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Syntheses, Crystal structures and Properties of Zinc Complexes
Constructed with Isoquinoline Hydrazine
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Abstract: Two new metal-organic complex, [Zn(eiqnthz),|- DMF (1) and[Zn;(piqnthz),Cl,] - 2H,0 (2) (Heignthz=N,
N' -acetyl isoquinoline hydrazine, H,Pigqnthz=N,N’ -propionyl isoquinoline hydrazine), has been synthesized by
common solution method. The structures and properties of complexes 1 and 2 are determined and characterized
by single-crystal X-ray analysis, XRD powder diffraction analysis, infrared spectroscopy, thermal stability analysis
and fluorescence analysis method. The crystal structural analysis revealed that the complex 1 crystalizes in
monoclinic, space group C2/c, with 4 nitrogen atoms and 2 oxygen atoms from two ligands to forming a N,O,
distorted octahedral coordination geometry around the zinc ions. The complex 2 belongs to monoclinic system, space
group C2/c as a three nuclear structure. Zn(1), Zn(2), Zn(3) ions are penta-coordinated, and the whole molecule
presents V shape. Zn(1) and Zn(3) are located at both ends of the molecule and deformed tetragonal pyramidal
coordination structures. Zn(2) is located in the middle to form a triangular bipyramid coordination structure. The

fluorescence spectroscopic analysis demonstrated that Heigqnthz and Hopiqnthz have red-shifted phenomenon after
coordinated with zinc(Il) ion. CCDC: 1543732, 1; 1577230, 2.
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Table 1 Crystal data and refinement parameters of complexes 1 and 2

Complex 1 2
Empirical formula CyH»N;05Zn CH3 CLNgOoZns
Formula weight 594.93 838.58
Crystal system Monoclinic Monoclinic
Space group C2/c C2/c
a/ nm 3.443 3(3) 2.741 9(3)
b / nm 0.847 91(8) 0.759 09(4)
¢/ nm 1.835 60(9) 2.016 6(3)
B/ 94.328 131.25(2)
V/nm? 5.344 0(7) 3.155 7(6)
Z 8 4
F(000) 2 464 1700
(Mo Kee) / mm™ 0.971 2.493
Goodness-of-fit on F* 1.022 1.039

Reflection collected, unique
Final R indices [[>20(D)]*
R indices (all data)*

11 508, 5 445 (R;,=0.021 2)
R=0.037, wR,=0.082 6
R=0.056, wR,=0.090

7 164, 3 214 (R;,=0.021 6)
R=0.040, wR,=0.105
R=0.055, wR,=0.113

0 range for data collection / (°) 2.99~26.37 2.86~26.37
Max. and min. transmission 0.926 4 and 0917 7 0.906 9 and 0.864 8
(AD) s (AP)uin / (8+nm7™) 343, -268 487, -993

R=SIIFJ-IFI/SIF); * wR=S[uw(IF, P~ EDYS[w(F,P"

x2 mMEYWI1IM2HMEBIEKOmMFERC)
Table 2 Selected bond lengths (nm) and bond angles (°) for the complexes 1 and 2

1
Zn(1)-N(5) 0.199 14(16) Zn(1)-N(4) 0.220 78(19) Zn(1)-0(2) 0.220 78(17)
Zn(1)-N(2) 0.201 20(16) Zn(1)-N(1) 0.220 31(19) Zn(1)-0(4) 0.227 00(17)
N(5)-Zn(1)-N(2) 175.84(8) N(5)-Zn(1)-N(4) 74.82(7) N(5)-Zn(1)-0(2) 100.71(7)
N(5)-Zn(1)-N(1) 109.14(7) N(2)-Zn(1)-N(4) 105.99(7) N(2)-Zn(1)-0(2) 75.13(6)
N(2)-Zn(1)-N(1) 74.97(7) N(1)-Zn(1)-N(4) 92.13(7) N(1)-Zn(1)-0(2) 149.64(6)
N(4)-Zn(1)-0(2) 101.03(7) N(2)-Zn(1)-0(4) 105.13(7) N(4)-Zn(1)-0(4) 148.46(6)
N(5)-Zn(1)-0(4) 74.51(6) N(1)-Zn(1)-0(4) 91.05(7) 0(2)-Zn(1)-0(4) 91.68(7)
2
Zn(1)-NQ2) 0.199 0(3) Zn(1)-0(2) 0.220 8(3) Zn(2)-N(3) 0.202 7(3)
Zn(1)-0(3W) 0.204 8(3) Zn(1)-CI(1) 0.222 1(1) Zn(2)-0(1%) 0.210 8(3)
Zn(1)-N(1) 0.217 4(3) Zn(2)-N(3") 0.202 7(3) Zn(2)-0(1) 0.210 8(3)
Zn(2)-0(4W) 0.214 5(4)
N(2)-Zn(1)-0(3W) 100.30(12) N(2)-Zn(1)-C1(1) 143.07(10) N(3)-Zn(2)-0(1%) 93.77(11)
N(2)-Zn(1)-N(1) 75.72(12) 0(3W)-Zn(1)-C1(1) 116.58(9) N(3")-Zn(2)-0(1) 93.77(11)
0(3W)-Zn(1)-N(1) 94.72(12) N(1)-Zn(1)-CI(1) 101.88(9) N(3)-Zn(2)-0(1) 79.07(11)




