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ABSTRACT

ABSTRACT

Rare-earth stannates (LnpSn,O7, Ln=Y, La-Lu) are cubic pyrochlore-type oxides,
which have received considerable attention in recent years due to their promising
applications in lithium ion batteries, catalysts, phosphors, ionic conductors, and
resistance to radiation damage.

A simple, low-temperature, mild and efficient hydrothermal route for the synthesis
of nanocrystalline rare-earth stannates was proposed in this dissertation. In this
hydrothermal process, rare-earth nitrate and tin tetrachloride were used as precursor,
without use of any surfactants or complexing agent. The structure, morphology, and
particles size of the products were characterized by X-ray diffractometer (XRD) and
transmission electron microscopy (TEM). The structural change of the serial products
was studied by Fourier transform infrared spectroscopy (FT-IR) and Raman
spectroscopy (Raman). The band gap of the rare-earth pyrochlores was calculated
from diffuse reflection spectra (DRS). Furthermore, their photocatalysis properties
have been investigated.

In this dissertation, the majority of nanocrystalline trinary rare-earth stannates
were synthesized, including Y2Sn;07+ La;SnyO7+ PraSnyO7+ Nd2SmpO7v SmpSnpO74
Eu,Sn07 « GdoSnpO7 « ThaSnpO; « EnSmpO; and YbSnpOj. Further XRD
characterization reveals that all the above products are single-phase cubic
pyrochlore-type complex oxides. The rare-earth stannates were of high purity, high
crystallinity and nanoscale size (diameter range: 10-100 nm). It can be concluded that
the hydrothermal route proposed here is desirable for the synthesis of all rare-earth
stannates. For the series, XRD measurements showed that the entire diffraction peaks
of LSP shifted to higher angles from La;Sn,O7 to Yb,SnyO;. Further calculation
shows that the cubic cell parameter of Ln,Sn,O7 decreased linearly with an decrease
of Ln ionic radius. The vibrational spéctra show that the bands of products present
regular change trend with the decrease of radius of rare-earth ions in A-site. The linear
relationship can be seen between the frequency of Sn-O stretching mode and the
lanthanide ionic radius in IR spectra, as well as the frequency of O-Sn-O bending
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mode and lanthanide ionic radius in Raman spectra. The photocatalytic activities were
also evaluated by decolorization of methyl orange under ultraviolet light. It shows that
the as-prepared products have the capability of degradation.

In summary, a general hydrothermal route for the synthesis of trinary rare-earth
stannates has been proposed, which is simple, low-temperature and mild. The
morphology, structure, crystal size, vibrational spectra and photocatalysis properties
of the products have been systematically investigated. The study in this dissertation
may be important to the synthesis and applications of nanocrystalline rare-earth

pyrochlores.

Keywords stannates; pyrochlore; hydrothermal method
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Table 1-1 The electronic configuration and radius of rare-earth element
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63 Lz Eu 204.2 [Xe4f® 95
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67 &% Ho 176.6 [XeJ4f'? 89.4
68 H Er 175.7 [XeJaf'! 88.1
69 =3 Tm 174.6 [XeJ4f™ 86.9
70 B Yb 194.0 [XeJ4f? 85.8
71 ] Lu 173.4 [Xelaf* 84.8
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(DAL
a) three-dimensional framework b) four octahedral form a ¢) Ln;O network in the
of comer-sharing SnOg octahedra  tetrahedron by pyrochlore crystal structure

in the pyrochlore crystal structure  corner-sharing
1-1 Besn i b G4

Fig. 1-1 The structure of pyrochlore
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Table 1-2 The synthesis methods and the advantage or disadvantage of rare-earth pyrochlores
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SRE B AV EALES 0 R Y, SEEL T ki a5 LMt gy Kbkl
B A e A S2B BT B L TR S A R0 AT AR, R AdLEU B LR

BHAHERAT, NEMBNRBIEREFEA L ERBERAR, SRR
BARKI] . ERAANFEZRFILE 2-1:

& 2-1 FXFAMNES R
Table 2-1 Chemicals used in this dissertation

HXNMAE (U
No. AR AFR
/TREO)
1 R4 Y(NO3)3-6H,0 99.995%
2 TEFR La(NO3);-6H,0 99.99%
3 R Pr(NO3);-6H,0 99.90%
4 WAk Nd(NO;);-6H,0 99.90%
5 MY Sm(NO;);-6H,0 99.95%
6 R Eu (NO3);-6H,0 99.99%
7 HMAL Gd(NO3);-6H,0 99.995%
8 A Tb(NO3)36H,0 99.99%
9 HRH Er(NO3);-6H,0 99.90%
10 R YbMNO3);-6H,0 99.95%
1 g4 SnCly5H,0 99.00%

2.1.2 £33

EXEKRT 10 =W EBREFKRME, ENHERTZEAMER, A
DA RRAL(Y,Sn0,) 5, LB EARSERIE . B5E, BEUFETEHRR—
2 B HIRSRRAZ(Y (NOs);-6H,0) F1 PU S 4k #3(SnCly SH,0), MAEEEFKF, B
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THAPE RS LB HELHEE, BAEHERNER. RENA—ZENE
AW, BHL 30 min, FHBEEHS, BENMBEREANTERURZHEH
BENEEZE, £ CBETRE—BNAERY, AZEFKEENE=YE
ZEFE, 7 80°C THTHBRE™Y). EREMNEAHT, ARTHLIHHL
Bt BAFLRAENE 2-1 Fir.

I

| sncLsHo | | La(NO), || NaoH |
|

Adding de-ionized water

I Starting Materials |‘__J

! Hydrothermal treatment

Final powder product

Washed and dried

| Examine I

B 2-1 K& A ERERER

Fig. 2-1 The flow chart of hydrothermal synthesize rare-earth stannates

2.2 Mk _

ARLEFPGE . R RIEELRE, AR AREK X HgiH
{X(XRD). &5 BHF EHBE(TEM). HIH BRI SNFT-IR) L. 375 (Raman)
FAE AR E S - BT W(UV-Vis) G HE AT = AT T BRI

2.2.1 ¥5K X 5247518 (XRD)

X EHIEKZE 0.01-0.1 nm o, ERFEG&EEEMEY, J—REBKEK
X S5 N G1K, %2 Bragg AR 2dsinf=ni BURENTE . KAk X HEH
WK, n HEBE, 0 RAH X HEE5REHNRA, d HBESRERE. XTH
KL @S, BT R /NG IBRERERBEHLE, 45— 8 i T BT 5T 4 M R T
fak 40 FHE. AR RIS NARBELATHE, WRENNARGAG A 0.
% Bragg 77 725 AT 5K tH 3L AL ) o T (4] 6
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2T LREFFE SRS

LERENTF-ERERY, BTEMENPRE-RREEEHORD, £7
Debye AT HATH (ARHMERTH LR L TN), XNATHAEREE RREHRRTT
BB AARR:

0.894
p= Dcos@ '

Aep, AARiETE, UIUE: DARKER: 10 XFLEK: 0 BAS X5
S5 RERMA.

A3 K FA £ [H Bruker A & # Advance D8 B X 5 £k #7581 AU (XRD)FH AT 4H %8
P4 X K TR R ST BT . R & KA CuKo(A=1.54178A)fEh X
B, EHEKV, 20 FEEGEEY 20~70°, AR#EERE 0.1 °/min.

