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By oxidation of selenoacetic acid, CH3C(O)SeH, we have prepared the hitherto unknown diacetyl diselenide, [CH3C(O)Se]2. Its
vibrational properties were studied experimentally, both in neat liquid (Fourier transform infrared spectroscopy and Raman)
with the molecule isolated in argon matrix at low temperatures and theoretically using MP2 and B3LYP methods in
combination with 6-31+G(d), 6-311++G(3df,3dp) or aug-cc-pvDZ basis sets. Analysis of Ar matrix spectra reveals a conforma-
tional equilibrium in gas phase at room temperature, which was interpreted by considering only two of the three stable
rotamers predicted by our three-dimensional potential energy surface scans. Energetic properties of three minima found
theoretically were further studied in terms of donor–acceptor interactions by using natural bond orbital calculations at the
same levels of theory. From this, it was possible to rationalize the conformational stability order and molecular structures
by means of vicinal hyperconjugative delocalizations involving lone pairs on selenium or oxygen atoms and C=O, C–C or
Se–C antibonding orbitals. The photochemistry of the compound in the argon matrix in the range between 200 and
800nm was also investigated, revealing only one photochemical path to produce ketene, H2C=C=O, methylselane, CH3SeH,
and carbonyl selenide, OCSe. Copyright © 2016 John Wiley & Sons, Ltd.
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INTRODUCTION

Diselenides, RSeSeR, are a versatile group of substances used as
precursors of a wide variety of new selenium compounds. Their
biological and medicinal properties are also of interest, mainly be-
cause of their antioxidant, biocatalytic, antiparasitic, neuronal and
analgesic effects.[1–10] Chemical applications of diselenides arise
mainly from the convenient inclusion of RSe units in both organic
and inorganic synthesis by cleavage of the Se–Se bond; this is
mostly influenced by the weaker dissociation energy of this bond
in comparison with C–Se, H–Se and S–S bonds.[11] Representative
members of this family include (SePh)2 and (CH3Se)2, which are
compounds widely employed in organic reactions and catalysis
because of the high yields achieved (>90%) for the inclusion of
PhSe – and CH3Se – moieties, respectively.[12–19]

On the other hand, bis(R-carbonyl)diselenides, RC(O)SeSeC(O)R,
reported to date correspond to compounds with aromatic (R–) sub-
stituents rather than aliphatic analogs, probably because of a higher
thermal stability of aromatic species. Among the few reports of the
aliphatic derivatives, the molecule [Me2NC(O)Se]2, for example, was
used by Gong et al., as the starting reagent to obtain a series of
new compounds of general formula Me2NC(O)SeRSeC(O)NMe2.

[20]

Wang et al. synthesized a series of new diselenides [RC(O)Se]2
(R=aromatic groups) through the corresponding carbonyl benzoyl
chloride, RC(O)Cl[21], and later, Kumar et al. used a similar procedure
to prepare the first bis(ferrocene carbonylselenide), [FcC(O)Se]2,
using ferrocene (Fc) Se-carboxylic acid, FcC(O)SeH, as starting
reagent.[22] More recently however, Takahashi et al. obtained the
identical diselenide by reacting FcC(O)SeH with oxygen.[23]

Oxidation with oxygen has been used by us to obtain the
hitherto unknown aliphatic diselenides, [RC(O)Se]2, from novel
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selenocarboxylic acids, RC(O)SeH (R =CH3, CF3, CHF2 and
CClF2),

[24,25] (refer to Scheme 1).
To the best of our knowledge, neither conformational

behavior nor photochemistry of any bis(R-carbonyl) diselenides
has been described. As shown in Fig. 1, these structures present
three single covalent bonds, allowing possible co-existence of
several stable rotational forms (conformers) at room tempera-
ture. Such rotamers can be identified by analysis of the IR and
Raman spectra and also of low-temperature inert gas matrices.
For this purpose, the experimental vibrational frequencies are
compared with frequencies obtained from computations of the
equilibrium structures established on the potential energy surface.
Herein, we report the preparation, vibrational characterization
and rotational behavior of bis(acetyl)diselenide, [CH3C(O)Se]2,
as well as its photochemistry in solid argon at 10 K.

