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Synthesis, Crystal Structures and Properties of Two Transition Metal Complexes Based on
3,4-Pyrazoledicarboxylic Acid Ligand
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Abstract: Two monomeric complexes of [M (Hypdc), (H,0),] -2H,0 (M=Cu (1) and Ni (2)) (Hspde =3,4-
pyrazoledicarboxylic acid) were synthesized by the reaction of Hspde with CuCl, -2H,0 and NiCl, -6H,0,
respectively. The compounds were characterized by elemental analysis, IR spectra and single crystal X-ray
diffraction. Single crystal analysis shows that metal ions have all octahedral geometry coordinated by two nitrogen
atoms and two oxygen atoms from two H,pdc = ligands and two oxygen atoms from two coordination water
moleculars. The independent componentes [M (Hypdc), (Hy0),]-2H,0 are further assembled into 3D hydrogen-
bonded structure through intermolecular hydrogen bonds. The thermal and photoluminescent properties of these

complexes were also investigated. CCDC: 997997, 1; 997998, 2.
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BRI R A LR PE T AR B
VWY pH . 4 JE B 5 AR 0 Lo ) B b B S T
AGplo19) iy A AILC A 1Y) 3 45 JC BB A D) RE IEC & W A Bt
B CENERZ —,

TR IRIRASTCAA , AN ntk g B2 @R nik g R
i OB DK M SR TR 22N A TR S S A NOF O T R A6
S e A B DL 2 Ay AL PR B AR
A LI A BB AT RR R ERE B G 1, 3.4-Mkmk —
H R (Hapde) fE b o 22 — 38 HAT W F 4R AE 58— R
TR S 3R AR R T T LS &R e
BC AL, 38 W] LATE 153 TR) 0B DA A5 380 8 i 48 1Y)
MO TR, 5 EARTRY pH A T Al LL5E 4 5T
53 221 NTTE 8 Hopde™, Hpde?, pde 3 ] E5
T, Rl AT DA A5 38 2o Bl PR R Y pH R K SR
XA W AR R A | (HE | HETEL 3,4k ik — H iz
B 4 SR B A MR AR R FRATT IR 2 i i
IE 0 4 S Hapde 5 HH I 9 4 8 Fh 50 75 3] 1 e &
Pyt 1A i 4 8 IC A ) ([ Cda(ua-Hopde), (HL0)s) -
[Cday(Hopde)s(H,0)a(ua-Cl), ]} - 2H,0 , H R HE 254 h 2 A4
ST A% B R 3 [Cd, (ua-Hopde), (H,0)s* FT[Cd,
(Haopde)(Hy0)s(uo-CL), P2 B, LA K 3 A F R4 @ e &
Y1 [Pb (Hapde), (H,0)] - 2H,0 , [M, (Hypde), (H,0)s] - 2H,0
(M=Sr, Ba), A T it 29 ReILATHIM 5T TAE 43
TEH 3.4-ME W — R (Hypde) A BCAR , & 8 T 2 A ad
P 4 )8 T 5 WM (H,pde)o(H,0),] - 2H,0(M=Cu(1) Fll Ni
(2)), ASSCHGE THECA YN 1R 2 104 B 254 #=AF
L HHOEERE

1 ERHH

1.1 SRR

St 3 4- M4 5P (HLpe) 38 SR A3 7
2w e T R 2 Ry o B 4l AT R 22 24
LA 6T 2 7 52 [ Nicolet-460 B4 e HL 7 46 21 Sp
T il sk, JTTER TR TE L Perkin-Elmer 23
7] 2400 Series [ RICER /AT LI, MRS HR
JH Bruker Smart Apex CCD HY 51 {5 X3t 4 1T 55 A

FE . POETE JETE Varian Cary Eclipse BUGi5 (Y 1
WA NG, R EMAZERE TA 2 A
Q600-TGA/DSC #43 Hr A% F 2 | S5 2 N, <
N o E R E) 950 C, THIR S 10 C -
min™,
1.2 BEEYHENK

Bl A9 1.6 Hipde(0.1 mmol,0.016 0 g),CuCl,-
2H,0 (0.1 mmol,0.017 0 g) M HHRE (0.1 mmol,
0.015 2 @i T 10 mL(V ¢y on V0 =1:4) SBERIK , JT
FFEWE T 25 mL /NVEEAR TR HE 30 min, AR
F 23 mL WA R VU IR QM B2, 7E 120 Chn
72 h JA TR RRIR (S °C-h ) BN &R gt
VAR B A HOIR G 774 52.18% (0.0116 g, 1%
M Hapde T158) BL A9 1 195> 7200 CoHuCuN,Oy,,
TLRMIEEAL (%): C, 26.67 ; H, 2.96; N, 12.80; 3
WAH(%): C,26.94 ; H, 3.16; N, 12.56, EEZLHMLE
% (KBr e A em™): 3 437 (s), 3 124 (s), 2 932 (m),
1 711 (s), 1 596 (vs), 1 474 (vs), 1 436 (vs) 1 344 (s),
1237(s), 1 131(m), 1 085 (m), 962 (s), 771 (s).

