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Synthesis, Crystal Structure and Luminescent Property of Zinc

Complex Based on 3.4-Pyrazoledicarboxylic Acid Ligand

LAI Lifang, CHEN Linti, CHENG Meiling, RONG Hongren, WANG Xianmei, LIU Qi

(School of Petrochemical Engineering, Changzhou University, Changzhou 213164, China)

Abstract: A new metal complex[ Zn (H, pdc), (H, O), ] « 2DMF (H, pdc = 3, 4-pyrazoledicarboxylic
acid) has been synthesized by the reaction of Hspdc and Zn(NQO;); , and characterized by elemental a-
nalysis, IR spectra, and single-crystal X-ray diffraction. Structure analysis reveals that complex[ Zn
(H,pdc), (H,O), ] « 2DMF has mononuclear structure, each Zn(II) ion is located in an octahedron ge-
ometry,and independent units[ Zn(H, pdc), (H, O), Jand DMF are linked by intermolecularhydrogen
bonds to form a 2D supramolecular network. The thermal stability and luminescent property of the
complex in the solid state have also been investigated.
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FE AL R AT PR B A Hooc coon
R 77120 v bR 4 45 B 10 1 AR 56 T

FLIB 5 A 8 % B WA M AT S, BL R I 19 />N

W4 B0 T 10 BG4 780 1 K5 4 T B T 10 L 1 N
BRI  F K R 1 pH 48R0 & R A Hipde

YA R 2 L S, A LR R 4R T A 4 1 B 13,4 R 5 T 4

M T E B AE . 1R 3. 5-mbwk T H R AF —
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TN SEE G . 5 3. 5-Mkms = R 2R, 3, 4-nmkme — B iR (H, pde, B 1) A8 42 fitnik
M ER A AR R AR B 4 AR AR I TE R BC AL SR, DR S SRR Y 45 AR B2 K Uit
A HEARTR pH R Hypde B2 5707 L= A 3 1B+ Hopde » Hpdc®™ Hl pde® , X 4 2 81 19 68 43
FALEWIE AR T 204, B EH AT 1k, A 3, A-Hk ks — FF R AL B 1Y 42 8 & W i /b A AR TR
AHGE LM &R A . O T AR 2R AR Y 4 TR LA W DAGE DA v O R LA O HL T BB 1
GIRBC AW A SO 3, A-nkme — R 55 6 BR BEAE F L o) & BT — AW B B R R AR B T A
Y. [Zn(H,pde), (H,0),] « 2DMF, %% 1 B By ka5 T M98 6 fg

1 SLIGEH

L1 il F R AR

R 4l SCHR 2 14 5 75 A BE AR 3 A-mikme — R (HL pde) ™2, 5256 i R 300 289 A 40 A 4l 4 FH T o 28
aifk. KRB LLAN IS R 26 [ Nicolet-460 Y {8 B A8 46 21 AR A F A, ST 2 43 0 il o 7 26 [
Perkin-Elmer /A #] 2400 Series [l BIJTC R /M L ##47. R Bruker Smart Apex CCD #Y 5 iy X-§f £
AT SN 5 Be & W 1 b AR S5 48 . AE IR A T R A Varian Cary Eclipse BUG RS 2 260k . #4026
ML RTE N, FRAERE TA AR Q600-TGA/DSC # 43 Ml s , FHE# %K 10°C « min ', 1
78 Ol & R 3 850°C

1.2 B&%[Zn(H,pdc),(H,0),] - 2DMF B & X

3, 4-mk Mk —FF R (0. 25mmol, 0. 039 0g),Zn(NO;), * 6H, O (0. Immol, 0.029 7g) & T 6mL
FRIR/KA 3mL N, N'-ZH Bt (DMF) /IR & A5 T8 G B 4E 30min J5 K IR G W TS T
HHE A — B S W PR e AR AR, 773 53,4320 (0,003 0g) . iR B4 T Ch Cis Ho,
ZnN; Oy, s TCEPHr S R B (S %] C 34.45(34.68), H 4.30(4.52), N 15.07(15.21), IR
B (em™, KBr KA ): 3289 (s), 3120 (s), 2920 (m), 2 436(w), 1898(w), 1814(w), 1709
(s)s 1551(vs), 1509Cs), 1485 (vs), 1361(s), 1224(m), 1150 (s), 1108(s), 1 076(s), 950
(m), 845(m), 771 (s), 602 (m), 539 (m), 465 (m),

1.3 BERTHBENREREWEN

BUR /N4 3 B 205 L 7E Bruker Smart Apex CCD B S AT B _E , 5% FH 2 47 88 2R (0 3% A (6 AL Y MoKa
(A =0.071 073nm) WA  BUE L L, P8I IE ., S RS54 H (Sheldrick, 2008) %k
PEfg 9 SHELXTL A5 515 21, B 5 B0 2506 Fourier & UL B E T 48 SR T (9 48 45 . 4k i
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) H A SR T A R 2 ol B D7 YR A ISR A A% 1) TR P R T BEA I [ Zn (H pde), (H, O, ]

2DMF ¥ f iR 2504 50 T34 1.

