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Abstract
C42H68Cl4Mo6N6S12Se15, triclinic,P1̄ (no. 2),a= 13.0196(19) Å,
b= 18.813(3) Å, c= 19.745(3) Å, α= 117.446(2)°, β= 99.775(2)°,
g= 98.233(2)°, V = 4091.7(10) Å3, Z= 2, Rgt(F)=0.0557,
wRref(F2)=0.1618, T= 150 K.
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Table 1 contains crystallographic data and Table 2 contains
the list of the atoms including atomic coordinates and dis-
placement parameters.

Table 1: Data collection and handling.

Crystal: Red-orange plate
Size: �.��⇥�.��⇥�.�� mm
Wavelength: Mo Kα radiation (�.����� Å)
µ: �.�� mm��

Di�ractometer, scan mode: Bruker Smart APEX, φ and ω
θmax, completeness: ��.�°, ��%
N(hkl)measured, N(hkl)unique, Rint: �����, ����, �.���
Criterion for Iobs, N(hkl)gt: Iobs > � σ(Iobs), ����
N(param)re�ned: ���
Programs: Bruker [�], SHELX [�, �]

Source of material
The following procedure is a modification of the original syn-
thesis [4]. A mixture of [Mo(CO)6] (1.00 g, 3.79 mmol), Se0

powder (1.20 g, 15.2 mmol), and Et2NC(S)SSC(S)NEt2 (1.10 g,
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Table 2: Fractional atomic coordinates and isotropic or equivalent
isotropic displacement parameters (Å2).

Atom x y z Uiso*/Ueq

Mo� �.�����(��) �.�����(��) �.�����(�) �.����(�)
Mo� �.�����(��) �.�����(�) �.�����(�) �.����(�)
Mo� �.�����(��) �.�����(��) �.�����(��) �.����(�)
Mo� �.�����(��) �.�����(�) �.�����(�) �.����(�)
Mo� �.�����(��) �.�����(�) �.�����(�) �.����(�)
Mo� �.�����(��) �.�����(�) �.�����(�) �.����(�)
Se� �.�����(��) �.�����(��) �.�����(��) �.����(�)
Se� �.�����(��) �.�����(��) �.�����(��) �.����(�)
Se� �.�����(��) �.�����(��) �.�����(��) �.����(�)
Se� �.�����(��) �.�����(��) �.�����(��) �.����(�)
Se� �.�����(��) �.�����(��) �.�����(��) �.����(�)
Se� �.�����(��) �.�����(��) �.�����(��) �.����(�)
Se� �.�����(��) �.�����(��) �.�����(��) �.����(�)
Se� �.�����(��) �.�����(��) �.�����(�) �.����(�)
Se� �.�����(��) �.�����(��) �.�����(��) �.����(�)
Se�� �.�����(��) �.�����(��) �.�����(��) �.����(�)
Se�� �.�����(��) �.�����(��) �.�����(��) �.����(�)
Se�� �.�����(��) �.�����(��) �.�����(��) �.����(�)
Se�� �.�����(��) �.�����(��) �.�����(��) �.����(�)
Se�� �.�����(��) �.�����(��) �.�����(��) �.����(�)
Se�� �.�����(��) �.�����(��) �.�����(��) �.����(�)
S� �.����(�) �.����(�) �.����(�) �.����(��)
S� �.����(�) �.����(�) �.����(�) �.����(��)
S� �.����(�) �.����(�) �.����(�) �.����(��)
S� �.����(�) �.����(�) �.����(�) �.����(��)
S� �.����(�) �.����(�) �.����(�) �.����(��)
S� �.����(�) �.����(�) �.����(�) �.����(��)
S� �.����(�) �.����(�) �.����(�) �.����(��)
S� �.����(�) �.����(�) �.����(�) �.����(��)
S� �.����(�) �.����(�) �.����(�) �.����(��)
S�� �.����(�) �.����(�) �.����(�) �.����(��)
S�� �.����(�) �.����(�) �.����(�) �.����(��)
S�� �.����(�) �.����(�) �.����(�) �.����(��)
N� �.���(�) �.����(��) �.����(��) �.���(�)
N� �.����(��) �.����(�) �.����(�) �.���(�)
N� �.����(�) �.�����(��) �.����(�) �.���(�)
N� �.����(��) �.����(��) �.����(�) �.���(�)
N� �.����(��) �.����(��) �.����(�) �.���(�)
C� �.����(��) �.����(��) �.����(��) �.���(�)
C� �.���(�) �.����(��) �.����(��) �.���(�)
H�A �.������ �.������ �.������ �.���*
H�B �.������ �.������ �.������ �.���*
C� �.����(��) �.����(��) �.����(��) �.���(�)
H�A �.������ �.������ �.������ �.���*
H�B �.������ �.������ �.������ �.���*
H�C �.������ �.������ �.������ �.���*
C� �.���(�) �.����(��) �.����(��) �.���(�)
H�A �.������ �.������ �.������ �.���*
H�B �.������ �.������ �.������ �.���*
C� �.���(�) �.����(��) �.����(��) �.���(��)
H�A �.������ �.������ �.������ �.���*
H�B �.������ �.������ �.������ �.���*
H�C �.������ �.������ �.������ �.���*
C� �.����(��) �.����(��) �.����(�) �.���(�)*
C� �.����(��) �.����(��) �.����(��) �.���(�)

