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We have grown single crysials of BaH:Si0. by hydrothermal method. The crystal structure has been siudied by

direct method. Based on the 1792 unique reflections collected using Mo A of X-ray radiation and a CCD-based
detector. it is refined to an agreement index (R1) of 6. 36% . The cell is triclinic with dimensions: e =7. 0790,

b=7.3620, ¢=7. 58247 and « =89, 640°, B=88. 785, y =88.230° There are four unit cells of BaH:Si04 in

the cell. with space group Pl.
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0 Introduction

The ferroelectric  random-access  memories

[FRAM] are expected to replace maghetic core mem-
electrically

ory, magnetic buhhle memory. and

erasahle read-only memory for many applications''’.
There is a need 1o develop ferroelectric RAM devices
that can be integrated with standard micreelectronics.
Conventional semiconductor technology is largely based
on crystalline silicen, which has a diamond structure
Yok H #9.2001-10-08. 422 H B 2001411413,
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silicate materials

hydrothermal technology crystal structure

with no net dipole polarization necessary for a ferro-
electric effect. This has stimulated vigorous studies to
develop perovskite-hased ferroelectric memory devices
lor 5i metat-oxide-semiconductor field-effect transistor
(MOSFET) structures. A Si-hased ferroelectric mate-
rials surely will he preferred in the integraiion
with MOSFET structures, as compared with non-Si
based systems. For example, Pb{Zr, Ti10s (PZT] is a

promising candidate for ferroelectric random-access


http://www.cqvip.com

£ OO0 http://www.cqvip.com|

46 Ol F OH# H 1w &
memury'! . However, the interface reactions between tron energy disperstve spectroscopy  (EDX) anulveis of

substrafes

the Si

{generation of mobile fons and low retention) make it

this ferroelectric material  and
difficult to obtain a good ferroelectric /31 interface
in the metal/ferroelectric /semiconductur  field-effect
transistors gate™ "“’. A device fabricated with Si-based
ferroelectric material can climinate the possible con-
tamination of an St IC wafer line by the metal juns in
This will

greatly simplify the technique in a ferroelectric RAM

the non-Si-based ferrveleciricie. g. PZT)
production. The ability to extend the use of sili-
con-based material as a ferroelectric thin film will
therefore enahle the realization of ferroelectric memory
that are compatible with aimost all of the microciec-
tranic industry. Unfortunately, no Si-based ferroclec-
tric material has ever been reported so far. Here we
report the growth and structure letermination of
BaH:Si0s single crystal, which shows highly lossy lin-
ear dielectric response at roum temperature along
(100) direction. It is expected to ohserve ferroelctricity

in (010) and (001} direction of the crystal.
1 Experimental

1.1 Preparation of Single Crystal

Hydrothermal processes, primarly deveioped to
study the material formation mechanism, have been
widely used for new materials syntheses ™" . Due to
the relatively high pressure. wvariable pH value and
precise chemical composition control in the system,
some materials can be formed at lower temperatures
than that is needed in solid state reactions. In this
experiment, single crystals of BaH.5i04 were grown on
a glass substrate by a hydrothermal metholl. A com-
mercially available glass {Si02; 77. 29 ] plate {3cem x
2cm) was coated with a mixture of barium and silicon
(Ba: 5i=1: 1],
which was filled with 1. 0Omol - L'

Ba(OH] = sciution. The Teflon vessel was put inin an

oxide sl and was put in a

Tellon vessel,

air-tight stainless steel tapk and held at a temperature
of 160%C for 6 hrs.

perature naturally. Small white crystals with size 3 x

It was then cooled to room tem-

t 0. 5Smm were found lying on the glass plate. Elec-

the crystals showed barium and silicon as major vin-
stituents with no nther detectable metal elements, The
composihon was determined to be Bar5i=1:1 in mwle
ratio.
1.2  Unit Cell and Symmetry

A Bruker AXS system (SMART 1000,

X-ray radiation and a CCD-based retector] was usel to

Mo Ao

determine the unit cell and syimnetry of BaHaRi(h. The
cell was found to be triclinie with dmensions of the unit
cell being  =7.0790. b=7.3620, ¢ =7, 58244 und
a =89 640°, B=88.785% y=88.230° The density
calculated on the basis of lour umits of BaH:5i0, per
vell was 3. 876g = em ™,
1.} X.ray Intensities

