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化学合成 X射线粉晶衍射 六方化台物 

Syntheses and X-ray Powder Diffraction Ana17 ses of a New Family of 

Niobate with Formula ”【B 一Nbl2一 】Nb4O 
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A new series of niobates A6̈ 【B N b_2一 】Nb4O42(A：K，Ba；B：Ni，Cr，Fe，Ti and Zr)has been synthesized 

by solid state reaction and the flux method．The morphology，optical prope~ies and chemical stability of the new 

compounds were studied The composition of the compounds were determined by chemical analyses and electron 

probe x．ray mier0analvsis(EPMA)．The results of x-ray powder diffraction(XRPD)analyses confirmed that the 

compounds crystallizedinthe hexagonal system with space group P63／ m(193) and which areisostructure with 

K6CrNb1 5O X．ray powder diffraction lines for these compounds were we1̈ ndexed． 

Keywords： niohate chemlc~ synthesis X-ray powder diffraction 

0 Introduction 

Niobates have manv kinds of structures．These are 

perovskite type ABO3【KNbOs)，tungsten bronze type 

ANb2O6(Ba2NaNbjOl 5)，chain and lamellar types 卜⋯． 

Since the new compound ＆ CrNh1 5O42 with a kind of 

tunnel structure in the potassium niobate system was 

found in our laboratory for the first rime l2J_We have 

synthesized a series of compounds wi山 the same 

structure，for example，KrFeNb1 sO4z，K6N 6~Nbl~3jO42， 

Ba~CnNb1 2042 and Ba~Ni2 67Nb1]3304-．etc．These tom- 

pounds may be described by the general chemical for- 

mula A6 [B ～Nb1 2． 】Nh4O42[A=K ， Ba2 ； 13： 

Ni“，c， ，Fe”，Tr’，Zr' ； ：(6n一4)／(5一m)， 

0．67≤ ≤ 7：n+ and m + arethe v~ence state of 

A and B】．A is alkali or alkaline earth metal；B is a 

transition meta1．In this paper,We repo~the synthesis 

and data of XRPD of the series compounds． 

1 Experimental 

1．1 Synthesis 
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The samples that was used for XRPD analysis of 

