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Tab. 1 Crystal data and structure refinements for MEu(PO3)4(M = Rb, Cs)

kSR RbEu(PO;), CsEu(PO3) 4
A FaE/(grmol 1) 553.31 600.75
LR L L
25 A BE P2,/n P2,/n
a/nm 1.0393(1) 1.03571(9)
b/nm 0.896 46(6) 0.896 15(5)
¢/nm 1.098 25(14) 1.119 57(8)
B/(%) 106.238(4) 106.354(3)
V/m’, Z 0.9824(2), 4 0.9971(1), 4
BRE/(geem ?) 3.741 4.002

WAL IE 73, pe/mm ™!

Multi — scan, 12.023

Multi — scan , 10.595

B T8 H 1024 1096

0 3 /(%) 2.98~27.47 2.37~27.48

/NG R AAT SRR (=13, 11, - 14)t0 (11,11,13)  (—10, - 10, —14)t0 (13,11,14)
ST ECE 7303 7 446
SIRHEST S 5 2253(R;, =0.029 4) 2284(R;y =0.0254)

X AT 2 s {H 1.009 1.004

Xt T ] LAY A R AE
X F a3 AT S R

Ry=0.0213, R,= 0.0542
Ry=0.0231, R,= 0.0552

Ry=10.0194, R,= 0.0467
Ry=0.0208, R,= 0.0477
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Tab. 2 Atomic coordinates and equivalent isotropic displacement parameters for MEu(PO;),(M = Rb, Cs)

¥ x y : Uy (nm?)?
RbEu(PO;3 ),

Eu 0.499 43(2) 0.22731(2) 0.18299(2) 0.000 039 5(8)
Rb 0.693 47(4) ~0.068 33(5) 0.457 58(4) 0.000211(1)
P 0.459 80(9) ~0.1727(1) 0.138 10(8) 0.000 042(2)
P2 0.75210(9) 0.0258(1) 0.776 29(8) 0.000 043(2)
P3 0.67519(9) 0.3937(1) 0.478 08(8) 0.000 047(2)
P4 0.64519(9) ~0.4057(1) 0.259 78(9) 0.000 048(2)
ol 0.8290(3) 0.0937(3) 0.6952(2) 0.000 090(5)
o2 0.8587(2) —0.0454(3) 0.8970(2) 0.000 065(5)
03 0.646 5(3) ~0.0843(3) 0.7147(2) 0.000 071(5)
O4 0.538 1(3) ~0.0332(3) 0.1716(3) 0.000 101(5)
05 0.3155(3) 0.159 8(3) 0.0156(2) 0.000 110(5)
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Akl x y z Uey(nm?)*
06 0.567 5(3) 0.290 6(3) 0.407 8(2) 0.000 093(5)
o7 0.5624(3) 0.2427(3) —-0.0119(3) 0.000 100(5)
o8 0.5218(3) -0.2928(3) 0.2470(2) 0.000 079(5)
09 0.667 5(3) —-0.4502(3) 0.404 0(2) 0.000 110(5)
010 0.7373(3) 0.1797(3) 0.2535(2) 0.000 109(5)
O11 0.6014(3) 0.462 8(3) 0.176 1(2) 0.000 098(5)
012 0.6858(2) 0.156 5(3) 0.8389(2) 0.000 075(5)
CsEu(PO3),