The intensities of a total of 2640 reflectiuns with
28 = 55.08° were measured from the crystal. 1792
independent reflections were obtained. Lorentz und
polarization coetrections were applied. An absorption
vorrection was applied with the programr SADABS
(setni-empirical}. The structure was solved {rom three-
dimensional Patterson and difference Fourier svnthe-
ses. It was refined by full-matrix least-squares culeo-
lations. R =
IRl - TR /21 Fol =0.0636 and Ri=[ X w
(TR =T F ) 77 X wFd] ' 7 =0.1605. The vuordi-
nates ant anisotropte Jisplacement parameters are gov-

en in Table 1 and Table 2,

The final agreement indices were

respectively.
2 Discussion

2,1 Description of the Structure

As shown in Fig. 1, each unm cell cuntams
four-isolated Si0: tetrahedron linked by barium atoms.
Fig. 2 shows the atomic coorlinates and atum number-
ing in the cell. The bond lengths and angles are given
in Table 3. The Si-0 tetrahedron is almost regular. the
Si-0 distances range only from 1. 598 to 1. 6654 and
the 0-3i-0 angles from 103, 2 to 113.7° The average
S8i-0 bond length of 1. 6324 is abnormally short when
compared with 1. 8604, the sum of the Glodscharidt
radii corrected for the reduction of the courdination

number from six to four (Paubing, 1940} . The -0
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Table 1 Atomic Ceordinates { x 10°) and Equivalent Isotropic Displacement Parameters (A x10") for BaH,Si0, Crystal
A B z Uley) % ¥ z Uieg)
Bul 1) 434811) I5986I1) TH511} 1241 Ba(2) 1285{1} 2602{1} 129120(1) 121
Sul) Q2p2 (1) 24158710 T 1241y S51(7) a0Ra12) 270442) 12895(2) 1Qi1
01l) 1064401 3389(4) b47715) 1811) i) 7846(6) 4076(6) 8707{35) 17(11
03 7994{6) 955(5} 19861 5) 14111 04 1548(6) 1567(6) Q480435) 1501}
a15) T547 0} 1089{a} 13040¢5) 1711) Q{6 4741 (81 330R16) 14533(5) 1511}
(oI 4847(6) 180516) 1140715} 14(1) {8} T380(81 4352(6] 12116(6) 1810}
'(eq) 1s delined us one third of the trace ol the urthoponalized ) tensor.
Table 2 Anisotropic Displacement Parameters (A* x10°) for the Crystal of BaH,Si0,
Un fla s, U [ [T U [ (Y Lizs (1% I,
Lal}) 1201} 1311) 1317) artr - =2113 OL1v ] Baizl 1201 1341} 13(1) -1y =21 ol
S0 1011} 1401) 1111) ~-2{11 -3 011y 51{2) 10¢11 1141) 10011 =301y =31y -l{h
an 1912} 2102 13() H2 112y -5 02y Rk e} 13(2) 1042) 1M i) T2
M3 1812y 1x2)y  13i2) -2y -3i2) -1 | Q13 1712 18(2) 12 0(2) -3y =31
Ni35) 23(2) 1742) 12 112y 3N 5121 | U16) 1212) 19102} 1412) -7 M2y -l
017 15(2) 1712 11¢2) ~Ti2y =502y -al2) | ©(8) 19(2) (2} 1412) 1(2) 212y -T2y

The anisotropc displacement fuvlor expunent takes the (o

Fig. 1 Structure of showing the connection of Si-0) teirahedron

and the environment of Ba;. Baj
bonds in BaH:5i0. must therefore have a considerable
covalent The
(2. 66024 within the tetrahedron lies reasonably close

to the normal value of 2. 8A. The Ba-O distances may

character. oxygen-oaygen distance

be arbitrarily divided into two classes: vxygen atoms at
distances less than 2. 909A are classed nearest neigh-
bors in contact with barium, and oxygen atoms at dis-
tances between 2, 9094 and 3.245A are classed as
second-nearest neighbours. In BaH,5i04, Bai is coor-
dinated by nine oxygen atoms, four of which are nearest
neighbours, The second barium, Ban, is also coordi-
nated by nine oxygen atoms and is in confact with six of
them Fig. 2.
2.2 Polarization Properties

The P-E hysteresis loop along {100) direction of
the crystal is not monotonic {not shown). which shows
highly lossy linear dielectric response. It could be,

therefore, not indicative of a ferroelcetric hysteresis.