Table 2 (continued)

Atom x y z Uiso*/Ueq

H�A �.������ �.������ �.������ �.���*
H�B �.������ �.������ �.������ �.���*
C� �.���(�) �.����(��) �.����(��) �.���(��)
H�A �.������ �.������ �.������ �.���*
H�B �.������ �.������ �.������ �.���*
H�C �.������ �.������ �.������ �.���*
C� �.����(��) �.����(��) �.����(��) �.���(�)
H�A �.������ �.������ �.������ �.���*
H�B �.������ �.������ �.������ �.���*
C�� �.����(��) �.����(��) �.����(��) �.���(�)
H��A �.������ �.������ �.������ �.���*
H��B �.������ �.������ �.������ �.���*
H��C �.������ �.������ �.������ �.���*
C��Aa �.���(�) �.���(�) �.���(�) �.���(�)*
N�Aa �.����(�) �.����(�) �.����(�) �.���(�)*
C��Aa �.����(��) �.����(�) �.�����(��) �.���(��)*
H��Aa �.������ �.������ �.������ �.���*
H��Ba �.������ �.������ �.������ �.���*
C��Aa �.����(��) �.����(�) �.�����(��) �.���(��)*
H��Aa �.������ �.������ �.������ �.���*
H��Ba �.������ �.������ �.������ �.���*
H��Ca �.������ �.������ �.������ �.���*
C��Aa �.����(�) �.����(��) �.����(�) �.���(�)*
H��Aa �.������ �.������ �.������ �.���*
H��Ba �.������ �.������ �.������ �.���*
C��Aa �.���(�) �.���(�) �.���(�) �.���(�)*
H��Aa �.������ �.������ �.������ �.���*
H��Ba �.������ �.������ �.������ �.���*
H��Ca �.������ �.������ �.������ �.���*
C��Bb �.���(�) �.���(�) �.���(�) �.���(�)*
N�Bb �.����(�) �.����(�) �.����(�) �.���(�)*
C��Bb �.����(�) �.����(�) �.�����(��) �.���(��)*
H��Cb �.������ �.������ �.������ �.���*
H��Db �.������ �.������ �.������ �.���*
C��Bb �.����(��) �.����(��) �.����(�) �.���(��)*
H��Db �.������ �.������ �.������ �.���*
H��Eb �.������ �.������ �.������ �.���*
H��Fb �.������ �.������ �.������ �.���*
C��Bb �.����(�) �.����(�) �.����(�) �.���(�)*
H��Cb �.������ �.������ �.������ �.���*
H��Db �.������ �.������ �.������ �.���*
C��Bb �.���(�) �.���(�) �.���(�) �.���(�)*
H��Db �.������ �.������ �.������ �.���*
H��Eb �.������ �.������ �.������ �.���*
H��Fb �.������ �.������ �.������ �.���*
C�� �.����(��) �.����(��) �.����(��) �.���(�)
C��Ac ��.����(�) �.�����(��) �.����(�) �.���(��)*
H��Ac �.������ �.������ �.������ �.���*
H��Bc ��.������ �.������ �.������ �.���*
C��Ac ��.����(�) �.����(�) �.����(�) �.���(��)*
H��Ac ��.������ �.������ �.������ �.���*
H��Bc ��.������ �.������ �.������ �.���*
H��Cc �.������ �.������ �.������ �.���*
C��Bd ��.����(�) �.����(�) �.�����(��) �.���(��)*
H��Cd ��.������ �.������ �.������ �.���*
H��Dd ��.������ �.������ �.������ �.���*
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Table 2 (continued)

