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Structures, Fluorescence Properties and Influence of Auxiliary Ligand on Pr Complexes Based on Carboxylate-Phenol
Ligand LUO Shi-chao ,PENG Qing-peng ,ZHANG Hong-tao ,LIU Chu-hu,JIANG Shang-kun, WANG Ying , GUAN Lei" ( School of
Petrochemical Engineering, Liaoning Petrochemical University , Fushun 113001, China)

Abstract: Two complexes [ Pr(H,L),s(L),s(H,0),],(1) and Pr(HL) (phen) (H,0)-2H,0(2) ( Na,H,L=3,3"-azobis ( 6-
hydroxybenzoic acid) disodium, phen= 1, 10-phenanthroline) were synthesized by hydrothermal reaction with Pr** using Na,H,L
as ligand.In complex 1,the H,L’” anions act as tetradentate ligands , which bind to Pr’* ions through two carboxylate groups in u,-
n' 9" coordination mode , forming a two-dimensional layered structure. Moreover, the L'™ anions serve as bridging ligands, which
connect the three adjacent Pr’* ions in two-dimensional layers via the carboxylate and phenol groups in w,-n” :n' and bridging
fashions , respectively , expanding into a three-dimensional network structure with the Schlifli symbol of {47-8%} {4°.6°-8%} {47 -
6} ,.The structure of complex 2 transforms into a mononuclear one by the introduction of phen molecules, where phen molecules
chelate with Pr** | while HL* anions act as monodentate ligands, coordinating with Pr**. Complexes 1 and 2 exhibited the
characteristic emissions of Pr’* at 638 and 778 nm,652 and 781 nm,which fall within the orange region of the CIE chromaticity
diagram , corresponding to 'S;—'I, and 'D,—’H, energy transitions, respectively. The fluorescence intensity of complex 2 was
higher than complex 1,and the main peak had red-shift of 14 nm, which was attributed to the conjugated system of phen and its
coordination with Pr’*.
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ARG i KGRI Na,H, L A BLRS Pr™
A A E] T A Pr B AW [ Pr(H,L),,
(L),s(H,0), Jn Al Pr (HL) (phen) (H,0); -
2H,0, B phen RIS K B AT =4
SR Pr BCAL SR G W e 7S AR A A, X A

BB LU AR MR T T 3RAE , BEAh i 55
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1 SEIRERSY
1.1 FEAER S

Apex- 11 CCD B B \f X5 28 A S (1 [
Bruker A1) ; 750 %! FT-IR S 4% (4 000 ~ 400
em™  KBr JE F, & Magna 23 ) ;2400 B0 K
SIHTAL TGA 7 BIFAEE 43 #74 (25~900 °C N, =,
i, 2 Perkin-Elmer 23 #]) ; F-4700 #5856 i
1 ( HA Hitachi A#])

SO T 24 RS SR A SE T R T A
PR e A BR 2 71 5 BT R 24 R o i
1.2 FEY1 BEK

# 0.035 g (0.1 mmol) Na,H,L Fll 0.044 g
(0.1 mmol) Pr(NO, ), -6H,0 RARTE 15 mL £ 5
Fokd  EEW FHHE 2 he RIS K W S 7
RV L0 AT 0 N 48 (20 mL) 1, 7E
120 CTHFmMA 3 d J5 , BB EE R, HH%6
Btk i, b RSOk 8 F 258 K RN 2 B
THUEEE T TR, 7% H 54%, TR,
Ciy Hys NyOgPr, SCE (FEAE),%: C 35.23
(35.15); H 2.78 (2.72); N 5.88 (5.86). IR
(KBr),v,em™':3 319(OH), 1 6451 6201 455
(C=0),1 571 (C=C),1 393 .1 357 (N=N),
1252, 1 167, 1130 (C—0), 860, 805, 701
(C—H),
1.3 a2 aE