=2m[dha' P U+ +2kka” D" ]

Fig. 2 Atomic cooridinates and atom numbering in the unit cell

{AFM} results

show there exists spontaneous polarization in this nia-

However, Atomic Force Microscopy

tedal. The surface morphology of the BaH:Si0: single
crystal was measured by AFM and was shown in
Fig. 3a. AFM was also used to image the state of the
Fig. 3k

shows the two-dimensivnal domain image from the same

remanent polarization of the single erystal.
area shown in Fig 3a. We observed clearly distin-
guishable positive and negative voltage signals along
the line A-B Effort is being made to
measure the P-E hysteresis loop along (010)

(001} directions of the crystal, in which ferruelectric

{not shown)

ilmf

hysteresis loop correspondent to the ferroelectric do-
main observed in AFM studies cuuld he obtained.
It is evident that for the ratio of the number of

oxygen atoms to barium atoms is not sufficient to alluw
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Table 3 Bond Lengths(ﬁn and Anglesi®} for the Crystal of BaH.SiQ.
Ba(Ll-(M7} 2.619¢4) Bul1)-0(3) 2 74414) Bal L1-0{71#%1 2, 795(4)
Ba(ll-0(6)#2 2. 836{4) Bul1)-0(5)%] 1 90214) Bal L1-0{41#3 WCTRIEY
Ba{1}-0(8)#4 2.994{4) Bul1)-012) 3.058514) Ba(l)-0{1143 3 D594}
Ba{l}-8i(2)#1 347461171 Bal1)-5i{11 3 SIS0 Ba(1)-511)#3 3 alull?)
Ba(21-0(3)#1 2. 654{4) Bal20-D04)#3 2.77414) Bal2)-0{ 11#5 T 792{4}
Ba({2-0(7) 2.793{4) Bul2)-D02 )% 2. 80914} Bal 21-01(61 2 gduiat
Bai2}-0(5)#3 2.943{5) Bal2)-0t8i%3 3 08314} Bu(2)-001)#d 324544
Ba{2)-5i( 21 3.4059017) Bul2)-S5i{ 2143 3. 6747(17}) Ba(2)-%{11#d 72731191
Si{ L1-003) 1. 600{4) Sil1)-004) I 622{4} S 13001 L. udli4]
Si1}-002) 166214} Sill}-Bai1)1#6 3.6110(17) Sil1}-Bai2i#a 3 71791191
Si(1}-Ba(21#l 3. 7844119} S 2)-0(Th L. 60413} Si(2)-004) 1. 627041
Si(2)-018) 1.639(4) w1(23-015) 1.65304) Si12)-Bad11#] 34461171
Sui2}-Bal 214 IET4TI LT 011)-Bai 2)#7 2.792{4! Q(1i-Bai L #6 3059041
O(1)-Bu(2)#4 302454 O{2)-Ball)#d 2, 809(4) 0{3}-Bal21#] 2 6544
0¢41-Bal2)#6 2.774{4) ({4)-Ball)#d 2912441 0(5)-Bai 1)#] 2oenzid
0O(5)-Bai2i#6 2.943(4) Q(6)-Bal | 1#5 2. 836{4] 0(7}-Bal1)#! 2 79513
0(8)-Ball)#d 2.954(4) Oi§}-Ba(2)46 3 083(4)
0(71-Bal 1}-0(31 97 AN 0{71-Bar 1)-007 %] TE200131 Qi31-Ba)l 1)-0(71#1 68 71127
0(71-Baf 1}-0(6)#2 154.201121  O{3)-Bu) 1)-O01(6142 75.9511} O(71#1-Bal 1)-0(61#2 120 41:12)
007 1-Bal 1}-0(5)#1 119.041121  O{31-Bul11-01514] 9R. 581121  O(71#1-Bul 1)-0{51#l 5470010
0(6)#2.Bai 1}-0(51#] 86 731121 O0{71-Bar 1)-0141%3 T5.93{12)  O(31-Bal1)-0i41#3 159 97¢1)
O77)#L-Ba{ 1}-00(4)#3 91, 341121 O{6I#2-Bal L)-(4)#3 118.03111)  O(5)#1-Bal 1)-0(41#3 &% 67112}
0(7)-Bai1}-Di(8)#a 95904121 0{31-Ball}-018)%4 125.25112)  ((7)#1-Bal1)-0(5144 165 Tail2)
0(6)#2-Bal 11-0(8)#a 69 FOLIL) O(X1#1-Bal 1)-0 8144 119.961121  O041#3-Bal 1)-0(8 154 T4 59 12)
