230 B 8 T HL ik 2% 2 Eird Vol.30 No.8
2014 4£ 8 J CHINESE JOURNAL OF INORGANIC CHEMISTRY 1763-1770

AN RARTER L &4 (Hen)TeS; F0[Ni(en);]TeS; HY
BRIFE RS R

GF HAe2 = FdeR A xS AR
(REFWERFAZEREHZER FEH  010022)
CAZEFTALRARMMADEESNFEE LR T FREH 010022

FEE . JIRIR VS FBE G 0T 2 Fh 3 37 2548 1 A BIL 4 AL B AR (IV) R 31 A6 & 9 (Hen) TeSy(1) B [Ni(en); | TeSy(2)(en=2 — i) , id it
X-SF L R AT LA G JC R A T BT e T A M BEAT T RAE, KSR i A R R 2 ML AW B RALR R 2
EREST 0 P2, P2y e, ACEW 1 FI 2 B IRSE =M HE[TeS; I B 1 ALG W 1 A9 P15 B B 1 S 3BT 516 2 — W [Hoen >, B B
FHEM [TeS, P F1FH B F 3 [Hen P2 M3 53 N-H---S A% a2 WHEFER NS ESE N5 TR &Y
[Ni(en)sP*, F340 %1% 2 Fh S ORIEAT T 48 4077 DL 38 52 Gt S 3 00 3 44 o 23 AT

R ERIAG L BACRRIR SR SRS RAE
HES XS 0613.53 SERFRIRAS . A XEHS . 1001-4861(2014)08-1763-08
DOI: 10.11862/CJIC.2014.313

Solvothermal Synthesis and Characterization of Two
Thio-Tellurite (H,en)TeS; and [Ni(en);]TeS;
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Abstract: Two organic hybrid tellurite V) sulfide compound (H,en)TeS; (1) and [Ni (en)|TeS; (2) (en=
ethylenediamine) were Solvothermally synthesized and structurally characterized by elemental analysis, single-
crystal and powder X-ray diffraction, IR, TGA and UV-Vis diffuse reflectance spectroscopy. Compound 1 and 2
crystallizes in the monoclinic space group P2, and P2//c. Both composed of the discrete trigonal-pyramidal [TeS;]*
anion with complex cations [H,en]**or [Ni(en)s;]** as counterions. In the compound 1, the bio-protonated amine of
[Hen]”* and [TeS;]* are connected by N—H---S hydrogen bonds. In the compound 2, the Ni** is octahedral coor-
dination geometry coordinated by six N atoms from three ethylenediamine ligands. CCDC: 927921, 1; 927922,2.
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(M=Mn>Ni>*F1[M(en)s|,.Sn,S¢M=Mn*,Co* Ni* Zn*)*
[Ln(en)s(H,0), (s.—SbS,)](Ln=La ,x=0; Ln=Nd ,x=1) A
& [Ln (en),]SbS, -0.5en (Ln =Eu, Dy, Yb) ", Ji & %5 H]
O AT A Y [Ni(dien),]s[GesShsSy] -
0.5H,0 ®, /N5 4 Kl H 48 3 2 k& T
[Ni(phen);],.ShysSx®, F & i FIAEFE £ — e [1,2-TH —
Fie 1,4-T R mrh gl A U 48 B A TR
BETAHRTHHAY (Hen)GeSe", (1,4-dabH,)
Cd,Sh,S¢" Mn;(dap),(AsS;),M | (1,4-dabH),MnSnSe, il
(1.4-dabH,) Cu,SnSe /M55 {H 3¢ T4 HL 4% Aot A filf 2
A EAEE AR, O ARG R (NH),TeS™,
(NEt),[TeS5" [Zn(NH,)e[Zn(NH;),,TeS5); FI[Mn(NH;)]
(TeSy) "9 (PPhy), (TeSy) -2CH:CN Hl (PPhy), [Te (Ss),] .
(MesN)o{Auy(TeSy),} Fl[(PhsP),N],[Ag,Te-(TeS;),] - DMF!S,
SR, ) H AR Lk i oA W AR GE DLk & R sl
U 4 JR BC B F-[M(en), (M =1 V¥ 45 J& ) Jhy V-5 BH 25 7
RS IRAZ AR TRAR 782

