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WE. G —MBENEZE[ONO|= 1A Schiff Bk 5-15 7K A% 5 45 16 Wy -2- HY 9 i (H,Brsth) , I LUFE 1 Wk (Phen) Sy 55 — e A4 38 23 7K 4 B0
45 T b 4 J8 e A W [Cdy( u-Brsth)y(Phen),] (1)F1[Cu(Brsth)(Phen)] (2), £ 0C K T LLAMGTE 2 AMEIE D e S o
X SPGB AT S A BT AT HEAT TRAE L 1 A AR R BRHR R C2/c R S 28T 0=2.116 36(13) nm,b=1.163 35(7) nm,c=
1.872 43(12) nm,B3=100.981(2)°, V=4.525 6(5) nm*, Z=4;2 ¥ fh KB =L &R P 25 M, fHE 280 0=0.911 7(2) nm,b=1.089 4(3)
nm,c=1.272 9(3) nm,a=64.923(4)°,8=82.006(5)°,y=67.768(5)°, V=1.059 6(5) nm*,Z=2, 1 s&—Fh L&Y, CAY e A7 FR5E
W 75 1 /AR 8 2 S — B A, Cu(IDIU Ak T DU J5 4k e (v 3R 5% L A0 1 76 443 nm BOROGAVE R ol & SR 38 1 48 (0 9¢
I e R L SR 525 nm, 1 BE MR (9 ¢ 5% & 5 W I 47 F 475 nm.,
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Hydrothermal Syntheses, Crystal Structures and Properties of Cadmium(Il)/Copper(ID)
Complexes with Acylhydrazone and Phenanthroline Ligands

CHEN Yan-Min WANG Jing-Mei CHEN Fei-Peng CHEN Ya-Xin ZENG Qian-Ru XIE Qing-Fan™
(College of Chemistry and Life Science, Quanzhou Normal University, Quanzhou, Fujian 362000, China)

Abstract: Newly designed [ONO] tridentate hydrazone Schiff base ligand H,Brsth, derived from the condensation
of 5-bromosalicylaldehyde and thiophene-2-formyl hydrazine, hydrothermally reacted with metal acetates and
phenanthroline as co-ligand yielding two complexes [Cd,(u-Brsth),(Phen),] (1) and [Cu(Brsth)(Phen)] (2), which
were characterized by elemental analyses, FT-IR, electronic spectra, fluorescence spectra, TGA and single crystal
X-ray diffraction. The X-ray diffraction analyses reveal that complex 1 crystallizes in monoclinic space group C2/c
with a=2.116 36(13) nm, b=1.163 35(7) nm, ¢=1.872 43(12) nm, B=100.981(2)°, V=4.525 6(5) nm® and Z=4,
while 2 crystallizes in the triclinic space group P1 with ¢=0.911 7(2) nm, b=1.089 4(3) nm, ¢=1.272 9(3) nm, a=
64.923(4)°, B=82.006(5)°, y=67.768(5)°, V=1.059 6(5) nm* and Z=2. The complex 1 is a binuclear ternary
complex, in which Cd atoms locate in distorted coordination octahedron. The complex 2 is a mononuclear ternary
complex with Cu atom in distorted square pyramidal coordination. The complex 1 exhibits strong green
fluorescence with emission maximum of 525 nm at the excitation wavelength of 443 nm, while the ligand shows
emission at 475 nm. CCDC: 1062986, 1; 1046224, 2.
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Schiff & —2& 0 T Z A LR, #2
ARt bh kL | i Ak 700 R0 AR A 55 Oy
TR WA U — JEIR 1 Schiff Bk, HhiF 2 1WA
ARAF B A= W0 v dn i Ak B0TR oo e
VLY PR R W VAN S 2 O
S, FEBC AL 7 O 5 B R 43 45 0 R 4 i B 1Y
LA A G ik S5 VA ) A o R B8 | B i fip B
BRI RN U B A RN S A R AR KRR TR
P T LA S R P 0 S I MR, AR R RN
AR T AR BB 0 1 58 8 A R KBS ik
75 Ty i M4 RE R L & 0 45 10 A% O T R 4R A A R
(M FH2 R AIF 98 T AR M A2 | AR SOl 46 17—
FICHT B BENE 2 Schiff 5 (Scheme 1), SR K #4433l
BT 5 AR 1 BC A P9 Cd,( w-Brsth),(Phen),] (1)7F1
[Cu(Brsth)(Phen)] (2), HITR 40t (£LAMGIE 2240
TR X G2 B AR AT S A BT HEAT T RAE | IR AR BT T
BT IERE PR T,