@-1)

2.2.2 ESTBFRHHEE (TEM)

BHETFEMBETEMEER=FSHM, BETFRFERT EEHIME
FERSY, WX E R R B ST R BIHRE BN S, BT,
B T EME(TEM) S RE EMBEMAN, ARZAETHERRMAEBTR, T
FEERATRER, FANERARMEERELYENKREEHE. HBRXH
100 kV ML LRI B ENE S RER TR, 2 NREBRE R ER< 0.5 pm KR
PR, RSHERMEE 100 nm)iiREE E, SR E BRI 27 &5 BT ROk
EHRMERENEER.

ARMBERART, FIRMEM, A3%A JEOL JEM 2010F BUESH T &
B (TEM)WERER, THEBREN 210kV. BAES BFBHEERAFEFIES
i, RATE B RKBRLEIE BRI, RGP LSRR
PERBIESHAMR T TEM B EEMBE .

2.2.3 EIIMITIRLIN (FT-IR) F AL

U —RAFEEH KNI CBIYR, WRD TP ERA GRS K
ERREMA S B — R, TR AL R R R M ESRGD B BEHER
TEEBRENRE)F K, 2 TFRRAIMES G K ERS) ML KR
T, OB KRB R B B, OoMeilsEsSR bR —FIRE ST W

-13-



RHETWRETERA2E Y

JRF BRI MR SRR 4 F 3 S5 B RFE YRS FEHRE RS
itk A TFRBASAAERANE TR TR, RARIHEEE. Do
P8 5 F 4 () BRI B (wavenumber) B A B, RORBUEMMLE, RBENE
(T%)EE RS RE(A) AR, RARRBGRE.

L5 B RS TR, WRSHBREENERSS FHRRAERS,
IR B RGBT IR, TGS TR MR MERE, EMRIAE
SOCIRERRN . B AR 55 F R E RS RY R £ LSRR D55
REMZ—, XoE 7RISR . LINRBOEE=ENE M EHRL
AINERFZRBREER, ATHELXNMEG, 5 FRSELBRELTEE
Bk XLFR EARE TS AMIBER A RA N T, XHEERNERERZELLT
RANBRAE R RAKREIN . FEME R IRDE S AL SR, RBEBRER
RSN A B SR AT M B AL AR, X FpIRNFR A LS E RS BRE
ETENF TR ELINRM, FRAOIEFERS,

B H AL AR TR O KA B SR GE R, RIRT 740 E
RAHE R, AT CLR SR 5 S8 SR AN A0 1) S5 W 40 R R cE LA R B B 5 T E T A 8 £ R
WERE S THARBK%FEANSERX, THUBTEESTNAELSE; M
RSN LA E S FRBK. BA, NTIHEE S FRSAGE, HErihes
HIRFIE . HTAAGESTRAEMR, S, BE. BERESBTNE, FR
FHED, HrEER, PBIREMNRFA. Bk, I40EERAEHERS
SHE—FE, RESITERME RSN, THZEREEUEYHNES T
HBRERTEZ—.

AR TR ERARRSER, AR WQF-310 B rm ka4t
SRR, W25 E 400-4000 cm™, HFE K 1.5 cm™ . SREX KBr [E A ¥,
I 1~3 mg i®#¥, 0 100~300 mg &b FRid B KBr W40, R E/NTF 2~5 um, 7
B—NE S, SR EER.

2.2.4 12 (Raman) FLiL{Y

Bt R T ERBRSY R EGHEE. EROCEREENREAT, YR
RIS L T R & B SRR R A R B R U S, & F ML BMMEELN



2T EREE SMRNE

BB HEADE, RP BT ERSREMMRENER

—REBEELBER N IR, FEESHR ST 1 LA BRI ERR b B .
K ER S B R SNSRI AR, X F U BUh B R (Rayleigh) BT, 3
SRE S A KKK R« 535, 72 1928 4, ENE#EZEZK C. V. Raman
B AR R T SNSRI KBS, XFEEH AR A 8 (Raman)
5, XM HERFILBN, LFRERRKITR N L7 §i £k (Stokes), 37
FE RN A KON 5 {74k (anti-Stokes).

B 22 BRI EHHNERFEEE. MERR, LMER v RGN EY
FRE LA, TRSREMENEEE ERERE. RRLETFESE NS F%
FIREEN oo AT ATERTKI R — N ZEES, FELTEREREMNT
NXLENEH EI RIS Evmp, XEFEE T MR, BHKEHIRER voo HH

WAE L R, BREELT E- B TZIEEN v MAS A TFBRTTK
TRREESREND LEHKIRIZEAS B, XMIREBETHESS.
BINRES B I FREENESEFKTIHERE B, XE T MR,
KT EREBAYRSF, BHETHHER vov, HHLBEE KT
LR, B L. H—HEEEELT Ex M2 FREG R TANESRKEER
A By X X N F IR MRS, T NS F IR T RE —LHEE,
BHKTHEER votv, ANEBHMRFHETHE, BAEFEL. N ERY
P&, HRBEE T, ATFHEHEMARELEER; MERSHHT, 5t
FAMAEETHHE, REESHFRITREG FRITES) TR NEPAE
EFH, HRTHEARFEEHE SRS B MREEZE SN A 8 by, BHE
W E RS MERAMEFM . FA—FYRS T, BENCRROEAR,
SEMFRMEZ N, BRBMEBA BAEFAE, FEkSaB 5N
WRER, MNEVRS FHERINMEIDREE X FRAYFESTEARRS)
MEHEL, ENERRNRRABE.

2SR S 9 B SR Jobin Yvon HR800 B3t £ B % 4 by 8 ik,
Bt K 532 0m, HHE 1em’.



R Tk K& T R340 X

A

X
hw | Bhw | H(w+y)

M- hw | hw

Evey v
hv
E.,.al v \ 4
Stokes Rayleigh Anti-Stokes

B 2-2 fr S HSHEXRREE

Fig. 2-2 Fundamentals of Raman scattering

2.2.5 E5p-AT I (UV-Vis) FiEN
S A1 T T TR 8 5 T L4377 0 26 42 417 JLJEIR (200-800 )6 B 0T
BRI 4T MBS B B FORGE. SR FHRETHRLUR A T 5
Fark, ED:
E=E.+E,+E, (2-2)
KERAMERTLG, B4 TFHRERE £ FOTRRBEE EHFRK
B S 0, s
,_E-E_AE, AE, AE
h h h h
s B RS AN A T, TR BRI ST 4 FHES
RE—BRAL FMREEN, RARARNTE, BEASTHE. BT
2 FIRIEAE, 1 1~20 eVimol, THAESNT MM B RIEXAMAZTEME, LK
B ST TSI 2 B b o T BSE T 7 A — BT, T i il
Y RAAT E R E B AT '
Lyt A<Eghe IS E, RS NALEBRERRE), S3ENEE
FUMET I SBEE, NIRRT, RTRABEH FTR 25,

(2-3)
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H2 % SREB SRS
EHETHEEYROEFRE. X TE4M08, JHRTUA TEALARE

s, 0=A-E)" g oo bR 4 ARKERKEL. S
E, WERABEEH. HTF LooSn0,, K on A W(EEWHHE ). BiREL
HREHEE Y LnSnyOr FUKFE S HIHTBR

A3 A Shimadzu 24 5 9 UV-3101 B4 4h- 77 WG 078 B4 5007 .38 R 5%
S, ARMBRNAEHKERENISHT, FRAFDEROCERE, FRIEER RN
R YR LRI 0.1 g LB BT IMAZE] 100 mL.10 mg/
L%%%ﬁ%ﬁ*,ﬁﬁﬁﬁmm»ﬁﬁ%ﬁﬁ%?«mwm%EiHTﬁw»
B 280 nm)HEATHERALIEARSS R . AT MR EFBEWRTE 20 om, 7ESCRTRE A A
R HHE, BR—BERIE—K, BOABERERAFARKRE, REEER
CEEHM-TT I ETF 200-600 nm 3 F P SIS MEARS Y B B VIR B TR K
i, BRI .