900 T oWt % % R %34 %
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N(2)-Zn(1)-0(2) 73.79(11) 0(2)-Zn(1)-C1(1) 100.51(8) 0(1")-Zn(2)-0(1) 116.45(16)
0(3W)-Zn(1)-0(2) 93.71(12) N(3")-Zn(2)-N(3) 166.49(18) N(3")-Zn(2)-0(4W) 96.75(9)
N(1)-Zn(1)-0(2) 149.35(11) N(3")-Zn(2)-0(1") 79.07(11) N(3)-Zn(2)-0(4W) 96.75(9)
O(1")-Zn(2)-0(4W) 121.77(8) 0(1)-Zn(2)-0(4W) 121.77(8)

Symmetry codes: "
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21 EEY1HRESEN

PREBEAY1E T HRS R ,C2c =
B, & 1a Fros BRI ES 5 8 s me o7 2 4 th
1) N,O, /N TR Y 4 ASBCALE 5 N(1) N@4).0(2)
L O@) S Zn(1)BCALIE A 18 - T, B84 2 0l hy
0.220.0.201.0.221.,0.227 nm,N(2) N(5) 437l &b T 2

—x+1, y, —z+1/2 for 2.

©

ANl A S 23 50 0.201,0.199 nm, )8 T IE
WY Zn-N FCALSEACIE L, N(1) N@4) 0(2)F1 O(4) )5t
¥ 5 7% 3 e /N Y- 1T ) B4 B B 0 25 R 0.058 nm,
SLVE PR AT B AR P T 2L N(@)FE 2R BT T
T, O@)TE AR B - T T 75 ,N(2)-Zn(1)-N(5) 1Y 5 £ Ky
175.8°, 5 H 4 A 251 4.2°, Witk JLT- 3 B T 5 3 °F
Ifil , 7E53 T 2 NER L1 .12 5 Zn()BELA P L 4
ASTITEA P MI(N(1),.C(1),.C(10) \N(2) Zn(1), % Ji
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Hydrogen atoms are omitted for clarity; Ellipsoid probability level: 30%; Symmetry codes: ' x, 1=y, =1/2+z; " x, 1=y, 1/2+4z; " 3/2-x, 3/2—y, 1-z
F 1 BaY 1 RERE: (a) 2T A, (b) — e85 S S5 W I M Z A, (o) m-m MR, (d) =460 745 R
Fig.1 Structure of complex 1: (a) Molecular structure; (b) Structure of hydrogen bonds and polyhedral graphs;

(¢) -7 stacking; (d) 3D structure
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Table 3 Hydrogen bond parameters for complexes 1 and 2

D-H--A dpn / nm digon 1M dpn / 1M ZDHA /()
1

N(6)-H(6)---O(1) 0.086 0.207 0.286 3(2) 152.8

NG3)-H(3)---0(3") 0.086 0.196 0.278 4(2) 160.5
2

O@AW)-H@AW)---0(5W) 0.085(10) 0.209(10) 0.287 7(5) 155(10)

0(BW)-HBWA)---0(5W") 0.089 02 0.288 7(5) 1753

0(BW)-HBWB)---0(2") 0.089 0.175 0.262 9(4) 170.3

0(5W)-H(5EWA)---CI(1) 0.085 0.239 0.322 0(4) 164.2

0(5W)-H(5WB)---0(1") 0.085 0.207 0.291 0(4) 167.5

Symmetry codes: ' x, L=y, =1/2+z; " x, L=y, 1/2+z for 1 * L=, =14y, 1/2-2; ¥ 1=x, —y, l=z; " x, —y+1, 2=1/2; " x, L4y, z for 2.