the series of A [B 一Nhl1- ]Nb4O4z compounds were 

prepared by solid state—reaction．The starting materials 

using analytical grade NbaO~K2COx BaCO3． Zm2， 

Ti0 ．NiO．Fe20]and CraOJ．were weighed in stoi— 

chiometrie propo~ions and thoroughI v mixed in alco— 

ho1．The mixture was dried and then pressed into pel- 

lets under 200kg’cm— pressure The polycrystalline 

sanlples 0f the eompounds K6[B ⋯Nbl2一 ]Nb24O42【B= 

Ni，Cr，Fe，Ti，Zr)were prepared by firing the pellets 

of mixtures in a platinmn crucible at l 100～ll85oc f0r 

24h in airfor B=Ni，Ti，Zr，Fe and in protective at— 

mosphere of Ar for B=Cr、 and then cooled to room 

temperature．The samples of Ba6[B Nbt2一 ]Nb4OI 2 

were synthesized by firing the pellets of mixture in 

platinum crucible at l 350～1420℃ for 48h in air for 

B=Ni and in protective atmospere of Ar f r B=Cr,Ti 

and then cooled to roonl temperature． 

The single crystal of the compounds were prepared 

by the flux method at higher temperature．The single 

crystal of the well crystallized compound were selected 

for EPMA or X—ray analysis with a four—circle diffrae— 

tonmeter． 

The morphology and optical prope~ies were stud— 

ied by stereomieroseope and polarization microscope 

1．2 Chemical Analyses 

Barium，zirconium and niobium of the compounds 

were analyzed by gravimetric method．Potassium，iron， 

nickeI and chromium were determined by atomic ab- 

sorption spectrophotometry (AASj on,,,arian—spectra· 

30A atomic absorption speetrephotonleter Titanium 

was analyzed hy H2O2 spectroptmtometrie method The 

contents of the elements in the single trystal were de— 

tennined by EPMA on JCXA一733 electron probe X—ray 

microanalyzer 

The solubilities of the compounds in some solvents 

(HCI，H2S04．HN03 and water etc)were studied． 

1．3 X-ray Diffraction Ana lysis 

The new compounds samples were prepared for 

XRPD analyses by manually grinding the bulk material 

to pestle with an agate mortar，follo~ved by sieving to 

一 325mesh(< 45ttm) particle size． The powder 

diffraction measurements were performed with a Rigaku 

D／MAX—RB di册actometer． The experimental condi- 

tions were： Cu target， 40kV， 120mA， 0．15ram re— 

eeM ng slit，and curved graphite diffracted monoehro— 

matic beam(CuKa1=1．540598lA)． 

The powder diffraction data were collected by step 

scan between 5。and 70。in 2 with a step size of 0．0l。 

and a count time of 5s step． The diffraetometer wa 

calibrated using a Si powder standard(SRbi 640a 。= 

5 430825／~)．The ambient temperature was maintained 

at 20±1℃． The Rigaku software was used for Ka2 

peak stripping and the “full width at half maximum 

middle point method for determining peak intensities 

and position． 

The resulting peak position was corrected by 

means of an internal stmldand(SRM 640a)．The pat— 

tenls were indexed using a PC—version of TREOR一4 

program． 

Table 1 Results 0f Quantitative Analysis of Compounds 

⋯ p0u i KaFeNbl，O{2 Nia 6'Nb” 3O KtTi：Nb~ 0|2 KaZrzRbl O,2 BaaCnNb~O 2 BatNh l】330 J_ BaaTi NbsO~ 

Table 2 Cell Parameters of some Compo unds 
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Table 4 Cell Volume and the Sum of the Ionic Radii of the A’ Cations and the Cations in the Hexagonal Ring Unit 

2 Result and Discussion 

2．1 Composition and Chemical Stability 

Stereomicroscope analysis and polarization micro— 

scope analysis showed that the single cD'stal of the 

compounds is transparent with hexagon·thin schistose 

shape．They are uniaxial crystal with negative sign 

The compounds can be dissolved in the hot mix． 

tare of(NH4)2SO4 and concentrated H2SO4 or in melt 

NaOH or K0H．Results of quantitative analyses of the 

compo unds are showed in Table 1．The resuhs of 

chemical analysis are in good agreement with the the— 

oretical elemental compositions of compounds， and 

were confirmed by EPMA． 

2．2 XRD Analysis 

The crystal structures of the compo unds were de— 

termined using single ervsta1 X．ray difiraction data． 

The results have been repofledI‘ ．The compo unds 

crystallized in the hexagonal system with space group 

P6 ／／71Cg／$(193)and =1． 

The values of the eell parameter in the P6 ／mm  

(193)as obtained after a least—square refinements are 

given in Table 2．The XRPD data of the compounds 

A6 [B N b]2一 】Nb—O一2(A：K，Ba，B=Ni，Cr，Fe，Ti 

and Zr【 )are shown in Table 3． It is found． by 

enmparing the XRPD data of these compounds． that 

these patterns are very similar For the compounds of 

A=K，the peak heights and positions of the patterns 

show very slightly difference． For the compounds of 

A=Ba． The d—values of the patterns are slightly 

smaller than that of the compounds of A =K． The 

(002)peak height ofthe compounds ofA：Bais obvi— 

ously lowerthan that ofthe compaunds ofA =K It js 

clear that the compo sition of the compounds has im— 

portant impact on these changes． All of the peaks of 

XRPD patterns of these compounds were well indexed 

according to the systematic absences of the P63／it~,m 

space group obtained by the result of X—ray single 

crystal diffraction ．Those facts suggest that these 

compounds are isostructural with KrCrNb1 5O4 

Th ese compounds formula may be described by 

A [B ～NbI2_ 】Nb4042，where A“’=K ，Ba and 

B ：Ni“，Fe”，C， ，_n“，Zr4 etc．Generally，ac— 

cording to the foIlowlng formula： =(6n一4)／(5一 

n)， =2／3，1 and 2 for n=1，m=2，3 and 4； 

n=2， m =2 and 3，so =8／3 and 4．However，the 

mole ratio of the B ions in the structure is with 

7f<8 calculated)if A ：Bah．B一 =Ti“． Zr4 

and Sn“ here，The mixed valence of niobium Nb㈤／ 

Nb∽ exists in the structure of Ba6[Ti1Nb 】Nb4O42． 

A jons are located at tunnels with 12 O．neighbors． 

the atoms of Nb and B are 6 coordinated． 

The unit cell volume of these compounds depends 

on the sum of the ionic radii of the A cations and the 

cations in the hexagonal ring unit(given in Table 4)． 

3 Conclusion 

The series compounds A6一[B ⋯Nb 】Nb4042 

were synthesized．Their lattice parameters were gained 

and X—ray patterns have been well indexed．The series 

compounds are with the K6CrNb~s042 type structure 
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