# 0. 035 g(0. 1 mmol) Na,H,L.0.044 ¢(0.1
mmol ) Pr ( NO, ), - 6H,0 #1 0.020 g (0.1 mmol)
phen ERAE 15 mL %%?‘ﬂ(qj, =R T ik
2 h, SRIG RV TR BT A B DU S £ N e ) R
WA (20 mL) W1, £ 120 C RNk 3 d )5, 2108
eS| ERE S G KIS SURC SN NI SR S UE el
U8, A B TR BEE T R & TR =R
9 55%, JCEIMT, CoHyyN, O, Pr, SEIE (&
{8),%:C 41.88(41.80) ;H 4.00(3.89) ;N 7.57
(7.50), IR(KBr),v,em ':3 370( OH), 1 620,
15161 422 1 479(C=0),1 587(C=C) ,1 377,
1 338(N==N),1299.1248 1 185.1 138(C—O0),
918 .836.789 728 679(C—H) ,
1.4 @ ECA Y RS

1E296 K N, Be&4 1 F 2 B 45 Fy 3 i
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Bruker Apex- [l CCD 5 X-5 2 437 5 A2 47 DU gk

o AR Mo-K, S48, DL -0 AT W44 1

RAEEAE , I AT OO IE . R B SHELX it AN G LA
02—Prl—04 71.0(2) || 021 —Prl—07  67.0(2)

VR M 4 o N % [18,19] .

AL GLIE AT 205 fif A RS 12 y CCD? No.: 02—Prl—021  126.17(15)|| 04—Pr1—01 90. 4(2)
2323853,2324221, WCEY) 1 A2 19 i AR08 A 02—Prl—00041  73.4(2) | 00041 —pPri—01 82.0(2)
LERPRE RIS T3 1, 3 Bl K R fa 50 T 04—Pr1—06 70.5(3) || 04—pPri—01i  88.2(2)