&1 BEEW[Zn(H,pdc), (H;0),] - 2DMF # &Ik %
2 HR5R s
Empirical formula Ci6H24 ZnNg Oy
2 1 ﬁa%% E’\]%ﬁi*u ﬁ&bﬁ%igﬁ*ﬁ Formula WCight 557.78
Crystal size / mm 0.24 X 0.22 X0.22
}{%. ngdC,Zl’l(N()g)g . 6]—12 O ]’ﬁ%ﬁ‘ggitt 4:1] Temperature / K 293(2)
. . , o s Wavelength 0.071073
K A DME (038 4 ¥ 0 o 7T LB B 4 4 [ Zn velength [
= Crystal system triclinic
(H.pde), (H,0),] + 2DMF, [ 2 2 %804 41 920 5 Space grous o
HeikE A BT, FE3 289 em ! BT Y B 0%, I a /nm 0. 727 41(9)
R T3 £ 1K 5 700 O HL 0 i s ¢/ om 0,888 21012
X " ) o ¢/ nm 0.931 67(12)
HIF1 709cm 'SR N IH TR IR C= O 145 4% 3h o S0, 185(2)
Ve UL S AR TE A WL T F YR 35 1 361~ B/ 74.877(2)
1 551em ' WYUER IHJE A C=N My 45 Pz shig = 7/ O 86.051(2)
V/ nm?® 0.579 71(13)
80
Z 1
60+ Dc/ (g+cm ®) 1. 589
S
ey F(000) 288
";_'J 40 +
‘@ 7(Mo Ka) / mm™! 1.133
20 Index ranges (h, k&, 1) —8/8, —10/10, —10/11
0/ () 3.23 to 25.99
0 . . . . . . ,
4000 3 500 3 000 2 500 2 000 1500 1 000 500 Independent reflections (Rin) 2169
P& o™ Data / restraints / parameters 2169/ 2 /162
2 EEYW[Zn(H;pde), (H,0),] « 2DMF B9 4T 5p 3t i [ Goodness-of-fit on FZ 0.997
Ry, wR:[I>20(D)] 0.034 8, 0.101 2
R, wR, (all data) 0.033 0, 0.103 9

2.2 EE%%[ZH(HzpdC)z(HZO)zj « 2DMF iy

Largestdiff. peak and hole

ar ik 451

368 and—443
/(e s nm *)

Al AR A R R WAL A W [ Zn (H, pde), (H, 0, ] -
2DMF H A L5, i R =R R 2 TR
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HGHE1IAN Zn ADET,2 4 Hypde 1B T.2 4
Bl Az K 37 1 AR B DMF 40 1. A4 Zn
(ODE 5%k A 24 Hopde B 5Py 2 4~ N

JE%*H 2 /I\g%% O JE%» U\& 2 /1\7J<ﬁ3\¥EPE4J 2 B3 Eﬂﬁ%[Zn(Hzpdc)z(Hzo)z] « 2DMF q:n Zn(ll)%
A O A EAL, T 7S BE A7 1Y /\TH 4 48 A, F O L 3R 15

O(1), OC1A), N(3)FI N(3A) (5 #7786 F i 1y 4

ABLE KT OGO F OGA) bl T AL E . N(3) —Zn(1) —O(1), N(3A) —Zn(1) —O(1), N
(3A) —Zn(1) —OCA), FINC) — Zn (1) —OCA AN 78. 44 (6)°, 101.56(6)°, 78. 44
(6)°F1 101. 56(6)° (& 2) , X LLfH M 2 FIZE T 360. 00°, BEH] OC1), OC1A) , N(3)Fl N(3A) JF 71 7 i
fiE L., O —Zn(1) —O(A), O() —Zn(1) —OGAFIN(3) —Zn(1) —NA) WEMEH
180. 00°, F L AT WL iZ B & 9 9 Zn (1D & 747 F/\ I (R B9 25 [ #4 Bl b, 72 BE A 90 H, pde L H,
pde BB FIEAAFLE RN, O-XUKEA Zn ADE FIER— RGBS, £39H TRAWHE



% 5 &

BTG F AT 3 A Z TR BB A4 00 ARk L b AR G M e OB R

¢« 19 -«

K, H Zn (1) —0O),Zn (1) —OG) F Zn (1) —N) K 4 5150. 207 46 (15)nm, 0. 213 78
(17)nm 0. 213 34 (15) nm, 1% 5 SCHkARE 09 BF B A 90 b 09 A S e . Wi 4 iR i &4 h
A AR ST B G Zn(H, pde), (H, O, JF1 DMF Z [a]5@ i 3 i &8 % (N—H e « « O, O—H =+ « - 0,