F5 Hod /N 3R - T B S O 25 1 R,.=0.008 nm);
M2(N(2).N(3).C(12).0(2).Zn(1),R,.=0.039 nm); M3
(N(5).N(6).C(23),0(4),Zn(1),R,.=0.009 nm);M4 (N
(4).C(13).C(22) .N(5) .Zn(1),R,.=0.031 nm), FCiA& L1
5 Zn(1)JE BUWE G 3 M1 M2 1) T A8 6.53°, i
12 5 Zn(1)JE A # & 2 M3 M4 1 1 /1 0
5.500, & B A AL RLE  BCA Yo T2 ) E
ik 43 18] S (N(6)—H(6) - O (1) Fll N(3)=H(3)-+- O(3")
(4 FE B AR R i — 2 T BRAE IR 4548 (18] 1h 3% 3), 4
FREEER (dp...) 7758 0.286 F1 0.278 nm, J& T #2751 1)
A, FHAREE ] R EWIR 5 R ES
15 - HERRL(B] 1c) . “F-THI(C(13),N(4),C(14),C(15),
C(16),C(17),C(18),C(19),C(20),C (21), i > Cg(1)
(0.71257,0.852 44 ,0.420 36)) 5 A4 7 “F- 1 (C(137),
N (47, C(14%)C (15%), C (16", C(17%),C (18%),C(19%),C
(20, C(21%), 0> Cg(27)(0.787 43,0.647 56,0.579 64))
M) 24 0.09°,2 A4S ar SFTEALEAT, B0 [ R
BN 0.413 18 nm, - I [A] HE H FE 254 0.338 62 nm,
SF-TE AR X A% 0.245 79 nm, Ub - HERUYE F 46 AR
?BP‘?T] HELE B A o HERURN S XT LA
D 75 [ 45 K4y 1) e 1 A 31 G BV FH (B 1)

22 EEW2HEELEN

BLEW 2 | TR R, C2e SIAHE, =4
¥, i 2a iR, =EaREEYEKZEHR VT
B 7Zn(1),Zn(3) 0 T 43 1 3 I HL AR JE IO £ 4 i
LA A Zn(2) B T v [R]TE J = F RUHE e 437 #) 28 (14
2b), RATFREEAERICH 3 4 Zn()E +,2 4> C1I &
5,2 N F AR pignthz> (RTS8 13,14) PLZ 3
NI FHIBL, Zn()E T JHEA 2 N JETF 2 1
O R+ LI 14 Clr 5 Z A, Hod N(1) N(2).0(2)

K AR L3,03W)H ALK/ 44, X 5 4
BLIEFAE Zn(1) B 8 [ B B DU 1 4 TE (C,) o

CI(1),0(2),N(2), N(1) st 7 U £f1 HE /9 IS T 4 T80
A | e /IS 3RS 1 8] A BE B IR 25 0 0.020 nm, BL A
K U (O(3W) Ak 1 DU £y 77 4 9 TS L Zn(2) 25
Tl 5k A L3 PR AR T NG)F4E R T O(1) LA
K14 P ERJR T NEYMAE T 0(1MELNL , 53 4h ik
A=A O@EW)JE T2 B FL ALK 3 F 4t X 5 4>
JEFIE 1= A1 SUHE (D) LT L 3 AR T O(1),
04W),0(1™) P18, B B = F BUHE (19 28 18 - T

N(3)FT N353 551 4b T = Ff BUHE (1) T A7 8 TE B R
TE - TRD A P AR, N(3) RN N (3") 21 P 1 3 A B T N
0.199 nm,N(3)-Zn(2) 8K 4 0.203 nm,N(3)-Zn(2)-
N@3YH 166.49(18)°, i £5 15 £k ik 13.51°, il 5 Ar i
PR R, Zn3) 5 R BHECAK L4 T N(1Y),
N(@2),02"), VA KBRS+ H 89 OBWY) Al Cl-# 47
Be A7 JE W A2 2 VU f #E R (Cl) . CL(1Y),0(27),N(2Y),

