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Abstract

Silver sulfide nanoparticles doubly-doped with ions have been prepared by the oil-water interface
method. The influence of Mn2+, Eu3* and Y3+ on the luminescent properties of silver sulfide has
been studied. The X-ray diffraction pattern shows that the doped silver sulfide nanoparticles are
all a-Ag>S crystals, which does not change the crystal form and crystal structure of silver sulfide.
The TEM diagram shows that the prepared silver sulfide nanoparticles are evenly dispersed and
the particle size is 15.0 nm. The UV spectra and the energy band gap diagrams show that the dop-
ing can change the band gap of the material and affects the optical properties. It can be seen from
the fluorescence patterns that by controlling the kind and concentration of doped metal ions, the
fluorescence intensity of the composites will change correspondingly, resulting in the quantum
confinement effect, which further regulates the optical properties of the composite nanoparticles.
Overall, the luminescent materials of doped ions prepared by the oil-water interface method can
change the energy band gap and regulate the luminescence properties.
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ASCHIM - KSR % T B HRERE TRACRIOKIRL, HBTIL T BHRMn2 Eud+, Y3+, MHEEN
VERERIFEM . XSTERATH BIERY: BRWMILRIOKIRII N a-Ag ST, KRB 1752 K & 4
Z5H; I TEME A] L) & BB AL RGO B39 5], RARN15.0 nm. FR, B&sMLE IR
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1. 518

I R 428 B T (Mn®, Eu®, Y3)$B 4% CdS, CdSe, ZnS I Ag,S 258 1 sifE KOt e, EVudt
FRACAHT LK BH B8 IR S5 QU A T R AT [L] [2]. POt E T AR ZIR TR, tins btz
Ve, Kt iififs, 2O, TRUOGIE, MAERAMOGIESE, DRIz Bk 2 BT TS
IR BT R BRI 2 T LA EATE B S f A AR SR, 40k e g il 7l
B, B sk SR T B M BRI B 3, S B IS P DU BRI B A, RSO T
HBEM = A5G BUN[3] o A2 A RIE T, B4 P WG B 6 B N 2T s BOROGIR . SR,
AP DL AT DL K B ) ' e R T B S AR P AR AR 4], DRIEAE AR A R AT, AR T I
B MCHAE A VE BRI . AT S, DT 2L O IR 1 &7 U A DL B ik 1,
Rt T DA LT ARG IR UK B &2+ SO RHE IR B R . Hi 2 8E 7 A AE S Bt
VETS, BTSEESEASET, FHMAEL) ZR M. Bk, ayfEE M a s &7 8, B
BIRREPDCYERE, RIHRA FFEME, W HARREETCHE, MBS AR iC R BAR U8. SHT44
BFESUSAF LIS o AR — Pl 22 e e s R 22 i B SR R, BB RGBSk
FOGHEACTERE, EufEth. S, Sar T ootk DL 6 UG S G B R 1 LA [5] . B 28 AL AR
AMYBEA AR A S B E A ERE, FEPE/AN, 1 B B ARSI LA R EhRic A L, Re g {23k FLM
FHJE IR AR T R A= ) B AB A3 P I FH

HArfoE & 7S EE W -V (W CdS. CdSe. CdTe) st & 4 ik i 45 — sk 4%/ 52 45 44 (fn
CdS/HgS/CdS)ighk ki, CdHgTe/znS, CdTe/CdSe, ZnTe/CdSe, CdTeSe, Al CdHgTe %% Flifr 41 4k
B RMEICH DI G . R, HRZ2HMETAHSAESBEREY . W E TR, HTEAESRE
BREET, MHMEUTIZNH. - K EES B BOEHLANK &, RIBE—E R, Gk
SRR E EEMARA TR EAKM, BATH T TSy i E - KA E, A AR TR -
KRR Az, R A — SR R M BT AS 2T 2 oV . AR - /K S HE & X5
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Ze MO, EUPRL YO TRORRICARORBUR, FATBRIERI 0. R PR, AL T R B
2. FIRTRRICRIAT T HIe R A

2. SEIGER4y
2.1, SCIEIER

WEEERAN(AR, [E 258 Bt A PR A T, 99.0%); FEERER(AR, 4L THIFCHT, 99.9%);
MER(AR, EZERMRAARAF, 99.0%); HOLE(AR, HZEFLZAFAIRAF, 99.5%);: JL
K-BRALEN(AR, EZEBMLRFERAT, 99.0%); AILH(AR, EZAEBMAXFER AT, 99.0%);
B R (AR, EZERME S RAFIA R A, 98.0%): /S/KIHIREC (AR, [H 254 B 7H R A A, 99.0%);
TERERRAR . MEARTRER . TEARPREG. WRRREL(ALR = H ).