O(7)-Ba(1}-00(2) 72.90412) 0{31-Ball)-02) 53.99012) O(T1#1-Bal 1)-00(21 109 641 11)
(18)#2-Ba{1}1-0(2) 83.37(1) DiS5)#1-Bul 1}-012) 152.38{12)  O0(3)#3-Bal12-0(2) 137, 33711
0(8)#4-Bal{1}-0(2) BO.A7(IL) OO0 7)-Balli-001)#3 120.65{12)  ©(3)-Bai1}-01)#3 140 99111
L 7)#1-Bal 1 }-011)#3 124, 14411) (O I1#2-Bui 1)-401 11#3 65.97(11)  D(S)#1-Ba{ 1}-0( 1)#3 T1_8BiTLI
0(a)#3-Ba( 11-0(1)#3 2601l D(B)#-Ba(lt-011;#3 48 11012)  012)-Bai11-011)#3 125 86111}
O(7)-Bal 1]1-50(2)#1 101, 1909} M3 -Bai 118112141 79. 41(9) OIT)#1-Bal 1F-S0(2 )41 26.9718)
CGle)#2-Ba( 1)-8i(2)#1 101. 94(9} OS5 1#1-Bai 11-Si12)41 28.27(9) Q1) #3-Bad 1 1-500 2)#1 3342190
(1 8)#a-Ba( 1)-30(2)#1 147, 58(91 12)-Ball) 521 130.03(8) G11)#3-Ba(11-8i12)#1 09, 84{8)
Q(7)-Ba(l1)-Si(1) 82 15(9) O(3)-Ba(l (501 26, 15(9) (M7)#1-Bal 1) -Si( 1} 86, 219}
O16}#2-Bal1)-5(1) 81.359(8) (H5)#1-Ba(1)-8i11) 124, 65(9) O{4)#3-Ba(1)-Sil 1) 157. 918}
O{8)#a-Bal(1)-5i(1) 105 98(91 2)-Ball)-5Si(1) 28.2418) 0{1)#3-Bal1)Si11) 143 41{8)
Si(2y#1-Ba(l])-5i(1) 103, 17(4) O17)-Ball)-5i11}#3 99.85(9) Q{3¥-Ball)-511}#2 160 779l
Q{7 1-Ba(L)-5i( L}#3 106. £519) O16)#2-Ba) L)-Si{ 1183 91.9418) O{SL-Ball)-5 11#3 65 37yl
0{4)#3-Ball)-5:1111#3 26.09(8) ({81 #3-Bal 1)-3:(11#3 al.4319) Q{21-Bul1)-5111#3 14Q 48081
O01)#3-Bal [)-5i( 1143 26. 70(8) Sif2)#1-Bal1)-Sif 1143 88.78(4) Si{1%-Bull)-Si11)#3 167, 34(51
Q(3)#1-Bal2)-0(4) 43 77661121 O{3)#1-Ba(2)-001)#5 101.76(12)  O(41#3-Ba(2)-0(1)%5 159 29012)
(P 3)#1-Baf{2)-0(71 70.01¢12) O{d1#3-Bal2)-0(7) 75.55{12) O(1)#5-Bal 2)-00(7) 124 10012)
D3 #l-Bal 2} -U(2)44 1ag 11{12) 03 1#3-Bai2)-U(2)#4 3. 41412) O(1)#5-Bal2}-012)#4 105, 6B(12)
01, 7)-Ba{2}-0(2)#4 78 220120 O(N#l-Bal{21-0(6) 91.91012)  U(4)#3-Ba(2)-0(6) 130 75112}
{1 1)#5-Ba(21-0(8) 69. 86012} 0i{7)-Ba{21-016) 56 12011y Q(2)#4-Ba{2}-0(&) 78 497121
(M3#1-Ba(2).0(5)#3 76.69(12)  0O(4)#3-Ba(21-Q15)#3 82. 74012} 1 1)#5-Bal21-015#%3 Y7061 121
O171-Ba(2)-0{5)#3 143, 28012) (W 2)#d-Ba(21-0(51#%3 128.60(12) 015)-Bal2)-0(5)#3 142 471121
04{3)#1-Ba(2)-0(81#3 124,10012)  14)#3-Ba(2)-0(8143 75.01 (121 0f1)#5-Bal2)-018)#3 B8 £9{12)
0{7}-Ba(2)-0(81#3 142, 810111 O(2)#4-Ba(2)-0(5143 76,3121 O(6)-Ba(2)-0{8)#3 14, 941121
O{5143-Bul2)-0(8}#3 52311111 QI3)#1-Bat 2)-001 193 183, 04111 0{4343-Bal2)-0(1)#4 147 69411)
O(1)#5-Ba(2)-0Q(11#4 67331131 O{7+-Ball)-001)#4 126,691 111 O(21#4-Bal 2)-001 144 S0 5911
0(6)-Bal2)-001)#4 95 1831111 O{S143-Bal2)-Lh L )#4 87.88{11) U(R)#3-Bal(2)-0(1)#4 45.82011)
0(3)#1-Ba{2)-5i(2) 51.91{9) 004 1#3-Bal2)-5(2) lu2.6319) O 1)#5-Bul2)-5:(21 97 73191
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01 7)-Ba{2)-51(2) 27 8118) QI2)84-Ba) 2)-544 2} 75, 00(9) 16)-Ba(21-5i(2) 28.3914)
(15)#3-Bai21-5:1(2) 156, 3119) OI81#3-Ba 2)-50(2) 151, 379 011)84-Bai21.5112) 111 708
(3 1#E-Ba{2)-5:1(21#3 100, 52019) O14}#3-Bal 2)-50 2183 7 6519) O{1)#5-Bal2]-S1(2)#3 22,1319