B A9 2.6 3,4-ME M — HH £ (0.2 mmol, 0.032 0
), NiCl,+ 6H,0(0.1 mmol, 0.023 8 g)FlPKEE(0.1 mmol,
0.006 8 )i T 10 mL (Ve yon:Vio=1:1) L EEFIK BT
THR GV IE T 25 mL /MR hsiidE 2 h, AT
FiR T EEEL A1 EME ERh R R sk
RAE, 722 60.23% (0.026 6 g, ¥ Hypde 7157),
BG4 2 953 F 08 CoHuNNIO,, JTCE 53 B 52 5 {H
(%): C, 27.01 ; H, 3.30; N, 12.45 ; # iR {H (%): C,
27.24 ; H, 3.20 ; N, 12.71, FZ LM IEH i (KBr
JER ,em™): 3 445 (s), 3 146 (s), 2 848 (m), 1 696 (s),
1 588 (vs), 1 474 (vs), 1 436 (vs), 1 344(s), 1 229 (s),
1 131 (s), 955 (m), 870 (m), 771 (s), 534 (s).
1.3 BRESEENE

A R B 7E Bruker Smart Apex CCD b & 47T 5
E RS A B P AR AMLT Mo Ka T4k (A=
0.071 073 nm), T 293(2) K Fiz ] o HMHARTE=E
TR UCEE, B2 Lp PRGSO IE Sk Ss
9 A1 SHELXS-2008 2 /¥ fi# i , Jf 3 T F2 A
SHELXTLPWER ¥ 42 B fe /s — 3fe 1 %k T A7 AE &
AR AR A 1) S R VR R DR HEA T AE e A i
T, REEETHITA KT AR T A 2ZEE
SRR AR B R I, BL A 1
2 WA TR 1T,

CCDC: 997997, 1; 997998, 2.
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Table 1 Crystal data and structure refinement for complexes 1 and 2

Compound 1 2

Empirical formula CioHuCuNOp CioHuNNiOp
Formula weight 445.79 440.96

Crystal size / mm 0.26x0.24x0.18 0.24x0.20x0.20
Temperature / K 293(2) 293(2)
Wavelength / nm 0.071 073 0.071 073
Crystal system Triclinic Triclinic

Space group Pl Pl

a/ nm

b/ nm

¢/ nm

al ()
BI1()

v/ ()

V/ nm?

A

D./ (g-em™)
F(000)
#(Mo Ka) / mm™

0.664 68(10)
0.719 64(11)

0.657 16(16)
0.713 04(17)

0.928 28(15) 0.929 6(2)
96.322(3) 96.367(5)

105.431(3) 107.190(5)
109.364(3) 108.210(5)

0.394 08(11)
1

0.385 25(16)
1

1.878 1.901
227 226
1.47 1.34

-T<sh<7, -8<k<8, -9=<i<l1

-8<h<7, -8<k<8, -1l<I<9

Index ranges (h, k, 1)

2.35 to 25.99
1486

1 486/3/128

0 range for data collection / (°) 2.33 to 24.99

Tndependent reflections (R, 1367

Refinement method Full-matrix least-squares on F*
Data / restraints / parameters 1 367/6/122

Goodness-of-fit on F* 1.058

R\, wR, (I>20(1))
Ry, wR, (all data)

0.025 7, 0.075 2
0.026 7, 0.077 3

Largest diff. peak and hole / (e-nm™) 268 and -278

0.992

0.070 2, 0.178 5
0.138 3, 0.209 2
964 and -1 335

2 #R5iTie

2.1 BEEWHLINKIE ST

1 4 000~400 cm™ JEEN, H KBr HFr 25
THECA Y 1~2 MELANEIE, BEA ) 1~2 16 3 600~
3 000 em™ Z[A]HR H IS T v 0 IS g | N A g T
O-H M aa e sh i | 2B S fiL & Y P A E K 73T
BLA W 1~2 76 1 680~1 710 em™ {1 B P9 35 45 W i
W | N I JE AR R 1 C=0 R AE A 4 41 2 1 | 31X 3R W]
R G YIFRA N R, mMEEAE TR
M2 (COOH) 1Y 4325 -4k, 33X 5 1A 45 4 figt b7 10 285
JIE—EUW AN FEZY 1 560~1 300 em™ Ab I
U 2 i T M s B ) 2R A 2 R A 0
22 WMEYKHREEN