-17-



% 3% B HBmAKThE KR AR S RE

¥ 3E BIGEREMNRMBIKASHESRIE

3.1 3|8

BREANENYR—FMEERULHILEY, KA TFRAERA AB0,,
Hbh A AZHREMHEETF, B AERBENBEEF. EEaRANDER.
B BAEASTRAERFHMEE. EER, EXSARANRSARELDT,
mTHEE A, #AF, Kb BTESURIERNETERN ZNA, &
T G0 96 £ 59 2 (LnoSnoO+(Le=Y, La-Lu)yS 3 T I3 H%3%. |

ERMARBEEE SR L BREN TS, —BRRAZENTES0)E
LU T EUPERR T 1400 °C), LidRKHRNEIE], #ATHEAMRNE
AL ERE. BHARMEEFEATERNRS, mERBMYOEE, B
SEUREERAER BRI, SENEEE. KEE. HEK, §REINTRER
K, HEREERE. BERE RN, HRESHIIANR, NELDHRLETIN
DB, HRRELFSREY, XSTERKEMWAE. wiEkiEE. 5
HMRMNAL, KRAERESAERBLBRMEFE R, BAME, F5h, KREREH
HEAFRAE. BERE. RTD. REamsE, URLFETFERBENA.

FERTEERE, WFELSAEE, NRIMEMLS &SR EELER,
FIAKBEERT —RIIRTHPRR I EAR L HR L Sk, 85 Y8004,
La;Sny07+ P1r:SnyO7+ NdpSnpO7+ SmpSnO7+ EupSnaO7+ GdaSnp07+ ThoSnp 074
Er,Sn,0; 1 Yb,Sn,0, % 3L 10 i LR

3.2 X §4&4i75¢% (XRD) 747

BT LR B EER AR BRI, T AORAL AR R N (8] .

3.2.1 RBI{AFRERERE X & B4R F 0

#RFINENBEKPERERIUKBR LR ERIE, B LHREEK
il R A KR A FRUTIE , RIS K AR B RRYE . S8 T By L L A BR #h /K A /5 A R »
SETHALABERY), BRATRIULA LR SEETNAMLES, iR sK
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TR T 2w 4240 X
FE = HE B BR A SRAM IR L ER AL K 8, (RIFZE A S BB sT BN E R TE
EH, EHETREHS.

FEMER P, AR E SS9 NaOH fE 45 L7, Bid %3 NaOH
FIBRFA R MAARBRBEXN &R ERAERNEW. AT RIIHLER
HEFHRAMPELEH, FIER Y.Sn,0, FIKRERAFITIE. B 3-14H
TZEA R NaOH #K (0 mol/L. 1 mol/L. 3 molL), &4 200 °C, K# xR
24h T EBTYH X HE&A4T5 B (XRD). W 3-1 TLLE H, ZEARFK NaOH &
FEF(Omol/L. 1 mol/L. 3 moVL)RI BRI =FAFEYRK. £it5 XRD tRdE£ K5t
FATLAf M, NaOH #KE A 0 molV/L FBE|IU &R SnO,(JCPDS 411445), T
NaOH &R 3mol/L BfFZIRZNTT AR Y(OH);(JCPDS 832042), RHEH
NaOH W E X ImoV/L MABHEHFEFYWAMEZGEEMWM LT R AR
Y,Sn,0,(JCPDS 880445). ‘

HHERT L, NaOH MK BE BN i R4 R M BB 16 & A I B ar A R
B Ln,SnyO7(HH Lo=Y, La, Pr, Nd, Sm, Eu, Gd, Tb, Er 1 Yb)&ikB
FIRTERE B SR AE R 23T S T T LA13 ) NaOH HICBEF R L iE R
PR TFHFERS, #—PEWER T EMEFZ AR FNER N EER
SEILRY

HTEMNARPHFERZHET, SWEFRKBEEXAAMERA. B,
MAKEEMMHZ DN ENRNARFEFHFERSERAN W,
RUAEAUPENBEIN RN FEROTYEEEENER. YBBRPEEMNA
NaOH Bf, Y(NOs); #1 SnCL-5SH,0 & F B FRE. i1 F Sn* B 7KK BIER,
RMQGE-1)RE, EREBCR HoS,05 e, BRXERNDEANTERLAIEHE
MEEZEMMA. BT Sn0, VIIERHABERMIBEERE, THaFER
R@E3-2)KRE, EHBR Sn0, T, XK, BWRPH Y RRETEFRE. X4
BRPIA—EERK NaOH B, HF OHET5 H'EFHFMERFEEEXEN
FEG-DEEITH, ERKERIBOR HoS,0; i€, SRR, £ Y(OH); BRIT
¥E(3-3), Y(OH); # HoSnO5 KAEF R R N(3-4), MK Y50, JTIE. JEEF M
AKE NaOH fY, BRREI HSnO0; B FH OH EHFRAERM A K S((OH)e” B T
fi#(3-5), Y(OH); JTIEM OH B FRARERMN, HiERSEE] Y(OH); k.
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W3R MMM AR R KRG S RAT

A

A Y(OH)3
® Y28n207
= B Sno
é 0,
2z A
7]
5
£ [3mor |a I A,
@
1 mol/L | 4 o
0 molf’ | | [ ]
-‘M‘ iy,
a 1 N 1 2 N ) —
20 30 40 50 60 70

20 (deg.)

B 3-1 7E 200 °C fn#h 24 h B4R NaOH KA T &R B SR X H&1751E

Fig. 3-1 XRD for the samples synthesized by hydrothermal method under different NaOH
concentrations at 200 °C for 24 h

Sn* +3H,0 =—2H,SnO, +4H" (3-1)
H,8n0, ——= (b_”_ $n0, ¥ +H,0 (3-2)
Y*+ OH' —— Y(OH), ¢ (3-3)
2Y(OH),+ 2H,Sn0, — Y,Sn,0, ¥ + 5H,0 (3-4)
H,SnO, + 20H" + H,0 —> Sn(OH)? (3-5)
A% (Scherrer) A
D=0.894/ (B-cosd) (3-6)

H D RRRAN, A K X SEEK, B AT LB, 0 A EH A . Y2Sn0;
BRI R~HEE R 15 gk,
3.2.2 RMAZREENESREYRIE N

RSB A, @ R R R 72 7 L 4 Y I AR BE SR 9T R L AK R PR
5tFE R YR SRS . TIEI YoSn07 BIKHE B BT R

221-



RETIKRFETHEFT LR

A 32 5 H THEAREE60 °C. 180 °C. 200°C), NaOH #KEH 1 mol/L, XK
#RMN 24 h TERHFRK X SHEATHEXRD). AE 32 FTLLEH, X&KE
FEA 160 °C B, B 2IHI2 SnO; A Y,Sn,07 KB &4 . HJiREE S 180 °C LAY,
B OB A YoSn0;, k. BREERERIATQ0 °C), Fia AT g F 14
TR, IR SREE KR, RTINS REANAR, TEREHAR
T Y S0, AP EZMMATH R . SURYEH $1(Scherren AR (3-6), ¥ EE L5 H
KR/ D R EE, FTEARH 200 °C TRBIMFY &R R TR, ML
BEERENAR, RERSTAHEX.

