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Synthesis and properties of complexes of europium with
phenanthroline derivatives and fatty acids
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(School of Chemistry and Chemical Engineering, Hunan University, Changsha 410082, China)

Abstract: Four phenanthroline derivatives of 2-phenyl-imazole [5, 6-f]-(1, 10) phenanthroline, 2-(4-hydroxy-phenyl)-
imazole [5, 6-f]-(1, 10) phenanthroline, 2-(4-methoxyl-phenyl)-imazole [5, 6-f]-(1, 10) phenanthroline and 2-(4-formacyl
-phenyl)-imazole [5, 6-f]-(1, 10) phenanthroline were synthesized, and twelve new complexes of europium were then
synthesized with these phenanthroline derivatives as the first ligand and butyric acid, n-heptanoic acid and tetradecanoic
acid as the second ligand. The structure and composition of the title complexes were characterized by means of EDTA
titrimetric method, elemental analysis, FT-IR and UV spectra analysis. Their thermal and luminescent properties were
also investigated with thermal analysis and fluorescence spectra instruments, respectively. The results show that the
luminescence intensity of the title complexes greatly increases in comparison with that of their corresponding binary
complexes, this reveals the second ligands form very good synergistic effect with the first ligands. The title complexes
possess excellent thermal stability properties, and are hopefully developed into fine PL and EL red materials.
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RAEGHOE FIIRERUCEL, $Emil &Yk ke R
& G 7/ I AT e e Sl i b T U )
ARFEMSIRHEATIE M, Al 2-ZRIE K IR IS, 6-f188FEMS
Wk, o DA R B8 G A, IR R G B — A,
BRI =009 A, RILH LR EUR A
HLEUR et . ARSCHEF G R 2- LR[S, 6-f148
FEMGIH L 2-(4-ZS I KL IS, 6-F1 4B FEMEIRR . 2-(4- F 4
FERTL) KT [5, 6-F1SBAEMGIAR | 2-(4- F I L 2R K e
IS, 6-f148AEMEIER, FEop il LI R 55— i A, LAECH
W TR I B AN-T- DU PR 0 58 i AA, & R 12 B
(%6 = JC 7GR A P CR W SCHR IR IE), I 63 4
FIEDTARCA I i 2 T HC A WAL, R L A6
BHMNCRE IS WA LA M T RAE, R I Hxd ic
BT E AT, R PO A2
RICHEREEATIE ST -

1 XIe

11 H=EH&HE

Eu,05(40E 4 99.99%); ABIEMEIE, 7 brli; X2k
I, opATAL R, Al RS,
SIRTAE; R HAEIR S, Al SRR TCK S
WA, THRBAH), 40r4l; EBRHAH), 1k
i UUIR(TAH), {h2#4l; LM%, s 1K
L&, el oK CBE, iral; 150~250 pmftfi,
At BT FAFRI8 S o B 4l

12 ERANFIRMRATGE

LK AMEE(200~500 nm) HHLabTech UV-2100 454+
A LA BE VI 8 (BE IR E ) 2.5X107° mol/L),
= AEE IR 2 L 204861%(400~4 000 cm ™)
FIPERKIN-ELMER Spectrum OneZL#MGHENSI 7,
TR Fr s PO EHMATOSXP(E [H) i 49 B i A i
5E 3 "H NMRE T Varian—400 5 73 FA% G L3R 8 A &
(TMS W #%, DMSO-dgi#i7)); 2 661% R HTHIACHI
F=4500 %5 56635 7 (R b O [ A48 ), F1 4
4 1 200 nm/min, B K4 700 V, NSFBkE% 4 2.5 nm;
JLEII NI RZEELECO TC-436. CS—444 Bt #E )y
BT s # LB 15 % ER FHEDTAR =ik E
BE S F VHNOS): V(HC1O,)=1:1 [F VR B i #4623 fit
S W NIV R R DU R0 1 pH=5~6, — HI
YEFE " #/; DSC-TGRHIEENETZSCH STA449C%5
GRHEANE, S, NUR, TR
J& 10 °C/min.

