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Syntheses and X-ray Powder Diffraction Analyses of a New Family of
Niobate with Formula A:"* [B."*Nbyz_, ]NbiOs;
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A new series of niobates As>* [B."*Nby:. . JNbaO:: (A =K. Ba; B = Ni, Cr, Fe, Ti and Zr} has been synthesized
by solid state reaction and the flux method. The morphology. optical properties and chemical stability of the new
compounds were studied. The composition of the compounds were determined by chemical analyses and electron
probe X-ray microanalysis{ EPMA}. The results of X-ray powder diffraction{ XRPD)} analyses confirmed that the
compounds crystallized in the hexagonal system with space group P6:/ mem(193), and which are isostructure with

KuCrNbisOa:. X-ray powder diffraction lines for these compounds were well indexed.
Keywords: niohate chemical synthesis X-ray powder diffraction hexagonal compound

0 Introduction pounds may be described by the general chemical for-
mula As"* [B."*Nbiz-.] NbaOu[A=K~, Ba’; B=

Nit*, CP*, Fe**, Ti**, Zr**: x=(6n=4)/(5 = m),

0.67 < z=<7; n+ and m + are the valence state of
A and BJ. A is alkali or alkaline earth metal; B is a
transition metal. In this paper, we report the synthesis
and data of XRPD of the series compounds.

Niobates have many kinds of structures. These are
perovskite type ABQ;(KNbQ:), tungsten bronze type
ANb;Os(Ba:NaNbsOs), chain and lamellar types! -,
Since the new compound KsCrlNbisO.: with a kind of
tunne! strueture in the potassium nichate system was
found in our laboratory for the first time''?l, we have
synthesized a series of compounds with the same 1 Experimental
structure, for example, KeFeNbisOaz, KeNia sNbis 310,

BasCraNbi:0s2 and BasNiy e1Nbj3. 3304 ete. These com-

1.1 Synthesis
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The samples that was used for XRPD analysis of
the series of A®* [B,"* Nhiz..] NbiOa compounds were
prepared by solid state-reaction. The starting materials
using analytical grade ND0sK.CO.. BaCOi,  Zr0s,
Ti0: Ni0Q, Fe:0; and Cr:0s, were weighed in stor-
chiometric proportions and theroughly mixed in afco-
hol. The mixture was dried and then pressed into pel-
lets under 200kg * cm™* pressure. The polycrystalline
samples of the compounds Ks[ B Nbiz -, INb2tOaa B =
Ni, Cr, Fe, Ti, Zr) were prepared by firing the pellets
of mixtures in a platinum crucible at 1100 ~ 1183 for
24h in air for B=Ni, Ti, Zr, Fe and in prolective at-
mosphere of Ar for B=Cr, and then cooled 10 room
temperature. The samples of Bas[ B,"*Nbiz..] NL.Qn
were synthesized by firing the pellets of mixture in
platinum erucible at 1350 ~ 14209C for 48h in air for
B = Ni and in protective atmospere of Ar for B=Cr. Ti
and then cooled to room temperature.

The single crystal of the compnunds were prepared
by the Mux method at higher temperature. The single
crystal of the well crystallized compound were selected
for EPMA or X-ray analysis with a {our-circle diffrac-
tonmeter,

The morphology and optical properties were stud-
ied by stereomicroscope and polarizahon microscope.
1.2 Chemical Analyses

Barium, zirconium and niebium of the compounds
were analyzed by pravimetric method. Potassium, iron,
mickel and chromium were determined by atomic ab-

sorption spectrophotomeiry {AAS) on variam-specira-

30A atomic absorption spectruphotometer. Titanium
was analyzed by HoQ: spectrophotametric method. The
contents of the elements in the single crystal were de-
termined by EPMA on JCXA-733 electron probe X-ray
microanalyzer.

The solubilities of the compounds in some solvents
(HCI, H.504. HNO: and waler etc) were studied.

1.3 X-ray DilTraction Analysis

The new compounds samples were prepared for
XRPD analyses by manually grinding the bulk material
10 pestle with an agate mortar, Inllowed by sleving to
~325mesh( < 45pum) particle size. The powder
diffraction measurements were performed with a Rigaku
D/MAX-RB diffraclometer. The experimental condi-
tions were: Cu target, 40kY, 120mA. 0. 15mm re-
ceiving slit, and curved graphite diffracted monachro-
matic beam(Cu Kan = 1. 54059814 ).

The powder diffraction data were collected by step
scan between 5%and 70° in 2 with a step size of 0. 01°
and a count time of 3s step. The diffractometer was
calibrated using a Si powder standard (SRM 640a a =
5.430825A). The ambient temperature was maintained
at 20 £1%C. The Rigaku software was used for Ren
peak stripping and the “full width at half maximum
middle point” method for determining peak intensities
and position.

The resulting peak position was corrected Dby

means of an internal standand (SHM 640a). The pat-
terns were indexed using a PC-version of TREOR-4

program.

