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Abstract

C8H33N8SbSe4Zn, triclinic, P1 (no. 2), a = 8.8100(2) Å,
b = 9.6324(2) Å, c = 14.2606(4) Å, 1 = 104.963(2)°,
/ = 92.574(2)°, . = 109.713(3)°, V = 1089.0 Å3, Z = 2,
Rgt(F) = 0.0274, wRref(F

2) = 0.0711, T = 150 K.

Source of material

Single crystals of (C2H9N2)[Zn(C2H8N2)3][SbSe4] were prepared
solvothermally from a mixture of 64 mg (Alfa Aesar, 99.9%) Zn,
61 mg (Alfa Aesar, 99.5%) Sb and 240 mg (Alfa Aesar, 99.999%)
Se. The filling of all starting materials were carried out under inert

gas conditions (glove box, Ar; H2O/O2 # 0.1 ppm). Five milli-
litres of ethylenediamine (C2H8N2, dried over Na/CaH2, freshly
distilled and degassed) were added to the reaction mixture which
was then loaded into a Teflon-lined autoclave with an inner
volume of 20 mL (filling degree approx. 30%). The sealed auto-
clave was heated at 443 K for 7 days before cooling down to room
temperature. Air sensitive yellow needles of the target compound
were isolated from the crystalline product, which also contained
the unreacted selenium. The chemical composition of (Zn:Sb:Se
= 1:1:4) was confirmed by EDXS measurements.

Experimental details

The positions of all protons attached to C and N atoms were lo-
cated from the difference Fourier map. The protons of
monoprotonated [C2H9N2]

+ and Zn(C2H8N2)3]
2+ were refined us-

ing a riding model with d(C–H) = 0.95 Å (CH2); d(N–H) = 0.89 Å
(NH3

+), 0.90 Å, and 0.86 Å (NH2) with Uiso(H) = 1.2 Ueq (C or N).

Discussion

The solvothermal reaction in amine has proven to be a versatile
route for the syntheses of chalcogenometalates [1-4]. In recent
years, an increasing interest in chalcogenide framework struc-
tures has been observed due to their promising combination of
zeotype structures with novel properties [5]. Although, a large
number of thioantiomonates (SbxSy) exhibiting a variety of poly-
meric complex anions have been well explored, the chemistry of
higher chalcogenoantimonates (SbxSey or SbxTey) is less devel-
oped [4]. Our recent investigation on the selenoantimonate sys-
tem using transition metals in ethylenediamine led to a new
(C 2 H 9 N 2 ) [Zn(C 2 H 8 N 2 ) 3 ] [SbSe 4 ] , which is the f i rs t
selenoantimonate containing [Zn(C2H8N2)3]

2+ cations. The crys-
tal structure of the title compound is an isotype of
[C2H9N2][M(C2H8N2)3][SbSe4] (M = Mn, Fe, Co, Ni) [6-9] and
consists of a packing of tetrahedral [SbSe4]

3– anions and
[Zn(C2H8N2)3]

2+ cations. The monoprotanated [C2H9N2]
+ solvent

molecules complete the overall crystal structure and charge bal-
ance the [SbSe4]

3– anions. The transition metal Zn2+ cations are in
distorted octahedral coordination geometry coordinated by three
bidentate ligands of ethylenediamine. The Zn–N bond legths and
the three axial N–Zn–N angles range from 2.160(2) Å to 2.204(3)
Å and 171.01(11)° to 171.57(10)°, respectively. The bond legths
and angles of [Zn(C2H8N2)3]

2+ are in accordance with the trend
observed for other compounds containing [Zn(C2H8N2)3]

2+ cat-
ions [10]. The [SbSe4]

3– anion shows tetrahedral arrangement and
the Sb–Se distances vary from 2.4706(4) Å to 2.4795(4) Å which
agree well with those of the related SbV compounds such as
[Ba(C2H8N2)3]2[Ba(C2H8N2)4][SbSe4]2 (2.438(9) Å -
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Crystal: yellow needles, size 0.3%0.3%0.5 mm
Wavelength: Mo K+ radiation (0.71073 Å)
': 90.34 cm(1

Diffractometer, scan mode: Oxford-Diffraction Xcalibur3, , and 2
2#max: 60°
N(hkl)measured, N(hkl)unique: 18868, 6339
Criterion for Iobs, N(hkl)gt: Iobs > 2 !(Iobs), 5069
N(param)refined: 197
Programs: SHELX [13]

Table 1. Data collection and handling.

_____________
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2.497(10) Å) and K3SbSe4 (2.473(4) Å and 2.475(2) Å) [11].
SbIII–Se bond lengths are generally longer such as in
Ba(C2H8N2)4[SbSe2]2 (2.457(3) Å - 2.624(3) Å) [12]. All termi-
nal Se atoms of the [SbSe4]

3– unit are involved in intermolecular
N–H···Se hydrogen bonding with adjacent [Zn(C2H8N2)3]

2+ and
[C2H9N2]

+. The N–H···Se distances and angles vary from
3.289(1) Å to 3.737(1) Å and 149.33(1)° to 169.98(1)°,
respectivley, which are consistent with the values reported in the
literature [6-9].