13 EIRMERSRIE
B R S5 R 2 E W 1 TR,

(PIP) (pHPIP)
1 SRR
Fig.1 Structures of synthesized ligands

(pMPIP) (pAPIP)

131 2-ZEIEBK M5, 6-F14BFEMKBR(PIP) 7 L™

I 1, 10-4RSEME -5, 6- i (4% SCHR[8] H 1)0.33 g
(1.57 mmol), Z&4% 3.5 g (45.5 mmol), ZKFE 035 ¢
(3.3 mmol), ] 25 mLiK LPR¥ i, WL IHiHE T e
WY 3.5h, AHIEER, KNVEFEIAAEKT, H
25%~28%[K) /K R EpH=7, it B b KB 0
DOE A, g, JKYE, TERNEDE H 150~250 pmi
AT 20T, LAJG/K SRR R, IR AR 77 T 4 1
IR OEIR AR, 75K 75%. "H NMR 6(10°%):
(DMSO-dg) 9.01 (d, J= 4.0 Hz, 2 H), 8.91 (d, J=8.4 Hz,
2 H), 8.29 (d, J=8.0 Hz, 2 H), 7.81 (dd, J= 7.2 Hz, 4.0
Hz, 1 H), 7.57~7.60 (m, 4 H), 3.4 (s, 1 H); MS (ESI):
297.1 (M+1); JCERDHHEI%C1oH N, U5 C 77.01%,
H 4.08%, N 18.91%, WllEfH: C77.23%, H3.95%,
N 18.7%.
132 2-(4- 25 ) WK M If[5, 6-F] 4K 3E 1% bk (pHPIP) [

AR

G ORI DIPIPI A vk, PSR
PR R, 193 B3R s AR B4, 7 % 80%. 'H NMR
3(10°%): (DMSO-dg) 9.04 (d, J=4.4 Hz, 2 H), 8.94 (d, J=
7.6 Hz, 2 H), 8.14 (t, J= 6.4 Hz, 2 H), 7.86 (d, J= 4.8 Hz,
2 H), 7.01 (d, J= 8.4 Hz, 2 H), 3.61 (s, 1 H); MS (ESI)
313.2 (M+1); JCE S HTHILC 1 oH N, O C
73.07%, H 3.87%, N 17.94%. ll5E{EH: C73.23%, H
3.71%, N 17.82%.
133 2-(4- F A 6 DR 58 ) K Mk -5, 6-1] 4T 3 s ik

(pPMPIP) (1A %,

A TR E YIPIPI & ik, DR AL K
PP A 2 R A9 B3 3 B R B A, 723K 85%. 'H
NMR §(10°%): (DMSO-dg) 9.03 (t, J= 2.8 Hz, 2 H),
8.93(d, J= 8.0 Hz, 2 H), 8.25(d, J= 8.40 Hz, 2 H), 7.84(q,
J=4.4,2 H),7.19(d, J= 8.8 Hz, 2 H), 3.88 (s, 3 H), 3.34
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(s, 1 H); MS (ESD): 327.1 (M+1); JCZ 4 HrH #%
CooHN,OTH5E: C73.61%, H4.32%, N 17.17%,
EAH: C73.42%, H4.41%, N 16.85%.
1.3.4  2-(4- H Bk O 2% L ) Ik w4 - 5, 61 41 3 m¢ bk
(pAPIP) & ik

A BOTE R E DIPIP I & i, HIR R A%
R, AR ARG, R 75%. '"H NMR
5(10°%): (DMSO-dg) 9.07 (dd, J= 4.4 Hz, 1.6 Hz, 2 H),
8.97 (d, J= 8.4 Hz, 1.6 Hz, 2 H), 8.51 (d, J= 8.0 Hz, 2 H),
8.15(d, J=8.4Hz 2H),7.87(q,J=4.4Hz 2 H),3.58
(s, H), 10.01 (s, 1 H); MS (ESI): 325.7 (M+1); JLE%
BT AE % Co)H N, O 3 5 : C 74.06%, H 3.73%, N
17.27%; MEMH: C73.93%, H3.85%, N 17.08%.