BLa® 1 M2 45T =/Rm%R, BN PL,

H T BC A [ Cu(Hypde),(H,0),] - 2H,0(1) 5 [Ni(Hopdc),
(H,0),]- 2H,0(2) B &5 44+ 43 AHAL, T LA 3k L gl HO%k i
BV S BEATTEA AT AW 1 IS $oT
FAH 1A CuE T .2 4 Hypde Bk 2 ASBEALIK 53
TH 2 AEE oK+, WE 1R, B4 Cu)E -+
5k A 24 Hpde TH 24 N JEF &2 1MRE O
JEF LA K 2 KA i 2 A 0 B PR JE AR
AL /N HARRAL . Hod 0(1),0(1A), NQ)FI N
(2A) i 8 AR JE - T 4 A28 KT 0(6)F1 O(6A)
7 TR B N(2)-Cu(1)-0(1),N(2A)-Cu(1)-0(1),
N(2A)-Cu(1)-O(1A)FT N(2)-Cu(1)-O(1A) ) £ £ 4331
81.66(19)°,98.34(19)°,81.66(19)° Fl 98.34(19)°, /4 #
ZFI4ET 360.00°, BEHT O(1),0(1A), N(2)F1 N(2A) 5
TAEAIEALE I O(1)-Cu(1)-0O(1A), 0(6)-Cu(1)-O(6A)



2108

%530 &

30% probability ellipsoids; Symmetry code: A, x+2, y+1, z; Solvent water molecules are omitted for clarity

I I VR 7/ WINRTR S g e
Fig.1  Crystal structure of complexes 1

T N(@2)-Cu(1)-NQA)(A: x+2, y+1, 2) I H MR
180.00°, I AT DLEE &4 1 BA /A Y 25 ) A4 AL
EREY 1+ ,Hspde HB4 B ot ¥, LA Hzpdc'ﬂﬁ/;ﬁ%E
TERBUN, O- WG 2 5 1 X Ca()E FRhL, 78
11, Cu-N F1 Cu-O $45351°4 0.1969(5)F1 0.200 6(4)
nm(& 2),55 R IE 19 L5 P Cuy(Hpea),(H,0),(Im),]
(Hspea=3,5- M — TR HIm=PK M Cu-N 0.198 34(17)
nm, Cu-0 0.201 02(17) nm)) ™ 1Y Cu-N F Cu-O # K
:Eéj&[32—33|0

BCG9 1 AHAB Y[ Cu(Hopde)y(H,0),] 45 44 55T
LB K5 T O(5) L AR TS5 Hypde Fo A f2 5k
AT Z [AE B AU . O(5)-H(5X)+--O(2B) il O(5)-
H(5Y) - O@4C)(B: =1+x, y, z; C: —x, 1—y, 1=2), K
ac T L1 2D ARG (K 2), MBS 48 2R 45

F  FE4S fK 53T 0(6) F LK 40 R B E R T A
Kk i B bR/ 22 8] B 0(6)-H(6X)--- O(1D),
0(6)-H(6Y)--- O(SE), O(5)-H(5X)---O(6E) 1 N(1)-H
(1A)-+-O6B)( D: 1-x, 1-y, 2-z; E, 1+, 14y, 2)/EHIT,
HE— L HERURC 3D 454, A — 85 A C(1)-H
(1)---O@4F) (F: —x, 2—y. 1=2)#F —BRE T T 4548
BCG90 1 F 2 M SUBE A BE FIBE AR 91 T 36 3,
22 EEYHIRESN

XA W HEAT T AR E PR RIRSE  fR BT 4 AT
BAW 1 RSy R 3 DB, B — B AE
93.6~171.6 CIX AR E LN 12.62% , & L &Y 1k
2430 [Cu(Hypde)o(H,0),] - 2H,0 FH5E A Y F 44 AL
Pifbrr R 25T 3K (BB 12.11%) ;%6
BB AE 217.0~317.6 CIX [A] K FE 2k 38.81% , AH

