, width, and polarizability. The ture (EXAFS) in Pohang Light Source.
inorganic component forms an extended framework bound Differential scanning calorimetry (DSC) and thermogravi-
by strong covalent or ionic interaction to provide high carriermetric analysis (TGA) measurements are carried out in the
mobilities. The organic component forms by weak van detemperature range of 30 to 380 to examine the thermal
Waals interaction to offer low-cost and low-temperaturestability and phase transition of the powder compounds.
processes. Electrical conductivity measurements of a pressed pellet
In the present study, the solid solution of theHgBIH3).- sample have been carried out using a four-probes method in
FePh.«Cls (x=0.00, 0.25, 0.50, and 0.75) system have beeithe temperature range of 300 to 460 K. The conductivity
synthesized and characterized by X-ray diffraction, thermalmeasurements are taken 4€antervals.
electrical, and optical studies. The effect of the replacement Photoluminescence (PL) spectra are obtained at room
of divalent metal on the formation of two dimensional temperature by using a Xe lamp as a excitation source for

materials has also been investigated. the PL measurement (HITACHI F-4500 spectrophotometer).
) ) The exciting wavelength has ranged from 200 to 330 nm in
Experimental Section which optimum one is 280 nm.
Butyl amine (GHy¢NHs3), hydrochloric acid (HCI) (aqueous Results and Discussion

. oy 4 i
solution 35%), iron chloride (Fe§) and lead chloride X-ray Diffraction . X-ray diffraction pattemns of the
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Figure 3. Infrared transmission spectra of theHigNHs).FePh;.

Figure 1. Powder XRD patterns for the {8oNHs):FePbixCls ,Clssystem.

system at room temperature.

organic layer is the main factor of the interlayer distance.
1820 FT-IR Spectroscopy FT-IR spectra of the (ElgNH3)2-
FelPh«Cls (x=0.00, 0.25, 0.50, and 0.75) system between
1000 and 3300 crhshows the structure of the butylammo-
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% % nium chains as shown in Figure 3. The symmetric bending

Z 1780 ¢ mode of CH is shown at 1380 cthand those of Ciand

© CH, are shown at 1471 ¢t The asymmetric and sym-
720 Y o3 oz 57 5o metric stretching modes of Gldre shown at 2917 and 2850

cm?, respectively. The FT-IR spectra do not show any
significant change on thebutylamine. This means that the
general structure of organic layers is conserved. It also
represents that the synthesized compounds have low
dimensionality.

(C4H9NH3)FePh«Cls (x=0.00, 0.25, 0.50, and 0.75) system EXAFS SpectroscopyEXAFS spectroscopic analysis of
have been observed for organic-inorganic perovskites ahe (GHsNHs)FePh«Cls (x=0.00, 0.25, 0.50, and 0.75)
shown in Figure 1. A (0 0 reflection corresponds to an system represents the local structure around the absorbing
interlayer distance of 14.0% separating the inorganic sheets Pb atom. Pb k-edge EXAFS data have been fitted by using
are clearly observed and shows good solid solution for tha nonlinear fitting method and computer code FEFF6.
layered compounds. The X-ray crystallographic structure oFigure 4 shows thk'weighted Pb |y-edge EXAFS spectra

all compounds assigns to an orthorhombic system, which isf the (GHsNH3).FePh.«Cls system irk-space. Bond lengths
refined by the least-square method. From the XRD patternsetween Pb and Cl atoms and structural parameters are
analysis, lattice volumes decrease with increaswvajue of  determined from the EXAFS fitting as shown in Figure 4
(C4HoNH3) FePhiCls as shown in Figure 2 since small and Table 2. Bond lengths between octahedral coordinated
iron atom substitutes the larger Pb atom. The latticechloride ions and the Pb atom are different valuasyinand
parameters, cell volume of all compounds are listed in Table axes. In general, the bond lengths between the Pb and ClI
1. The interlayer distance between inorganic sheets is nattoms are shorten with the increasigalue, which shows
affected by the substituted iron ions since the length o good relation with the result of the conductivity
measurements. Lone-pair electrons of Pb(ll) and Fe(ll) atoms
in outer shells prefer to distort the lattice structure. The

The x value

Figure 2. Cell volume of the (¢HoNH3).FePh «Cls system as
function of the x value.