Table 1 Results of Quantitative Analysis of Compounds

compounds KeFeNb sz KaNi s1NDyy 13042 KeTizNby kg KoZriMb iz BasCraNbaQay BasMiz miNbj1 33042 BusTirNbaOy2
male ratia K: Fe: Mh K: Ni: Nh KT b K= Zr: Nb Ba: Cr: Nh Ba: Ni- hb Ba. Ti: Kb
;::[E:t 5,08 1.00:15.03 5.92:0. 65 15.40 5. 96: 1. 99" 14,02 5. 98. 2. 04- 14, 06 6, 02: 3. 98 12. 01 6. 08: 2. 68: 13.35 5.98° 7 00 9.03
EPMA 6021, 00:15. 01 6.0 0. 7015355 9151 99:14. 05604 2. 00: 13,98 5. 99:3.93°12.0% 6 D62 68 13.36 6.04:7.00: 8 98
lhwmh.tal 6001 DO L5.006.00°0,67.15.336.002.00:14 006 00: 2. 00: 14. 00 6. 00: 4, 00: 12,00 6. 00 2 67.13. 33 6.00:7 DO: 9, 00
¢ ORI DS [1on
Table 2 Cell Parameters of some Compournds
campound asd e A compound ash e/h

KeCrNbisOun 9, [26(3) 12. 068031 KaZiraNDaOuz 0, 1607(9) 12, 1336(R8)

KoFelNbi 5O 9. 1320(3} 12.0689{3} BaaCraXb 2 0as 9. 030{1) 12 Q115)

KeMis axNbuy 15042 9, 1341{4) 12, 0901 6) BaslNiz Nby 300 9. 040 3) [2.00315)

KeTi:ND e 9 1106(5) 12.01316) BaaT1:Nbol} a2 9.052713) 11 701(5)
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Table 3 Indexation of the X-ray Diffraction Patterns of the Series Compounds

KnlZrNLisaz KaFelNbiib: Koo aNbis ke KaTiMbDan KeZe:bbiOu:  BawlraSliaDuw BaaNis axlbi 3a: BueTiNbwlbe

d £+ f d I o P dy o FR i " h o Ik o 1l d I fr il
79z 6 79288 17 7.9217 15 7 9q7 18 7.9434 12 7 893 1l 7 897 1 100
6, 05 L] 6.0332 o &6.0455 98 & D2 ) 6 0748 76 6 005 1l 5 %8% 2 5. BRO5 2 a2
4. 756 1 4761 2 4. 7112 1 102
4, 543 4 4,576 8 4 5277 g 110

4,171 12 4.2730 20 4.2780 4 4261 33 42897 32 4 130 1 4 lsl 1 4, 2388 8 111
1 955 16 39552 2p 3 0552 47T 3 94§ A7 396 42 3,93 4 1 9242 5 204
3. 645 13 3.6420 256 3 6464 32 3,632 2% 3.6585 )2 3 615 50 3,627 43 3 5913 33 112
311 19 33080 42 3.3104 38 3 300 41 3.321% 35 3,287 85 3.2%7 54 3 2040 74 202
3,020 6%  3.0184 100 30234 100 3008 100 1.D3J6 100 2 993 100 2. 99S 100 2.9674 100 113
2 991 18 2.9897 49 2 9897 44 2,983 6l 30007 4] 210
2 901 19 2.9024 S50 2.9033 52 2 R95 7 2 9118 47 1 k4o 87 2,902 58 1 B712 62 211
2. 820 X 2 &8l6E 1 2. BOB 19 1 8352 13 2789 25 2782 19 7584 17 104
2,679 15 2 678 15 2. 6505 14 8N 13 16893 15 2.662 6 26874 3 16473 3 212
2. 636 8 26310 19 2.4619 34 16453 12 2622 o 2639 30 2ol 24 300
2.518 15 2,515 19 2.5211 2% 2,500 15 2.53090 21 2,491 302494 1 114
2. 416 4 24156 3 141714 22 2,410 17 24239 10 Joz
2,398 g 273984 15 l4aul4 112 391 13 24107 15 2.5 m 239 10 2.1552 7 204
2,283 22,2828 4 22839 17 2 278 4 22913 7 15
1,241 3 X 3IMe 5 29 5 2 233 9 22517 T 2,231 2247 3 2,208 12 |
2. 1746 5 10

115 3 21587 5  2,1587 11 2 153 B 21654 T 2147 40 2 16l 20 2.1382 13 i
2131 2 2.111 4 2111 7 2 0894 3 i)
2 091 1 2,083 5 214
1049 3 2062 5 20408 15 312
X012 3™ 20107 14 20132 a8 2,004 15 20214 21 1.998 20 1,981 0 1.9665 12 006
1. 9848 b 1.9924 15 223
1.977 5 1.9779 28 1.9783 24 1,973 21 1 G841 20 1.968 25 1.9569 14 4040
1.94%9 12 1.9497 9 1 9537 15 1.941 g 1.95%90 12 106
1.911 10 1,923 8 1, 9011 8 313
1. B78 3 1.8780 4 1 8798 5 1.872 31,8861 6 1.86]1 10 1. 8461 S 215
1. 840 16 1.83%0 14 1.3440 18 1.E33 21 1 3494 16 1.821 20 1.82% 17 1.824 12 116
1. 810 9 1.8206 13 1.8223 15 1.818 12 L8327 16 1. 808 101797 1 224
1. 810 12 R