Atom x y z Uiso*/Ueq

C��Bd ��.����(��) �.����(�) �.�����(��) �.���(��)*
H��Dd ��.������ �.������ �.������ �.���*
H��Ed ��.������ �.������ �.������ �.���*
H��Fd �.������ �.������ �.������ �.���*
C�� ��.����(��) �.����(��) �.����(��) �.���(��)
H��A ��.������ �.������ �.������ �.���*
H��B ��.������ �.������ �.������ �.���*
C�� ��.����(��) �.����(��) �.����(��) �.���(��)
H��A ��.������ �.������ �.������ �.���*
H��B ��.������ �.������ �.������ �.���*
H��C ��.������ �.������ �.������ �.���*
C�� �.����(��) �.����(��) �.����(��) �.���(�)
C�� �.����(�) �.����(�) �.�����(��) �.���(��)
H��A �.������ �.������ �.������ �.���*
H��B �.������ �.������ �.������ �.���*
C��Ae �.����(�) �.����(��) �.���(�) �.���(��)*
H��Ae �.������ �.������ �.������ �.���*
H��Be �.������ �.������ �.������ �.���*
H��Ce �.������ �.������ �.������ �.���*
C��Bf �.����(��) �.����(�) �.�����(��) �.���(��)*
H��Df �.������ �.������ �.������ �.���*
H��Ef �.������ �.������ �.������ �.���*
H��Ff �.������ �.������ �.������ �.���*
C�� �.����(��) �.����(��) �.����(��) �.���(�)
H��A �.������ �.������ �.������ �.���*
H��B �.������ �.������ �.������ �.���*
C�� �.����(��) �.����(��) �.����(��) �.���(�)
H��A �.������ �.������ �.������ �.���*
H��B �.������ ��.������ �.������ �.���*
H��C �.������ �.������ �.������ �.���*
C�� �.����(��) �.����(��) �.����(��) �.���(�)
C�� �.����(��) �.����(��) �.����(��) �.���(�)
H��A �.������ �.������ �.������ �.���*
H��B �.������ �.������ �.������ �.���*
C�� �.����(��) �.����(��) �.����(��) �.���(�)
H��A �.������ �.������ �.������ �.���*
H��B �.������ �.������ �.������ �.���*
H��C �.������ �.������ �.������ �.���*
C�� �.����(��) �.����(��) �.����(��) �.���(�)
H��A �.������ �.������ �.������ �.���*
H��B �.������ �.������ �.������ �.���*
C�� �.����(��) �.����(��) �.����(��) �.���(�)
H��A �.������ �.������ �.������ �.���*
H��B �.������ �.������ �.������ �.���*
H��C �.������ �.������ �.������ �.���*
Cl� �.����(�) �.����(�) �.����(�) �.���(�)
Cl� �.����(�) �.����(�) �.����(�) �.���(�)
C�� �.����(��) �.����(�) �.����(�) �.���(�)
C�� �.����(��) �.����(��) �.����(��) �.���(�)
C�� �.����(��) �.����(��) �.����(�) �.���(�)
H�� �.������ �.������ �.������ �.���*
C�� �.����(��) �.����(�) �.����(�) �.���(�)
H�� �.������ �.������ �.������ �.���*
C�� �.����(��) �.����(��) �.����(��) �.���(�)
H�� �.������ �.������ �.������ �.���*
C�� �.����(�) �.����(��) �.����(�) �.���(�)