Scheme 1

1 SEIHES

1.1 XEFESiKH

Elmentar Vario EL JG & 43 #T4L (T21E); Nicolet
23] is10 B FT-IR 2040 634X (36 ) ; 635 ik UV-
1800PC. #1584 — AT UL 4356 06 BE 1 ( 1165 ) ; ZE 5 STA
409 PC #1255 03 BT AL (T8 1) ; Bruker Smart Apex
CCD AT 5L (12 ) ; Varian CARY/Eclipse 4 %¢
AR T3 [, B R 3 4 A 4l ol i
FSZY0LE: N
1.2 &A%
1.2.1 P& HoBrsth (94 AL

10 mmol 5-18 K A7 BE % T 40 mL #4419 JE K
ZBEF 10 mmol WEWy-2-H BEWFA T 30 mL JE/K &
P FER PR N IR A IR A 0.5 mL VKSR |, 9K
JE ISR 3 b M R AR, R
UE =T AR IR B T A L X CLHBrN,0,S
1GR3 HT, SEME (BB MH), % . C 44.41(44.46),H
2.45(2.49),N 8.57(8.63), IR (KBr,cm™):3 202(NH),
1 623(C=0),1 600(C=N),1 584,1 477(C=C);1 320,
1 271(Ar-0);963(N-N);841,733(Ar-H); 720(C-S);629

(C-Br),
122 FAEY 1 6%

1 0.1 mmol FEMK I 0.1 mmol Y BEJIEBC A 0.1
mmol ZIREHF 6 mL FHEEA 2 ml, 281 /KB F NHF
BRI AEW A ST TE 140 CF fn
fb2d, PHE=ER, REEOIORBE, X
CsH3oBr,Cd,NsO,S, FI T E 430, SCillE (BB 1E) , %
C 46.85(46.81),H 2.41(2.46),N 9.05(9.09), IR (KBr,
em™):1 609(C=N);1 523,1 503,1 461,1 426(C=C);
1278,1 174 (Ar-0);946 (N-N); 854,812,743 ,727 (Ar-
H);703(C-S); 640(C-Br).,

122 BLEWY 2 Wil &

DL TR QIR HoA [m] || 3R A5 0 5T
AR &SR X CoH sBrCuN,0,S 1Y TG 3 43 #T , 55 I (B
WAH), % C 50.88(50.85),H 2.61(2.67),N 9.85(9.88).
IR (KBr,em™):1 601(C=N);1 589,1 532,1 503,1 455,
1 433(C=C);1 355,1 178 (Ar-0);934 (N-N);845,810,
730,717(Ar-H); 707(C-S) ; 640(C-Br) .

1.3 Bk

53 9 % B 0.37 mmx0.27 mmx0.19 mm (1) Fl
0.15 mmx0.06 mmx0.03 mm (2) 1) 5 i & T Bruker
Smart Apex CCD H AR S b | HI 28 A0 A5 5 (5, 45 5
AL Mo Ko S72(A=0.071 073 nm)43 3 7E 3.13°<
6<25.01° (1)F1 1.77°<06<28.74° (2)7w N Lk o~ $1
#7T 291(2) K T WSCHE 5L SATT SRE Bk A0 4 s i
BARI 2 Lp N RIE, JF 34T T 28 W IR E , &b
TRZE ) o B 6 AR R T AR A S H A%
] S Pk IS B AT 0 B /N R B R, SR
Tl ES AR B AR TE T 4 2 IR
ER b B 1 R 2 B 45 R M BT RDORS 1B R
SHELXTL'SHI Olex 1.2 B 7 AL ff 44 2% 500405 3 D
F*1, #REMYITR2M3,

CCDC:1062986,1;1046224,2,

2 GRS

2.1 MRS
2.1.1  [Cdy(u-Brsth),(Phen),] 1) i {4 25 44

ARG TR WA 1 ERR R,
Cl2c ZEHEHE, B 24> Cd* 2 A FEIg Mo 2 S TE
B A 4L %, e —Fp A ¢, X FRE 1 DU e 5 4 (&
1),Cd1---Cd1 [A]¥E 0.335 9(9) nm, %4> Cd>*HYBL AL
B 6, AhFHARH CAN,O; /N H R EL A 2855 | Cd-N
Al Cd-0 B H 0.224 3(5)~0.234 6(5) nm, 5 ffi K
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Table 1 Crystallographic data for the compounds 1 and 2