1.793 51,7945 5 1 79al 10 1.794 9 1.7992 9 1.783 5 1.7781 K] 3
1.774 71,7743 12 1 T75n 32 L. 768 TO1LMBIS 25 1.Tod 20 1.747 17 1.71493 17 Jl4
1.736 i 1.7 9 1 7385 8 LT3 6 1.T438 3 1.72% 20 1.737 11 1.7197 15 322
1.725 & 1,7257 21 1 7263 22 L1722 16 1.7312 26 1.715% 18 1.728 10 1.7110 11 410
1. 6A8 2 1.651 20 1.666 11 1.ad421 13 215
1 658 6 1.6593 1a 1. 653 14 1.6652 19 L6M 32 1.649 17 1.6375 B 412
1,653 20 1.6338 43 1.6551 3T 1649 42 1.6602 40 1.6M a2 1.6321 19 44
1 623 2 1. 611 7 L. Al4 7 313
1.613 T 1.6120 17 1.46138 8 1.606 12 1.6217 14 117
1. 573 5 413
1.581 2 1. 5823 4 1.384 5 1. 3679 g 500
1,544 4 1 551 4 . 5354 3 EFS]
1 520 10 1,331 5 I.5154 14 502

1. 509 & 1.5094 13 L5105 16 1 503 1 L5157 19 1.502 1 1. 498 12 unl
1. 493 121,493 12 1. 4964 g 331
1,493 11 1.4953 16 1 491 10 1.4993 15 1. 4818 5 420
1. 4702 5} 421
1,493 10 1.4932 14 1, 4933 16 1,485 3 1.4642 10 217
1 4900 5 1. 478 15 1,479 11 108
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Table 4 Cell Yolume and the Sum of the [onic Radii of the A** Cations and the Cations in the Hexagonal Ring Unit

compound  BaeTiNbaOiz BaUrRbiOv  BacNi: oNbin 90 keTuNbOn KsCrNbisQa

K&FEN])J!OJZ K-GN]D ﬁ.‘NbH JJO*: KbZrZNhHO-l)

s Al 336, § 8475 849 5 B63. 5
ErrA 18 51 15. 64 18. 64 18. 66

270.4 B7L.5 873 6 B3l B
18. 70 18.73 18.76 18. 88

2 Result and Discussion

2,1 Composition and Chemical Stability

Stereomicroscope analysis and polarizalion micro-
scope analysiz showed that the single ecrystal of the
compounds is transparen] with hexagon-thin schistose
shape. They are umanxtal crystal with negalive sign.

The compounds can be dissolved in the hol mix-
ture of (NH.): 504 and concentraled HaSO4 or in melt
NaOH or KOH. Resulls of quantitative analyses of the
compounds are showed in Table 1. The results 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 compounds were de-
termined using single crystal X-ray diffraction data.
The results have been reported!!, The compounds
crystallized in the hexagonal system with space group
Pt/ mem{193) and z =

The values of the cell parameter in the P6,/ mem
{193) as obtained after a leasl-square refinements are
given in Table 2. The XRPD data of the compounds
A" [B."*Nbiz..]NbiOu(A =K, Ba, B=Ni, Cr, Fe, Ti
and Zr"*'} are shown in Table 3. It is found, by
comparing the XRPD dala of these compounds, that
these patterns are very similar. For the compounds of
A =K, the peak heights and positions of the pattemns
show very slightly difference. For the compounls of
A =Ba. The d-values of the pattems are slightly
smaller than that of the compounds of A =K. The
{002) peak height of the compounds of A = Ba is obvi-
ously lower than that of the compounds of A =K. It is
clear that the composition of the compounds has im-
portant impact on these changes. All of the peaks of
XRPD pattems of these compounds were well indexed
according to the systematic ahsences of the P63/ mom
space group obtained by the result of X-ray single
crystal diffraction!') . Those facts suggest that these
compounds are isostructural with KeCrlNbis0.:.

These compounds formula may be described by
A.*[B."*Nbiz-.] NbaQi2, where A"* = K-, Ba®* and
B"* =Ni** Fe’*, Cr*, Ti'*, Zr** ete. Generally, ac-
cording to the following formula: x={6n-4)/(5 -

n)l, x=2/3, land 2 for =1, m=2, 3 and 4;
m=2and 3, s0 x=8/3 and 4. However, the
mole ratio of the B, " ions in the structure is with x =
7{ < B caleulated) if A.” =Ba®", B"" =Ti*", Z'*
and Sn'* here, The mixed valence of niohium Nb {¥)/
Nb (V) exists in the structure of Bas[TirNbs] NhiOuo.
A"* jons are located at tunnels with 12 O-neighbors,
the atoms of Nb and B are 6 coordinaled.

The unit cell volume of these compounds depends

n=2,

on the sum of the tonic radii of the A®* cations and the

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

The series compounds A" [B,""Nhiz_.] NhiQa
were synthesized. Their latlice parameters were gained
and X-ray patterns have been well indexed. The series
compounds are with he KeCrlbhis042 lype structure.
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