440 C8H33N8SbSe4Zn

H(7A) 2i 0.2453 0.7183 0.5475 0.028
H(7B) 2i 0.2559 0.6737 0.6368 0.028
H(7C) 2i 0.2132 0.5579 0.5417 0.028
H(8A) 2i 0.4853 0.8631 0.7371 0.029
H(8B) 2i 0.5972 1.0156 0.7320 0.029
H(7D) 2i 0.4627 0.6355 0.5036 0.027
H(7E) 2i 0.4850 0.6300 0.6122 0.027
H(8C) 2i 0.6645 0.8648 0.5943 0.029
H(8D) 2i 0.5141 0.9030 0.5621 0.029
H(1A) 2i 0.8501 1.0813 0.3151 0.025
H(1B) 2i 0.6732 1.0150 0.2888 0.025

Table 2. Atomic coordinates and displacement parameters (in Å2).

Atom Site x y z Uiso

H(2A) 2i 0.7270 0.6469 0.3074 0.040
H(2B) 2i 0.9002 0.6863 0.2983 0.040
H(5A) 2i 0.7666 1.0232 0.0967 0.028
H(5B) 2i 0.7586 0.8880 0.0181 0.028
H(6A) 2i 0.5022 0.5898 0.1472 0.031
H(6B) 2i 0.4746 0.7279 0.2016 0.031
H(1C) 2i 0.6362 0.8764 0.3909 0.033
H(1D) 2i 0.7767 1.0307 0.4503 0.033
H(2C) 2i 0.9725 0.9230 0.4022 0.039
H(2D) 2i 0.8488 0.8167 0.4533 0.039
H(5C) 2i 0.5077 0.8776 (0.0063 0.033
H(5D) 2i 0.5067 0.9377 0.1070 0.033
H(6C) 2i 0.3477 0.6790 0.0541 0.035
H(6D) 2i 0.4903 0.6389 0.0061 0.035
H(3A) 2i 1.0712 1.0371 0.2004 0.034
H(3B) 2i 1.1035 0.9238 0.2415 0.034
H(4A) 2i 0.8064 0.5513 0.0907 0.025
H(4B) 2i 0.7897 0.6256 0.0158 0.025
H(3C) 2i 1.2081 0.8976 0.0994 0.027
H(3D) 2i 1.0479 0.8952 0.0446 0.027
H(4C) 2i 1.0407 0.6437 0.0102 0.027
H(4D) 2i 1.0693 0.6599 0.1226 0.027

Table 2. continued.

Atom Site x y z Uiso

Sb(1) 2i 0.11915(2) 0.42612(2) 0.27180(1) 0.0152(1) 0.0114(1) 0.0122(1) 0.00468(8) 0.00269(7) 0.00429(7)
Se(1) 2i 0.29026(4) 0.32188(4) 0.16285(2) 0.0274(2) 0.0230(2) 0.0193(2) 0.0128(2) 0.0108(1) 0.0065(1)
Se(2) 2i 0.23735(4) 0.71110(4) 0.33562(2) 0.0241(2) 0.0121(2) 0.0205(2) 0.0033(1) 0.0004(1) 0.0043(1)
Se(4) 2i 0.10858(4) 0.31539(4) 0.41060(2) 0.0231(2) 0.0166(2) 0.0153(2) 0.0067(1) 0.0022(1) 0.0077(1)
Se(3) 2i (0.16576(4) 0.33789(4) 0.19091(2) 0.0173(2) 0.0168(2) 0.0194(2) 0.0040(1) (0.0009(1) 0.0057(1)
Zn(1) 2i 0.78488(5) 0.81613(4) 0.18410(3) 0.0193(2) 0.0192(2) 0.0178(2) 0.0077(2) 0.0037(1) 0.0053(2)
N(7) 2i 0.2731(3) 0.6551(3) 0.5745(2) 0.018(1) 0.023(2) 0.023(1) 0.008(1) 0.001(1) (0.000(1)
N(8) 2i 0.5438(4) 0.9192(3) 0.7043(2) 0.021(2) 0.021(2) 0.025(2) 0.004(1) 0.004(1) 0.003(1)
C(7) 2i 0.4487(4) 0.6809(4) 0.5702(3) 0.021(2) 0.023(2) 0.027(2) 0.013(1) 0.002(1) 0.003(1)
C(8) 2i 0.5523(3) 0.8513(3) 0.6027(2) 0.021(2) 0.026(2) 0.027(2) 0.009(1) 0.005(1) 0.008(2)
N(1) 2i 0.7620(3) 0.9944(3) 0.3041(2) 0.022(1) 0.019(2) 0.021(1) 0.008(1) 0.004(1) 0.006(1)
N(2) 2i 0.8189(5) 0.7234(4) 0.3054(2) 0.050(2) 0.035(2) 0.031(2) 0.029(2) 0.013(2) 0.015(2)
N(5) 2i 0.7214(4) 0.9197(3) 0.0744(2) 0.031(2) 0.017(1) 0.021(1) 0.008(1) 0.006(1) 0.005(1)
N(6) 2i 0.5240(4) 0.6900(3) 0.1528(2) 0.024(2) 0.021(2) 0.027(2) 0.005(1) 0.006(1) 0.003(1)
C(1) 2i 0.7477(5) 0.9425(4) 0.3924(3) 0.037(2) 0.031(2) 0.018(2) 0.017(2) 0.008(2) 0.008(2)
C(2) 2i 0.8603(5) 0.8550(5) 0.3964(3) 0.051(3) 0.039(2) 0.019(2) 0.028(2) 0.005(2) 0.013(2)
C(5) 2i 0.5420(5) 0.8702(5) 0.0573(3) 0.030(2) 0.035(2) 0.026(2) 0.021(2) 0.003(2) 0.009(2)
C(6) 2i 0.4651(4) 0.7076(4) 0.0607(3) 0.021(2) 0.031(2) 0.028(2) 0.006(2) 0.001(1) 0.001(2)
N(3) 2i 1.0478(4) 0.9358(4) 0.1916(2) 0.023(2) 0.023(2) 0.034(2) 0.007(1) 0.007(1) 0.002(1)
N(4) 2i 0.8414(3) 0.6409(3) 0.0756(2) 0.022(1) 0.020(1) 0.021(1) 0.007(1) 0.002(1) 0.007(1)
C(3) 2i 1.0906(4) 0.8639(4) 0.0962(3) 0.018(2) 0.023(2) 0.026(2) 0.006(1) 0.009(1) 0.008(1)
C(4) 2i 1.0190(4) 0.6916(4) 0.0742(3) 0.025(2) 0.025(2) 0.021(2) 0.014(2) 0.005(1) 0.007(1)