2, 06—Pr1—021 107.6(3) || 0004i—Pr1—O11  72.0(2)
R1 EASY 1M 2 B 25 R ks 16 B 02—pPr1—00041  74.3(2) | 02—Pr1—031 149.6(3)
Tab.1 Crystal data and structural refinement data for 06—Pr1—07 74.4(3) || 06—Prl—01" 75.8(3)
complexes 1 and 2 02—Pr1—O01 67.8(2) || 07—pPr1—o1 i 146.9(2)
021 —pr1—01 66.0(2) || 04—Pr1—03 1 136.2(3)
Bl A4 1 fid A 2 ) ) )
02—Pr1—O1 fi 66.8(2) || 0004i—Pr1—031  77.3(3)
Chemical formula CratlaN20gPr CaHopNyO15Pr 021 —prl—011  137.2(2) || 04—Pr1—07 68.5(2)
M, 478.17 746. 44 O1—Prl—O1i  132.33(12)|[ 0004 | —Pr1—07 139.9(2)
. Monoclinic, Triclinic, 02—Pr1—06 126.2(3) || 06—Pr1—O01 146.6(3)
Crystal system, space group § )
C2/¢ P-1 04—Pr1—02 1 134.0(2) || 07—Pr1—01 73.2(3)
20.634(12),  8.987(2), 04—Prl—0004 1 143.8(2) || 021 —Pr1—031  50.3(2)
a,b,c/A 7.334(4), 10.001(2), 06—Pr1—0004 1 129.3(3) | 01—Pr1—03 1 116.0(2)
25.789(12)  17.415(4) 01l —pr—031  96.6(2) ||06—Pr1—031  68.7(3)
76.567(6), 02—Pr1—07 122.3(2) || 07—Pr1—03 i 85.8(3)
a,B,y/(°) 105.354(15)  87.094(7), Wi o H) 2
70.595(6) et ek | fe HK/nm
V/&3 3763(3) 1435.5(5) Prl—04 2.756(3) Prl—N3 2.914(3)
7 8 ) Pr1—09 2.906(3) Pr1—08 2.893(3)
Radiation type Mo-K, Mo-K, Prl—O111 2.977(3) Pr1—O011 2.861(3)
Pr1—07 2.745(3 Prl—N4 2.906(3
w/ (mm™") 2.63 1.77 ' (3) ' 3
Pr1—010 2.729(3)
No.of measured,independent and 8 943,4 382, 12 626,6 441, o - 0 -
observed [ I>20 (1) ] reflections 3672 6 175 ferit /) fesit . A/ )
04—Pr1—09 130.24(8) || 010—Pr1—O0111  124.24(8)
R 0.05 0. 039 )
04—Prl—O111  68.48(7) || 010—Pr1—07  128.03(10)
. g-1
(Sin0/A) o/ (A7) 0. 663 0.651 04—Pr1—O11  72.36(8) || 010—PrI—N3  70.26(9)
0.076,0.290, 0.039,0.117, P  pr—
ROF2>20(F2) | .wR(F?) .S " o 04—Pr1—N3 75.76(8) || 010—Pr1—08 68.79(9)
‘ ‘ 04—Pr1—08 133.19(8) || 010—Pr1—N4 106. 69(8)
No.of reflections 4382 6441 04—Prl1—N4 68.51(8) || N3—Pr1—O111  133.41(8)
No.of parameters 226 404 09—Pr1—O111  63.75(7) || 07—Prl1—O111  67.28(8)
No.of restraints 2 2 09—Pr1—N3 131.29(8) || NA—Pr1—N3 56.39(9)
Ao Ap. /(e-A) 5.73.-4.11  0.78.-0.79 09—Prl1—N4 158.77(8) || 07—Pr1—011 134.20(8)
% TO AW 1 2 B0 K AT f O011—Pr1—09 76.95(8) || NA—Prl—O111  128.70(8)
2 1 A1 2 |y 1 )
2 ! 011—Pr1—O111  66.92(8) | 07—Pr1—09 82.74(8)
Tab.2 lec I hs ¢ angles f
ab.2 Selected bond lengths and angles for O11—Prl—N3  74.58(8) || 08—Pri—N4  67.34(8)
complexes 1 and 2 07—Pr1—N3 143.72(9) || 08—Pr1—N3 92.24(8)
g7/ B 07—Pr1—08 71.78(9) || 07—Pr1—04 91.51(9)
{2 K /nm 2zt WK /nm 07—Prl—N4 87.34(9) || 08—Pr1—O111  134.08(7)
Prl—O01 2.528(6) Prl—03 | 2.611(7) 010—Prl—04 140.40(9) || 011—Pr1—N4 122.60(8)
S 2. 496(6) — 2. 482(6) 010—Pr1—09 66.23(8) || 08—Pr1—09 91.68(8)
010—Pr1—O011  79.42(9) || 011—Pr1—O08 148. 14(7)
Prl—02 2.404(6) Prl—06 2.517(9)
- 7 : Symmetry codes for complex 1:( 1 )—x+1/2,y+1/2,-z+1/
Prl—ot fi 2.562(6) Prl—07 2.555(7) N
) 2;(11)-x+1/2,y=1/2, -2+ 1/2; Symmetry code for complex 2:
Prl—0004 ! 2.523(7) (1)mxtl.oyt1,—z+1,




546 BER o ] LA IR TRRIRAE- Wy R SERCIR Pr S WA S S FOUME BT L Al Bh S B 52 29

2 Z#ER5iHE
2.1 BECAW 1 MRS

B XTSRRI B G 1 8 TR
RHRFR, C2/c 2 RE (K 1) o 1A AT FRES H 24
JTBEE 1A Prt 0.5 4 H,L7 0.5 4 LY fl 2 4
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H, L2 B AR g DU e i, 2 SRR LI LI p,-m' 2oy
M EGESE 2 A P’ H 2 NI R R T
A, ANS S5 (K Le) s L TR R 7S i B,
BRI L w,-n® 10 W 2GEHE 2 4 Prt B
SRR TSR 2 A P (B 1d) . H,LT
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Fig.1 (a)Molecular structure of complex 1;