Compound 1 2
Empirical formula CasHyBr,CduN{0.S, CoH sBrCuN,0,8
Formula weight 1231.54 566.91

Crystal system Monoclinic Triclinic

Space group C2/c Pl

a/nm 2.116 36(13) 0.911 7(2)

b/ nm 1.163 35(7) 1.089 4(3)

¢/ nm 1.872 43(12) 1.272 9(3)

al () 90 64.923(4)

B/ 100.981(2) 82.006(5)

A 90 67.769(5)

V / nm’® 2.471 6(7) 1.059 6(5)

Z 4 2

D,/ (g+em) 1.808 1.776 8
Absorption coefficient / mm™ 2.853 3.046

F(000) 2416 566.6

Limiting indices (h, k, 1) —25~25, —=13~13, -22~22 —11~12, —14~14, -16~16
Reflections collected 23 054 9 424
Independent reflections 4 001 5500

Observed reflections (I>20(I)) 3052 3 654

Data, restraints, parameters 4 001, 62, 292 5 500, 0, 297
Goodness-of-fit on F? 0.955 1.06

Final R indices (I>207(1)) 0.087 9, 0.261 0 0.075 7, 0.170 5
R indices (all data) 0.103 2, 0.287 6 0.103 2, 0.187 1
(A0) s (A)uin / (€-m™) 2 886, -806 2070, -1 410

K2 UEMINEEEKEER
Table 2 Selected bond lengths (nm) and bond angles (°) for 1

Cd1-N1 0.234 6(5) Cd1-N2 0.233 0(5) 01-C13 0.131 1(7)
Cd1-02 0.225 4(4) Cd1-N4 0.224 3(5) 01-Cdl’ 0.233 5(4)
Cd1-01' 0.233 5(4) Cdl---Cdl’ 0.335 9(9) C13-N3 0.131 6(8)
Cd1-01 0.233 2(4) N3-N4 0.139 4(7) €20-N4 0.130 0(8)
01-Cd1-02 150.7(2) 02-Cd1-N1 101.0(2) N1-Cd1-01! 146.3(2)
01-Cd1-N1 86.6(2) 02-Cd1-N2 97.9(2) N1-Cd1-N4 108.7(2)
01-Cd1-N2 111.3(2) 02-Cd1-N4 72.3(2) N2-Cd1-N4 170.1(2)
01-Cd1-N4 78.4(2) 02-Cd1-01' 104.3(2) 01-Cd1-N2 83.7(2)
01-Cd1-01 822(2) N1-Cd1-N2 70.9(2) 01-Cd1-N4 100.1(2)

Symmetry code: '—x+1, y, —z+1/2

70.9(2)°~170.1(2)°, BEREECAR DA BECER AL 1 A0 BRAYWEMY IR 52838 I I ) 24° | i 4% /i 02-C13-
3£ 0(C20-02 24 0.131 1(7) nm, FLHLAELY C=0 ) 1 N3-N4 N3-N4-C14-C15 Fl N4-C14-C15-C20 43 3l 4
AR N AL AR 0 5 Cd¥BiA JERL 1A 5.9° 172,101 2.0°, Ui B Bk s 55 5 7K 4 BE A7 76 300
FICHAN 1T AT Hoh B AL O Kl u F 56T ILEIER

IR 5 55 —A Q> B AL , WA oA 25 4 i XUAZ FETT o TN 2 A k) - 1H A R 180,
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Table 3 Selected bond lengths (nm) and bond angles (°) for 2
Cul-N4 0.192 7(5) Cul-02 0.192 9(4) Cul-01 0.199 0(4)
Cul-N2 0.230 4(6) Cul-N1 0.203 0(5) N3-N4 0.138 5(7)
01-C20 0.129 0(7) 02-C13 0.128 9(8) N4-C19 0.128 6(8)
N4-Cul-02 93.0(2) N1-Cul-02 92.5(2) N2-Cul-06 91.7(2)
01-Cul-02 166.7(2) N1-Cul-N4 172.1(2) N2-Cul-N4 108.3(2)
01-Cul-N4 80.6(2) N1-Cul-01 92.3(2) N2-Cul-01 74.8(3)
€19-C18-C13-02 -2(1) C13-C18-C19-N4 2(1) N3-N4-C19-C18 ~174.7(6)
C20-N5-N4-C19 179.6(6) N4-N3-C20-01 0.409) S1-C21-C20-01 -175.9(5)

