Vol. 27 BHEFEALFEFIR No. 8
2006 48 H CHEMICAL JOURNAL OF CHINESE UNIVERSITIES 1413 ~ 1417

/.

MLt net IR ) 2K 7% 1+ BL S 40 B9 &2 SE 1 Bt 32

oo #H, B M, GBI, AR B A, HAE
(1. BRI MBISLIE, B 200433, 2. TR b2 4b T2, 75 215006)

WE AT — RV ERER 48, 8. &2, 4L, BIECAY), IFRAITTR T . LLARGRE R 2E Sh-1T I
HEREXT AT T FRAE, AT THBCA WAL H. e T Rk =S RRS, 15 73X 4 FhlC &0 &t
PR BB IR B TR Rl R, AR T A A R O R 25 5

KR LAY ; JBUROG; MEMIRERSEER ; B

FESES 0614.33 XEARIRE A XEHS 0251-0790(2006)08-1413-05

i+ & CHL A W R S E LR ] S R FLfR & e L B F 2 EA Y. Hd, b
FRICHIFR L BCA Y EA R SHCRE A | BUEAliE | IR A S5 F X ol B & 66 IS B R iR
WD AT, TAE AN N B R AR RSO IC AR R T AR R AR

h T SRR BT AR B WO R BN BT, AR R B SRR AR 1« R s, A
B AR AL 11 6 St RE RS AT S5 A% 33 23 PO B 1, DT 22 BB A5 & I HR 5o A s R AIE 5 1) & 439
Horp, A AT W6 XSO & SRR A AL (D) A (1D Bl A9 AR s A iz,

ML B- W BC A2 — ARG RS 2 OBk ), Blan 1R 5E-3-F 4 -5 Tk 5E-5 -tk e mbe
il (PMIP) A AR AT B0k Th® * A &6 T 12833 - F k4= (- 28 FHIBEIL ) -5 - ik M RRR TR ( PMINP ) 0 £
b B K6 HIREC AP L BUR YRS Fth 26 B AR AT 1 e B & B BE, (LR B R PR 4037 B
ARIE (Y AR X - e A R R AR K

TR AT A 7 M R BRI 11 3057 5 | AZRIR | FE 44 FIAR R, AT 1,3- 22K 8 2 AL -S-nk
MEBRER ( HDPAP) K HAR RN B985 + Th* ", Eo®*, Sm’™* A1 Dy’ " WECEY, ME T HDPAP () = ASHE,
IFIFFE T AR B e A 9 B R I

1 SEIGESY

1.1 K758

ik HDPAP 2 MR SCHR[ 13 1 7S . Th,0,, Eu,0,, Sm,0,, Gd,0, (4 >99.9% ), W H |
BRWAL T, N,N'-" 2K F-N N -J-(1-Z838) -1, 1 -BkoK 4 4'-— i (NPB) H12,9- " H 34 7-— K-
1,10-4BEMEIE ( BCP) I F Acros /A F], ZME(HPLC 2%) 5 HE 5 Ryl W [ b [ 2 25 45 A4k 2
amw | /AT B

Tb(NO3>3(HzO)6, EU<N03)3<H20)6, Sm<NO3>3(HzO)6%H Gd(NO3)3(H20)6EE7I‘HH_»TE’\J%1/%:W(,
WM SRRV A5, LTS & .

= (8-FEEEMEMK ) 45 (A1Q) S SEEE F TR 2 katifk

C, H, N IR MHTFE Vario EL JTR ML LME , ZLAMEIE Vaatar 360 FTIR £L4MEREGI &
(KBr FEF) , SEAMBIETELE S UV-2550 540 nT WG B, 2806 6i% Mot %5 a7 Ediburgh
LFS920 96AX I, LASAFMATVE A A 6. BEGISAE Edinburgh LP920 JEREAY FARTH, Wk
TERANEL Nd: YAG #4006 ( Spectra-Physics GCR-4, USA) , ¥ &I KM 355 nm(THG % i)

Wik H 9. 2006-02-03.
HAWH ., FHEERBFEEA (S . 20490210, 20501006 ) F ¥ HiRFZERHIF0 H (HEHES . 050J14004) % B).
WRRNEA A 1973 4R iR, B, Bt BIEER, FENFOLRIIEEM B, E-mail: {yli@ fudan. edu. cn



1414 SFFETRALFEFER Vol. 27

Ik

A BN G T IR AE Tk PH 28 B R ARG BRI A 77 1 4 1 RO E B2 B L 1 i L7895 — IR
SERL. FEEZSE R T 107 Pa 5500 R, KA HLZE 2848 B W SE b BRAT (9 1TO I, B4 HEER G &
(Mg, oAgo ) TEBIM, 288K, AHUZN0.1~0.2 nm/s, £&JE K 0.5 ~1.0 nm/s.