14 EEYIRERFE

H FRAC S0 BT V35 AL, I A -(2- 2K 0
WK FE[S, 6-f148 JE M Ibk)- 1 BE R T & P 161G 1k 491 1
Wl. HU& RBCAAPIP 0.059 2 g (0.2 mmol), i 4iHE F
40 mLJo/K SEEMAGEME, RJEMA 2.5 mL (0.2
mmol) ) EuCly LA (F SCHR[91ME ), 7137 0.5 h,
TEEAMT MR, FUERCAR R A9, H Sl
IK R pH R 6.5, 4RI 3 hifs A%
VEMR, KA TS LIS s FRICEE AR IE BEpR
0.08 g (0.6 mmol), FI/DHEMIC/K LEEHE, WA RN

x1 WAEVRFEMITTRE D ITER

Table 1 Elemental analysis data of complexes

b, R pH A 6.5~7.0, 4KLERI 2 h, A
HARBRAI LIS, WEIEE, Ve BRI,
I8, HTCK CBEFITN BRIk, B8R 2 iaiE
SE, W BEAS B B (A [ A AR, (AR R 68%(H:
B EA D IBCERIITE 66%~ 81%).

2 HR5E

21 BWEEYIRIMER R AR

BT & B G e e, Rt abE s, A
WEEIWORE, —HEPE, AmBSEaIEs, %
T-DMSO, DMF. % 1 5k B &0 e F oG s 5
Bresde, M 1 I Ecds nT CUHENT tHBC &0 16 7 T 41 RR
HEuX,, Y, zH,O(X=PIP, pHPIP, pMPIP, pAPIP; Y=BA,
HA, TA; m=1~2; n=3; z=1~2), & JCZ 1 S2EFHE i
THAAHFEAATT o

22 BiFREYMEILIN L

12 M HAREC S P LLAGE & 2 Fros. W]
LW EAR ) S R EES QYNA O R N AR A
AR, VLIS ECARLE T L S0 5 BT AT AE IR 45 R 3R
B R A AR

I 2 B4, B R 12 B H BRBC S L0 A

Mass fraction/%

Complex
Eu C (0] N
Eu(PIP), 5s(BA);-H,O 18.11(17.93) 57.03(57.38) 13.49(13.21) 6.82(6.61)
Eu(PIP), s(HA);-2H,0 14.42(14.97) 59.02(58.58) 12.89(12.61) 7.92(8.28)
Eu(PIP),(TA);-2H,0 10.92(10.39) 62.43(65.69) 9.19(8.75) 7.18(7.66)
Eu(pHPIP), 5(BA); 17.41(17.23) 55.17(55.17) 13.38(13.61) 9.63 (9.53)
Eu(pHPIP)(HA);-H,O 17.21(17.47) 55.38(55.23) 14.86(14.71) 6.35(6.44)
Eu(pHPIP)(TA);-H,0O 13.19(13.05) 62.53(62.92) 11.11(10.99) 4.86(4.81)

Eu(pMPIP)y(BA);-H,0
Eu(pMPIP), s(HA);'H,0
Eu(pMPIP),(TA);
Eu(pAPIP), s(BA);
Eu(pAPIP), s(HA);-2H,0

Eu(pAPIP),(TA);2H,0

13.87(14.02)
14.82(14.51)
10.30(10.22)
17.33(16.89)
14.47(14.31)

9.75(10.10)

58.08(57.62) 13.14(13.28) 10.22(10.34)
56.08(58.50) 12.98(12.99) 7.94(8.03)
66.74(66.24) 8.67(8.61) 7.59(7.54)
55.49(56.06) 12.68 (13.34) 9.42(9.34)
57.19(57.68) 14.48(14.31) 8.00(7.91)
64.68(64.85) 11.03(10.53) 7.68(7.38)