C—He=- « «0, £, BR—DLEay a5 [ FRARE Y

*2 BAEY[Zn(H;pdc),(H,0),] - 2DMF R EEE R

Bond angles 0/ ) Bond angles 0/ )
O(1)—Zn(1)—0O1A) 180. 00 (7) O(1A)—Zn(1)—N(3) 101. 56 (6)
O(1)—Zn(1)—0O5A) 88.46 (7) O(5A)—Zn(1)—N(3) 90. 88 (6)

O(1A)—Zn(1)—0O(5A) 91.54 (7) O(5)—Zn(1)—N(3) 89.12 (6)
O(1)—Zn(1)—0(5) 91.54 (7) O(1)—Zn(1)—N(3A) 101. 56 (6)
OC(1A)—Zn(1)—0O(5) 88.46 (7) O(1IA)—Zn(1)—N(3A) 78.44 (6)
O(GA)—Zn(1)—0(5) 180. 00 (5) O(5A)—Zn(1)—N(3A) 89.12 (6)
O(1)—Zn(1)—N(3) 78. 44 (6) O(5)—Zn(1)—N(3A) 90. 88 (6)
N(3)—Zn(1)—N(3A) 180. 00(6)
Vil XFFRAS A —x, —y, —x+1;K 3F.,
x3 E&A&Y[Zn(H,pdc),(H,0),]« 2DMF HRIF EZ K
Bond distances [/ nm Bond distances [ / nm
Zn(1)—O0C1) 0.20746 (15) Zn(1)—0(5) 0.21378 (17)
Zn(1)—O0O1A) 0.20746 (15) Zn(1)—N(3) 0.21334 (15)

Zn(1)—O0(GA)

0.21378 (17)

Zn(1)—N(@A) 0.21334 (15

x4 BEW[Zn(H,pdc),(H,0),] - 2DMF FEEHNEKINER

[/ nm 0/ )
D—H ¢« « « A
D—H H- c A De ¢« - A D—H-+ +« A
O(5)—HGBX) « ¢« O 0.082 0. 209 0.2758(2) 139
C(H—H(1) + « « 0> 0.093 0. 237 0.3270(3) 163
OG)—HGBY) « « - 006)P 0.082 0. 215 0.2737(2) 128
N(D—HA) « « « O6)?Y 0.091 0.186 0.2765(2) 175
C(6)—H(6) » « « O(1)» 0.093 0.229 0.3187(3) 162

M. 2, —ys2—232) 1=z, —y,2—2;3) —x, —y, 1—

;) 1—xy —y.1—2;35) 1+ax, vy, 2,
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5 2B A Y[ Zn(H, pde), (H,0),] « 2DMF TR i, 20 Fr th 28l % i & W 7E 105°C R RE
T EAEAE,105~218°C 2[Rl 2k % 26.80% MY & X F 2 4~ DMF 43 T )5 & (BB (E 26.21%),218
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~354°C Z [A) 2 2 1y B 2 A W T 2 AN ALK 4+ 100,
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FI 3, 4-n e — B IR 5 R B I N, BB b A B T — AP OBT B SRR A W0 [ Zn(H, pde), (H, 0, ] -
2DMF, iZ Bt &9, sz Bt Zn(H, pde), (H, O), 1 H1 DMF 0] 4K 58 S0 & $ — > —4Eng 8 o0+ ™
28 G5 AR AR R B R IR L & W RE &l

S Uk -

[1JO’KEEFFE M, YAGHI O M. Deconstructing the crystal structures of metal-organic frameworks and related materials
into their underlying nets[J]. Chem Rev, 2012, 112(2): 675-702.

[2JROSI N L, ECKERTT J., EDDAOUDI M, et al. Hydrogen storage in microporous metal-organic frameworks[J]. Sci-
ence,2003, 300(5622): 1127-1129.

[3]JCHOI H J, DINCA M, LONG J R, et al. Broadly hysteretic H;adsorption in the microporous metal-organic frame-
work Co(1,4-benzenedipyrazolate)[J]. ] Am Chem Soc,2008, 130(25): 7848-7850.

[4JOHARA K, KAWANO M, INOKUMA Y. et al. A porous coordination network catalyzes an olefin isomerization re-
action in the pore[J]. J] Am Chem Soc,2010,132(1); 30-31.

[5]YOON M, SRIRAMBALAJI R, KIM K, et al. Homochiralmmetal-organic frameworks for asymmetric heterogeneous
catalysis[J]. Chem Rev,2012,112(2):1196-1231.

[6JFURUKAWA H, CORDOVA K E, O'KEEFFE M, et al. The chemistry and applications of metal-organic frame-
works[ J]. Science,2013, 341(6149): 1230444.