AR SCHE 2 B A IRSE = A HE [ TeS B B 71
AMZAB AR R ER LA 1 A1 2 A A, 454 &
PR SRAE

1 SEWHES

1.1 iRXF 5

Te (b6 117 [ 24 42 A1 1 2 3500 A BRA w43 Br
4y NiCl,-4HO (K HE T i R A 2l R T, 20 Hr ki)
FHEG (K E T 2850 =) fk2g 4l 2 Rk
s = A2 al) kg bk T, 99.0%) . 1,2-
£ W EE(Alfa Aesar,98+%) , fif F i ok 28 i — 2P 4fi
k.

JH PW1830 5 X 5 ZeAiT S A (17 2% Philips 2\ H))
YE IR B R 40 KV, BT 40 mA |, Cu
Ka ST26 FAHEIEH 5°<20<50° ; 38 1 B 4 i (14 8 R
A% 5 oh 2 S R A5 B0 Y XRD 15X L Sk o o
VI 46 B , JC 3 % B AE Vario MICRO TG /143 (1
E‘)J:{W%O AN TE F KBr B A%, 7E Nicolet 23 A
NEXUS607 %8 B 2L MG EIE , DG4
0 [ 400~4 000 cm™, 73 HEFEH 4 em™; A -T] UL iE
G AE Shimadzu UV-2550 BB HE € 48— ] UL
PR TH(H A AT & BaSO, fES I K
Ly 200~800 nm, 3 ER BN 27 mm, 2
AIEALH DTG-60H(E HA Hl), FHRE R A 5 C-
min™', 7E Bruker Smart Apex- Il % CCD & 1T 5§ 4%
B AT S A

1.2 L@itiz

4 0.013 g Te(0.1 mmol),0.020 g S(0.6 mmol) ik
NJEREGE G T KK 0.5 mL & ZHEH 0.6 mL
MERE/1,2-4 BB (2:1,V/V )R A& G B (%
298 10%) , SR I $E23% 5 5 1) 3% B8 450 A AN 85 5 S g
i, FHEEN 110 CF RN 6 d i HAR I E=E
T K = W 43 0 JE K B RN 2RI K e ik, BV A] 45 31
WH AR TR 1, 2B YT a0 A
(%):C,8.39;H,3.50;N,9.79; L 5 {8 (%):C,8.68 ;H,
3.22;N,9.38, IR(KBr,cm™):3 440(s).2 920(w).2 830
(m).2 570 (w).1 920(b).1 630(sh).1 580(sh).1 490
(s).1 310(w).1 110(w).1 080(w).1 010(m).754(s) .609
(m) .453(w).,

AR T EERAE, B 0.013 g (0.1 mmol)Te #7,
0.023 7 g (0.1 mmol) NiCl,-6H,0 F1 0.100 0 g(0.4
mmol) ARG G, MARERES IS T, HmA
0.50 mL & e, HERBMARNENMZE S, T
120 CHEAR HL N 6 d, 7= ¥ HHJE /K 2 Bk % , 15 3
B A S TR A 2, B 2 TR ST HEE
(%):C,15.56;N,18.15;5,20.74;H,5.19; S K H (%) .
C,15.96;N,17.71;S,19.95;H,4.98, IR (KBr,cm™):
3 440(m).3 300(m).3 230(s).2 930(s).2 870(s).1 601
(m).1 466(m).1 378(s).1 320(w).1 020(s).682 (m).
528(m),