Eu 0.49805(2) 0.226 45(2) 0.18085(2) 0.000 058 0(8)
Cs 0.67980(2) —0.06549(3) 0.45979(2) 0.000 177 5(9)
P1 0.459 59(9) -0.174 82(9) 0.13333(8) 0.000 061(2)
P2 0.75501(8) 0.028 38(9) 0.78552(8) 0.000 061(2)
P3 0.67259(9) 0.39350(9) 0.47427(8) 0.000 065(2)
P4 0.644 81(9) —0.407 38(9) 0.25829(8) 0.000 067(2)
01 0.8311(3) 0.096 8(3) 0.7052(2) 0.000 103(5)
02 0.8623(2) —0.0428(3) 0.904 3(2) 0.000 084(5)
05 0.648 5(3) -0.0823(3) 0.7252(2) 0.000 097(5)
o4 0.536 6(2) —-0.0336(3) 0.1654(2) 0.000 112(5)
05 0.3125(3) 0.1627(3) 0.0137(2) 0.000 122(5)
06 0.564 5(3) 0.2902(3) 0.4047(2) 0.000 110(5)
o7 0.560 3(3) 0.2458(3) -0.0102(2) 0.000 110(5)
08 0.5213(2) -0.2937(3) 0.2424(2) 0.000 097(5)
09 0.666 5(3) —0.4514(3) 0.400 6(2) 0.000 116(5)
010 0.7367(2) 0.178 1(3) 0.2529(2) 0.000 120(5)
Oo11 0.600 3(3) 0.4610(3) 0.1767(2) 0.000 115(5)
012 0.688 1(2) 0.158 8(3) 0.8470(2) 0.000 085(5)
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Tab. 3 Selected bond distances (nm) and angles (°) for MEu(PO;)4,(M = Rb, Cs)

1275 R 1275 GigN 127 i =i (3S
RbEu(PO; )4
Eu—05 0.2332(3) Rb—OI11" 0.2921(3) P1—0O7" 0.1479(3)  P3—O5i 0.1480(3)
Eu—O011 0.2372(3) Rb—O7" 0.2969(3) P1—04 0.1481(3) P3—06 0.1490(3)
Euv—04 0.2379(3) Rb—O0O1 0.2975(3) P1—08 0.1604(3)  P3—O2% 0.160 5(3)
Eu—07 0.2411(3) Rb—0; 0.3000(3) P1—O012" 0.1609(3)  P3—O9* 0.1609(3)
Eu—010 0.2413(3) Rb—O4 0.3120(3) P2—0l1 0.1483(3)  P4—O10" 0.148 3(3)
Eu—Ot1! 0.2421(3) Rb—O8 0.3205(3) P2—0; 0.1491(3) P4—OI11® 0.148 6(3)
Eu—06 0.2438(3) Rb—O010 0.3278(3) P2—02 0.1604(3)  P4—09 0.1587(3)
Eu—0; 0.2482(2) Rb—O12" 0.3329(3) P2—012 0.1608(3)  P4—08 0.1609(3)
Rb—010" 0.3454(3)
Rb—06 0.3459(3)
Rb—09 0.347 1(3)
CsEu(PO3)4
Eu—05 0.2344(3) Cs—0; 0.3083(2) P1—O7" 0.1479(3)  P3—O5"i 0.1479(3)
Eu—011 0.2360(2) Cs—O11" 0.3089(2) P1—O4 0.1485(2) P3—06 0.1492(3)
Euv—0O4 0.2379(2) Cs—O7" 0.3093(3) P1—08 0.1611(3)  P3—QO2™ 0.160 7(2)
Eu—07 0.2408(3) Cs—O01 0.3114(3) P1—O121 0.1612(2) P3—09x 0.160 9(3)
Eu—010 0.2413(2) Cs—0O4 0.3224(3) P2—01 0.1485(2)  P4—O10" 0.148 1(3)
Eu—O1! 0.2416(2) Cs—08 0.3249(3) P2—0; 0.1495(3)  P4—O11% 0.148 4(3)
Eu—05' 0.2445(2)  Cs—012" 0.3315(2) P2—O2 0.1605(3) P4—09 0.1594(3)
Eu—06 0.2471(3) Cs—010 0.3354(3) P2—012 0.1609(2) P4—0O8 0.1605(3)
Cs—06 0.3399(3)
Cs—O9 0.3517(2)
Cs—O10iv 0.3586(3)
== A ez H (a3 A he=: S
RbEu(POs),