22. UB/ERF

BEAT PR 33(S21-2, iG] AL ES); HAVEIR SO T4 (DHG-9140A Y, big—fEARI AL
AIRAR]): 5 BE PR (SK1200H B, gkl S (A A PR A F]); 846t iH(V-530, JASCO,
Japan); K66 IEREETH(F-4500, HITACHI, Japan); i &5 04L(Centrifuge5810, & [E Ay A H]);
% S L R (TEM, H-800 %, HA HITACH A7]); X HHERTHHMX(XRD, D/max-2550PC A, HA
Rigaku 2~ H]).

2.3 WEARERIR. WARERIE. TEARERTA. WARERSCHFMRIAVEIE

FREL 0.015 mol (4.597 )R AR EREI N BEAR A, I 500 ml 25 87K, ARET, FBriHisE, 7+
JEF] 40°C, fHVERAS NPT IEY] . FREL 0.015 mol (2.63 )l B4R AT 100 ml BeArdr, A 50 ml 7k, #i
FE5] . KR IR AR SIS I N B AR ANV b, TR R4, [N 1 he SONTEA S, HlE ™ i,
M EBEF KA OB 2 3, RS MINT R T, 65 CHLIE 24 h J5/3 B4l )i iR . 15128,
B FAEA RSB W RRAR, w1 RIREARIR AR 1 I e AN A i FRAC JEURL[6] -

24. BHRETHHRAARESHRIESIZ

B — 5 A S IR R B (XA AR PR AR B IR R ) 5 1.24 g B IR FRAR NN B = B8 A FE D N R L s
THIRTE A INHAVARDL, AEENR, WEELOBHBER, REEERIN—E &0 UKL IER, FE7850
TR VR BUEE IS R 3R e iB TR, ARE IR A MRER 2 m L RN 180°CIRIFE 2h, WEIERAL
KOEEME B FRZ &g, AEOHIHMTE L=k, BRIIEEEEEMERSNTIRE T8, 53
B2 N B FHIEE .

25 MK SRAE
2.5.1. IESTHEREREMNR(TEM)

EUE S fE B L2 A 1 ml 23 B07E 25 ml 3R e, #4080 30 min, JEEGHEEEH N L, KT,
FKH HA HITACH A& H-800 Ui 5 i T A ML H SR . /0 BOFE B R JkE K /NE%e

2.5.2. BRIMSTINEEEMIR
FEHL b3R5 B AR B AR A e L rh, A JASCO V-530 55 41T DL 255 6 B 1 H 4 MR IAC s 1) 8 K A
SREAEE R, AR T SRR R B T R M RE A
(ahv)2 = A(hv-Eg) (@h)
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Horpa RIHCREL AR Eg BRI R .

253. B HNEEEWIR
ST Hitachi 24 7 FL-4500 B 3925640 0 6 B+, MHRRE SO I K RIBRIE, 13 503506

2.5.4. X BT8R (XRD)
SR FI 4 Rigaku 24 7] () D/max-2550PC ) X 5125 75 SO AT 5E . KM Cu-Ka S48 68, 4%
JEJ40.0 KV, BN 200 mA, I 4°/min, $13 1N 5°~70°.

3. &R511i8
3.1. 82 RAY XRD BEIFBUS T RAKTRIA TEM E

B3 B TR AGER UK BRI XRD K& TEM Elig & 1 For.

HH 1 1(a) AT BATE 45 2 A ] 100 88 0 B A R PR o Ak S5 A 350 A R TI, 7 P DA S 0 (VDU 57 26 Sy 28.945,
31.550, 34.370 F1 40.700 ¥J 5104 JC-PDS(N0.14-1072) {111}, {-112}, {-121}F1{031}/H—%, A
WREERY, HRT a-AQS ERAL. TR, AT BEAARR RSO ITE, X B Mn®, B, 5X
YU BB AQ,S BT, (R AT AR AL E, IR AQ,S AR SRR LS . P 1(b) R AR SRS TR
WALERA TEM K&, o DLE HBRDEARIEBERTE, 885, @4t EH-TFR42 8 15.0 nm.