(b) coordination configuration of Pr** ; (¢) coordination
mode of H,L*” ligand; (d) coordination mode of

L* ligand; () three dimensional network structure

Y1 B =S5 Z R fE eV 2 A, L iy 12
FEFIR PR KL 2 W] 1Y 28 (O7—HTB---0004) |y #2
FERNECA K 53 Z 1] 1) 2 B (05—HS5---07) DL K&
BEASr 7K 43 FR R 3k 2 (8] 1 & 8 ( O7—HTB -+
0004) (£ 3) , i3 S0 SV AT A P 1 i AR 25 4 o
IS RE o SCHRARIE 2RI S5 44 1 BUR R FE AR A
ARG FUAECAL R AW, Be A R —Fh LA
X, H AR TR R — 4E S5, Mu
EPUR R WA L R 4,4 - 2K R
(H,oba) Lk J 1, 10-2F 3 % Wk ( phen) H AR, 5
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RIRFL AT .1 > phen B 2 A& F B AL,
£ oba® BC A Y, 2 AR R EE 4y HIR A w,-n® 1
- i TR 2 A ¢d® K[ Cd,(CO,), ]
RRLENHTE , FHAR IR 548 5Tl i oba™
B BN — 4 UL

MFEFN A BE S B, H, L TRk 5 4 A P i
B, AT 4-ZE 37 5 LY IR S 6 A Pri A,
AT 6-3 4571 1 B4 P A S ANk
HCECAL, ATk S-ZEB2 49 65, B AL R A
BA4,5,6- M4, N Schlafli 775
14784 14°.6°-8°} {476} (K 2),

TTrrRTeaaRaSsS

SN
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Fig.2 Topological structure of complex 1

F3OMEW 2 MK R
Tab.3 Hydrogen bond lengths and angles of complexs 1 and 2

DA d(D—H)/d(H--A)/d(D---A)/ £ (DHA)/
A A A (°)
Fl e 1
05—H5---07 0. 820 2.517 3.120  131.30
05—H5-+-04 0.820 1.877 2,549  138.41
07—H7B---0004 0. 960 2.008 2,962 172.62
B&Y 2
09—H9A---04 1 0.870 1.820 2.685(4) 174.2

011—H11A---0131  0.870 1.920
011—H11B---012 0. 870 2. 080
012—HI2A---013  0.870 1.970

2.781(4) 170.7
2.824(4) 142.7
2.834(4) 171.7
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d(D—H)/d(H--A)/ d(D---A)/ £ (DHA)/
A A (®)

D—H--A

(=%
012—H12B---081  0.870 2. 000
013—H13A---05"  0.870 1. 880
013—H13B---03 0. 870 1.910

2.862(4) 170.5
2.740(4) 171.4
2.760(4) 164.7

07—H7A---0121 0.870 2.080 2.779(4) 136.5
07—H7B---02" 0.870 1.990  2.771(4) 149.6
010—H10A---031  0.870 1.900 2.772(4) 174.4
010—H10B---03"  0.870 1.920 2.780(4) 167.7
06—H6---05 0. 840 1.800 2.523(4) 142.8
08—H8B---09'l 0.870 2.010 2.800(4) 150.6

1 Symmetry codes for complex 2: ( i )-x+1,-y+1,-z+1;
(1) =a+1,=y,—z+1; (i) a=1,y,2; (IV ) x,y=1,2; ( V) x+1,y+1,
z3 (VD) a+1,y,z; (Vi) —x+2,—y+1,—z+1,