N(1MIX 4 A S5 7 DU A HE IS T /Y 4 > T0 s 4 | e A7
K AU O3 WAL T I A Ty HE Y TS AL

ZELA Y AR S U A SR C A 2 (A
i 3 S (0(AW)-H (4 W)+ O(5W); O3W)—-H(3HA) -
O(5W"); O(5W)-H(5WB)--- O (1) A6 E A I I B f
T — 24 (8] 2¢), PRl I O(SW)-H(SWA)---CI(1%),
O(3W)-H(3HB)---O(2")4fi JE ¥ i, — 4 25 44 (] 2d, &
3).m FHI(C(1),N(1),C(2),C(3),C4),C(5),C(6),C(7),
C(8),C(9), i > Cg(1)(0.749 97,0.506 93,0.495 50))
EAH4R ar SFTE (C (1Y), N(1), €25, C(3"), C@4Y),C(5"),
C (6),C(7%,C(8%),C (9%), JiL» Cg(2%(0.749 97,
~0.006 93,0.504 50))4 T Ff1 K 0.13°, J5 L [ B 25
29°0.390 51 nm,2 > 7 V-1 [A] 2 B 254 0.343 69
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Hydrogen atoms are omitted for clarity; Ellipsoid probability level: 30%; Symmetry codes: ™ 1-x, y, 1/2—z;

Y, =14y, 12—z 1=, =y, 1=2; " x, —y+1, 2=1/2; ™ w, 14y, z; * 3/2—x, 1/2—y, 1-z
K2 BaY 2 mamE: (a) 2T 55 IEL (b) 2 TRIE, (o) S HIY WY — 4R HE 45 1 141,
(d) S BT L1 — AE S P () o HERRUEL, () = 424
Fig.2 Structure of complex 2: (a) Molecular structure; (b) Polyhedral graphs; (¢) 1D structure connected by hydrogen bonds;

(d) 2D structure connected by hydrogen bonds; (e) -7 stacking; (f) 3D structure
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2.3 LSMRES R

ZLA1 R 53t K W], Heiqnthz Y 48 AE WIS 04 =
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ZaYR 3,2 907,1 423,1 377 em™ W9 3 N UE 5 51
-CH; 19 C-H 4 9= 3l -CH, X FR A 44 2 LA S s X
FRA4EHR S, 5 Heignthz AHILECA ) 1L 1 672
em™ LIRS 7E 3 160 em™ &bt BLBERE 19 N-H
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A PR s W R AR IE R X NT RE S Bt K S 4 )R
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M TGA M vl LUE (Bl 3a), BCHEY 1 7E 40
CLEATFHR I T DTA PRI | 53X B2 &9
Al REAEAE T B K DN 323 CHF 4R 2k E 51 890 CAE AT
ik fa 3 TP SR 12.5%F81E 13.7%), A
W20 TG MZ (& 3b) T2k 2 B 5 — B 159

CLELTF MR RE) 189 CAA, FERKE 2L
mK KR E 4.96% , FLIS(EH N 429%, F—FrEt
M 223 CH- 4 2 BLEE R B P R i E 578
CHIZTT s T30 R BIRE 5o i SR 58 4 | 3%
YN ZnO(E K MH 26.53% , PG (H 28.59%), HIL5
Brlc &9 1R 2 254 i A8 1 th R AT

WA MBCAY 1 M2 AT T X 4k
WMARTIRAE, WME 4 Fin A 1 RIS
S0 A 1 W (B L — 3K (] 4a), 22 B BC 7 9 4l
FELLHR T, B 2 AR LA R ST 0000 5 17 e Bk AR
W), (HR i B A7 A — o 1 22 5 (1] 4b),

11 ( )l T T T T T i T T 0 1'1 (b)l 40
a
1.0 [ 1.0 [ 30
0.9- 0.9
0.8 10 038 20
< 077 15 o 07 TG DTA -10
= 067 TG DTA % g 0.6 =
& --20 =@ 0 =
g 0.5 g § 0.5 <
0.4 --25 0.4- 10
0 30 0.31 L 20
0.2 0.2
--35 --30
0.14 0.1
T T T r T T r T T -40 0.0-— r r ——T r T r r -40
100 200 300 400 500 600 700 800 900 1000 100 200 300 400 500 600 700 800 900 1000
Temperature / ‘C Temperature / ‘C
K3 EAEY 1 (a)fl 2 (b)Y TG-DTA Mk
Fig.3 TG-DTA curves of complexes 1 (a) and 2 (b)
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Fig.4 PXRD patterns of complexes 1 (a) and 2 (b)
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Fig.5 Fluorescence emission spectra of the ligands and complexes
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Table 4 Orbital energy of the ligands and complexes
a.u.
Heiqnthz Complex 1 Hapignthz Complex 2
ELUMO 0.165 34 0.144 41 0.165 44 0.146 83
EHOMO -0.249 03 0.010 62 —0.248 70 -0.022 18
AE 0.414 37 0.133 79 0414 14 0.169 01
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