O7"—P1—04 121.4(2)  O1—P2—0;  116.8(2) 05"i—pP3—06 118.8(2) O10"—P4—O11* 117.9(2)
07"—P1—08 109.8(2)  O1—P2—02  107.2(1) 0O3%i—p3—O2* 107.9(1) O10"—P4—09 109.5(2)
O4—P1—08 107.6(2)  O;—P2—02  111.3(1) 06—P3—O2* 109.9(1) O11"—P4—09 110.6(2)
07%—P1—0121 106.1(2) O1—P2—012  109.0(2) O5"i—P3—09% 109.2( 2 ) O10—P4—08 109.0(2)
O4—P1—O0121 111.1(2)  O;—P2—012  109.1(1) 06—P3—09* 110.7(2) O11¥—P4—08 110.3(2)
08—P1—O012f 98.3(1) O2—P2—012 102.5(1) O2*—P3—09* 98.3(1) 09—P4—08 97.8(2)
CsEu(PO;)4
O7"—P1—04 121.1(2)  O1—P2—05  116.8(2) 05"—P3—06 118.2(2) O10"—P4—O11* 118.7(2)
07"—P1—08 110.1(1)  O1—P2—02  107.7(1) O5%—pP3—02* 107.6(1) O10"—P4—09 109.0(2)
04—P1—08 108.0(2)  O;—P2—02  111.2(1) 06—P3—O2* 110.2(1) O11¥—P4—09 110.5(1)
O7"—P1—012"  106.1(1) O1—P2—012  109.0(1) 0O5%—P3—09* 109.9(1) O10"—P4—08 108.4(1)
O4—P1—O0121 110.9(1)  O;—P2—012  108.8(1) 06—P3—09* 110.7(2) OI11"—P4—08 109.6(2)
08—P1—O012i 98.3(1) O2—P2—012 102.5(1) O2*—P3—09x 98.1(1) O9—P4—O8 98.7(1)
XFRARAS: (i) —0.5+2,0.5-y, —0.5+2; (i) 1 -2, —y, 1—2; (i) 1.5-x, 0.5+y, 0.5—2; (iv) 1.5—x,
-0.5+y,0.5-2; (v) 1.5-x, —0.5+y,1.5—=2; (M) 1-x, —y, —=z; (vii) —0.5+x, —0.5—y, —0.5+ 2; (viii)
0.5+2,0.5-y,0.5+=2; (ix) 1.5-2,0.5+y, 1.5-=2; (2) o, 1+ty, z; (xi) x, ~1+y, =.
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Fig.1  The three — dimensional structure of CsEu
(POs )4 along the a — axis (The Eu—O and
Cs—O bonds are omitted for clarity)

A A

2 CsEu(PO;), FHY PO, 121 Wik
Fig.2 Double PO, spiral chains in CsEu(PO;),

3 EuRFHIBLAIIAE

Fig.3 The coordinated environment of the Eu atom
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Fig. 4 The coordinated environment of the Cs atom

3 & g

MEu(PO;3),(M = Rb, Cs)Z FhiRGEF & F
B, 3 SR IS5 F 1 R Z5 A DL PO, SR E SUE S 3=
M, SABIE R M AT Eu 3 7l o TS O Ji+
AHTE A8 8 — 2 X S HE SR 544

S k-

[1] ETTISH, NAILI H, MHIRI T. Synthesis and Crystal
Structure of a New Potassium — Gadolinium Cyclote-
traphosphate, KGdP,O;, [J]. Cryst Growth Des,
2003, 3: 599-602.

[2] REKIK W, NAILI H, MHIRI T. Potassium gadolini-
um polyphosphate KGd (PO; )4 [J]. Acta Cryst C,
2004, 60: i50-i52.

[3] PARREU I, SOLE R, GAVALDA JNA. Crystal
growth, structural characterization, and linear thermal
evolution of KGd(PO;)4[J]. Chem Mater, 2005,
17 822-828.