EXPERIMENTAL

Diacetyl diselenide, [CH3C(O)Se]2, was obtained directly by
oxidizing a sample of pure selenoacetic acid, CH3C(O)SeH, with
dry air during a few minutes in a closed glass vessel at room
temperature. In order to avoid further oxidation of the titled com-
pound, the excess air as well as the water formed was pumped off
at the vacuum line. The compound was also formed as a by-
product during the preparation of selenoacetic acid, CH3C(O)
SeH.[24] [CH3C(O)Se]2 presented as a low volatile, sticky, orange
liquid at room temperature with a very fetid and persistent odor.
To check its identity, a small sample of the compound was diluted
in dry toluene in a dry box under argon atmosphere and injected

into an electron impact ionization GC-MS (Shimadzu QP-2010)
device. Pure liquid diacetyl diselenide was also handled in a dry ar-
gon box to prepare samples for Fourier transform infrared spec-
troscopy (FTIR) and Raman measurements.

Gaseous mixtures of [CH3C(O)Se]2 with Ar (AGA) in proportion of
ca. 1:1000 were prepared by standard manometric methods and
deposited on a cooled CsI window to ca. 10 K bymeans of a Displex
closed-cycle refrigerator (SHI-APD Cryogenics, model DE-202) using
the pulse deposition technique.[26–28] The matrix-isolated FTIR
spectra were recorded on a Nexus Nicolet instrument equipped
with either an Tipe B Mercury Cadmiun Telluride Detector (MCTB)
or a deuterated triglycine sulfate (DTGS) detector (for the ranges
4000–400 or 600–180 cm�1, respectively). Following deposition
and IR analysis of the resulting matrix, the argon-isolated sample
was exposed to broad-band UV-visible radiation (200≤ λ ≤ 800nm)
from a Spectra-Physics Hg–Xe arc lamp operating at 1000W. The
output from the lamp was directed through a water filter to absorb
IR radiation and to minimize any heating effect. The IR spectra of
the matrix with resolutions of 0.5 and 0.125 cm�1 were then re-
corded at different times of irradiation in order to monitor closely
any change in the spectra.

Quantum chemical calculations were performed with the
Linux/UNIX version of Gaussian 09 (Rev. C.01) program,[29] under
the TCP Linda parallel execution environment, running on our scal-
able computational cluster named “A team of multiprocessors in
support of chemical calculations” (Atomicc). This is currently com-
prised of 20 Intel Xeon processors distributed in five HPworkstations
(one Z800 and two Z600) and uses an OS platform Suse Linux Enter-
prise Server 11 SP2. Minima searches were approached by means of
a relaxed two-dimensional potential energy surface (PES) scan, con-
structed by simultaneously varying the two dihedral angles using
the B3LYP/6-31+G(d) method. Geometry optimizations were sought
using standard gradient techniques by simultaneous relaxation of all
the geometrical parameters at B3LYP/6-31+G(d), B3LYP/6-311++G
(3df,3dp) and MP2/aug-cc-pvDZ levels of approximation. The
calculated vibrational properties correspond in all cases to potential
energy minima for which no imaginary vibrational frequency was
found. Natural bond orbital (NBO) analysis of wave functions of min-
ima molecular structures was performed using the NBO program
3.1[30] incorporated in Gaussian 09. All the molecular surfaces were
obtained with the GaussView 05 program.[31]

RESULTS AND DISCUSSION

Mass spectrum

As can be seen in Fig. 2, the mass spectrum of [CH3C(O)Se]2
presents a quite simple fragmentation pattern. The most intense

Scheme 1. Aliphatic diacetyl diselenides obtained by oxidation of
seleno-carboxylic acids

Figure 1. Possible rotations along the C–Se and Se–Se bonds of [RC(O)Se]2

Figure 2. Electron-impact mass fragmentation spectrum of [CH3C(O)Se]2

DIACETYL DISELENIDE, CH3C(O)SeSeC(O)CH3
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peak corresponds to m/z = 43 (CH3CO
+, 100%), followed by peaks

at m/z = 15 (CH3
+, ∼10%), m/z = 28 (CO+, <2%), m/z = 80 (Se+,

<2%) and 160 (Se2
+, <2%). The natural isotopic contribution

peaks of selenium are also observed at 76, 77, 78 and 82 m/z
ratios for one atom (Se+) and at 152, 154, 156 and 164 m/z ratios
for two atoms (Se2