1.3 BELSEHHNE

7t Bruker Smart Apex- Il £ CCD 5 f A7 5 E
W B A7 5 EHlE | 3 i 7E 296(2) K AT 293(2) K IR
T, RHASBPASPALT Mo Ka T2 (A=
0.071 073 nm), VA @-0 HH T, X T EGW 1, 7%
1.67° <6<25.99°76 [l ]I LI £E 4 533 AT 4 A, JL
H ST AT A3 129 (R, = 0.023 6),1 >20(1) Y F]
MR 3 079 4> X TG 2, 1E2.020<60<
25.98°7u [l N e B 8 798 AT L, Hh kN2 AT
503 254 A (R,=0.019 1,1 >20 (1) 1 7T W00 54 4
2999 4~ ATEIE L Lp BIE MR WIS IE |,
PREE R R ) B R, AR AU 1 Ak br 25
Fourier & B E | A SUR A b5 45 0] M A S 8
FAFERE /N — R BIE g5 rh AT U5 T 2 1
HOsomE Tk ks, T A SR TR
SHELXTL-97 F2JF IS8 i, A G fh ik 2= 54 51 T4
1 X-S 2 i AT S 45 R R WL G 9 1 F0 2 J& B
S WRES B R P2, P2 Jc 43 B K TR AR 8
o T3k 2, S EEHES TR 3,

CCDC: 927921,1; 927922,2,
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Table 1 Crystallographic data and structure refinements for compound 1 and 2

Complex 1 2

Empirical formula C.HoNoS;Te CeH2NgNiS;Te
Formula weight 285.90 462.80
Temperature / K 296(2) 293(2)
Wavelength / nm 0.071 073 0.071 073
Crystal system Monoclinic Monoclinic
Space group P2, P2/c

a/nm 0.570 52(10) 1.333 0(3)

b/ nm 1.228 2(2) 0.868 1(2)

¢/ nm 1.227 6(2) 1.898 2(4)
B/ 97.200(2) 130.924(11)

V/ nm? 0.853 4(3) 1.659 7(6)

A 4 4

D./ (g-em™) 2.225 1.852

F(000) 544 920

0 rang for data collection / (°) 1.67~25.99 2.02~25.98
Absorption coefficient / mm™ 4.136 3.260
Reflections collected / unique (R, 4 533/3 129(0.023 6) 8 798/3 254 (0.019 1)
Final R indices [I>20(])] 0.021 7,0.052 2 0.018 0, 0.049 5
R indices (all data) 0.022 2, 0.052 4 0.020 3, 0.050 7
Largest diff. peak and hole / (e-nm™) 0.838 and 719 0.502 and —496

T2 HEMIF2HBIEKER
Table 2 Selected bond lengths (nm) and angles (°) for compound 1 and 2

1
Te(1)-S(2) 0.233 10(12) Te(1)-S(3) 0.233 28(14) Te(1)-S(1) 0.234 00(10)
Te(2)-S(5) 0.233 19(11) Te(2)-S(4) 0.233 64(13) Te(2)-S(6) 0.234 06(10)
S(2)-Te(1)-S(3) 104.25(5) S(2)-Te(1)-S(1) 101.14(4) S(3)-Te(1)-S(1) 101.58(5)
S(5)-Te(2)-S(4) 104.31(5) S(5)-Te(2)-S(6) 102.03(4) S(4)-Te(2)-S(6) 99.49(4)
N(1)-C(1)-C(2)-N(2) 178.8(4) N(3)-C(3)-C(4)-N(4) ~179.3(5)
2

Ni(1)-N(1) 0.211 37(19) Ni(1)-N(5) 0212 11(18) Ni(1)-N(3) 0.213 23(18)

Ni(1)-N(6) 0.213 68(19) Ni(1)-N(4) 0.214 6(2) Ni(1)-N(2) 0.216 08(19)