07)-Ba{2}-58i{214#3 152 9118) O{2}d4-Bal 2)-S{ 21#] 102, 56(9) OU6)-Bai(2)-512)43 150. 951 8)
01 51#3-Bat2)-5:(21#3 26, 05(8) O{81d3-Bu )-S5t 213 260, 26140 OU1)#4-Ba(2)-520] 1) 3659518
51{21-Bal 2)-5:{2)#3 177, 5515) O{31#1-Balt)-51{1 184 170, 5519) O1a1#3-Bui21-%11 114 95 7119
O L)#5-Ba(2)-5(1)#4 86 B319) 0{71-Ral27-Si{ 1184 101 9%19) O{2184-Bal 21-5) )84 24.7019)
Ol6]-Ba{2})-51(11#4 86, 33(9) O(51#3-Bu) 2)-5a1(1 144 109.4319) O{BHI-Barl 2)-51)1)#4 59.39(8)
011 1#4-Bal2}-51(1 &4 25 BO(8) Si{2)-Bal2)-ml11#d 93 1414} Si21#3-Ba(2)-S011)#4 B4 4D{3}
0(3)-S{1}1-0(4) 113 T} 0{31-50 1001 110.5(2) Q(41-501)-0{11 L& 6(2)
,.3)-51{ 110121 108 5(2) Oi4]-m113-0{21] 1HLD{2) O0l)-%01)-0{21 105. 11
013151 }-Balll 49, 08{15) 1{4)-511)-Balt] 12).51116) O(L1-S1 L)-Bat 1) 130. Ba( L&)
D(2)-%¢1}-Bui 1) alb. 45{16) M31-%01)-Ba( b )#6 171. 451161 Old41-%11)-Bal11¥#6 52 141 15)
U11)-5:¢0)-Bat1)#6 57 42{15] W20 1) -Bal b 146 130. 04017 Ba(l)-%11)-Bal1l#6 167, 34151
U13)-51(11-Bal 2)#4 122 77(16) O0141-5111-Bat 2) 84 122 80{ 160 2 11-511)-Ba{21#4 6l 28 k6]
D12)-5001)-Bal 2184 44, 94(15) Ba(l1-5i(1)-Bal 2144 o2, 004 Ba( L )#6-%i11)-Bal{2}&4 100 6614
13)-5:411-Bal21#] 15, 660 L5) BUd-m {11 -Bal 21#]) B0, 070 L6) DI-Si{1F-Bal 2)#] 113 24118)
)50 L) -Bal 248 134.59(17)  Ba(k)-S111}-Ba(2)#] 76, 08(1) Ba(L1#6-5i11)-Ba(2}+#] @1 B714)
Bal(2)#4-55{1)-Ba121#1 157 OL(35) U171 2141 6) 110. 112) O7)-5:{2}-U(8) 112, 6(21
G16)-5(21-018} 111 214 O(T)-5i21.015) 107 i 2) 016)-51(21-1 5) 108.0{2)
Q18)-5(2)1-01 5} 107, 712) H7)-5(21-Bal2} 54.32(15F  O16)-5(21-Bafi2) 56.09115)
018)-5i(2)-Bal?) 126. 06017} {15)-510(2)-Bal2; 126 21017} O17)-5i(21-Baht#l 5220015
046}-5012)-Bal 1)#] L12.85(16} Q(8)-5i(2)-Ball:#] 135, 950"} O15)-5i02)-Bul 1)#l 36. 24116)
Bail2)-5u02)-Bal1)#l 3L.7013) (H7T)-S1(2)-Bal2)#6 124 32(18) 046510 2)-Bal2)#6 124.44115)
D(B)-Sil2)-Bal2}#6 56. 301181 Q{5}-SiF2)-Ba{2ia6 51.421161  Bal2}-5i({2]1-Bull)#b 77 5513;
Ba{ b 1#1-5)21)-Ba{2)#6 96 0214) $1111-0(1)-Ba{21#7 129,742 Sil13-001)-Bal1)#6 95. BB{ 1)
Ba({2)#7-0{1)-Ba(11#5 9. 91{13) Si{13-11)-Bal2ldd 93, B3{18) Bai2}&7-00n [ )-Bal2)84 12 61{13)
Ba{ [ 1#6-0{1}-Ba(21#4 127 31{14) S1{ 13- 2)-Bal 2144 110.4(21 S{11-012)-Ball} 91, 32(18)
Bal(2)#d4-Q{2}.Ba(ll 125. 30014 S 11H-013)-Rai{2)#] E23 B2 S(11-U1(3)-Bal1} 104, 78 19)
Ba(21#1-0¢3}-Ba(1) 1511 98{14) S{ 14134} -Bai2l#t 134 5(2) S TI-01d)-Bat ] i#n 101, 73 {9
Bal X)#6-0¢4}-Ba(])#6 98 4011 S1{21-U(5)-Bat | 14] 05, 4%¢19) 51{2).015)-Bal{ 2186 102 53(19)
Bal 1)#1.0{5)-Bal2)#b 130. 85(15) Si421-04{6)-Bai 2] 095 52(17) 51(21-0(6)-Bal L I#% 129 01)
Bul2)-0(61-Ball)#8 103. 80(13)  S(21-0{7}-Bal k) 140 912) Si(2)-0{7-Bal2) 9786118}
Ba11)-0(7)-Bo(2) 105 20013} #(2)-0(7}-Bal1)#l 100. 83(19)  Bal1)-0(71-Ba(L1#] 101, 800 L3}
Bul2)-(b(7)1-Bul 1)#1 107.30(t4) S(2)-0(8)-Bul 1114 118 312) 51 2)-008)-Bal 2)#6 97.441191
Bal1)#4-0(8)-Bal 2)#6 136 4(L5)