+). The parent ion is detected at m/z = 246
(<2%), enabling the identity of the titled compound. The mass
fragmentation outline of diacetyl diselenide was found to be
similar to that reported for diacetyl disulfide, [CH3C(O)S]2,
showing a main peak at m/z = 43 (CH3CO

+) and molecular ion at
m/z = 150 (<2%).[32] The formation of the Se2

+ fragment and the
lack of detection for a mass corresponding to symmetrical
cleavage, (CH3C(O)Se

+), could be associated with the unexpected,
relatively high stability of the Se–Se bond in the ionized species.

Equilibrium structures and energies

Conformational behavior of [CH3C(O)Se]2 was first approached
theoretically by analyzing the energetic effects caused by the
simultaneous internal rotation of its two O=C–Se–Se dihedral
angles (refer to Fig. 1) at the B3LYP/6-31G(d) level of theory.
The CSeSeC dihedral angle was defined as gauche as known
for dichalcogenes. The resulting two-dimensional PES (Fig. 3)
was constructed allowing one O=C–Se–Se angle to rotate 360°
at 10° increments and the other dihedral angle to rotate also in
steps of 10°, while performing a geometry optimization to the

Figure 4. Molecular models of three minima of [CH3C(O)Se]2 calculated with the MP2/aug-ccpVDZ

Figure 3. Two-dimensional PES for [CH3C(O)Se]2 constructed by the
variation of [O(9)–C(3)–Se(4)–Se(5)] and [O(10)–C(6)–Se(5)–Se(4)] dihedral
angles, coordinates 1 and 2, respectively, calculated at the B3LYP/6-31G
(d) approximation level. (For atom numbering, refer to Fig. 4)
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rest of the structural parameters at each point (relaxed scan). As
can be noted from Fig. 3, three local minima were identified: two
of them (both dihedrals equal to 0° and 180°, respectively) show-
ing C2 symmetry and the third (one dihedral 0° and the other
180°) having C1 symmetry. Hereinafter, these structures will be
called a, c and b, respectively.
The three minima structures were subsequently used as starting

points for geometric optimizations and thermochemistry calcula-
tions using B3LYP/6-311++G(3df,3pd) and MP2/aug-cc-pvdz levels
of theory without constraints. As a result, none of the optimized
structures presented imaginary frequencies, and thus, their identities
were confirmed as localminima.With both approximations, the con-
former awas found to be 0.18 and 1.25 kcal/mol (DFT) and 0.42 and
1.31 kcal/mol (MP2 method) lower in energy than conformers b and
c, respectively. Figure 4 shows the optimizedmolecular models, and
Table 1 lists some selected geometrical parameters calculated with
MP2/aug-cc-pvdz method for the three conformers. As illustrated in
Table 1, an increasing variation in Se–Se bond
(2.321< 2.334< 2.344Å) and C–Se–Se–C dihedral angle (63.7°<
76.2°< 86.6°) was observed among the conformers a, b and c,

respectively. As we will explained in the next subsection, this
tendency can be rationalized in terms of electron occupancy and
anomeric effect.

Introducing the sum of electron and thermal free energies,
obtained from thermochemical calculations at 298 K, into the
Boltzmann distribution equation, an estimation for gas rotational
equilibrium at room temperature of 86% (conf-a), 12% (conf-b)
and 2% (conf-c) with the density functional theory method and
74% (conf-a), 21% (conf-b) and 5% (conf-c) with MP2 method
was obtained (refer to Table 2).

Natural bond orbital analysis

In order to investigate theoretically the origin of energy
differences exhibited among the three equilibrium structures
and the relationship to their molecular geometries, we per-
formed a sequence of NBO analyses as follows. First, stabilizing
effects because of electronic delocalization contributions in each
conformer were quantitatively assessed by calculating again the
wave function over the optimized structures, but this time delet-
ing all non-Lewis-type NBO from the basis set. Then, a full orbital
population analysis was performed to determine the specific
donor–acceptor interactions responsible for making conformer
a, the most stable structure.