Table 3. Atomic coordinates and displacement parameters (in Å2).

Atom Site x y z U11 U22 U33 U12 U13 U23

References

1. Sheldrick, W. S.; Wachhold M.: Solventothermal Synthesis of Solid-state
Chalcogenidometalates. Angew. Chem. Int. Ed. 36 (1997) 206-224.

2. Li, J.; Chen, Z.; Wang, R. J.; Proserpio, D. M.: Low Temperature Route
Towards New Materials: Solvothermal Synthesis of Metal Chalcogenides
in Ethylenediamine. Coord. Chem. Rev. 190-192 (1999) 707-735.

3. Sheldrick, W. S.: Network Self-assembly Patterns in Main Group Metal
Chalcogenide-based Materials. J. Chem. Soc., Dalton Trans. (2000) 3041-
3052.

4. Zhou J.; Dai, J.; Bian, G.-Q.; Li, C-Y.: Solvothermal Synthesis of Group
13-15 Chalcogenidometalates with Chelating Organic Amines. Coord.
Chem. Rev. 253 (2009) 1221-1247.

5. Bowes, C. L.; Ozin, G. A.: Self-Assembling Frameworks: Beyond
Microporous Oxides. Adv. Mater. 8 (1996) 13-28.

6 . Wendland , F. ; Näther , C. ; Schur, M.; Bensch , W.:
H2N(CH2)2NH3

+·[Mn{H2N(CH2)2NH2}3]
2+[SbSe4]

3–. Acta Crystallogr.
54C (1998) 317-319.

7. Girard, M. R.; Li, J.; Proserpio, D.M.: Preparation and Crystal Structure of
a Selenoantimonate [Fe(en)3][enH]SbSe4. Main Group Met. Chem. 21

(1998) 231-236.

8. Fu, M.-L.; Chen, W.-T.; Cai, L.-Z.; Liu, B.; Guo, G.-C.; Huang J.-S.:
Solvothermal Synthesis and Crys tal Structure of
(H2N(CH2)2NH3){Co[H2N(CH2)2NH2]3}[SbSe4]. Chin. J. Struct. Chem.
23 (2004) 731-734.

9. Fu, M.-L.; Chen, W.-T.; Cai, L.-Z.; Zhou, G.-W; Guo, G.-C.; Mao, J.-G;
Huang J.-S.: 2-Aminoethylammonium Tris(1,2-ethylenediamine)
Nickel(II) Tetraselenoantimonate(V). Acta Crystallogr. 59E (2003)
M367-M369.

10. Li, J.; Chen, Z.; Emge, T. J.; Yuen, T.; Proserpio, D. M.: Synthesis, Struc-
ture Characterization and Magnetic Properties of Tellurostannates
[M(en)3]2(Sn2Te6) (M = Mn, Zn). Inorg. Chim. Acta 273 (1998) 310-315.

11. Eisenmann, B.; Zagler, R.: Selenoantimonates: Preparation and Crystal
Structure of Na3SbSe4, K3SbSe4 and [Ba(en)4]2[Ba(en)3][SbSe4]2. Z.
Naturforsch., B: Chem. Sci. 44 (1989) 249-256.

12. König, T.; Eisenmann, B.; Schäfer, H.: Darstellung und Kristallstruktur
von Ba(en)4[SbSe2]2 Z. Anorg. Allg. Chem. 488 (1982) 126-132.

13. Sheldrick, G. M.: A short history of SHELX. Acta Crystallogr. A64

(2008) 112-122.


