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Synthesis of Chloroapatite Single-Crystal Tube
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A chloroapatite single-crystal tube (referred to as a tube-shaped crystal [TC]) with interesting morphological, structural, and optical
features is described. The TC was synthesized by means of a flux crystal growth method with a NaCl flux without the need for a
template or a catalyst. The TC had hexagonal facets on both the exterior and the interior surfaces. The largest TC was 4 mm long,
100 pum in outer diameter, and 45 pm in inner diameter. An electron diffraction image obtained from the TC indicated that the a*-
axis was tilted by 7 degrees. We contend that during crystal growth, internal stress due to the tilt changed the growth mode from the
c-axis growth mode to the spiral growth mode, which resulted in generation of the TC.
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U UEEHLE, IEERCHEIE LTEHELS AL HWLNTE -,
FOHTHLY VEBBAINY LD —FTHDLT NHEA MNE
Mio(ROs)sX2 DIEARMKL A D, X 12 OH, F, Cl&&T
AR T REA N, TOoRTNREA N, WHRETNZA R
DD, ZHUHIIATE, RETHEOETRSE, T
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HLTW DB EPES N TWA[R2,3]. ZHICAT, K
ERRHENEOND T ) A —F—DF 2 — T WREERBES
nNTHE 4], WERITINZ, ZOAEERMELE F2—T D%
WORMIZEY, RTv7 T IR —~DERALHFFESND
[5l. LU, BUEHREIN TS T /A —F—F A XDF =
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AW, BAIVTIESRET NZ A MZBWT, NaCl 77 > 7 &
kA # o T, KEOF = — 7 REHEE (TC @ Tube-shaped
Crystal) D RAZAKE) L=, TC 1X, c filimmlcs VWA
DI E, ZDORMIITIS ¢ T > T2 S AR O 7230 % Ff
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HIZE BT, CaHPO4-2H20 (R 7 L — R, BIHL T (BK)),
CaCOs ((BR) AIRALZEMFZERT), CaCl(FH T4 7 27 (1)),
7T v AL LT NaCl(Ffk 7 L— F, BB LY () 2
Wiz, TC 1L, HEFET RZ A b Cao(PO4)sCla DAL Eaml
12725 &£ 912 CaHPO4+2H,0, CaCOs, CaClh Zff& L, 7V
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(Ca1o(PO4)sCl2) JEEEAS 0.15 mol% & 725 X 5 IZFHEE L= [6],
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Tetk, TC Zuehl, ENY L7z, ik UCHET LA bD
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L7z, NC O&IE TC & B AN RS CTIT> T
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TEMEEIC X D~y R IR THIE Lz, TC O
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3. fBREER

TC DJEIRBIZER 1T - 7= (Fig.1), FAIRB DY 14 XD H
FERAZ RO L, B oI LR % Figl () IR
9, BE L TCIXZEATHY, SME 50 um, WEE 35 pm O
F 2 —TIRERES TH -7, Figl ()12 TC © SEM &%,
SEM #TliE, NAREO 7 7ty MRHRTE, ZOHLFA
TR DL %> T e, o=, BREEE T
THBK L7 NC @ SEM 4% Fig.1(c) 127”57, Fig.1(c) Tid,

NAFEIREZ LTWD D, O ZE ] Z R - e Wtk o
HAE AT 72, TC & NC DJETrR 4 HIE LR %
Table 1 (2”3, BITROMEIL Fig.1 (a) OMFRKEN S R TT7
M CTHEM L7z, ZOFEE, TC OEFTrRITh T2 E < E
Shiz, ZhUE, TC DJRITHRMETIE, =5 HEEO SN H
AR T2, BITRNEL 2ol B X5,

Fig.1 Shapes of TC and NC. (a) Optical micrographs of TC. The
broken arrow indicates measurement direction of the refractive
index of TC. (b) SEM image of TC (enlarged view within the
dashed circle). (c) SEM image of NC (enlarged view within the
dashed circle).

Table 1 Refractive indexes of TC and NC by Becke line
detection method at room temperature.
Samples Refractive index Birefringence
(Central value)
TC 1.659 0.0045
NC 1.657 0.0043

WIZ, TC DY A X554 2 5H L7z [Fig.2 (a) ~ (¢) 1, #ME,
W, RSOV A X5MHIE, i, 20~110 um, 5~45
pum, 0.2~4.0 mm OFFHTHMP STz, FOFTHE, W,
EXixenen, 30~40 pm, 15~20 pm, 1.0~1.5 mm O#i
Db <Beshie, FRCERTREE, BS 1~4 mm,
Ho, W 20~45 pm ORI A X3 74 %fF/ELTWDH D
ETHD, DX D AR A XOERNIE, WEAIRART
HEFREEVEZEZLIZKL, FIvIT IR ML LT
TR R ORI RS, 1, TC O&MEFIZIXF
BRI NC AR SN TEY, TC DAERERITH 10 % Th-
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Fig.2 Size distribution of TC. (a) Size distribution of outer
diameter, (b) size distribution of inner diameter, (c) size
distribution of length.