According to the calculated energies of deletion, E(L), and the
energy change, E(NL), localized contributions favor the structures
b and c over a by 6.0 and 10 kcal/mol, respectively (refer to Table
SI-1 in Supporting Information). The data in Table SI-1 also
demonstrates that the contribution by energetic delocalization,
E(NL), in conformer a is higher than the localized contribution,
E(L), of conformer c that is almost the same as the E(L) of
conformer b. The major stability of conformer a can be attributed
to its higher electronic delocalization energy.

On the other hand, the main stabilization energies, ΔE(2),
predicted for each structure by the NBO analysis (refer to Table SI-
2) indicate that by far, the largest delocalization contributions for
all three conformers were found to come from electronic charge
transfers. These involve lone pairs on selenium (nSe) or oxygen (nO)
atoms and vicinal antibonding orbitals, according to three principal
categories: (1) nSe→π*C=O; (2) nO→σ*C–C; and (3) nO→σ*Se–C, each
composed of two equal contributions. Whichever category is con-
cerned, themajor electronic transfers were always obtained for con-
former a, followed by those of conformer b and then conformer c,
which is in agreement with the conformational stabilization order
predicted initially (Table 2). Figure 5 schematizes the main
delocalizing interactions in each conformer by means of NBO over-
lap diagrams.

Table 2. Energies and relative population distribution at 298 K of three minima of [CH3C(O)Se]2 calculated at different levels of
approximation

Conformer Eh (hartrees) ΔE (kcal/mol) Eh0 +G° (hartrees) ΔG° (kcal/mol) Population %

Method: B3LYP/6-311++G(3df,3dp)
a �5109.73769092 0.00 �5109.685238 0.00 86
b �5109.73691144 0.18 �5109.683386 1.16 12
c �5109.73564072 1.25 �5109.681890 2.10 2
Method: MP2/aug-cc-pvdz
a �5105.61707688 0.00 �5105.562832 0.00 74
b �5105.61641043 0.42 �5105.561637 0.75 21
c �5105.61498619 1.31 �5105.560367 1.55 5

Table 1. Selected structural parameters of three minima of
[CH3C(O)Se]2 calculated with the MP2/aug-cc-pvdz method
using bond lengths and angles measured, respectively, in
Angstroms and degrees

Geometry
parameter

Conformer

a b c

(Se–Se) 2.321 2.334 2.344
Se(4)–C(3) 1.980 1.974 1.975
Se(5)–C(6) 1.980 1.977 1.975
C(3)=O(9) 1.213 1.217 1.218
C(6)=O(10) 1.213 1.215 1.218
C(2)–C(3) 1.513 1.506 1.508
C(6)–C(7) 1.513 1.514 1.508
Se–Se–C(3) 96.1 104.0 103.5
Se–Se–C(6) 96.1 98.2 103.5
Se(4)–C(3)=O(9) 122.9 115.2 115.4
Se(5)–C(6)=O(10) 122.9 122.6 115.4
Se(4)–C(3)–C(2) 111.8 119.0 119.1
Se(5)–C(6)–C(7) 111.8 112.2 119.1
C–Se–Se–C 63.7 76.2 86.6
Se–Se–C(3)–C(2) 173.9 3.9 1.9
Se–Se–C(6)–C(7) 173.9 168.8 1.9

DIACETYL DISELENIDE, CH3C(O)SeSeC(O)CH3
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The NBO analysis also allows us to offer a numerical
explanation to the gradual increase (conf. a< conf. b< conf. c)
in the geometric parameters Se–Se and C–Se–Se–C (refer to
Table 1). In the case of the Se–Se distance, the NBO occupan-
cies calculated over orbital σSe–Se show a value of 1.98118 in
the conformer a, followed by values of 1.97880 and 1.97824
in conformers b and c, respectively; meanwhile, the occupan-
cies over σ*Se–Se give values of 0.02038 (conf. a), 0.03703 (conf. b)
and 0.04931 (conf. c). Thus, the shortest Se–Se length
obtained in conformer a can be attributed to a greater electron
density. Regarding the dihedral angle C–Se–Se–C, its variation
among the conformers can be rationalized by considering
different grades of the gauche effect; this is mainly originated
by a charge transference between orbitals nSe and σ*C–Se
(anomeric effect). In conformer c, the largest value of this
transference, 6.71 kcal/mol, is favored because of its wider
C–Se–Se–C angle (86.6°); this contrasts to conformers b and a
where their lower charge transferences, 6.21 and 5.41 kcal/mol,
respectively, rebound in narrower CSeSeC angles (76.2°
and 63.7°).