Intensity (a. u.)

20 (deg.)

Bl 3-2 INFEEE(160 °C, 180 °C F1 200 °C)/K & Bt HE S X 5 AT B
Fig. 3-2 XRD for the samples synthesized by hydrothermal method under different temperatures
(160 °C, 180 °C #1200 °C)

3.2.3 R R{kFRE B XS RAYRRNE

AT HRWK R BB B X =1 ma, FIA XRD XK # 408 12h, 24h
48 h Fi 13 Y Sn:0, =I5 HE4T 7 RAE. B 3-3 45 H7E 200 °C, AN[E R MAT[E]
MK AEMFTEREAEMRN X HEATHE. NEFRTLAEY, K#LHE 12h,
24 h F148 h FR B =Y R B AT 14885 Y,Sn,07 HIFRAE R F (JCPDS 880445)1171%
YIS, ERRRFEEYASMES A SN YSn0,. HEFRTUE S, WK

-22-



3% W IMBMRINEH KRR TR

£7.(Y,Sn,07-6H,0)F1 U & 4. 3 (SnCLle SH,O) LA BE /R EE 1:1 JBA /S, A 1 moVL Y
NaOH {EAH H, 200 °C K#EMHT, RNERER, KELE 1205, #
B RS & RIFH YoSn0,, F BFEE RNAEMERK, EHREZEHIGR. X
RIEHE (Scherrer) AR (3-6), FHEFE p 5 &M K/ D AR, TLIBRH 48h
TRBIE P SRR T 2K, WA LA 6B REE i [E] R K, & 1A R AR K.

i U N
S
AP

Intensity (a. u.)
&
=

L

20 30 40 50 60 70
20 (deg.)

B 3-3 AERMNEE(12h. 24 h f1 48 hYRER ) X STEATHE

Fig. 3-3 XRD for the samples synthesized by hydrothermal method under different times (12 h,
24hand 48 h)

z%éulisﬁ%?%%%, AUAHAREERH L ERENBELE &K
H: Bl 1 molV/L #J NaOH YEAF 1L, KAAEREE K 200 °C, KRLETIE Y 24 h.

3.2. 4 RYFELIHEEE X HEATH I

AR R LR, ERENKAESRAH T RIS R T AHESA
GRS O i+ Mk : LaySnp0r. PrsSny072 Nd»S1:07 SmySnp07. EupSnyOy
Gd2Sn;07+ TbSny07+ ErSnpO; F1 YbSnpO;. XRD SR NA 3-5 fiR, AT
B, B Y SO, KERMFFIH R, £ 32 PRAFIET RNY. 4. YR
B R ENH XRD txER A SB. HETR, M La-Yb, BEE A UBLLR
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R T RETEH 2 X
BT E2NB18IE, (222), (400), (440), (622)F1(444)HAFTSHIE R B #18
BEmAERE, BARETELTRRNARN

WK 2+

== " 3.7
? 2siné G-

A, LngSnpO; M@ HE M o HBEER LT EE LR TBRE . i
FAR AR T RAMARBKIL, ¥ X HEATHEP222), (400), (440), (622)
M@ LA REATHIEREER/N T EERFHE, HEHAHBHRIIRL
BN RBE R a. BEMEKER abE L BTEBTUNXRMERT
B 3-65, AARAEER N L BT LBEABEEXR, SR TLRHWEA
WERS. TH, KRBIEREH o EHCMBEEH IR, BREE: £
Bo& BT BN G K TURL, T STk A A0 R B AR BIMRE S, BRI K.
—BAA, FREPEREREMERRE, IRREERE, HERAN
BARKEL, BTERERESF REASPENEE, FUEENS&AH
BRERANK—, GZRFREBAED, RREAREXR, FrUREEEmRK.
BARREX/NE Lo BFELEMNE LR 20 GG &K ERTEE MRS R
WS, TRAFEKEL, BRMEHEE L WETEERK, BN
v Rl FE BRABK o

& 32 ZR&YRIX N XRD R+ 555
Table 3-2 The products and their corresponding powder diffraction file numbers

No. R =Y B HEERS
1 R+ Y,Sn,0, = 88-0445
2 THRR -+ 1Y R AL 5 La,;Sn,0, = 88-0446
3 R+ S5 Pr,Sn,0, KR 88-0447
4 R+ R B Nd,Sn,0; K& 88-0448
5 e+ NEhG Sm,Sn,0; RHE 88-0458
6 THRE+ R Eu,Sn,0, =} 88-0457
7 ML+ E L GdSny0; =] 88-0456
8 R+ T E A5 Tb,S0,0, K& 88-0449
9 R+ RS Er;Sn,0, R 88-0452

HERE+ I E LS Yb,Sn,0, H 88-0454

—
S
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Intensity (a.u.)

Intensity (a.u.)

%3 % WO EAKAS RS RT

222) (a40) 22 a:1a,5n,0,
i AL AT b: Pr,Sn,0,
i “A_/L A A ¢: Nd,Sn.0,
h A Ao d: Sm Sn,0,
LS A e e: EuSn0,
£ Amsame ot £ Gd,Sn,0,
S A g Tb,Sn,0,
d A Aa h: Y,Sn,0,
< A__.;L A A i: Er,Sn,0,
b A A . j:Yb,Sn.0,
u
i ) L s 1 M 1 N
20 30 40 50 60 70
20 (deg.)
a) (20-70°)
(222) a:1a,5n,0,
j A\___-— b: PrZSnzO7
i J/"\\M‘_-—.— ¢:Nd,Sn,0,
h _M d: Sm,Sn,0,
g I\ e: EuSn 0,
f N\ £ Gd,Sn,0,
€ ‘ g Tb,Sn.0,
d J \ h: Y,Sn,0,
C ~ O\ i: Er,Sn,0,
b _A J: YbSn,0,
M
2 1 e ] iy A A [ o
27 28 29 30 31 32
26 (deg.)
b) (27-32°)

3-4 Ry TR ERH XRD #7541 A&

Fig. 34 XRD patterns of serial rare-earth stannates
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ERTIRETHFWMAZE X
e ————————————

30.0

29.8

29.6

294

20 (deg.)

