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Syntheses, Structures and Spectra of Complexes of Zinc(I) with 3,5-Dimethylpyrazole
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Abstract: The complexes [Zny(HL)y(L),Cl,](1) and [Zny(HL),(L),(OH),|(BF,),(2) were synthesized from the reaction of
3,5-Dimethylpyrazole (HL) with anhydrous ZnCl, sequentially and characterized by elemental analysis, UV-Vis,
FTIR and fluorescence spectroscopy. The crystal structures of the complexes 1 and 2 were determined by X-ray
diffraction analysis, and result reveals that each of the two complexes crystallizes in the triclinic system, space
group P1, and the coordination environment around zinc(Il) is best described as distorted tetrahedral configuration
in each case. Two zinc ions were bridged by two bidentate ligand (L) in dinuclear zinc (II) complex 1.

Furthermore, the dinuclear complex is used as secondary ligand unit (sub unit), and the zinc ions of the same two

sub units were bridged by two u-O to give the tetranuclear zinc(Il) complex 2. CCDC: 825874, 1; 825875, 2.
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JEOL ECX 500 MHz % 24z 3 1% 4% ; UV-256
FW 588 41 0] UL 53 56 56 3 ; Bio-Rad %I f# 37 0 21
A IETEAL (4 000~400 cm™); Vario EL T % T % 73 Bt
A (8 ) s RF-540 5063 606 BETH(H A B HE) ; Al iR
S5 %E K ) Bruker Smart Apex S b AT 5%, 3,5-
WSk SHAREE | AgBF(Alfa /A R K HE BT A
GRS S T

1.2 BEEUHER

MZE S Y 1 BE A8 50 mLL B9 B B2 b
JA 15 mL CHCL; 1 0.96 g FiAk 3, 5-— HI JE ik
(10 mmol), i /i1 & ZnCl, (0.68 g, 5 mmol) ) LK & i
W 20 mL, WIRBEFE 4 h, I ADIE ik F
BEYE U 2~3 (B EE 5 ml), =TS 11
FEih 0.88 g, 2% 60% ., CypHsCLNgZn, TR HHE
(&5 NI HAE %) . C 41.15 (41.12), H 5.20 (5.18),
N 19.15 (19.18).

PURZTC 59 2 (96 18 78 50 mLL (9 B i B8
A 20 mL UL 117 ¢ WAEZB A9 1 2
mmol), M AgBF, (0.39 g, 2 mmol) M ZNEE W
10 mL, HRBFE 2~3 h, BB A A TITE, ik | B
VeI 2~3 (R EE 5 mL), B TS 2 1™
i 0.63 g, 7% 40% , C4HeN 40.Zn,B,Fs TG E /3T {E
(55 W RITFAE , %) . C 38.95 (38.92), H 5.08 (5.06),
N 18.13 (18.16).
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CCDC 825874, 1; 825875, 2.,
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Table 1 Crystal data and structure refinement for the complexes 1 and 2

Complex 1

Empirical formula CooH3CLNgZn,
Formula weight 584.16
Temperature / K 293(2)

Crystal system Triclinic

Space group Pl

2
CoHeBoFN,(0-Zn,
1234.16

293(2)

Triclinic

P1
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Continued Table 1

a/ nm

b / nm

¢/ nm

al (%)

B1()

v/ ()

V / nm?

A

D./ (g-em™)

0 range / (°)

Absorption coefficient / mm™
F(000)

Reflections collected
Independent reflections
Observed reflections[[>20(1)]
Number of parameters
Goodness-of-fit on F*

Final R indices[/>20(1)]
Final R indices (all data)
(AD)uws (AP)in I (€*nm™)

0.827 42(9) 1.107 3(4)

0.838 86(9) 1.181 3(8)

1.008 54(11) 1.207 3(6)

83.621(4) 65.08(2)

70.844(4) 62.981(15)

88.807(4) 79.82(2)

0.657 07(12) 1.275 7(12)

1 1

1.476 1.607

0.969~25.00 0.961~26.00

2.052 1.940

300 632

5 864 11912

2239 4 810

2 060 2 965

149 344

1.161 0.978

R»=0.032 9,R,=0.091 3 R=0.072,R,=0.194 1
R=0.037 2,wR=0.107 8 R=0.102 3,wR=0.215 8
445, -386 909, -505

2 HR5R

3R AT 2 R ECALIE A (RIDHS AR 9 HL A i1
PR L) [a] <5 Js BRI 5 BEAT LR T . AR D B4 S

21 EEYREERRER B, 3,5- F JE ke 2 7 DL C=N AR 75 4

PN A 1 M2 i B K ma e T JEPEDZEATECALAE R ; W 4E S 300 B AR B 78 A ik
2,0 FEERI A ML 1a I 3a, £ 2 NEEW T BT, 3,5- 2 H Rk e oy - 00 M0 B o kAR R T
LR 3,5- SR S & R E T Ze) B PERT, B 1A B B A A R B A R T