P B E - E U 2R LI ] Keithley 2400 W20 5 |, 28452 B B AL 50T 9 K22 A 77 1Y
ST-86 LA RUsEBETHI & ; 525 fh ik — SR IE.

1.2 RIETFE

1.2.1 ®AWHAK ¥ 2. 1 mmol HDPAP IET 30 mL JC/K LB, fnBii $Adi 2 58 s, SRIE I
A 0.7 mmol Ln(NO,), - 6H,0(Ln=Th** , Eu’*, Sm** , Dy’*, Gd**), H 2.1 mmol/L NaOH /KA
HRI% pH =6.5, RSN 2 h 5, WA, 2R sy AR 085 F 2 BE UK F 45 .

Th( DPAP),( C,H;OH) (H,0) MIRMLL O E A, FTIR, #/em ' 3 061 (w), 3 020(w), 1 603(s),
1483(s), 1369(m), 1150(s), 1 062(m), 843(m), 737(s), 679(s); JCZE /M L ME (TH5B1H,
%): C 65 78(66.04), H4.57(4.61), N 6.60(6.51).

Eu(DPAP), (C,H,OH), IR E @ FE K, FTIR, #/ecm™; 3 053 (w), 3030(w), 1 614(s), 1483
(s), 1352(m), 1156(m), 970(m), 755(m), 732(m), 695(m); JCE T SLIE (HHEM, %) .
C67.25(67.22), H4.56(4.87), N 6.66(6.44).

Sm(DPAP), (H,0), A H @ E K, FTIR, #/em™": 3 056(w), 3 020(w), 1 615(s), 1472(s),
1362(m), 1 150(m), 1 062(m), 965(m), 754(m), 730(s), 660 (s); JCZ 7 HrsilfE (58 1E,
%) : C66.48(66.48), H4.34(4.45), N 65.81(66.12).

Dy (DPAP), (C,H,OH) (H,0) H AR A, FTIR, #/em ™" : 3060(w), 3025(w), 1 622(s), 1474
(s), 1356(m), 1157(m), 974(m), 754(m), 730(s), 670 (s); JLR AT LME R, %) .
C 66.58(66.32), H4.46(4.45), N 6.79(6.54).

Gd(DPAP),(H,0), W FA@FEM, FTIR, #/em™": 3 060 (w), 3 025(w), 1 615(s), 1 474(s),
1352(m), 1150(m), 1062(m), 965(m), 759 (m), 730(m), 686 (m); JCZ 4 HrscfE (311,
%): C 65 81(66.12), H4.32(4.42), N6.66(6.70).

1.2.2 @Rz

Eu(DPAP), (C,H;OH), A7 L BE RE 7245 8. Frik fi A R 14 0. 20 mm x 0. 10 mm x 0. 05 mm,
MR H 293 (2) K. A E T Bruker Apex I CCD %! X B2k B BT HH I, JZ A SR o (o g 2h (0,
19 Mo Ko HF2E (A =0. 071 073 nm) , LA w-260 A 1. 24° <6<25. 01 [l IURCEE £ 13 316 47
S HrR 10 944 AR~ A5 A

rn ARG F AT BAE IEAE PC AL SHELXS-97 #IF k1T, F EER S 2T A E &R 1445, X
[RFIHTET PRSEMR/N_RIEBIE>20(1) ], [IRFRMEHBEISMESGE. KPR =

172
> (F, —F(,)/ZFO, wR, = [2w<F§ -Ff)z/ZwFi] :
ZEEY KR T =R ER, P-1 25, W28 a=1.3642(3) nm, b=1.540 8(4) nm, ¢ =
1.800 3(4) nm, o =106.658(3)°, 3=98.941(4)°, y=113.964(3)°, V=3.148 9(13) nm®, Z =2,
w=1.058 mm~", D, =1.372 gem™", F(000) =1 334(CCDC & 602959).

2 HR5HE

2.1 HEEYHREEHRIE

Kl 1451 THECEY Eu(DPAP), (C,H,OH), 5 4h#. K1 AR, B+ R /\ECAL, B
LA NS RIS = L. 6 DNEJRT(02, 05, 04, 06, 07, 08) AL =kAEM A, Hd 02, 05,
04, 06 4 2 4 B-FRH A 4AJEF, 1 07 F1 08 Jy 2 NELAL L BEFH IR, 55 2 A4 RF (01
03) 7 B T e = HHEAY 2 AU R 1 L (02—05—04—06 F1 07—06—04—08 ). Eu—0 )1
P4 0.240(5) nm [0.233(1) =0.250(5) nm], kb Eu’* Fl O*" BB F2RER2ZF/N r(Eu’ ") =0. 107
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Fig.1 ORTEP diagram of Eu(DPAP),(C,H,OH),(A) and the coordination configuration of Eu in the

complex(B)

(B)

(A) The thermal ellipsoids drawn at 30% probability level and the H atoms are removed for clarity

nm( /\F2H7), r(0*") =0. 142 nm].