29.2
29.0

288

| I BN N DR S BRI ST S i

103.0 103.5 104.0 104.5 105.0 105.5 106.0 106.5 107.0 1075
Cubic cell parameter, a (nm)

)t AR SR SR AT AR R

a) lattice parameter of stannate pyrochlores as a function of diffraction angles

107.0

106.5

106.0

105.5

105.0
104.5

104.0

Cubic cell parameter, a (nm)

103.5

103.0

8.5 9.0 9.5 10.0 10.5 11.0
Ionic radius of rare-earth ion, r (Ln*) (am)

LGN E T ERESRANRRSHNXR
b) lattice parameter of stannate pyrochlores as a function of ionic radius of rare-earth ion
B 3-5 HEMSEHSHRKXER

Fig. 3-5 The relationship between the samples’ structural parameters
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RS G

3% HEHMBMKIRIEIK AL R SR T

B 3-4(a) A BRI X SHEATH B . NEGTTUES, §—F~9K0 X
NEfTEEy SRR RFEYE, BRSNS IaERE T RREER. 4
BRE, BIMRLESNEALSEIU 111 BEBERILEIERE, EREN Imol/L §
.37 NaOH BI{EA T, £id 200°C /K#kbHE 240 /G, FIB~YARKMNIRK L
B, B X HEOHEIETURM, BLORENREEALL, WA/

RAE=HH) XRD 35, FIRHESHARG-60/EE T &R L BB MR
%, R+ K=0.89, 1=0.154 nm, B K X HEMTHENEEE. KA Q22)&EAT
FER 20 FATWHE, HHE3-3.

x 33 WHARMGEHEHER
Table 3-3 The sizes of products calculated by Scherrer formular

= 20 cosd FHEE FLE2(nm)
7 & (Deg.) L PB)
Y,Sn,05 29.7172 0.9665616 0.675 0.011780972 12.0
La;Sn,04 28.8492 0.9684763 0.451 0.007871435 18.0
Ce,Sn,0, 29.0509 0.9680363 0.489 0.008534660 16.6
Pr,Sn,04 29.0854 0.9679608 0.370 0.006457718 219
Nd,Sn,0 29.2200 0.9676652 0.228 0.003979351 35.6
Sm,Sn,07 29.3982 0.9672717 0.224 0.003909538 36.2
Euw;Sn,07 29.4487 0.9671598 0.279 0.004869469 29.1
Gd;Sn04 29.4819 0.9670861 0.382 0.006667158 21.3
Tb,Sn,04 29.5861 0.9668544 0.397 0.006928957 20.5
Er,Sn,0 29.7546 0.9664779 0.764 0.013334315 10.6
Yb,Sn,04 29.9344 0.9660738 0.969 8.4

0.016912240

3.3 EGTHBETF R/ (TEM) 5347

FEMNABEHETFEMBRET AREHBEONRE. RIMEH,
3-6(a)fT7~A 1molL J NaOH, 200 °C, 24 h K# &M TFF=) Y,Sn,0, HIES
B, B 3-6(b) A F AN K B FHTH (SAED) et . NEFATLUBIEE H,
Y2Sn,0; A EA 10 nm 24 BECRGK SR, BER KNS, SHTHET

RIS TEREE 3-60)R M, YSn0; KB SR
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LR DAL R TEH 4201830

a)iE AT B A b)HL TR AL

a) TEM micrograph b) the SAED pattern

B 3-6 Y,Sn,0, # &b )B4 A GE I

Fig. 3-6 The TEM micrograph of Y;Sn;0, sample

— -
| 3

rr

c) Nd;Sn;O-,- d] SmgSn;O-;

228 -




—

C) Eu;sn;o-; f) Gdz Sn 20?

i) Er;Sn;04 J) Yb28n;0,

B 3-7 RI T EHRERBH LB KA

Fig. 3-7 TEM micrograph of serial rare-earth stannates

B 3-7 AR REM AR T &R RIIH RIS A LG Y.
hE 3-7 TLE S, SRORIFHTBRELEDHRTRNRIRM, Bk
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EE T RETERAE R
KAIEE 100 nm BLA, XE5BZMRFIGEIEH M XRD BiE23#HHAR
HHNERAER, B4 RREF, HEAN, BhxE.

3.4 KE/L

AE UM B MY E LS A R K, 7E NaOH AT L RIMI&HT, XA
R, B, BmBHIKRERFTE, RRNEAKERRKRTEER, THT4H
Ko LR EF KB RKAER, BF YSm0;5. LaSn0s. PrSny05e
Nd;Sn;07+ SmySny07+ EwpSnyO7+ GdySnyO7s ThoSnyOs+ ErSny0; Rl Yb,Sny04
F 10 AHLHRE, FETRT REAREARANREE, LREENRR
B R LB 8 T 3 & PR RN, B € T BRI A RN LA 1 mol/L 9 NaOH
EAT LR, KRLEEEEH 200 °C, RINETIAN 24 ho XRD SR, FiE
=Bk ARG AL EMNH L ERE. N\ TEM BEHITUEH, &K%
#8518 RT 3978 100 nm PR, 7 XRD B E#], M LaoYb, BEERT
FREBERD, (222), (400), (440), (622)F1(444)TA G TH AIHTH IS AR Z i 1)
mAERS, B 20 BEEEFERMEATEIEK, #—Se R H R
L% E: Ln,SnyO; #H XRD #TH B AN R EBIEEKAEE R FIIE a
ML B TERELEEM KRR, XEFENTEANRAKENSR.
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Kk RAZH—ANER EXEFREHYRAGERN=ERERAY
P ERIAREAR A Stk B RS R R KA PR, IR LRF IR,
ENMESHRKEBAE & ARRHERE. BRI, AMITUBRERET. 7
FERRRRLEH. ReEH0. BTHAS. 2 TRILEARR, LERIOMER. K
N NFEZTHAREHEER. w3EEERRBAICENN R E. 2
TRz, MR TEBIESR, WHELINREOEE, WRDTFIRULERE,
W7=A iy ok . Fk, AN 8 GEER AT 4 RIRSNDEE N EA T A
FH . NALAMEEMD 2 6T A ORI AT SR, AV ST
iy, HATEMEEEN.

S FHLSRBOLE —REF RS T HIRSIGE 5#300EH, XFP o571
wHNE—ERTENHRARE. 5T RECENTARY, FSRIPARESR
LR TABORELRDNRTENRSME, 3 DXL RE LR T BH
$HE, TAE S FRHKMBS WA, RETAAKEAREBHLHE, X—F
LS FLASMREEENDATRBEEN, TERBARTRALRTHTE
. 3TFHEBRERIMTE.

B8 MEHEAMR G — R EEFTR, H ZHNATHRMEEN
RIRAEFLS N, gk E, BT RRTRREBEEW, RS
Fits, BEREMRSENEEETY)SENGHETEEER E2E TR,
SIEH AR 8RR R SAXME P REMKR L ETAR R B BT
FEBRHURER, SRR TMARATHEFEETEERN, AR
FRATTP X R A — AR REE B FEE, W THKEAMME, Bk, RE
BESSRUENEI EEMBAR, R, B TREFERBNSRNEE,
AR R REAAEE, WRASTMAS FREEMRET, UBH 24T
HIFHIRGIE, B=, BERRTEAD, ERERAEEM, SBEREAN
EE., ZE. RESETFESRM, &% HON 8 KA RRE W EH A,
BRTFHEF-ZOGMHR, BEIKENRNEHERTMREPHETEAR
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LR T RE T2+ 24710 X
RST /N GIK B B B B0 IR RTS8 L% . AR, B R B
HRAKMEE, AT EFRERNBELSREEENMRE UL ETRIX
RSBSOS Y. B— BBRNBH (BEBRLB): £, HI8
FIEARMFRE; £=, RAARAOATRIERGEI; B0, BN S8
55T H
A B XK AEE BRI SL TR SR L SR KNS BT T
LTSN e 5y 8 IR, HEX B EI MR i BRI T IR
N, BT RFUBE R IERS) L P AL 15 B

4.2 LS

HEEFEROT, RINTUAY, REAFHRLIREZSEMADHT
P T S R A TR IR

16(c) = Azy + By + 2F1y + Fay @1

16(d) = Agy + Ey + 2Fy, + Fyy (4-2)

48(f) = Aigt Bg + 2F1g + 3F5g + Agy + Ey + 3F 1y + 2Fy, (4-3)