3.2. MURESLMHEFMRERR

FE RO BRACAR I AN RS A P 2 FoR . 5 RERBRALERAR L, 7= A58 A mT DR i Ve B
R, BT HEENET RSB Rl KR A R 58 4 n] WS ith 22 4% e nT A5 20 an 14 2(b) e
I (@hv)>-Eny fh2E o B 2 10 B LR B0 0 AN E S a = 0, BIAS PRGN KBRAL AR 10 ELEERRAE 25 95 1N 4.1 eV,
B, HSRGH(Eg = 1.0 eV) [TIAHEL, AU B BRAL R AR 58 W K. 3@ X A R
MR, FERETLARHA M B, BTl gk e SRR 138 B2 80N, 4 15.0nm, B
ARG RS RN, wT DA IR R AR BE A 38—, MUK ARRIMIERE, FOBS v Re S Ho /N
P EARTESNA G, AR R AR SR B8 B v] 32 A% A ) L] RS RN B R

M 3 AT LAE H, BEAE AN S B MZ I 5 R BR AR 28 o ) DR i 2 2 39 vl 45 214 7]
3(b) 7 I (ahv)?-Ep, BhE, Kih 2R B LR/ AN a = 0, BIFES 2840 M0 4R K B Ak AR 1) BL BE IR 257 75
M3 3.83 eV, 3.49 eV, 3.67 eV, FEAE MM, BTN RN, MnP HEN Ag* it E] B A 78
(73 B, AE 3%y R Wi 5 B /0N, T RN RIURE PR 308 5 K . T o DRLZE AL AR 3k /I B ] BN RRSE P 38 2 AR 5
W (R4 I JOAESG 5, REA I Z5ABE 2 A8 4k, 0% U0 73 s SO LB B I RN R, 7 i ik
(RS BR B8 PRI/, 2P AR L BRI R ) iR BRI, I3 BT M A B 5| RS S R s AR S 41 7%

H ] 4 T DA HY, 75 2% Mn® i EU* fr9 48 &0 m] D A il 28 2 8 ] 73 314 B 4(b) BT 1 (ahv) *-Ep HIZE
KR B AMIER a= 0, 2B TR0 51N 3.83 eV, 3.92 eV, AL PN Mn®* ()7 7:42(0.67 A)
/NF BV T42(0.95 A), AT LU 2R 5 IHEN AgTRITFIRR, FTZAE R 0ANE, TR 02 . kel A,
BAA R B B A F 3 0] DASCR AN R A 55 B2, AT AT HEWT B 8 A F &, R BIMRe AN FI[8].

3.3. BRI RANKRBALL S RERTR N

BRMEARM B RIGE S GARM B P BN 8 & T oA SR T, TG sm ik S 4R boR
R ek fE -
Hi[E 5 AN F Eu* B 2 oS i 26l WL, (ESMCR MK 390 nm B2 B RS, AWK 765 nm At
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Figure 1. (a) XRD diagrams of silver sulfide doped with different ions; (b) TEM image of nano silver sulfide obtained by the
oil-water interface method
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Figure 2. UV absorption curves (a) and Eg calculation diagrams (b) of silver sulfide nanoparticles
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Figure 3. UV absorption curves (a) and Eg calculation diagrams (b) of silver sulfide nanoparticles doped with different con-

tents of Mn?*
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Figure 4. UV absorption curves (a) and Eg calculation diagrams (b) of silver sulfide nanoparticles doped with different ions
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Figure 5. Effect of Eu®* doping with different contents on the lumi-
nescence of silver sulfide nanoparticles
B 5 BEREESEMN B MR IRARBRL M REF T

G RARFR O] MRFIE R ST, SLBL T I LLAM eI R ST o Hou e am B e piti 5 2% B 3 n iy~ B&, 1A B/ Ne
PR RIS A B N, SOTAR . X2 EN B BB 72442(0.95 A) Lt AgTE42(1.26 A)/N, ATLLE
Ze3k STRI AQTEE R R, R T M RIGHT AGT, MEORTRIERHK. 6%MIB AR, SORMRERAR, A
AR AR, ZRMBAIERERE ECTPOALE, NNESHFRES R, £Rikd, L5k
GRAWE, — M MR TSN, A Ba, MEHAHAR Z AN 2 ESCH I Ba
P Ba I8, £ iE R FMERL, IXI (B 2200 T SR S5, 2 JFOR M RS T AN RE R BB 2 &
H|[10], HRRMEEADN. JBIREHN 12%0, ERIE TR/ T RE R A, iR & atk
R, PRHRRE NN, BHEE HB 4 0.8% EuP HUR AT .