TC OS2 R ET 5729, SPring-8(E— AT A >
BLO2B1, A =035 A) TOHRHE X REHFHEE T2, 15
ST X MRBY B % Fig3 (a) lZ”7, ZEMBET P6s/m C,
WFERKITa=9578 A, ¢=67168 AThH-o7=, d>04AD
2531 [ OKE EARER T FCx L, A & /b T RIEICLD,
G AT o, T OREE, FHEEN T RI =
0.0330 (> 4o) DAEIEET V& 157 [Fig3 (), ()], i,
O T N F A N B R OREE & BEELL TV 2[11,12].
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Fig.3 Single crystal structure analysis of TC by synchrotron
radiation X-ray diffraction. (a) X-ray oscillation photograph of TC.
(b) Comparison of observed (|Fo|) and calculated (|Fc|) absolute
crystal structure factors. (c) Schematic crystal structure of TC.

Fig4 (T, TEM (2 X 2&E F#EHr§ %477, TEM ¥ 7L
1% Figd(a) O a TGN HA A ERE— L% B L THRY
Hi L7z, Fig.4(b) 12 (0001) i b W= R a2 =+,
BonEIr ARy M, HFETSZ A b Cas(PO4)sCl 12 X
DHEEAT BT, BARE XBREPTIE & AR ORE R3S 5
7= [Figd(b) 1,

BEHOSCHRTIE, T/ F = — 7 HEESIT KX 72 Burgers
vector Z R T KE, FAEEANE TN ELANLEAET— RTEHEEL,
ZORER, MHmlEbEARET 5 LHESTWVA[13], TC
DFFEA T =X N BET 572018, ¢ #iFmnsR7- TC
L NC OFE T HRET 4 2 ek Uiz [Figs ), b)), W# % ®H
PEDLETHDE, NCiEali 77y MIXIL a*lilid HH
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Fig.4 Crystal structure analysis of TC by electron diffraction. (a)
Sampling method and measurement direction. (b) Electron
diffraction pattern of TC. The indices agree with chloroapatite.

ThHHDIZXL, TCILa*i iR 7oL W H RERMEENHDH 2
& EHER L= [Fig5(c) ], FexiE, TC @%:—7“47&%%5%‘%
X, 20 aiOEE PR EEZ D, el E I

TC IX NC IZHARTHBBHIRITNBEL D, 2V TC :,t E
Al i AR RIS Fig.5 (¢) D REID JF S Z OfHE & KL O N ERE
e tEEND,

Fig.5 Comparison of electron diffraction image of TC and that of
NC from c-axis direction. (a) Electron diffraction image of TC. The
solid line indicates the a*-axis of TC. (b) Electron diffraction
image of NC. The dotted line indicates the a*-axis of NC. (c)
Comparison with the a*-axis direction of TC (solid line) and that
of NC (dotted line). The black arrow shows the direction of the
internal stress (o) that was produced by tilted a*-axis.

TC ORI EZ G, BHEWNRTNESLE y &30U, i
WEBIZIZR DX TEH 2 BN DZNEHIET) o BFIET D137 TH
5[14],

c=G-y

OB X AT S 9, Fo— 7 REESOEIEE » &1
X, THEA y Iy = rtand & AT DHDT, TC NTHRAET
LNERIT) o IZRED L HIZRT Z LN TE D,

o=G - rtand

G : TC OFb SRR IRE TORIMESR,
0 a*hOE X (7°)

roo FEfheE

MIPER G IXIREN TR Z &Ik > CTERT 5, TC 4£RK
BRI, FRIEHEE 500 °C-h! O2MIZ K W HIMESR G BRIz b
AL, WEIS) o ZRELS o bDEEX D, TOKRER
NERIS ST o 2B K& 7 Burgers vector DFEENTHEIND,
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4. FEH

Cas(PO4):Cl HLfE K EIZBW T, NaCl 77 v 7 AHTEL
WP, BT HZET, TC 2155 2 LAk, TC T3,
£ S 1 mm BLEDDNEE 20 pm L EO KA o X BE 23,
BB TCOW 74 %Ll L& 5Tz, XHRIZ X 2 R
MEERRAT, KON, EMEPTHREI Y, TC IXHET ¥ 1 b
DHAER TH o7, TC & NC OEFRETG 2 i+ 5 &,
TC O a*fli X B SEIME I (@ 7 7 &~ B IZKEL 7 °fHuC
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EEAERENT-b D EEZ D,
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