Probability of ellipsoid is 30% ; Symmetry codes: a: 1-x,—y,1—z; b: 1-x, -y, 2-z
K1 (a) BCAY 10950 T 454 (b) BLG W0 1 8558 1A N1-H1--- Cl1b ZUREAE FH 240 % i — 2t 4

Fig.1 (a) Molecular structure of the complex 1; (b) A section of the 1D chain structure of 1 via intramolecular

N1-H1---Cl1b hydrogen bonding interactions
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Hydrogen atoms are omitted for clarity; Cg(1) is the centroid of plane N3-C7-C8-C9a-N4a; Cg(2) is the centroid of plane N4-C9-C8a-C7a-N3a;

Symmetry codes: c: x, 1+y, z; d: 1-x, 1-y, 1—z in (a); e: l-x, -y, 2—z in (b)

2 (e A 1 ML R 2 AR BRI A5 T W C-Hewear MR, (b) TG4 1 2R 45

Fig.2 (a)C-H:--7r interactions between two asymmetric molecules in unit cell; (b) Non-interpenetrating layer-structure of 1
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[ 7/ WL tSTW Y (L R S R IR A et 7]
oL BT RN R PL AR e TR A
U TR () JLARTRA Y 4 AN B A AR R T 1 AR 3
MR, Hh 2 ANEREF Rk AT 2 AN
FCAR L, 1 A&k B TRl EciA HL, BIZEEIDY Zn-
N ## K 7E 0.198 3(3)~0.203 0(3) nm 3t [l ,Zn-Cl 5
K h 0.223 7(11) nm, B2 J5 () N-Zn-N 5 f 1€
104.94°~113.02°Z 8] , 2 /™8 vl o — X i i
I LB OIS Y 1, fE U & P 4k
2 AR i 2 AN AR LR & T i — A T o
JCER [ 7S SRR 7 1 2 AW AR (L) BT 5
ZISTCIAE T SRR B U LR HIL A
W3 AL T B Oy, B BCAA HL (Y
B w82 3| R 278 17w 211191 VR i s = W 1 S 1
23l 900,

FERZBLE Y 1 B IRZE i SRS 0 4)
F0Y 2 A EBCAKR 5 AR AR 53 00 51 C 4K (L) I

T iy 1 1) U, MR X 2 o3 ) SR DR
ML AW 57 F HETE L — dERE S5 F (1B 1h), 2
(1D B — 2538 o AR 48 5 SR G5 9 43 FTH) C-
He--ar FHEAEFI(E 2a), W SR b B 05 0 FAT Y A
F 2 ARG (] 2D) .,

FATUNRAZ B & 1 VE <RI AR ™ | AU
WL AgBF, TV B 5 R SRR IEC A6 58 A A 3
BAZAFa RO - FHR RS, HEA
B RS2 TR G 2 BIESHY | A2 48 fig BT =
W FEBC A 2 At 2 A SUE AR (OHY) B 123 )
PUAEUE T Rl R AR v (1 2 AN B H 0 47 S A6 1
Y DU A FC A W 45 (&L 3a), 7650 TT A M, 0
1 D TURZBC S Y 2 A TCF P B B 7 (BF,)., 5
WHBAR 1 S5 AR, BCEY 2 hg— PO
(&5 5 HoA i R i JLAr A 5 | [ S8 8D Zn-N
K AE 0.194 4(6)~0.202 2(6) nm I ,2 A~ X i
L5 8D %8 B S JT 3118, 2 A 30 B L
1 TLIC I 52N SO AL, 5 U IR R 1
A, BEEY 21 2 AR IR HL Y00 T80
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Probability of ellipsoid is 10%; Symmetry code: a: —x, -y, —z+2
B3 (RO 2 B4 T-45 4, (b) BB B F 10 5 0 o