HIFE 6(a) R[A EU® Mn™ XS5 e Hi LR ml 1, fEBOR KN 390 nm i, [E EuHIBZ, A
MnZ i}, & IEA B I7E 765 nm FHL, PetsRE MR LB EVCSREERIINRZ, ASREH Mn* 115 44
SHEEMECRE RN . FEEB RN, TR RIK, MiZeEm T Mn® H Eu* #RiE N BRI %
FREZSBR A, BB T — 35 RIEH AT, EESOESREFRE. W 6(b)al &, & Mn* 5
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Figure 6. Luminesence intensities of the Ag,S nanocomposite particles with doping of 0.8% Eu** and different contents of
Mn?" (a), and those with doping of 1.0% Mn?* and different contents of Eu®* (b)

6.0.8% EU*'Rf, MAREEEH Mn* (a), 1.0% Mn*'Bf, MAREERH Eu® (D)FFRLRARBRLL R0

T EAVERT, TEFURIEK Y 380 nm B, EARSOGIREREE TR, STIERIAL B ZIF2F] T 685 nm i,
FWBOR WA RO B S 7 RS K I E . X R RN B 2 S BRI N TR A T RS, IR
TR BEATIEHE M1 CA- T IS EEZ . BN EUH, R 2 00, MM 7 &
WaREE, BEE BV RN, RAE T VORMA K, FILLE 1.0% Mn*' i, 0.8% Eu®' i BUR BT

B 7() A F EU® Y WS A R o g nl &, [ 5 EVC IO, BOR MK N 390 nm i, KRR E
BAA, BRI SR FEAER G BEE YR, SORIRBEAERIN, Y HEARILAR SRR, 5 Eu®
R T RGN, PR LB A RBR SRR, AT SR SORRRE AR T . B 7(b)nT
W, [ YRORE, RPN 362 nm, EARRIPOERRERA KA, HEAEHBE T 720 nm
BHiE. SN BB, KSHH T BV HURRAE R BT °Do-"F4 (720 nmy), BRIEH) BV S AgTRAE T UEHE KRN,
EADEIRE AL, WA TRERAR N YIS RER BEu™ R R AR MAIEA, SN Eu™ e T
FR0.95A) . Y I TR A, BV YX B4 AgTh o sE e &R, TRL RN RS, B YR
KT ECTHIEG.

B2, BACEREE ORI 7E X e 8 5 e s A, RIEMERERAE T RE MR, X TR
XA S bR B B R

4, gig

MBI K SIS A T REB 2 (Mt BT YSRGS AR, AR T B e RE R SO T e
HHAR —LeE g .

1) BAREE T A SHCR ARG KR T 1) RO R S5, BT a-Ag,S F .

2) BARE TR EAFIEAFR, X BAHR T A BRSCRAN ], X HAETHT R REA AN F] f520 .

3) LA 0.8% EuiBZRmi M HRAEEGRIBURII , H AW EAT IR R R, 1T HAB AKX L 5 %3 5%
R SRR N o L 8.0% Y351 1.0% Mn?" 43 2 Wi (LR IE AR BIURLIN , 52 & W01 SR D Bk o AN AR
BAE SR/, 6 A IR RO RUR S MAAR N BRI 55 HL R

4) WORWEK N 390 nm I, M —B2% BEUES, BEE BRI, TOCIREE T, 2B,
LL 0.8% EUT B A BRALARIEGUR BRI , 52 M 2 R AR RAE L, 848 Yo R AR I6AE R . L 8.0% Y**
i 1.0% Mn? B A BRALARIEGOR BRI, Eu® A N 6 75 52 A W IR AL S KRR, 9SG TRBEAE I/ o
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Figure 7. Luminesence intensities of the Ag,S nanocomposite particles with doping of 0.8% Eu** and different contents of
Y** (a), and those with doping of 8.0% Y** and different contents of Eu®* (b)
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