Figure 5. Schematic delocalizing overlaps for conformers a, b and c of [CH3C(O)Se]2 calculated at the B3LYP/6-311++G(3df, 3pd) level of approxima-
tion. Blue arrows indicate direction of charge transference

Figure 6. FTIR (top, resolution = 2 cm�1) and FTRaman (bottom,
power = 150mW and resolution of 4 cm�1) spectra of pure liquid of
[CH3C(O)Se]2 measured at room temperature

J. A. GÓMEZ CASTAÑO ET AL.
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Vibrational analysis

Vibrational properties of the molecule were tackled experimen-
tally by recording Raman and FTIR spectra of the pure liquid
(Fig. 6). Vibrational assignments, listed in Table 3, were
performed with the aid of predictions of theoretical calculations
and also by comparing with related molecules, that is, CH3C(O)
SeH[24] and [CH3C(O)S]2.

[33]

Because the carbonyl stretching mode can be considered as a
conformational sensor for these kinds of molecules,[24,34,35] the
presence of two C=O groups in [CH3C(O)Se]2 plays a special role.
Zooming in on this area (Fig. 7), it is not easy to see the signals of
the two carbonyl groups separately, in either the FTIR spectrum
or the FTRaman spectrum of the pure liquid. However, when

the FTIR spectrum was measured for the isolated molecule in
an argon matrix at low temperatures, the C=O stretching region
appeared as a multiplet (top spectrum in Fig. 7). In fact, the same
matrix sites were observed in all other spectral regions as well
(refer to top spectrum in Fig. 8). So, the most plausible interpre-
tation for the multiplets in the IR matrix spectrum of [CH3COSe]2,
apart from cage effects, is the existence of a conformational
equilibrium at room temperature,[36] thus agreeing with the
theoretical predictions.

In order to check this interpretation, we performed an analysis
of the multiplets in all absorption regions in the FTIR argon
matrix spectrum of the molecule by considering the vibrational
shifts and conformational populations predicted theoretically.
As Fig. 8 shows, we found a good match between the

Table 3. Experimental (IR, Raman and Ar matrix) and theoretical (MP2/aug-cc-pvdz) vibrational wavenumbers (cm�1) of
[CH3COSe]2

IR Experimental MP2/AUG-CC-PVDZ Assignment

Raman Matrix Ar Conf-c Conf-b Conf-a

Conf-b Conf-a

3086 3194.8 (<1.0) 3193.6 (1.6) 3188.4 (2.0) ν(C–H)op
3052 3056 3010.8 3194.6 (1.7) 3187.9 (1.7) 3188.2 (1.8) ν(C–H)op
3023 3165.4 (<1.0) 3168.4 (<1.0) 3164.2 (<1.0) ν(C–H)ip
2964 2967 3164.8 (<1.0) 3162.0 (<1.0) 3164.1 (1.8) ν(C–H)ip
2917 2917 3072.4 (<1.0) 3070.6 (<1.0) 3066.0 (<1.0) ν(C–H)ip
2858 2862 3071.7 (<1.0) 3065.4 (<1.0) 3065.9 (<1.0) ν(C–H)ip
1717 1720 1741.4 1746.5 1725.3 (16.1) 1741.8 (69.0) 1759.3 (100) ν(C=O)ip
1684 1733.0 1736.8 1719.5 (100) 1727.9 (100) 1741.6 (76.2) ν(C=O)op

1435.7 1452.6 (3.1) 1460.1 (4.1) 1461.1 (3.5) δ(H–C–H)ip
1437 1442 1423.5 1434.0 1447.2 (3.7) 1453.9 (5.2) 1460.3 (9.7) δ(H–C–H)op