2 15 T Eu(DPAP), (C,H,OH), f A 73
ISP SE. BN - oo B T E A R
LT, BA A A R B R B, C—0 HEY
R T4k, 01—C7, 02—C16, 03—C30,
04—C39, 05—C53 Fil 06—C62 (1) 8 K 4 % K
0.1259(7), 0.1259(7), 0.123 8(8), 0.125 4
(7),0.1259(8) F10. 126 7(8) nm, Fo/rEWEE
WE— o A R,

2.2 FEREYIRILT SN N EE 50T I IRk i

Table 1 Selected bond lengths( nm) for

Eu(DPAP),(C,H,OH),
Eul—O01 0.2327(4) || 01—C7 0.1259(7)
Eul—03 0.234 1(4) || 02—C16 0.1259(7)
Eul—05 0.234 8(5) || 03—C30 0.123 8(8)
Eul—04 0.236 2(5) || 04—C39 0.125 4(7)
Eul—O06 0.236 7(6) || 05—C53 0.1259(8)
Eul—02 0.239 8(4) || 06—C62 0.126 7(8)
Eul—08 0.248 1(5) || 07—C70 0.132 1(12)
Eul—07 0.2499(5) || 08—C72 0.1437(9)

H Bt f& HDPAP 1) C = O a3 T 1 630 F1 1 596 cm ™' Ab, 4351 % L A WS bR B4 |- 457 1)
BRIFEFNIE Z BEIL I g iR sh bbb, 48, %6 . 42 . ALEC S WL IS AR, # IR X A B
FIPRBNIGETH S, 75 1 620 em ™' 245 B — B A5 W ISy | R BT Je , T A 1 s 1 = XRn R =2 ) . AR

SR AR, U 341045 2 in o,
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264 nm) K%y & HDPAP (2.8 x 10° L’ « mol ™' -
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Fig.2 UV-Vis absorption spectra of DPAP (a) and

Tb(DPAP), - (C,H,OH) (H,0) (b) in CH,CN

solution (¢ =2.0 x10 ~° mol/L)

R L B TR ) = AR A K, [ Gd BL& W nl DL IX B & 5, AR TR A
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SHASRAMNE. FRT, Gd BEAYHBDCEF R, METARTEITB S, (HRIURE
AR TSRS FFLAR TN Gd(DPAP) , (H,0),7E 77 K FIBHEIEIE, M ICTEEE il Lk
BefA ) —HAHEH N 21 050 em .
2.4 TREFIEER

B3 250 T LA 298 nm Gk, B A LA PIZEOIE. B 3 154k o BEHIAWETT KT
Eu’ (°D,—'F, (J =0, 1, 2,3, 4) B THRIT AN

e, HoH A Dy—7 F, i TR T 7 A B 2T (5 J*v
FOk. P 3 RELR b MR A WIS IR T D, F, -

(J=6,5,4,3) Ml FERIT & 96, UALT 545 M
nm ZE47 (09 D, — Fy BT BT T 2 19 6 B3,

FrUBL A YR sk et K 3 154k c WG wﬂj\
Yife s~ 1 Sm’* E4G5/2_’6F,|/2 (J=5,17,09, € L 1 N,

500 550 600 650 700 750
11)%%@%5\{:;\?]_‘*5‘5[’32%‘&5@%, ;H\:EPEE:lGS/z_)ﬁFg/z A/nm
BT A aasoteig. k4 N ECS4) Fig. 3 The fluorescent spectra of Eu ( DPAP), -
i, Th LA YIRSt R = (9 0. 10% , UL (C,H,OH), at 77 K (a), Tb (DPAP), -
%2), 16298 nm #E T, PIHR AT LA 290 14t (C,H,0H) (H,0) at 298 K (b) and
5. Sm LS WEFS TN A K, M Eu Bla Sm(DPAP),(H,0), at the solid state at 298
YITE SR N AL, HEBAEAGIR T A 3] 21 fa 5% K(c¢)

6, (RPN ELE W DO FRCRER RN, 10 Dy BB Y0 0 TR I 21980, 277 il i 45 R &
Table 2 Fluorescence comparison of the four rare B, Tb, Sm il Eu Bt& ¥ #84F 6 A48 B0 0 1 4

carth complexes i, SOV & F AR R A e
Complex A/ nm Doveran (%) T/ s Xj?j(%ﬁﬁi@ﬂ%%ﬁﬁg 5 ﬁﬁﬁ'ﬁ*ﬂfﬂjﬁﬁ\

Th(DPAP)y(GHSO) (H,0) 545 010 1986 s e 4 MRk OGAE (BMR ) , IIEASBR

Eu(DPAP), (C,H;0H), 612 <0.001 578.6"