Fig.3 (a) Molecular structure of the complex 2; (b) Principal structure of the coordination sphere of four zinc(ll) ions in 2
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Table 2 Selected bond lengths (nm) and bond angles (°) for 1 and 2
1
Zn1-N2 0.203 0(3) Zn1-N3 0.198 3(3) Zn1-Nda 0.198 1(3)
Znl1-Cl1 0.223 7(11)
N2-Zn1-Nda 104.94(11) N2-Zn1-N3 107.32(11) N3-Zn1-Nda 113.02(11)
Cl1-Zn1-N4a 113.049) N2-Zn1-Cll 106.47(8)
2
7Zn1-N2 0.202 2(6) 7Zn2-N4 0.194 5(5) 7Zn1-N3 0.196 3(6)
Zn2-N6 0.195 4(5) Zn1-N5 0.194 4(5) Zn2-N7 0.199 5(6)
Zn1-Ola 0.194 4(4) Zn2-01 0.191 1(4)
N2-Zn1-N3 109.4(2) N4-Zn2-N7 108.5(2) N3-Znl1-N5 111.6(2)
N6-Zn2-N7 111.6(2) N5-Zn1-N2 110.3(2) N4-Zn2-N6 111.0(2)
Symmetry codes: a: 1-x, —y, 1-z for 1; a: —x, —y, —z+2 for 2
RS- A TR, 2 A R EG FEAR  FOT AR M JE IR 453 nm A WIS UH JE A BE AR A G 42 T8 BT TR Y
AT (6] 9 T A1 5300 94.3°F1 91.11°, 2 R FA&JEY  fridE B A (LMCT)™, vl WL A i BLARE B &9 )5
O B HAR R F RS IS RSS9 Fef. oA C=N PR F LI i F 50 & 8 3
HHREIR N —ADKUFEL O EIE LS (& 3b), 78 BAL, SEECEGW AN n-re BRI A 5 IR0k
ANTCHEER I 2 AN M 0.353 5 nm, Zu-  HAK. FEECEY FTIR GG Bl A9 1 2 itk
O Befr #4210 2 A ERIDIE B 4 0.338 2 nm, W B we 45 3R 30 4 5 B AE 1 618 A
2.2 UV-Vis # IR ik 1 596 em™ &b vy i 45 4% 2 06 53 301 11 BLAE 3 449 1
T A4 A C B 0 7 DU S0 PR R 5 700 TP I SR A RO 3 445 em! &b FEIFEE A 2 7E 3 519 em™ WLER H R
T E R B R BECR HL 76 242 nm A RIH —4 W vo TRENE X5 R EAMRPIE 2 D 0B B
55 B WA, 7E 274 nm Ak 52 B — S A X 45 55 B W A SO YAIGEEE Y/ Enpap 1Y/ RS
BeA4 1 A2 S B 2 Al BN A 1 E 23 Wk
242 F1 325 nm Wikt , BCGH) 2 76 242 F1 357 nm H BA 4° B 450 1 1 4 8 Be A W s &t
Ab o HAER A A P TE 242 nm BT AR B HS B 05T F 2 LR A T AR Y
PRI ar-mr* BRIEPTEY  FCARAE 274 nm AW, FCA PIRE & SRR 260 HE itk %F [ G R HL
I C=N AR F LI B FEIL I s | RS 1R 2 PO i T B 5 ROt
B e BRIT 2R, AW 1R 2 20 BI4E 325 R SRR SOGIE S AN 4 iR ) DG 6 A L 3L
(2) 261 () 526
2: 150+ 264 302 3 3004
} 2 E 23
% 100 5 2t i
:s) ! § /ﬁx |
§ 501 260y g o 365 00 \/
g f“\ é | //\/ -
B 0 22IS 25|0 2%5 360 355 360 35'0 460 45|0 560 530 6(|)0 65'0

Wavelength / nm

4
Fig.4

Wavelength / nm

(a) FLPK HL R &9 1.2 MM EHE 5 (b) Bk HL R A9 1.2 10 % 556

(a) Excitation spectra of ligand and complexes;(b) Emission spectra of ligand and complexes
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KBE AW 2 57 N AE 264 F1 302 nm WAk 52 80 2 45
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365.523 nm MIE &4 1 2O LG TGP 1
53 HIAE 368,523 nm BF T & 77 A 1 AP R G0
BL A% 2 7F 368,526 nm Ab A ALY & 51 04 | 156
B 5 0 10 5 % 2 — b 4 T B8 - A I B R %
%, SEAEMESY 1ML, &% 2 1
526 nm M990 K S0 (BEAR S 523 nm) & A4E T #545
L1453 AT SR T -0 BRI 2 XU Zn(DIE B Y
S WG B 53— S5 R0 1 WA 3 o e 2051
24 BEY2HRADEER

FE N, AU, LA 10°C - min™ 14 T 3 B s 22

100 §- -4.88%

-2.58%
80

60

40

Weight / %

20

102.6 'C 179 C
0

-20

-54.79%

306.4 C

4 B R (DSC) I SE L & 9 2 19 # R (TG) il 2 4
A5,

LS AT UL BG4 2 o g #2450 3 40 AE
65~115 CHVBLER — AR E g | XN T I & 9 & 14
Foy A T T B Y K G O R (R EE R A 4.88%) ; 1E
TR A R X (158~219 C) HHBLEE AR E I
RV RN 2.58% , X I A AE SUZ BEDEC A
W ICZE 2 A OH- B £ (FIRME 2.76%), 1E
240~379 °CIX I DSC Hh 28 32 B W $A 507 | 04 T
2 306 CORF LN 54.79%), XN F BUZFE)
ML ST HE— 2540 7E 400 CLUE & H 2k
FEAGK BN AR A R AR = 38.99% , I 36 42 )
M ZnO F Zn(BF,), BARIE AP (3Zn0+Zn(BF,),) , #
WAEN 39.15%,,

S = N W A W

Heat flow / (mW-mg™)

' '
[ —_—

100 200 300

500 600 700

s WA 219 TG-DSC A
Fig.5 TG-DSC curves for the complex 2
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