Table 2 (continued)

Atom x y z Uiso*/Ueq

H�� �.������ �.������ �.������ �.���*
Cl�Ag ��.����(��) ��.����(�) �.����(�) �.���(�)*
Cl�Ag ��.����(��) ��.����(�) �.����(�) �.���(�)*
C��Ag �.����(��) ��.����(��) �.����(��) �.���(�)*
C��Ag �.����(��) ��.����(��) �.����(��) �.���(�)*
C��Ag �.����(��) ��.����(��) �.����(��) �.���(�)*
H��Ag �.������ ��.������ �.������ �.���*
C��Ag �.����(��) ��.����(��) �.����(��) �.���(�)*
H��Ag �.������ ��.������ �.������ �.���*
C��Ag �.����(��) �.����(��) �.����(��) �.���(�)*
H��Ag �.������ �.������ �.������ �.���*
C��Ag �.���(�) �.����(��) �.����(��) �.���(��)*
H��Ag �.������ �.������ �.������ �.���*
Cl�Bg ��.����(�) ��.����(�) �.����(�) �.���(�)*
Cl�Bg ��.����(��) �.����(�) �.����(�) �.���(�)*
C��Bg ��.����(��) ��.����(��) �.����(��) �.���(�)*
C��Bg ��.����(��) �.����(��) �.����(��) �.���(�)*
C��Bg ��.����(��) �.����(��) �.����(��) �.���(�)*
H��Bg ��.������ �.������ �.������ �.���*
C��Bg ��.����(��) �.����(��) �.����(��) �.���(�)*
H��Bg ��.������ �.������ �.������ �.���*
C��Bg ��.����(��) ��.����(��) �.����(��) �.���(�)*
H��Bg ��.������ ��.������ �.������ �.���*
C��Bg ��.����(��) ��.����(��) �.����(��) �.���(��)*
H��Bg ��.������ ��.������ �.������ �.���*
aOccupancy: �.���(��), bOccupancy: �.���(��), cOccupancy:
�.��(�), dOccupancy: �.��(�), eOccupancy: �.��(�), fOccupancy:
�.��(�), gOccupancy: �.���(�).

3.71 mmol) was refluxed in 50 mL of 1,2-dichlorobenzene for
1.5 hours. The reaction mixture was cooled to room temper-
ature and then vacuum filtered to remove unreacted Se. The
filtratewas reduced to a dark red solid residue (1.05 g) under a
steady streamof air overnight. This residual solidwaswashed
with CH2Cl2 followed by Et2O and then was allowed to air dry
overnight. Red, plate crystals were obtained by diffusion of
THF vapor into a concentrated, filtered 1,2-dichlorobenzene
solution of this red solid.

Experimental details
Diffraction data were collected with a Bruker Smart APEX
diffractometer equipped with an Oxford cryosystem. The full
data set was comprised of 400 frames in ω (0.5°/scan), col-
lected at φ=0.00, 90.00, and 180.00°, and 2 sets of 800
frames in φ (0.45°/scan) collected with ω constant at �30.00
and 210.00°. Data were collected under control of the APEX3
software package [1]. Raw data were reduced to F2 values
using the SAINT software [1], and a global refinement of unit
cell parameters was performed using 8654 selected reflec-
tions from the full data set. Data were corrected for absorp-
tion on the basis of multiple measurements of symmetry
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equivalent reflectionswith theuseof SADABS [1], as described
by Krause [5]. The structure solution was obtained using
SHELXT [2], while refinement was accomplished by a full-
matrix least-squares procedure using SHELXL [3]. Several
of the diethyldithiocarbamate ligands were disordered over
two positions, either in whole or in part, and were therefore
refined using a split atom model that permitted a best-fit dis-
tribution between sites (see Table 2). Disordered atoms were
treated with isotropic refinement. One of the two interstitial
C6H4Cl2 solvent molecules was disordered over two positions
and refined as a best-fit distribution between the two orien-
tations in conjunction with the AFIX 66 restraint. Hydrogen
atoms were added in calculated positions and included as
riding contributions with isotropic displacement parameters
tied to those of the carbon atoms towhich theywere attached.