Table 1. Lattice parameters and cell volume for theH@\Hs)2- shorter Pb-Cl bond length is also in agreement with the
FePh.xClssystem lattice volume decreasing. The first shell between 1 ahd 4
Composition Lattice parametevSO Cell volume is fitted in Pb-CI pair as shown in Figure 5.

x) a b c A3 Thermal Analysis. Due to the organic cations of the

000 8288500027797 20002 2798 £0.04 1808 eamples, the materials are expected to decompose at rela-
0'25 8'156;0'003 7'884;0'003 27'98;0'05 1799 tlvely low temperature. Flgl_Jre 6 s_hows the therm(_)graw-
0'50 8' 185 N 0' 004 7'781 N 0.008 28.04 N 0'02 1785 metric analysis (TGA) and differential scanning calorimetry

' e e e (DSC) curves for the (EloNHs).FelPhi«Cls system. The
0.75 8.361+0.0037.600£0.003 27.98+£0.01 1777  gamples begin to slowly lose the weight at the temperature
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Figure 4. Pb Ly-edge EXAFXKy(K) spectra the (1oNHs)FePhi«Clssystem.
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Figure 5. Fourier transform magnitude of Phiedge EXAFS spectra for the #&sNHs).FePh.«Cls System.
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Table 2 Structural parameters from Phdedge EXAFS spectra for the AN Hs).FePh«Cls system

Composition PbCI(1) PbCI(11) PbCI(1IT) RY factor for
) N2 R°(A) o° N R@A) o N RA o fit
0.00 2 2891(1) 0.0083(3) 2 2778(1) 0.0081(3) 2 3.002(1) 0.0081(3) 0.007
0.25 2 28502 0.0074(3) 2 2.754(2)  0.0077(3) 2 3.0002) 0.0075(3) 0.006
0.50 2 2838(4) 0.0031(4) 2 2.712(4)  0.0039(4) 2 2982(4) 0.0023(4) 0.006
075 2 2767(7)  0.0066(5) 2 2923(7)  0.0052(5) 2 2960(7) 0.0048(5) 0.009

3N: Coordination numbefR: bond distancég: Debye-Waller factor, antR: Goodness of fit.

of about 200C as shown in the TGA curve. Two endo- Electrical Conductivity. The electrical conductivities
thermic peaks are also detected in the DSC curve. The firstave been measured by the four-probes technique for the
transition takes place primarily by order-disorder transitionpressed pellet samples of theigNHs).FePh . «Cls system
of the butylammonium cation within the organic layer. Theunder the air pressure as shown in Figure 7. Although the
second transition corresponds to a complete decompositiaconductivities of all compounds at room temperature have
at the temperature above Z@ The transition temperature, shown an insulating value, the conductivities of the
enthalpy change, and entropy change of théi{SHs).- compounds are increased with the temperature, which repre-
FePh.«Cls system is listed in Table 3. Since the organicsent typical semiconducting properties at about 450 K. The
layer has only the phase transitidsg value is determined conductivity also increases as the x-value increases. Since
by the relationship kS = AH/T.. the Fe atom has unpaired electrons in a d orbital, the electron
transference is easier than that in the Pb atom. The shorter
Pb to Cl length also consists to increasing conductivity of the
Table 3. The transition temperature, enthalpy change, and entropgompounds. The delicate conductivities may be related to a

change of the (§H9NH3).FePhy.«Cls system structural distortion within the butylammonium cation
Composition (x) T¢C) AH, AS ordering in the structure. Sin_ce the sample he_a'Fed above 470
0.00 5539 > 931 8.90 K shows some decomposition, the conductivity measure-
0'25 55l81 2.860 8'70 ments are limited in the temperature range of 300 to 460 K.
0'50 55'34 2.800 8'52 PhotoluminescenceOrganic-inorganic layered perovskites
0.75 55 23 97 59 8.52 of the (GHyNH3).FePh.«Cls system exhibit a sharp photo-

luminescence emission peak at room temperature as shown
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Figure 6. The DSC and TGA patterns of thesgNH3),FePh.«Cls system
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Figure 7. The plot of log electrical conductivitys 1000/T for the (GHgNH3)FePhi«Clssystem.
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Figure 8. The photoluminescence spectra of theHdBIHz).FePh..Cls system at 280 nm excitation.
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in Figure 8. The luminescence originates from the electronibiave shown the relative stability in an inert atmosphere up to
transitions within the inorganic layer. When the compoundsabout 200°C and also shown the sharp and strong PL
are excited at wavelength of 200 nm to 330 nm, strong andmission peaks.

sharp peaks have been observed at 516, 515.4, 515, andAcknowledgment The authors wish to acknowledge the
513 nm for the compositions g£0.00, 0.25, 0.50, and 0.75 financial support of the Korea Research Foundation made in
in the (GHgNHs)FelPh«Cls system,respectively. The the program year of 1998 (98-015-D00156).
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