2.2 LAY 2 Mikss

BLEY 2 JmT =RHR R, P-1 ZSHBF(E 1),
A EXFRES M BT & A 1A P, 1 A HLT
&, 1 4 phen FCiA,5 ALK S TFH1 2 AN ES K
ST (B 3a) o PrR/NELALEY, 20515 HL FLAR
By 1 ANRIEEFE T (04) ,1 4> phen FLARAY 2 DA
JEF (N3 I N4) 5 NECALK 3 F 1 AR (07,
08.09.010 A1 O11) F 7, &+ i A e {7 #4784 ( 1&]
3b), Pr—O 8K AE2.729(3) ~2.977(3) A ZJH],
Pr—N K AE 2.906(3) ~2.914(3) A Z[i],0—
Pr—O FEFATE 63.75(7)°~ 148. 14 (7)° Z ] ( &
2), 5H A Pr B A Y HE 0y S A A
[N § VA 0 N RS ey ] LR IV - s W L S B
M (06) &1, 75 1 AN B (01) 2
BRI, A S 58, 1 DR AT
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VE BRI S P B GO, Pr™ HAL Y AL
R G, BLA 2 T ECAIK K
1y ¥ i AR 5 R R R U 2 IRDJE A B
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a O;}%i?ﬁ}\u%
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03 Olﬁgﬁ
04 3

012.C / N4
01190 908
Pr]“.OIO
07
09

B3 (a)BCHW 2 B F455; (b) Pr' By RC AL 7
Fig.3 (a)Molecular structure of complex 2;

(b) coordination configuration of Pr**

05" | O11—HI1A --- 013"  O7—H7A - 0121 |
010—HI0A --- 03" | 012—HI2A --- 013, O11—
H11B---012 #l 013—H13B--- 03, 010—HI0B ---
03" .012—H12B---08" (07—H7B---02" Fll 08—
H8B---09") (3 3) X LL BRI T &4 2 1
SERRRE
2.3 RESWr

B 1 A2 I g 4 iR, Bld
YIS — AN KRESBE 25~124 CZ A, K H
TN 6.4% , %I gk 2 2 ALK T (BRIS(E
7.5%) ;55 AN REBBTE 124 ~367 C Z ], K
RN 33.6% KRR 0.5 4 LY ECAR (BLS
33.7%) ;55 = MREABBTE 367 ~900 °C Z (7], &
H, L7 e AR 1 38 40 #0A JIr 350 24 THIE 2 900 C 1,
KA LA 2T B R AR R Y e 2
Pr,0,, L&Y 2 W — D KEEG B 1E 25 ~
156 °C Z[H], e AN 3. 0% , %I 2 F2 37 85 K 43
T (B 4.8%), H N KREHAE 270 ~
380 C ZIa], R EH N 25. 6% , K} 2k Z2— phen
Boik (BB(H 24. 1%) . IRFEEARZLT A HL FLAR
S FIFEESM R HLR 900 °C T I A A TG
POWCAR B A T8 4 o i, B 2T AR ) AT R 2
Pr,0,'%
100
90+
80
701
60
501

40t
30,

Weight/ %

O@MMM@@MMM
Ti

B4 AW 1R 2 B L
Fig.4 TGA curves of complexes 1 and 2
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1, HEWBELLRE T 14 nm, o T W L&JEE T
BRAT A BH., B — 5 5 S 1 1 A OB AR X B
NSRS A HUBC A BC AL, E K BE 1A AL i 240 7
TR BT T LA AR A ML
P FIHUCEEA ] DE T ILRES | RE R RSO I 12 128
RO PRl 8 A WA AR IR TR AT LSS0 £
He A P WS I R AR R S I R R R SR T
Na, H, L FCH i i3 2 1 s 5 B AT DA e, A5 )
THECOR A -G Jm & T R R . AN, B D)
A phen BTG BE£5 90 B R Sl 1 B 1) i 412
AEBW, —I7 T, HESR BRSO, Bm gt
PERRBE , A R MIEA ] T RE BRI A% 3 B
i 14 J B T I RE IR 53— T, AT DU
K o G B A E VL, AT D/ oK 231
AR Sh Y BE R R AR e R OERIOR Y

b| s
a 08} A 50
B <

\. 560
2

0.6
500
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o
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BAYI

46
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E5 (a)fCaw 1 f2 TR
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Fig.5 Fluorescence emission spectra (a) and

CIE chromaticity diagram (b) of complexes 1 and 2
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