8(a) = Fag + Fiy (44
RF B S X T4 R B2 B REAW T

Top=A g+ Eg + 2F g + 4Fg + 3Agy + 3B, + TF1y + 4F2y (4-5)

I'y=Fu » (4-6)

iR 26 FiREHIER P, RE Ay, By 4F BHNEAR, UK 7F, BRYU
ShATLE, TOEARE 2Fig 3Azs 3E., 4Fy, FIERFEEH. HBARRESME
HER, AFERRETSERTFIAMNRNSEH, KEAEHMNHLERER
H 6 MBI 7 AL AMR S,

4.3 OB

AR FERARRICUESDNGE, WTABLHAT —LAH AB0, 4T
RMBEFEL AW IRSIBZE, 7 100-1000 cm™ FEEA, LHMRIEIEIEH
R BT REPEFHIRS5EMNY. AREREIMMLIIEE S, HEE- LR
EREFEERTFHUERIEEREIER. 7 BOs \EEF B-O EHH4EHR
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1, SLT KL 600cm™, A-OBIIMLEIRS), AT KL 500 cm™. FEARICHTINA
BTSN, AR T AT 4004000 cm” FEMBIAAE, RA— AT BN
22| B-O 1R4a#ahRUH HI.

4-1 BT RIFH L BB EEFE 4004000 cm™ TEEAKASMEIEE. WE
4-1 PETUER], B/ HREE—MLTF 600 cm™ HHiEH Sn-O MH4EHR TR UL
W, HARETEREOLBRE. RIOTTLUEER, M La>Ydb, FEEMT
A MR EEBRKETERZN L BH R ER/DETFLEH YO IUL, S0
HIFRBNAE Y (Sn-O) Al = T 7 AR EF).

a:La Sn0O,

i b: Pr,Sn,0,

h ¢:Nd,Sn.O,

2] & Sm S0,

g A/ & EuSn,0,
< c

2 TA o ] £Gd;S00O,

g ‘

E: A \ﬁ- h: YZSHZO7

A i a i: Er,Sn O,

) U ~— ~ A j Yb,Sn,0,
PR | A 1 2 1 A L A 1 A L A L & L

400 800 1200 1600 2000 2400 2800 3200 3600 4000
1y

Wavenumber (cm”

A 4-1 R LHRE LSRR

Fig. 4-1 The FI-IR spectra of serial rare-earth stannates

B 42 AHT Sn-0 BHIWEINMEY Sn-O0)5RIIBLHGRELED
LnoSmOr 1 A LT REFERKPMIBURER. WE 42 FRILIEES], BEE A
R L EFERMED, Sn-0 BERSIMEY (Sn~0) BH KA, JLFEREE
KR, Teraokd? B ¥ ZH#iAE, FETHLIERENEEAILEDT,
Sn-O BHIRFNIAEY (Sn-0)5 A MEFEBEMBUMHALRR. XHAZRE
B, FEETERENEAD, RESH a W/, Sn-0 BIBBEANSE, T SO
BHREERBRTHENERRRIRKIZL. HAHYEEAREY, sn0 &
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HRKHEERBSH o BE A LBTFEHEK, 2REFEMEK. B2, &
HLHRERICEY LnoSm0, F, BEEMT A KR FEBR KIS FERHH
BT LYW ARRIETFERNEE T YRR, BRAAERD, sn0 &
IR, Sn-O BIKBIREIEE, Sn-O BMIRSNIAEV(Sn-O) iR T )
HAEBBEY, T Sn-O BITAMEMBHMER ST MBEHHRIET Sn-0 BiE
SRR

Z650

2

Wavenumber (cm
2 v
S [~
L) L 4

610 |-

8.5 9.0 9.5 10.0 10.5
Tonic radius of rare-earth ion, r (Ln’") (nm)

42 OHtETHREIARETERERERUKRFE

Fig. 4-2 Relation between the frequency of the radius of rare-earth ions and the wavenumber of
the IR band

4.4 RIS

B 4-3 & FK T A R Y2Sn,0; $r ik Bt B it B AR IR BE e AT AT 40,
fE 200-800 cm™ WIB B HBHEEN, LA BRELEHMHRK BB 8tE$
FEANMRRIER . BHREERLHA MM ERDERXSHTFHIMER
3. BEMXERY ESEAENEBENYHRHIERMT AT, Bk
BB 5 & R-FEF/N\BEBERNER, PEEMBNET Sn0s \EEFHE
HRFHER, MEREEABUNZGTRXOMAEFRASNEGHZRSH. 3t
Y,Sn,0; HIH B AL BAT AR E, BRI T 5E MR N A H 258
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T4 BRI NES
HTRFINB L HRETEE LI EGR SN, SN AEHRNH S RNE
A, EH Y.Sn0, 56, #HBEANANERILANABHE RES LRANE)S
N EERAIEAFITR 41 B X Y800, B RFNEX M RKIE
A;Sn;07 (A=La, Sm, Yb, Lu)i = FREERITTE M Y, ThO; B BRI 8 4 1% %
HRBOERT LB H K. BIEH XA CERIRE, FEHE 4-3 PRIEEH Y2Sn,0, 31
Bti%, TLMEALT 509 cm™ ALRYERRIRSNIHIATF A B, TALT 616 em™
WBRFEERMFETIANE Sn-O MAERINENR. Fifb, wTLUANKRES AR
o L B LTI 45 SR T b R BR T L5 PR R AR, X 55 5B R STk B TR
B = 08

Intensity (a.u.)

‘ 300 ‘ 400 500 . 600 ‘ 00
Raman shift (cm)
B 4-3Y,Sn,0, SR B T E

Fig. 4-3 Raman spectrum of the Y,Sn,0, sample

R L HMEERR AR5 Y.Sn0, R, W 4-4 Fiow,
8 tik BRTE 200-800 ™ FEEI A, H=AMEWE RESHE LI, FEEEAR
FEEEM LA S AL I o TX 5500 B8 A It L AT LA ey RO SR AR R o T
RIFTR, K#EERKNRTIBLOREFRBAFR DR T, REFATR
HE, XERIFBURENREL. FE, M LaSn07F] YbSnOrr H5HIRS)E
0B E B, XAEES LnySn,0, # A AIBAE TR T BN S8R 48 H K
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RREET, K. mESARRRPARMRLTRSE EEFTREMNEN
E&%O

& 41 ZBT Y800, IR BEMESEFHERIIEA
Table 4-1 Raman-active phonon frequencies in Y,Sn,0; at room temperature and a tentative
assignment of the modes

Phonon frequencies (cm™)

Raman mode Tentative assignment
calculated observed

vl 317 311 Fag .
: Rotation of SnO¢ cage
v2 355 354 Eg
v3 418 . 409 Fog O’ mode
v4 505 509 Ajg )
Bending of SnOg cage
v5 528 546 Fag
v6 612 616 Fae Sn-O strenching
a:La,Sn 0,
&A-A—-J\‘ j ® PrZS!HO7
. ; ¢: Nd,Sn, 0,
~ h d: Sm,Sn,0,
i .__Mk o
g f: Gd,$n,0,
§ e | &TbS5n0,
=
— d h: Y, Sn O,
/\ A ) \ T i: Er,Sn0,
J\-/\J\\ b J: szsnzo7
a
200 ‘ 400 . 600 ‘ 800

Raman Shift (cm'l)