Te(1)-S(1) 0.233 62(7) Te(1)-S(3) 0.233 63(8) Te(1)-8(2) 0.235 10(9)
N(1)-Ni(1)-N(5) 170.86(7) N(1)-Ni(1)-N(3) 92.61(8) N(5)-Ni(1)-N(3) 91.25(7)
N(1)-Ni(1)-N(6) 94.72(8) N(5)-Ni(1)-N(6) 82.41(7) N(3)-Ni(1)-N(6) 170.45(7)
N(1)-Ni(1)-N(4) 95.07(8) N(5)-Ni(1)-N(4) 93.68(8) N(3)-Ni(1)-N(4) 81.70(8)
N(6)-Ni(1)-N(4) 91.55(8) N(1)-Ni(1)-N(2) 81.55(8) N(5)-Ni(1)-N(2) 89.91(7)
N(3)-Ni(1)-N(2) 94.27(7) N(6)-Ni(1)-N(2) 92.86(8) N(4)-Ni(1)-N(2) 174.64(8)
S(1)-Te(1)-S(3) 104.36(3) S(1)-Te(1)-S(2) 105.17(3) SG3)-Te(1)-S(2) 103.88(2)
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Table 3 Hydrogen bond distances(nm) and angles (°) for compound 1
D-H---A d(D-H) d(H---A) d(D---A) £ (DHA)
N(1)-H(1C)---S(3) 0.089 0.236 0.322 9(4) 165.7
N(I)-H(1D)---S(3) 0.089 0.245 0.332 7(4) 169.9
N(3)-H(3D)---S(1) 0.089 0.259 0.336 0(4) 144.7
N(3)-HBE)---S(5)" 0.089 0.244 0.328 5(4) 159.1
N(1)-H(1E)---S(1)" 0.089 0.252 0.327 6(5) 142.6
N(2)-H(2E)---S(4)" 0.089 0.243 0.330 9(4) 171
N(4)-H(4D)---S(2)" 0.089 0.246 0.329 5(4) 156.7
N(2)-H(2C)---S(4) 0.089 0.236 0.324 2(4) 168.5
N(4)-H(4C)---S(2)" 0.089 0.236 0.324 6(4) 171.2
N(2)-H(2D)---S(6)i 0.089 0.254 0.328 0(5) 141
N(4)-H{4E)---S(6)" 0.089 0.254 0.333 2(4) 149
N(4)-H{4E)---S(4)" 0.089 0.302 0.355 4(4) 1204

Symmetry transformations used to generate equivalent atoms: ', y, z—1; "~x+1, y=1/2, —z+1; ", y=1/2, z; "—a+1, y=1/2, —2+2; ', y-1, z-1

2 ERSHR
21 @BEHER
£ Te/Slen(en= ] & v | 2R FH¥ I3k T

110 CHI 120 CHMRIR ST & BT WA EA 437
ka1 M2, kAW 1 REMEN2-2
BREE(ARFL L N 2:1) TR A9 7 h A b ok 1, 45 )
LR 2R R AE ML IE /1,2- £ R TR A v 70 i 45 31
A2 A I 2 B VA TR, A IEIE/1,2- & i P
TRA R P B/1,2- & BB (R B R 2:1) TR

[ N L N (BN Y N A NS

BRI EETS
L J

W LR 2
*s'
\
} %

o/‘

Sl

A1
Fig.1

v

MR S
fb&W 1 4 *@%Eh 2 ANRST AR AR 2
JiE[H3N (1)-C.(1)H,C(2)H,-N (2)H5** , [H3N (3)-C (3)H,C.(4)
Ho-N(4)Ha P BH &5 7 F1 2 k057 19 = 1 HE [ Te (1)S5,
[Te(2)Ss BT &+ 4 B (Bl 1), Bt F b [Hyen 55 F4E K
[TeSs> - BH B [TeS: P BH & 1 Hh &4~ Tet 5 T
53N SEFEGIVR 1A =M XF &
= SAHE[TeS, B B 7L & W i B A X AL £ | G B
R IE L) KoTeS™ Ky(SH)TeSs2! Li,TeS ! ; B 1-
4 )& Wi )& fb ¥ BaTeS;® BaTeS,-2H,01; it I 4 &
W JE ALY AMTeS; (A=K,Rb,Cs;M=Cu,Ag)* A,Mn