Values in parentheses are calculated ones.
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Fig.2 IR spectra of complexes: (a) Eu(pHPIP),s(BA);;
(b) Eu(PIP), (BA);H,0; (¢) Eu(pMPIP),(BA)yH;0; (d) Eu-
(pAPIP), 5(BA)3; (e) Eu(PIP),5(HA)32H,0; (f) Eu(PIP),-
(TA);:2H,0; (g) Eu(pHPIP)(HA);-H,O; (h) Eu(pHPIP)-
(TA)H;0; (i) Eu(pMPIP), s(HA);'H;0; (j) Eu(pMPIP),(TA);;
(k) Eu(pAPIP),5(HA);-:2H,O; (1) Eu(pAPIP),(TA);2H,0;
(m) PIP; (n) pHPIP; (o) pMPIP; (p) pAPIP; (q) BAH; (r) HAH;
(s) TAH

ARACL,  UE B 5 BC A W0 S5 A B ARAEL . WX T Eu(PIP),-
(TA);2H,0, HH—TCAPIPEIEAEIR TS HAL, 5
AR SEE IR R S5 AR, R AW S, AT
BCARIERR A6 1 581 em e A3 AbC=N 45 ¥R 5%
WL R H] 1 542 em AT AL, PRBNIEFARAIS 5,
R ARFERR A E 7 5o g e,
C=N# S HBURAC, C—HED iRz og 742
1865 ecm ' ZEATLLAEE] 719 F1 820 em ' A AT, HAAT
VU R A 1 JIC 6 0 i i o 0 e P WA WA D 9 2, 1
1 604 F1 1 424 cm™ Kb H I Vagoco) FMVsoco) BICUEE , 158 B
DU AR [ S8 5 T B B A, A
T 516 em ' ZEATFN 435 em A AT (K S5 WSO I8 43 )
J& A Eu—N#EMEu—OH!™, BL g, i
A INALEE A IO S B R A AT, AR
SE LA

AL, YA WIAE 3 100~3 500 em ] HEE 1 A4
e H) S5 WU, oK a1 IROH P sl e, 2]
IXEEEL AW A K, KT A C AR B AN

.

23 BfFREYEIRINA AL

JIT A A H BRI A 4 S FL AR (1 58 M KR FE WA
Wk KR 2 fiom. BIERTA, SR G YIRS g
AL & 3 BT 7~ A Eu(pAPIP)y(TA ) 2H,0 K L HC fA 1) 45
AT WG .

Fz2 A WAIRCARR AT W% 53 b
Table 2 UV spectra data of complexes and ligands

Complex J[jn:;/r:rsr’l Ligand [j;://:r’n
Eu(PIP), (BA);'H,0 310 PIP 302
Eu(PIP), s(HA);-2H,0 296 pHPIP 307
Eu(PIP)y(TA);-2H,0 308 pMPIP 300
Eu(pHPIP), s(BA) 298 pAPIP 380
Eu(pHPIP)(HA);-H,0 296 BAH 328
Eu(pHPIP)(TA);-H,0 314 HAH 294
Eu(pMPIP),(BA); H,O 312 TAH 292
Eu(pMPIP), s(HA)yH,O 312
Eu(pMPIP),(TA); 312
Eu(pAPIP), s(BA), 378
Eu(pAPIP), s(HA); 2H,0 358
Eu(pAPIP),(TA);2H,0 360

200 250 300 350 400 450 500
Wavelength/nm

3 Eu(pAPIP)y(TA);2H,0, pAPIPFITAH[H 441 1] W1
Fig.3 Uv-vis spectra of Eu(pAPIP),(TA);2H,0(a), pAPIP(b)
and TAH(c)

M2 K 3 ATLAE H, &G A58 A i e
e LT I PR P AR LG PR 58 IR AT e 35) . A AN [ R 5 () 7
¥, JERIC A FEROE . BT B R R A
BRIHIA R, 762 (b) A7 T 300 F1 380 nm [1)
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W AT Ve 2 Sl V1 i 1 B A4S pAPTP 1) m—m* T n—m* R
iTs i) P AT 292 nm (WIS FLR TAH (1)
KA k()47 T 298 nm. 360 nm LA
W I B AR pAPIP F1 TAH (1 SWISE N . i
BT HE— B RS TG, SRR,
S ROARFI SRS A I R RN A A R A
AL CRERIRE D)3 . 18 DR I e e A siciA%:
HEEOEE T, A B TREBCSYIN ROGRCE.