B 44 RIGTHRENTBAIER

Fig. 4-4 Raman spectra of serial rare-earth stannates

K 4-5s RAEREINRIIAR L HRENN SLERS =BUEENER, £
B, AN 2R EW TN, FHiRSE & MUFIIE. R
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HTOREHN ANTRETERERENIETEIHHRKBEXFZWME 4-6 .
HEFTUE S, B LaSn07 3 YbSn07, BT HIANML 8 HNEX B A E
RHEBHI K. FithE 47 TUEDR, BEERLIITRERETEEHEAD,
v4 S EULT B KB, Bk 4-1 B v4 BHET A, 0-Sn-0
LERSD, EHHEHT A SH TR R AN K. B Whangbo! 5 H K JL
MBI A RERERZREHNNFH LER BN S EP HIAMX—H
%, tiE 4-8 Fi7w, H— /MY Lo2 FHEFEUK Lol B TR ESHERTHRE
EIET Ln2 FHE T A RBBI(EE Sn-O-Sn A F4L), EHEANT Sn-0-Sn
fa, [N Sn-O @K, X—MEBMEE Ln FETFHREFFRS5 Sn-0-Sn B
BIFELERXR AFNEEXREUFET Ln HIEFHETFERSE v4 FHF RIS
¥ziE. ik, TLERERSGREMNGRET A CRETHETFEEER
AR A TRIHIALERREEEER.

s
= A R
A A
N AN e
;A__A__Ah_

Intensity (a.u.)

Intensity (a.u.)
‘ T

Intensity (a.u.)

7

360 380 400 420 440
240 260 280 300 320 340 360 380 Raman shift (m-l) 450 500 550 600 650
Raman shift (em™!) Raman shift (cm™!)
a) 240-380cm™ b) 360-450 cm’ c) 440-650 cm’

4-5 R THRBHUEHRIEE

Fig. 4-5 Simulated Raman spectra of serial stannate pyrochlores ‘in three sunsectiohs
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550 | v6
[ -\"-\'—W.____. v5
sof T e . o

450 |

Raman shift (cm™)

400

350

300 PR NP P WU S M. i rolS T

0.86 0.88 0.90 0.92 0.94 0.96 0.98 1.00 1.02 1.04 1.06

Ionic radius of rare-earth ions, » Ln™") (A )

46 ANTTERTERENEHBXAE

Fig. 4-6 Relation between the Raman shift of the six vibration band and the ion radius of
rare-earth ions in A-site

516
514
512
510 .
508 .
506 .
504 -
502 .
500 .
498 .
496 .

Raman shift (cm™)

L A 1 P L

0.85 0.90 0.95 1.00 1.05

Ionic radius of rare-earth ion, r (Ln*") (&)

B 4-7A M EETERS va4 X EE

Fig. 4-7 Relation between the Raman shift of the v4 band and the jon radius of rare-earth ions in
A-site
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a) Lnl P& 1-{f Sn-O-Sn $M1E K, b) Ln2 PH & -F{F Sn-0-Sn &M /D,
Sn-O &5/ Sn-O # K

a) a large Ln1 cation increases the Sn-O-Sn  b) a small cation Ln2 decreases the Sn-O-Sn

bond angle and shortens the Sn-O bond bond angle and lengthens the Sn-O bond

i 4-8 F LB A TERNSIRAHENTER

Fig. 4-8 Coordination environment of the O atoms in the stannate pyrochlores illustrating the
effect of the size of the Ln cation on the environment of the Sn atoms

4.5 FE/NG

RBR KL R Z TR BB G EHEAT T RED A RO TR T
REBEE, WT2RETSRETZ MRS M, RanLHnHt
BREEA 6 MYBIBIEE 7 MORKCE . HREY, Eas bk, b
La—Yb, B#HHTEFLRNEAS, BESMaMDd, Sn-0 BINEKEX, &
WHERIE, MTTE Sn-O BEMIRZIFIRv(Sn )i HHIA /7 I MAEE).
AR, B R L SRR LA, A A MRS,
SRR AR, 3 EXH AR T k. ANMTRI, 158
F A B 0-Sn-0 75 MIRAATE T LM BB YR, RIUF LSBT
AR, BOE A G L TER T LRIRA, A UL RS A
%, Bk, TUENERSE SNSRI A T 0 T L AR A 1
SN A SRE 0 B e R AR
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FERAURIR R T SHPEHERERI X R, X TINRYI R R T 2 T FISb 85
Ry EIEEEEENRISME, FERIUKMEHI LR A _EAA NN
. |

EER, FIFEAEMBARED—FFERFOELFTRR, EXRHE,
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MBI RRNA, BETRAERE, NATARRMER, MOHE
B, FETUFERBROKRBAR. BEEaEMPETLES . ALKEEFE
#WTE, REERMNATHMERE T, RATARITRKAR.

JERISE, ERMER T RAERNNESE, BETRULEDE. LERNE
RAEHHE R IR R R A5 F BB 2 T B9 3R30 . BB TR LAk
K, MTSERME@REERE REERMR. EER BREFEERE,
HR B A TR B ELRPR T SRS, TERRLFISM, S+
BAFIB R, MERNEHET, TERLHEZHIER—BAERELE. 5
BT RE B % T KT REBR 38 A2 B R IR B AT - SR, T MH R RR TR S
RIS RERRENTH, BN B EETRNET—MEMMNH, R, BT
BREVAFEE, BRMRERNBETFESZRHARXANE R, MEAT LS KNS
THAT A2 BAES, X—FaKERE ns LELM. — M EBKEAR
RZRERRER, BROTH, TEMN, REZENRAFTRAERENE.

FEMRAT ZFF LGB AR, DUKRES BTSRRI b
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5.2 L HEREL R I B

5.2.1 LnSn0, WK BERIET = E

HTEFRIBN, EEMRTREETUE—SRE LRSS
BE, Xt F BRI RPEMR R, 18R i iR B0 BT DL R B iR R R
B BATART KRFEBIN LnSn0; HEMHEB R, SREEAEN
Shimadzu 2 ®]&9 UV-3101 BE50-0] WG ER AR BRI EERHN, B
BaSO, fEAS LY. BT HREREZZ M TFRENERENERE, FreATLLA
ACRE BN ERAET EBNE RS, REEEHEHEEH. UHRERREK
FREARKR, DAMROGRE A ALHR, MR IRCZ O T AR R A B BT 18 R S k5
I | _

B 52 ARFIF L HEEFERIEI T B REIE. NEFTUEH, &
5\ H L B R A R RO I TE R M B, UL BT & ARAE RAAE T SRR K. 34
BN E—EMRER, BFRSTBNIFHREEH, SEMNEHRE
WK, TMASCH BT & B RE & BUR R ~H97E 10-100 nm 274, XEHERH, AL

a: PrZSnZO7
3.0
b: NdZSnZO7
25 c: SmZSnZO7
Y,5n,0, d: Eu,Sn,0,
2.0 e: Gd_Sn O

27277

Absorbance (a.u.)

0.0 hanlt . —
200 300 400 500 600
Wavelength (nm)

B 5-2 # BRI ST G R 5t i

Fig. 5-2 The UV-vis spectra of rare-earth stannates samples
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5% HEEMB AL
B IR R T BERIA T S AR A B B XX T ERREENE
REBFSHETANNABREFEEN.