1420.0 1421.9 1436.0 (4.4) 1447.4 (4.8) 1448.8 (2.7) δ(H–C–H)ip
1415 1405.4 1406.6 1436.0 (1.3) 1445.5 (7.4) 1448.4 ( 7.9 ) δ (H–C–H)op
1370 1371 1357.2 1355.9 1362.6 (2.0) 1362.1 (6.7) 1360.6 ( 15.1) δa (CH3)twisting
1350 1351.1 1349.9 1357.5 (5.0) 1355.8 (6.7) 1360.3 (3.8) δs (CH3)twisting

1121.8 1105.8 1131.0 (23.3) 1128.5 (50.3) 1113.3 (71.7) δs(H–C–C)
1098 1097 1094.9 1084.2 1116.7 (45.4) 1108.8 (67.8) 1102.4 (79.7) δa(H–C–C)
1021 1029 950.2 999.1 (<1.0) 1004.7 (<1.0) 1000.2 (3.8) δ (CH3)wagging
999 999 945.9 993.8 (<1.0) 999.6 (1.4) 998.5 (4.3 ) δ (CH3)wagging
943 921.6 939.4 942.9 (3.7) 953.0 (15.1) 958.0 (24.9) νs(C–C)

919.7 936.4 937.0 (8.9) 944.6 (10.8) 956.8 (12.2) νa (C–C)
580 580 575.4 573.7 585.8 (10.6) 582.0 (25.0) 569.3 (41.4) νs(C–Se)
539 542 571.2 563.9 575.5 (21.9) 567.5 (31.7) 566.3 (37.7) νa (C–Se)

505 482.7 (<1.0) 491.8 (<1.0) 491.8 (<1.0) δoop(CO)ip
466.4 (<1.0) 471.0 (<1.0) 477.5 (<1.0) δoop(CO)op

381 344.5 (<1.0) 371.1 (<1.0) 373.0 (<1.0) δ(Se–C=O)ip
327.0 (<1.0) 337.5 (<1.0) 368.9 (2.2) δ(Se–C=O)op

324 323.6 (<1.0) 324.1 (1.8) 320.6 (1.4) ν(Se–Se)
302 321.6 (1.6) 303.2 (<1.0) 294.2 (<1.0) δ(Se–C–C)op
265 260.7 (<1.0) 257.4 (<1.0) 258.7 (1.8) δ(Se–C=O)ip

150.0 (<1.0) 167.5 (<1.0) 137.8 (1.2) δ(Se–Se–C)op
138.9 (<1.0) 133.5 (1.2) 115.0 (<1.0) δ(Se–Se–C)ip

96 132.2 (<1.0) 115.5 (1.3) 92.4 (1.4) τ (C–Se–Se–C)
125.2 (<1.0) 78.5 (<1.0) 75.4 (<1.0) τ (CH3)op
64.2 (<1.0) 72.7 (<1.0) 74.6 (<1.0) τ (CH3)ip
52.9 (1.1) 60.5 (<1.0) 56.5 (3.4) τ (H–C–C–O)op
41.2 (<1.0) 50.5 (<1.0) 48.2 (<1.0) τ (H–C–C–O)ip

ip, in phase; op, out of phase.

DIACETYL DISELENIDE, CH3C(O)SeSeC(O)CH3
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experimental multiplet patterns and the calculated (MP2/aug-cc-
pvdz) intensity ratios and shifts for a spectrum formed by a mix-
ture 71/29 of conformers a/b. No signal in the argon matrix FTIR
spectrum could be attributed to the less stable conformer c.
Accordingly, we present in Table 3 a detailed assignment of the

IR bands observed in solid argon for [CH3C(O)Se]2 in terms of an
equilibrium between the conformers a and b at room
temperature.