24 BRESYHPIEEN

Z A HAREE S DSCRITGE M an sk 3 Fr 4.
T LA P A5 R AR AR, JEAER S Mt SR B L AR AR
LAY LAEC A W Eu(PIP)y(TA)s2H,0 4 4] k471 18, #E
BRI 43 (4 Eu(PIP)y(TA)s 2H,0 FRIDSCHI TG i
Ll 4 iR

i 3 FIE 4 LR H, I BAREL AP #ds
SEMEAALL . BE A Eu(PIP),(TA); 2H, O TG T £ 45 110
CHA BRI G, AR EBerg® i, BLWIRL A
YE A /b ah oK TGIZR S =T 310 'CLLE i
PURRIL S E, RSP, HDSChZk:
548 CXFMN 1 AN, BRI G4) o il AR 2 T
SRR, TGHIZEAE 590~760 °C HiPL I G545 2%,
A DSCHi£#E 743 CH B 1 A S0 g, i
BHEC S — D o R e Lk . LS 7E 2 AN B R

&3 &Y DSC R TG %
Table 3 DSC and TG data of complexes

————— 1100

Mass residue/%

Heat flow/(W-g ™"

260 460 660 860 1000
t/C

4 Eu(PIP)y(TA);2H,OffJDSCHITG fHi £

Fig.4 DSC(a) and TG(b) curves of Eu(PIP)y(TA);-2H,O

AR DX A) 1) BTS00 i A 47% 0 42%, FiddE 50
WAEAE D b 1) B B SRR R BC AT 2855, Ui & 4
Je ke LIk PIP, R AT IURR . [RIFFE,
oAt H ARl & W85 2k £ %6 — AR PIP. pHPIP.

pMPIP H1 pAPIP, SRJG 70k 58 B TR 1EBE
R AN DY AR o

25 BB EYRR AL S

B - ORI K e A8 JE AR AT AR - IR TR = il A
W) AR S, TG A P R 9 6T B B R S Ve 1 ) g
W 4.