H atoms were omitted for clarity; Symmetry code: '—x+1, y, —z+1/2

E1 BAY 180 TamE

Fig.1 Molecular structure of 1: (a) asymmetric unit at the 50% probability; (b) dinuclear structure

Cgl---Cg2(Symmetry code:'—x+1,y,—z+1/2)J51:L> [A] FE
0.388 5 nm (H 1 Cgl th C7C8COCION2CIT #4 1k
Cg2 H1 C4C5C6CTCI1C12 H), v —# 1Y - AH
AR % BT 5 F [ A AR () Phen AHE.

H atoms were omitted for clarity

E 2 BEAY 1 o Sl e pY e

Fig.2 Packing diagram of complex 1 along the a axis

AT FFTERER I - A EAER |, Cg2---Cg3i(Cg3
C1C2C3C4C12N1 4 1 , Symmetry code:"1—x,1-y,1-
2) G EFE 0.364 4 nm, TE ELFEES 0.340 8 nm, J7 0
{14 3 i e R FH K SR L 5T ¢ Bl s 1 i e ol —
Y55 (K 3a), 43 FEIRBEE C-H---O B T — 44
MFRE M, C3-H3---027 #K 0.243 4 nm, 11— 4k
[F1] WIE Wy B 5 S 1 bk 22 ] (1% 322 %8 1T/ I (C23-H23A -
Cgli 51K 0.308 2 nm)(&l 3b) WG FL ATl = 4
oG (K 2),
2.1.2  [Cu(Brsth)(Phen)]f i /4 25 14

WRC AW A 2 JE =R R P A EEE, T2
—F R AY(E 4), 0 1 P E T Cu 1
FENE TN 1 A 1 =) e R EC AR ZEL 1, Cu Y TC A7 KK
R 5, S ECAL T S AR B CuN,0, VU 5 #E e Ao JLAR]
ORI Y S SN R S LW A AL Bl S T
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H atoms were omitted for clarity; In (a): Cg2---Cg3" 0.364 4 nm;
C3-H3---02% 0.244 0 nm, 144°; Symmetry code: " 1—x, 1—y, 1-
z; In  (b): C23-H23A---Cgl™ 0.308 2 nm, 140°; Symmetry code:
1.5-x, 0.5-y, 1-z

B3 BAY 1T S AR B

Fig.3 Weak intermolecular interaction in 1

a4 BEY 2 80T 85 (R 50%)
Fig.4 Molecular structure of 2 at 50% probability

JCHRAISICH . 01,02 N1 Fl N4 A7 T4 ik 25 1%
NIE ,Cu-0 #EKH 0.192 9(4)~0.199 0(4) nm,Cu-N
B 0.192 7(5)~0.203 0(5) nm, N4-01-N1-02 i
58 R -4.96° , 0 I JE G BE AR A 80.61(19)°~
93.03(19)°, X fI L B A R 166.7(2)°~172.1(2)° ; A%
WRAY 1 SRR N2 AL THET, 5486755 21 i
AR 77.1(2)°~101.23(19)°, Cul-N2 K4 0.230 4
(6) nm , Pt Ji A WE W A 5 R PR A —TH AR 9.8°, Ml
F 5K T A, % C13-C18-C19-N4 |
N4-N3-C20-01 F1 C20-N5-N4-C19 43 51 37 0.4(9)° .2
(1)°F1 179.6(6)°

Phen FY A J5F- JU-T- 5¢ A L1 T, AR &P 25 44 5
TG Phen AHH VAT  AETERR Y - AHEAE T, 0
OB BE 53 5 R Cg2---Cg2' 0.345 1 nm Hl Cgl -+ Cgl
0.339 0 nm, ' Cgl J& N1/C1/C2/C3/C4/C12;Cg2
J& C4/C5/C6/CT/C11/C12,Ce2 5 Cg2' K Cgl 5 Cglt
JIRAE 18I M 4R 0.0, 3 A0 75 B HE R AR FTE i &
VIV o 7 YT R R —4EBE (B 5); [RIE Phen 9
Cg2 V-1 5 55— e G ) 45 1 5 e 1 Tk I G A4 1% W
WA AF e C-H---m RBR R (& 6),023-
H23---Cg2i [A] 4 0.280 48 nm, T/&, Bl G PyiE it
Gy F IR ar-r FEFH AN C—H---ar VE P B — i — 4k
T4