2.2

TES3 D A :CS ’ Rb [E]\A 2T€‘S3 * AzS@ A :Rb N CS 261
g
S4

S

€2

N4 C3 35
R

C4 !
S3 S1

S2

UAL/B WEETY i pSE OF SR

Unit cell and the anions in the structure of compound 1
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MAgTeS(M=K , Rb)?" CuClCu,TeSZILA K A #HLA b1
RIERRERS . LGP 1 T = FHE[Te(1)Ss> R B
1), H Te-S #K 4 0.233 10(12)~0.234 00(10) nm, S-
Te-S #EMTE 101.14(4)° 2 104.25(5)3EF N, X 51k
B W) K TeSLOHI(NH,), TS H Jr iz 18 1) 1 15 £y
FEAR—F, M[Te(2)S; 1Y Te-S K TE 0.233 19(11)~
0.234 06(10) nm,S-Te-S H# f7E 99.49(4)°~104.31(5)°
Z 1] A [ Te(2)S P2 RS S 1 1 = 1 4

i F 6 & Z & [H:N (1)-C (1)H,C (2)H,-N (2)H;**

FH,N (3)-C (3)H,C (4)H-N (4)H,) 43 51l 52 1 %% ff

178.8(4)°(N(1)-C(1)-C(2)-N(2)) F1-179.3(5)°(N(3)-C(3)-
C(4)-N@) i g2 a9 1 P85 B 2 [ Hoen
5B [ TeS, -2 [A138 i N-H---S SR 1] i 422 (1A
2), A FA & g i -NH 24 3 N-H 8 5 AR R S
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(3 3),
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Irrelative H atoms omitted for clarity; Symmetry codes:'x, v, z—1; "=x+1, y=1/2, —=z+1; "x, y=1/2, z; ¥ =x+1, y=1/2, =z42; 'z, y-1, z—1
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Fig.2  View of the hydrogen bonds (shown in dashed lines) in 1
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0.235 10 (9) nm, SEY 1 1 Te-S B IE Hl AN
b & W) [Zn (NHy)e] [Zn (NH),], (TeS): "0 19 £ K ¥ [

0.233 8(2)~0.234 9(2) nm #z3iL , L &4 2 h S-Te-S
FEAA VIR 103.88(2)°~105.17(3)° , B £ 1B W 1ok I 25
109.5°, Ui B[ TeS > AR AR TE 09 = f ik, 76/ A
[Ni(en)s*H7,3 > en LA T 50 PR BRSEAE o0 42 )& 55
+ Ni B9 A Bl (E 4),Ni-N B K 7E 0211 37(19) ~
0.216 08(19) nm FIEE A |3 A~Hli ) N-Ni-N 5/ {E

Hydrogen atoms are omitted for clarity

K3 a2 mh g

Fig.3 Unit cell structure of compound 2
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Fig.4 Structure of the complex cations Ni(en);*in the crystal structure of compound 2 with labelling
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(a) Recordded for obtained compound 1 and 2; (b) Calculated for the compound 1 and 2 from single crystal structure data
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Fig.5 X-ray powder diffraction patterns (XRD) of compounds 1 and 2
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LG W B2 5 E,=2.48 eV Hl E=2.69 eV,
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2 MM SR IEAT T TGA BF5E (K1 7), FEAh 17 119~
187 CZIEMRER N 32.19%, "I e 1 4T L

(H,en)TeS,
E=248 eV

[Ni(en),]TeS,
E=2.69 eV

E/ev

6 ALEY 1A 2 (5 Hh-TT ULE R OE R
Fig.6  Optical diffuse reflectance spectrum of compound
1 and 2
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Fig.7 TGA curves of the compounds 1 (a) and 2 (b)
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