Range of decomposition Main range of decomposition

Complex Heat absorption peak/'C temperature/C temperature/C
Eu(PIP), 5(BA); H,0 351, 423, 762 150-756 310-590
Eu(PIP); s(HA);-2H,O 324,726 170-720 310—-600
Eu(PIP),(TA);-2H,0 285, 548, 743 250-790 350-590
Eu(pHPIP), s(BA); 400, 773 200839 375-670
Eu(pHPIP)(HA);-H,0 393,716 164-780 365-686
Eu(pHPIP)(TA);-H,0 393, 695 187-718 333-622
Eu(pMPIP),(BA);-H,0 342,412 140-979 312-672
Eu(pMPIP), 5(HA)sH,0 301, 440 164-754 290685
Eu(pMPIP),(TA); 482,720 200-792 335-603
Eu(pAPIP), 5(BA); 314, 420, 750 200-756 293-620
Eu(pAPIP), s(HA);-2H,0 414,782 165-930 320-650
Eu(pAPIP)(TA)5-2H,0 387, 487, 835 147-896 310-580
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Table 4 Fluorescent spectra data of complexes
Complex Aex/IM ’Dy—"Fy, Aem/nm I/a.u. Dy—"F,, Aem/mm I/a.u.
Eu(PIP); 323.0 591.8 663.0 613.6 1318.0
Eu(PIP); 5(BA);-H,O 408.0 591.0 8 467.0 613.2 10 000.0
Eu(PIP), s(HA);2H,O 429.0 591.2 7310.0 612.8 10 000.0
Eu(PIP),(TA);2H,0O 422.0 589.6 10 000.0 611.6 10 000.0
Eu(pHPIP), 270.0 590.0 - 613.6 402.7
Eu(pHPIP), 5(BA); 425.0 591.0 2 664.0 613.8 4 764.0
Eu(pHPIP)(HA);-H,O 430.0 591.0 1314.0 613.4 2936.0
Eu(pHPIP)(TA);-H,O 451.0 590.6 1416.0 613.8 3776.7
Eu(pMPIP); 285.0 588.0 400.8 614.2 608.0
Eu(pMPIP),(BA);'H,O 432.0 590.8 506.8 6134 994.9
Eu(pMPIP), s(HA);-H,O 444.0 590.8 9353.0 612.2 10 000.0
Eu(pMPIP),(TA)3 438.6 590.8 9025.0 612.2 10 000.0
Eu(pAPIP), 326.0 590.4 483.8 614.2 1 098.0
Eu(pAPIP), 5(BA); 389.0 591.0 7113.0 6124 10 000.0
Eu(pAPIP), 5(HA);-2H,0 352.0 593.4 721.2 613.8 1474.1
Eu(pAPIP),(TA);-2H,0 413.0 591.2 8499.0 612.6 10 000.0

HE 4 /T LLE Y, RSP 26 K6 iS A AL,
£ 613 nmAl 590 nmkb43 )& H4 BT 1 Do— Fo M
Do F TR AE Y, P 614 nmAb (i i feii, 9¢
FERIA L H RSB A 0 B RO A 5 A Y,
) el S PIAREE, 2O K K Pem, HiRE &Y
RO BB IR TR 4R, B BRI
SRS T B OR R,

PAEu(PIP),; s(HA);2H,O M #l1 . E5ELL 614 nm
VE RSB AL O (ILIE 5). G T LA
ARSI KO K 429.0 nm(HH 307.0
nm PRI R0 DA R SRR IR i), HLIBOR I VA B

-

250 300 350 400
‘Wavelength/nm

B 5 Eu(PIP),s(HA); 2HOM#Uk It
Fig.5 Excitation spectrum of Eu(PIP); s(HA);-2H,O

450 500

RE ARV R BB o, 1 P B 0 1 B KR Ry 360
nm, RAEBKREEMLLRE, Xn]RESFE M &40
B R (FICCUE FE EAAIIRE, 58 A0 ] W=
FE)o SRJG LA S A BOR U KM A5 C 5 0 1) R S 6 1%
(WK 6). HIEW A, 1t HARE AP Eu(PIP), s(HA)s:
2H,OM %N RIS -, 591.2 F11612.8 nmAb HIIR
V58 S5 A [ PR WO, 43 ) I 1 4 1R °Do—F
Dy "FolkiL, Hh 612.8 nmAibsin, PRI AL
. PR AT LUE Y, S ECAAPIP. pMPIPA]
PAPIPHC & 40 (1) 9% ;98 JEE LL 45 C AR pHPIP I &40 1) %%
TGRSR

550 575 600 625 650
Wavelength/nm

Bl 6 Eu(PIP), s(HA)s2H O M5 6 R 4t
Fig.6 Emission spectrum of Eu(PIP), s(HA);-2H,0
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3 g

p=}

1) & 12 MOFEERC S, B BRSSP0
HRRAFECIIAE 614 nm Jigy, FREOPELTF, SR
ARG

2) HARBC A5 JEADO RN —Jolie &0 UL K
JEHRSE R R o RS AN G, 5T
PRI —BC A 2B TARGFI) “ bR, RS
WSO A2 385 D RE ) E ) 389 5 DA WA TR D RE A 2
oAby O T, PR T I EORCR .

3) FRRBC & 90 00 e KPR KA AR AR KRR L 1)
28, WERILIOC R ity Z O RE R
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