A: Cg2i; B: Cg2; C: Cgl; D: Cgl¥
Cgl: N1/C1/C2/C3/C4/C12; Cg2: C4/C5/C6/CT7/C11/C12; Cg2 ---
Cg2: 0.348 07(6) nm; Cgl---Cgl™ 0.339 0 nm; Symmetry code:
fel-x, 2-y, —1=z; "=2-x, 2y, —1-z

K5 FaY 28 g AHEAERTE B — 4t b

Fig.5 1D chain of 2 formed via -7 stacking

interactions

(23-H23-:-Cg2" 0.280 5 nm, 150°; Symmelry code: "~1+x, 1+y, z
K6 BLEW25TZHMC-H- 7 AEAEN
Fig.6 Weak intermolecular C-=H:--7r interaction in 2
2.2 BFRERIE
Be AR M A 90 DMF % W00 HE - WIS 33 D
K 7, BEREBCAR HoBrsth 7€ 265 nm 4 B9 Wy 15 &
R ar—ar L ERAE 1 AT 2 7E 272 F 268 nm
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Ab ) 58 W WK H Phen BE AR B m—are P BRAT
H.L 7£ 294 F1 306 nm &b — X B el 5 13 52 3% 0 W
flie 3 N AL O () noare B FERITA &, TE AL
AWM 25 ot TR WA E 312,
324 nm 1 324 339 nm, H,Brsth 7F 339 1 405 nm
Aib B R SRS e AN [ B 2 R] 1Y) faf B BR AT (TLCT) , 17
B &40 1 1 2 78 405 F1 404 nm 1) W% Y058 B 5 fic 4
AH H S 3 B 5 3 DRk B 0 R S T A
B A 1 I | T L AT RE for A% BRAE WS T L—M BRiE
B LMCT 15,

1
2.250
s
«
E 1.500
g
-
2
o
< 0750 H,Brsth
0.000
200.0 275.0 350.0 425.0 500.0
Wavelength / nm

7 H,Brsth BL & K H A9 19 28 071 DG 1
Fig.7 UV-Vis spectra of H,Brsth ligand and the

complexes
2.3 TSN

LI DMF 2 % 50 2% & T 466 9 00 6 8UR Dbt
B, TRl PO AR PT A S €50 i I s e Ak Hy T LA
Wi Cd>EAL N T ECA Y 1 EE A
Gy R AR EE | SO ) A T A S Ak
PEN(E 8), HyBrsth Fl 1 1Y 5 KA B K (X 73 51 R
405 T 443 nm, fe K& G (A,.) 53 318 475 Fil

H,Brsth H,Brsth

400 500 600
Wavelength / nm
H,Brsth: A, 405 nm, A, 475 nm; 1: A, 443 nm, A., 525 nm
Pl 8 HBrsth A1 1 (961
Fig.8 Fluorescence spectra of H,Brsth and 1

525 nm, HA MR R Cu G FLAR 2674 T
KA,
24 HREM

7E N, A LL 10 Comin”! THEEFH LT 1L
GRS R (K 9), 3 MEAWTEE R 2 800
°C Yt Bl (4 4 % 35 53 S W B B 64T TE 6 0 1) AR
P55 T i TIC AR LU 2 35 42 & HoBrsth A 252 CTHTF iR
O3, 2 321.4 CHE K T 58.39% ; Z 5 2218 I i
% 800 CHLTE 10.02%., BLAEY 1 M 348°FF U 73 fift |
JEPH K E | F 405 CRHE 28.42% , M HE TR E 2
ASFERE MRS GHIRTTREE 29.24%); BLEY 2
282 CH IR, & 460 CHLH K T 47.80% ,HH 4
F k25 1 A FE 0% ok R0 mE Wy gk R (BRI B
46.4%), % 800 °C,1 Fl 2 MY5%H 435l h 34.79%Fil
33.39%,

100

252°C282°C 348°C

80

60

Weight / %

40 H,Brsth

20

100 200 300 400 500 600 700
Temperature / 'C

9 LB W IARTE S AT 18]
Fig.9 TGA curves of H,Brsth ligand and the complexes
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