[4] CHINN S R, HONG H Y P. Low — threshold cw
LiNdP4O12 laser [J]. Appl Phys Lett, 1975, 26:
649-651.

[5] OTSUKA K, MIYAZAWA S, YAMADA T. cw laser
oscillators in MeNdP,O;» (Me= Li, Na,K) at 1.32 pm
[J]. J Appl Phys, 1977, 48: 2 099-2 101.

[6] TSUJIMOTO Y, FUKUDA Y, FUKAI M. Prepara-
tion and fluorescent properties of lithium rare earth
phosphate phosphors [J]. ] Electrchem Soc, 1977,

124 553-556.



%6 B A MEW(PO;),(M = Rb, Cs) RIS 605
[7] HONG H Y P. Crystal structure of potassium neodymi- [11] NALI H, MHIRI T. Caesium gadolinium polyphos-
um metaphosphate, KNdP,O;,, a new acentric laser phate, CsGd(POs)4[J]. Acta Crystallogr E, 2005,
material[ J]. Mater Res Bull, 1975, 10: 1 105-1 110. 61: 1204-1207.
(8] FkIEM, A AL eF dn bR R 22 (M. b [12] MAKSIMOVA S I, PALKINA K K, CHIBISKOVA
o Bk H R A, 1996. N T, et al. G Izv Akad Nauk SSSR[]J]. Neorg Mater,
(9] HE .M Lo D REA R — (B E A 9 A £l 1982, 18: 653-659.
[J]. % £45 E,2007,1:20-23. [13] SHELDRICK G M. SHELXTL — 97 Program for Re-
[10] FEVG% AW, W12, % WL £ MR BaBPOS fining Crystal Structure[ Z]. University of Gottingen,

AR R BT () ] AT iR, 2007, 36

Gottingen, Germany, 1997.

(5):985-990.

Crystal structures of alkali metal rare earth

polyphosphates MEu(PO;),(M = Rb, Cs)

ZHU Jing', SI Hai-en', CHENG Wen-dan?, ZHANG Hao?, WANG Xiao-yan®
(1.Department of Material Science and Engineering, Yunnan University, Kunming 650091, China;2.State Key Laboratory
of Structural Chemistry, Fujian Institute of Research on the Structure of Matter, Chinese Academy of Sciences, Fuzhou, Fujian

350002, China;3.Physics and Educational Technology Department, Yuxi Normal College, Yuxi 653100, China)

Abstract: Alkali metal — rare earth polyphosphates, MEu(PO;)4(M = Rb, Cs), were synthesized by
the high temperature solution reaction and studied by single — crystal X — ray diffraction technique. Isostruc-
tural MEu(POs)4(M = Rb, Cs) belong to the monoclinic space group P2,/n (Z =4) and characterize a
three — dimensional framework made up from double POy spiral chains and MOy; and EuOg polyhedra.

Key words: alkali metal — rare polyphosphates; synthesis; X —ray diffraction; crystal structure
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(4565 599 T0)

Abstract: The un-doped ZnO thin film and metal co-doped ZnO (ZnO dopetron sputtering. The films
were analyzed by XRD and AFM, the results indicate that the un-doped ZnO thin films were apt to grow in c-
axis orientation, but the co-doped ZnO thin films were nano-multi-crystal which deviate from its normal
growth direction. Besides, the thin films were also studied by the AFM, it was found that owing to the doped
process the surfaces were rough. The PL spectrum indicated that the thin films have strong purple peak at 395
nm and weak green peak at 495 nm. The PL spectrum peak intensity of co-doped ZnO thin films were also
changed. The results showed that the peak of Nd-doped ZnO thin films were weakened but the Nd and other
transition-metal (Fe and Mn) co-doped ZnO thin films were strengthened, in the last it is given the causes of
PL peak intensity change.

Key words: ZnO thin film;doped; RF magnetron sputtering; structure ; photoluminescence