Symmelry lras formalions used lo generale equivalenl alons: #1: —x+§, — 3, = 2+2 #2 x v, z-10 #3 2 -0, v, 3

#d

Fig. 3
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a close packed framework. The short Si-O distance of
1. 6324 produces a tetrahedral environment around Si,
and the result is a loosely packed structure of barium
atums and SiQs groups. From the feature of the sym-
metry and composition, it is expected that ferroelectric
properties related to the presence of hydrogen bonding
in the compound can be obtained. Because its sym-
metry appears similar to that of the ferroelectric phase
of NaKCiH.0, + 4H:0(seignette salt), which is a sin-
gle-axis ferroelectric crystal with space group P2, The
spontaneous polarization in seignett salt onginates from
a-axis. Early work suggested that hydrogen bonding
along the a-axis is responsible for the observed ferro-
electricity. Neutron diffraction, however, revealed that
the preferentially oriented distribution of OH group
should be the origin of spontaneous polarization''® . In
BaH,5i0., considering the feature of its structure, it is
suggested that spontaneous polarizalion could be ob-
served due to the onented distribution of OH groups.
Further work about neutron diffraction should be done
to establish the configuration of hydrogen and then the

spontanecus polarization mechanism more firmly.
3 Conclusions

A silicate crystal of BaH:810. was grown. It was
determined by single-crvstal X-ray methods to be tri-
clinic with space group P1. In this compound, Si atom
is surrounded by a tetrahedron of oxygen atoms. The

SiQy tetrahedron are separated from each other and

bonded by modifier cations of Ba®*. Ferroelectric do-

main was observed by AFM. The oriented distribution
of OH groups along one direction was suggested 1o be

responsible for the chserved spontaneous properties.
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