Comment
In recent work, we have reported the usefulness of
[Mo3S7(S2CNEt2)3]I as a precursor to MoS2 thin films on
Cu2O photocathodes that are both catalytically active for
H2 evolution and protective of the Cu2O layer against redox
deterioration [6]. We have also found that [Mo3S7(S2CNR2)3]I
complexes (R=Et, iBu) function as precursors to homoge-
neous H2-evolving catalysts under photolysis in the presence
of [Ru(bipy)3]2+ as chromophore and Et3N as sacrificial
electron donor [7]. These observations have motivated us
to consider, for effect in the same applications, compounds of
the more general formulation [Mo3E4F3(Q2CNR2)3]+I� (E= S
or Se; F= S or Se in equatorial positions; Q= S or Se on sup-
porting ligand; Fig. (a)). With these objectives in mind, our
attention was drawn to a report of [[Mo3Se7(S2CNEt2)3]2(µ-
Se)]·2(N,N-DMF), the synthesis and structure of which were
originally reported by Almond et al. [4]. That first structural
determination was of rather limited quality. In our work with
the compound, we have obtained a differently solvated crys-
tal form and have collected diffraction data providing for
somewhat improved resolution.

The preparation of [[Mo3Se7(S2CNEt2)3]2(µ-Se)] proceeds
from [Mo(CO)6], Se0 and Et2NC(S)SSC(S)NEt2 in refluxing
1,2-dichlorobenzene, and crystallization was accomplished
by diffusion of THF vapor into a concentrated extract
of the compound in 1,2-dichlorobenzene. In contrast to
the crystal structure reported by Almond et al., in which
[[Mo3Se7(S2CNEt2)3]2(µ-Se)] occurs upon a crystallographicC2

axis in the orthorhombic space group C2cb (standard setting:
Aba2), [[Mo3Se7(S2CNEt2)3]2(µ-Se)]·2(C6H4Cl2) crystallizes in
triclinic P1̄. The bridged assembly resides on a general posi-
tion such that it is comprised of two chemically identical –
but crystallographically distinct – [Mo3Se7(S2CNEt2)3]+ frag-
ments. As is well documented for the axial sulfur atoms
in related [Mo3S7]4+ clusters [8, 9], the Seax atoms of the

µ-Se22� ligands have a distinctive electrophilic quality that
brings them into close association with a single, soft bridg-
ing Se2� counteranion (Fig. (b)). The two Mo3 planes meet at
an angle 36.52(9)° instead of being parallel planar, a feature
suggesting that the bridging Se2� anion exerts some amount
of directionalized covalent bonding (Fig. (c). The Seax· · · Se15
interatomic distances range from 2.797(2)–2.909(2) Å, which
are well below twice the 1.90 Å van der Waals radius of
selenium [10] and also strongly indicative of considerable
covalency to the character of the interactions of Se15 with
its neighboring Se atoms. In the earlier structural report
of [[Mo3Se7(S2CNEt2)3]2(µ-Se)], the range of Se· · · Se con-
tacts is 2.816(4)–2.905(4) Å, while the Mo3 planes meet at
46.3°. Isostructural [[Mo3S7(S2CNEt2)3]2(µ-S)] shows Sax· · ·
µ-S2� contacts varying from 2.70(1)–2.72(1) Å but at a some-
what more acute angle of 33° between the Mo3 planes [11].

In continuing work, we aim to quantitatively compare
the H2-evolving catalytic ability of [[Mo3Se7(S2CNEt2)3]2(µ-
Se)] against that of [[Mo3S7(S2CNiBu2)3]I, which we found
would support some 300 turnovers of H2 over 3 h.
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