ST S bR, AR LU T fy At Bl ar, o0 = 400=E )",
Kb a,0, E, A 5 BIRFRBCEREL LHSAER TR B %4 Y2Sn,0.
La,Sn,0; #l En,Sn,Or EF L HMES ARER, REHFEFEE Y, 500, H#
BEA 4.05 eV, LaSn,O; BB N 4.3 eV, EnSn,O; HIHBRA 4.5 eV, FEX=A
BEGT, Y 80,0, 1 YHRE 4f B, La,Sn,0; F La® B F ) 4f $13, T ErSn0;
B Ert b Af B THERERAN 48, BT, HETEN A PERTER
BRI EROBIIREBTREEEEYWH. MERTET of PUEMMATE]
|, MPUERTHEHER, HLESEUPNETREZRHIEK.

REBRERAT RS F4H. BPRATHR AT TOMREN S

T 1=
© 0 150 20 20 AW JVO 40
T/ min

Absorption (a.u.)

PR | e '

A " | [l
250 300 350 400 450
Wavelength (nm)

1 A
500 550 600

B 5-3 Er,;Sn,0; 49K BURL LA 1k B B RO RV B ] 9 50T OB IE MR (A
B

Fig. 5-3 UV-vis absorption and degradation efficiency (inset figure) spectra of photo catalytic
degradation methyl orange aqueous species recorded at different time intervals over Er;SnyO,
nanoparticles
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EHRMETRAG-OH. -NHy). HE5REHEFIN-NO)WERMHIE, FH—w5
A RERME. LW TRET —EREEKPERTHRES, KE
WAF = EBIRE, FHRTFEARRRAFKIMERARNEE. —BKH,
PR TEMP ISR, AR, KR, Sems: 2 FEHN, 5
B RILFRNBEOE N, HEMRK. '

ALK LA EnSn0; A, MR T I HBREAEMEILMER, DKBEER
BIAK BRI S S AL, DA SR Hh B AR REMEY, 7E%K5MT TS F AL
BENDER, EXREBRPAGBITH B, SR —BNEHIE K, Bo
DEGREBAFMKE, W EBFRERI T WAL EREREO %, REE
WA RS (8] T B BRI R, B RRESR. LRNB T RS
18] 2% 30 min & 360 min A RERBEBR M CAELPERE ML, HE 5-3 TEHFER
VR B FE B R A B TR B S K T R TR DS, TR R 464 nm A (R B B3R
BB AS), BUCGRES B EIE USRS MR R . IR MY 360 min
i, e PR AR AR T IX 90% A b o I BRI FF AR I R E L B 5-4 B,
B AIE %ﬁ@ﬁﬁ#%ﬁ%%ﬁfﬁ@ﬁi@ﬁ. HRYE ORI RE

Intensity (a.u.)

350 400 450 500 550 600 650
Wavelength (nm)

5-4 Er,Sny07 ZAK TR AE 1 B 2 88 v B0 ) e 1) 9 3 D 0k B

Fig. 5-4 fluorescence spectra of photo catalytic degradation methyl orange aqueous species
recorded at different time intervals over Er,Sn,O; nanoparticles
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5% HmEHmI Mg
N AR SS SCERHRIE, B 5-4 (956 e vl P 138 A P A VIR AR B B e [) Y
REINZEETR N . LA BT BT ErSnyOp GUKGHEALI IR AN 0t R AR
BH BRI RRREEETT

/L
L4

420

1386
1558
3472

Transmittance

i

—d . 1 — — o/

'] ']
600 800 1000 1200 1400 1600

3500

Wavenumber (cm'l)

B 5-5 ErySn,0; GPK BRI AL EE AR R ME AR T F 5 KBr IB& FE A # FT-IR
e
Fig. 5-5 FI-IR spectra of photo catalytic degradation methyl orange production species (dried

aqueous to powder and mixed with KBr, then press sample to a disk) recorded at different time
intervals over Er,Sn,O7 nanoparticles

LS R BRI RS ST, BRINENYS KBr B,
MELSM L, BHFEBRSERENIINERE 5-5RERHERBE 5-1)0]
EH: SARIME “N=N" HERIIA 1522 cm™, 1443 cm™', 1416 cm™ BEIHR T,
WH “N =N”" JBHITH. BEELEANEFHEMREXERL LR “C=C ” #
R “C=C” MHBBRIIN 1637 cm™ ZFHTIYIR; RIE “C=C” HMIR
i 674 cm R TEIE, FHEHIYE, JHFEESTRBRIRNEES, B
AHENT “N=N" SUBHEITH: RME “N-H”. “C-H” MRS 3472 cm™ §E
WSE, WHEEENT N=N" fT/HE, —&~Y+ “C-H” RIHZEEM
K5, BUERIELRSMMEIRER M, —RHERYP-NH, % “N-H” f1 “C-H”
WHBMPFTB G ESHHENEL TR EATEN T FR:
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R 5-1 BB EGRELEY R FRIR EA1(em™) RIAE
Table 5-1 FT-IR of methyl orange, the degradation species and their assignment

En,Sn,O; EAL AR B i
PR R[] 14 £250207 HER ARSI (imin) Assignment
30 90 150 210 270 330

3461s 3472 3472 3472 3472 3472 3472 »(C-H),6(C-H), v(N-H)
1689 1688 1688 1688

»(C=C),d(C=C
1654m 1659 1659 1659 ( ) o )

1604s 1637 1637 1637 1637 1637 1637 (C=C), &(C=C)
1560s 1558 1558 1558 1558 1558 1558 v(C=C), 6(C=C)
1522w - o(N=N)
1485w v(C - H)Me
1443w o(N =N), o(N - Ph)
1416w o(N=N)
1366m 1386 1386 1386 1386 1386 1386 o(Ph -~ NMe;)
1313w (8 -C), (C-N)
1198s v,(C -)SO; (-0), v(C - N)
1119s 0(C -)80; (-0)
1035m »(C-N),8(C-C)
1004m &(C - H), (C -C)
941w {C=C)
844m v(C-N) Me
816m o(C-N),o(C-C)
747w 7(C-H)
691m 674 674 (C=C)
622m v(S-0)
569m 7(C-C)
428w 420 420 420 420 420 420 7(C=C)

Note: v, stretch; v, dissymmetry stretch; v, symmetry stretch; J, in-plane bend; 7, torsion.
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HmIBBRERE—REFEFEaM. BUE. KBBRUELHYELEMLRE
MF BN TR B, AXERAAT LUKMEERRIIH L HRENKESE
W, FEX A RN DRAZHFBLTRE, FATHKBRBRD, BH
FUL BV ERACERE, YIPWR T SKRREME Ot R IERE, F
S I AT RE M AL ER AT T AT HE .

B, URLMBREBMNFNS AFEER, 7E NaOH fEAT WHIB&MHT, X
RS, . BREKRERTE, PRIMEAISESFIRREFEER, LT
HRE W L BB KRA R, B Y2Sn07. LaSn074 PraSn 074
Nd>Sn;07+ SmeSnpO7+ EuaSnO7+ GdaSnyO7+ ThaSnyO7+ ErSny07 1 Yb,SnpOr
3t 10 M LR, FETRT REARARBGRIE, FREEMARKR
2 i} ()% 6 BRPE VIR, R T BAERI B R4 A B 1 mol/L Y NaOH fE 4
AL, KSR E A 200 °C, RNFTIEIN 24 he XRD 4MTRM, FiAK~
MK BRI ST IR L B th. W TEM BAFTUES, &R0%H
+ 8B EE R <397 100 nm LA . 78 XRD B+ EZ], M LaoYb, BERTFER
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