[7JFEREY G, MILLANGE F, MORCRETTE M, et al. Mixed-valence Li/Fe-based metal-organic frameworks with both
reversible redox and sorption properties[ ] ]. Angew Chem Int Ed,2007, 46(18): 3259-3263.



%54 AL AT 34wk =V BR G BEEC S M 09 B AR SR IR 45 M A SRR + 21 -

[8]JLIU Q. YU L L, WANG Y, et al. Manganese based layered coordination polymer: synthesis, structural characteriza-
tion, magnetic property and electrochemical performance in lithium ion batteries[ ] ]. Inorg Chem, 2013, 52 (6):
2817-2822.

[9INAGARATHINAM M, SARAVANAN K, PHUA E J H, et al. Redox-active metal-centered oxalatophosphate open
framework cathode materials for lithium ion batteries[J]. Angew Chem,2012, 124(24) :5968-5972.

[10]SHI C, XIA Q, XUE X, et al. Synthesis of cobalt-based layered coordination polymer nanosheets and their applica-
tion in lithium-ion batteries as anode materials[J]. RSC Ad.2016., 6(6): 4442-4447.

[11]JLIU X, SHI C, ZHAI C, et al. A cobalt-based layered metal-organic framework as an ultrahigh capacity supercapaci-
tor electrode material[ J]. ACS Appl Mater Interfaces, 2016, 8(7): 4585-4591.

[12]LIU Q, LIU X, SHIC, et al. A copper-based layered coordination polymer: synthesis, magnetic properties and elec-
trochemical performance in supercapacitors[ ] ]. Dalton Trans, 2015, 44(44):19175-19184.

[13]JKRENO L E, LEONG K, FARHA O K, et al. Metal-organic framework materials as chemical sensors[J]. Chem
Rev,2012,112(2):1105-1125.

[14]JYANG P, WANG M S, SHEN ] J, et al. Seven novel coordination polymers constructed by rigid 4-(4-carboxyphe-
nyl)-terpyridine ligands: synthesis, structural diversity, luminescence and magnetic properties[]]. Dalton Trans,
2014, 43(3): 1460-1470.

[15JWANG H Y.WU Y.LEONG C F,et al. Crystal structures. magnetic properties, and electrochemical properties of
coordination polymers based on the tetra ( 4-pyridyl)-tetrathiafulvaleneligand [ J ] . Inorg Chem, 2015, 54 (22):
10766-10775.

[16]JZHOU X H, DU X D, LI G N, et al. Coordination polymers assembled from 3, 5-pyrazoledicarboxylic acid and bis
(triazolyl) ligands: chiral and meso-structures Induced by ligand flexibility and a six-connected self-catenatednetwork
[J]. Cryst Growth Des,2009, 9, 4487-4496.

[17]JZHOU X H, PENG Y H, DU X D, et al. New 3d-4f Heterometalliccoordination polymers based on pyrazole-bridged
CullLnlIIldinuclearunits and sulfate anions: syntheses, structures, and magnetic properties[ J]. Cryst Growth Des,
2009, 9:1028-1035.

[18]JLIU J, CHENG M L, YU L L, et al. Three metal complexes derived from 3-methyl-1Hpyrazole-4-carboxylic acid:
synthesis, crystal structures, luminescence and electrocatalytic properties[J]. RSC Adv. 2016, 6(57): 52040-52047.

[19JCHEN L, TAO F, WANG L, et al. Two metal complexes based on 3,4-pyrazoledicarboxylic acid ligand: synthesis.,
structures and luminescent properties[J]. Z Anor Allg Chem, 2013, 639: 552-557.

[20]JTAO F, CHEN L, CHENG M L,et al. Synthesis, crystalstructures and luminescent properties of two transition
metal complexes based on 3,4-pyrazoledicarboxylic acid[J]. Chinese ] Inorg Chem, 2014, 30(9): 2105-2110.

[21JWANG L, TAO F, CHENG M L, et al. Syntheses, crystal structures, and luminescence of two main-group metal
complexes based on 3,4-pyrazoledicarboxylic acid[J]. J Coord Chem, 2012, 65(6): 923-933.

[22]JONESR G. The synthesis of ethyl ethoxymethyleneoxalacetate and related compounds[J]. ] Am Chem Soc,1951, 73
(8):3684-3686.

[23]SHELDRICK G M. Metal-organic compounds[ J]. Acta Cryst, 2008,A64: 112-122.

[24]LIU X, CHENG M L, REN Y, et al. Two zinc complexes based on 1-carboxymethyl-3,5-dimethyl-1H-pyrazole-4-

carboxylicacid: syntheses, structures, and luminescent properties[ J]. Chinese J Inorg Chem. 2015, 31(3): 611-618.

(AL 2 4 < R A1)