Dy(DPAP) ;(C,H;0H) (H,0)  — — —  BHMETED(T), R ASERE ALY 0
a. 298 K; b. 77 K. MEBETFRMES, e kEmR LT OB FEAS

PN MRS AT SR . BB P SRR R OB TR AR fL i A 56, BB TR
VRICR SRR 18 F IR S REHUR WILHL. X 4 N 13 F 0 Ak mT & 5 & S REQCR TR
(Eu’D,: 17 210; Sm “G,,,: 17 8005 Th °D,: 20 400; Dy *F,,,: 20 950 em "), HA 4K = E 5 HE
RO B R S RE L A 38 S A RE 22 A RE & BRI 20O s B 2Ead /Iy, IR ALT6
R K, Aeg2Eit K, WHERERCRE FRE, ¥ REEL G WD IRTS , ZENRCRIEL.

T ELAR HDAPA 958 78] WL SO, o] DA HoA0 Hh AR Y B EE 2R BB R 31 000 em ™', FRILE, AL
W P W 't Z A REH 2520 9 950 em ™. MR Reinhoudt I HLAE-"! ) MAEZ 2% AE
Car” ~'ma™) > 5000 cm™'HF, REIZEHZS S &4, H DPAP [ = HARER S TV " kA’ D, M 6E
9220 400 em 42T, FTRABCIARERUILELES TR0, IE B Ak & W RE RS & AR Y TH T BT
BRI, B ISR TROR HESCHR[ 12 3B 8 PMIP LS W00t T30 (5. 36% ) ik, Latva's [
RS . ECAR RO B T MR AR RE TG E AEC ™ =7D,) >2 500 em ™', PMIP —H S
AEZL(23 000 em™") [t DAPA m15 2, fAE 4R M, MECIA DPAP Y =GRS T * 19° D, HEs
2 AECam” -°D,) R 650 em ™', FTLAFEAE DM £ 85 F ) B AR Y e i AL i B2, S BN A4
PIZECRCRAE. A THER LB, e, Sm®™ , BN = EREEH R, 286805, % Dy 3k
VLKA, BT ATGIEAIN Dy Bl A9 5k
2.5 Th BEEYHBHEXER

W52 T Th(DPAP) ,(C,H,;OH) (H,0) M BT, LA N, N -Z2RH-N, N - -(1-2858) -1,1'-
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A4, 4"l (NPB) 2 St bbb, 1L 8-k 1505 -
WEDRER (ALQ) HL FALHIAL R, LL2,9-— R4 7- & |, _30_8_3:33 b;"‘““:\;\ 00
T 10-SRIEBIE (BCP) A PR RAE T D 12 ] FAYI:
PUZE#84: . ITO/NPB (50 nm)/Th-complex (50 nm)/ < » h;jo.o Lt Al 12% “\“;
BCP (10 nm)/AlQ (50 nm)/Mg: Ag(10:1)/Ag (80 % 60 . ﬂim " /a %
nm). B4 G TR EREEE R 0l Luminance 1 %
FECB-I-V) Mgk, P 4SRN &R T 8 phiscr  © [T o a3

JEIETE. MUK H /N T 13 VI, 2K R Al Y -z 2 SBiaS /1:3 1418
06, H7E = i R SR S s 2R 45 /D i () NPB i

JCRST, ZAEERESEL. RRE TV, R
PR 135 ed/m’.

Fig.4 The current density-voltage (@) and lumi-

nance-voltage(b) curves of the EL device
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Studies on Luminescence Properties of Lanthanide Complexes
Based on Pyrazolone

SHEN Li', SHI Mei', SHI En-Xian*, DU Yu-Kou®, LI Fu-You'* , HUANG Chun-Hui'
(1. Lab of Advanced Material, Fudan University, Shanghai 200433
2. Institute of Chemistry and Chemical Engineering, Suzhou University, Suzhou 215006, China)

Abstract A series of lanthanide(Th’* , Eu’*, Sm’*, Dy’*, Gd’*) complexes with 1,3-diphenyl-4-phenyl-
acetyl-5-pyrazolone were synthesized and characterized by elementary analysis, FTIR and UV-Vis spectra. The
Eu’* complex was further characterized by X-ray diffraction. The luminance properties of the lanthanide com-
plexes were studied in detail. Importantly, the triplet energy level of the ligand was measured with reference to
the phosphorescence spectrum of its gadolinium complex, and the difference between the ligand's triplet energy
level and the excited energy level of lanthanide ion results in different photoluminescences of the corresponding
complex.

Keywords Lanthanide complex; Photoluminescence; 1, 3-Diphenyl-4-phenylacetyl-5-pyrazolone ligand;
Electroluminescence (Ed. : M, G)