Broken lines represent hydrogen-bonding interactions; no bonding hydrogen atoms are omitted for clarity; Symmetry code: B: =1+x, v, z; C: —x, 1-y, 1z
Bl2 Beaw 1 4 RRE
Fig.2 2D layer structure of 1
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Table 2 Selected bond lengths (nm) and angles (°) for complexes 1 and 2
Complex 1
Cu(1)-0(1) 0.200 6(4) Cu(1)-N(2A) 0.196 9(5) Cu(1)-0(1A) 0.200 6(4)
Cu(1)-N(2) 0.196 9(5) Cu(1)-0(5) 0.247 6(5)
N(2A)-Cu(1)-O(1A) 81.66 (19) N(2)-Cu(1)-O(1A) 98.34 (19) N(2A)-Cu(1)-0(1) 98.34 (19)
N(2)-Cu(1)-0(1) 81.66 (19) O(1A)-Cu(1)-0(1) 180.000 (3) N(2A)-Cu(1)-N(2) 180.000 (2)
N(2A)-Cu(1)-0(5) 90.82(19) N(2)-Cu(1)-0(5) 89.18(19) O(1)-Cu(1)-0(5) 91.79(18)
O(1A)-Cu(1)-0(5) 88.21(19)
Complex 2
Ni(1)-0(5) 0.210 5(4) Ni(1)-N(2) 0.203 4(5) Ni(1)-0(1) 0.208 0(4)
N(2A)-Ni(1)-N(2) 180.000 (1) 0(5A)-Ni(1)-0(5) 180.000 (1) N(2)-Ni(1)-0(1) 78.90 (17)
N(2)-Ni(1)-0(5) 90.38 (17) N(2)-Ni(1)-O(1A) 101.10 (17) 0(1)-Ni(1)-O(1A) 180.000 (1)
0(1)-Ni(1)-0(5) 88.69 (16) O(1A)-Ni(1)-0(5) 91.31 (16) 0(1)-Ni(1)-O(5A) 91.31 (16)
N(2)-Ni(1)-O(5A) 89.62 (17)
Symmetry code: A: x+2, y+1, z for 1; A: —x+1, —y+2, =z for 2
R 3 OEAWIR2 U Y R R A
Table 3 Hydrogen bonding arrangement for complexes 1 and 2
D-H--A d(D-H) / nm d(H-++A) / nm d(D-+A) / nm £/ DHA / ()
Complex 1
0(3)-H(3)--0(2) 0.082 0.181 0.260 9(7) 164
0(5)-H(5X)---O(6E) 0.082 0.197 0.275 1(3) 159
N(1)-H(1A)---O(6B) 0.087 0.184 0.270 09 170
0(5)-H(5X)---0(2B) 0.082 0.197 0.278 2(8) 172
0(5)-H(5Y)---0(4C) 0.082 0.198 0.280 3(6) 175
0(6)-H(6X)---0(1D) 0.082 0.223 0.291 5(7) 141
0(6)-H(6Y---O(5E) 0.082 0.197 0.275 1(7) 158
C(1)-H(1)---O(4F) 0.093 0.240 0.321 3(8) 146
Complex 2
0(3)-H(3)--0(2) 0.082 0.180 0.259 3(7) 161
N(1)-H(1A---O(6D) 0.087 0.189 0.271 3(8) 158
0(5) -H(5Y---O(2B) 0.082 0.198 0.271 9(7) 149
0(6)-H(6X)---O(5C) 0.082 0.218 0.287 4(7) 143
0(6) -H(6Y)---N(1C) 0.082 0.255 0.331 8(7) 156
C(1) -H(1)---O(4B) 0.093 0.236 0.313 6(9) 141

Symmetry code: B: —=1+x, y, z; C: —x, 1—y, 1—z; D: 1-x, 1—y, 2—2; E:

D: 1-x, 1-y, 1-z for 2

MFRE1TDKGFR 1A Hpde Btk GEIRIE N
38.58%) ; B J T % 10 B 2R 18 18 43 | (H 2 ELE 950
CHVRER it a, LAY 2 WG STAY
1 ML, 7E 51.49~262.4 CIX MK H LN 16.48% , %
Bt &9 2 14k 2% 3 Ni (Hypde)o(H,0),] - 2H,0 5 A
MEREGWREIL DWW 44N KSTFRIBMER

L+x, I+y, z; F: —x, 2—y, 1=z for 1; B: —x, 2—y, —z; C: x, y,14z;

16.32%),268.9~465 2°CHC & W5 It ¥, Fe)m
BN NiO (G R HE Y 18.92% , P {H N
16.94%) .,
23 EEWHIT MR

J TR A IS T AR =R AT,
€ T A R BCR Hapde RIS 1 F 2 19 B 2S9E0 &
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Fig.5 Solid-state emission spectra for 1 and 2 and ligand

Hipdc at room temperature
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