Argon matrix photochemistry

Argon matrix-isolated diacetyl diselenide was exposed to
UV-visible broad-band light (200 ≤ λ ≤ 800 nm) at different
irradiation times, and changes in the IR spectrum were
monitored. New absorption bands at 3060.3, 2142.2/2139.8/
2138.2, 2083.7/2081.8, 2010.6 and 1374.2 cm�1 appeared after
only 15 s of irradiation, while others at 2949.2, 1444.3, 1281.9,
979.6, 973.6 and 892.3 were better recognized after 30 s of
photolysis (refer to Figures SI-1 to SI-3 in Supporting Information).
All new bands were grown to the maximum period of irradiation
of 60 s at the expense of a rapid depletion of bands of [CH3C(O)
Se]2, suggesting a direct formation and trapping of photoprod-
ucts from this molecule (refer to Figure SI-4).
The first photoproduct to be identified was the carbonyl

selenide, OCSe. At 2010.6 cm�1 (refer to Figure SI-2), its signal
is very close to the 2009.0 cm�1 stretching C=O mode recently
reported for the molecule isolated in an argon matrix both
alone or with products derived from photodecomposition of
selenoacetic acids, RC(O)SeH (R = CH3, CF3 or ClCF2).

[24,25,36,37]

The next molecule detected during the photolysis of [CH3C(O)
Se]2 was ketene, H2C=C=O, with its main IR absorptions
appearing at 3060.3, 2142.2/2139.8/2138.2, 2083.7/2081.8,
1374.2 and 973.6 cm�1 for the νs(CH2), ν(CO), ν(

13CO), δ(CH2)
and ρ(CH2) modes, respectively (Figures SI-1 and SI-3).[38] This
compound was found to be the most abundant photoproduct
formed from diacetyl diselenide, which is in accordance with
the photochemical mechanisms proposed for the related
molecules CH3C(O)SeH

[24] and CH3C(O)SX
[39] [X = –H, –CH3 and

–C(O)CH3] isolated in argon matrices. Similar to the previously
mentioned photolysis experiments, the principal clue used to
distinguish the C=O stretching mode of ketene (2138.2 cm�1)

from those of carbon monoxide
(2138.0 cm�1)[40] in argon matrix was its satel-
lite 13C=O vibrational band at 2081.8 cm�1. This
differs by about 10 cm�1 for the corresponding
value reported at 2092.0 cm�1 for the CO
molecule.
Finally, another photochemical product to

be identified was methylselane, CH3SeH. The
formation of this compound is consistent not
only from the stoichiometric point of view but
is also in agreement with the photo-made
bands previously reported for CH3SeH in
argon matrix,[41] as well as the identified CH3EH
(E = S or Se) species during the photoevolution
of the related CH3C(O)SeH

[24] and CH3C(O)SX
[X = –H, –CH3 and –C(O)CH3]

[39] molecules.
Table 4 lists the band position and assign-

ment of the IR absorptions appearing after
photolysis of [CH3C(O)Se]2 in solid argon,
along with the wavenumbers reported previ-
ously also in Ar matrix for the proposed
photoproducts. Based on the identity of the
photoproducts, we propose the following
photochemical path for the molecule of
diacetyl diselenide isolated in an argon matrix
(Scheme 2).

Figure 7. C=O stretching region zooming: Raman (bottom), IR (medium)
and Ar matrix (top) vibrational spectra of diacetyl diselenide

Figure 8. Comparison between the experimental Ar matrix FTIR spectrum (top) and the
theoretical (MP2/aug-cc-pvdz) IR spectrum for a mixture 71/29 of conformer-a/conformer-b
(bottom) of diacetyl diselenide. (Asterisk in argon matrix spectrum corresponds to an impurity
of acetic acid)
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CONCLUSION

We have carried out preparation, mass fragmentation, vibrational
characterization and Ar matrix photodecomposition of diacetyl
diselenide, CH3C(O)SeSeC(O)CH3, for the first time. The novel
compound was obtained by treating pure selenoacetic acid,
CH3C(O)SeH, with oxygen. The conformational behavior
of diacetyl diselenide was approached by means of a combined
theoretical/matrix isolation study. From this, it was possible to
rationalize its gas phase composition at room temperature
as an equilibrium mixture between two structures; these are
denoted in this work as conformers a(C2) and b(C1). According
to our B3LYP/6-311++G(3df,3pd) or MP2/aug-cc-pvdz
calculations, C2 form is more stable than the C1 by 0.18 or
0.42 kcal/mol, respectively. Major thermochemical stability of
conformer a was interpreted theoretically, using an NBO analysis.
More efficient delocalization energy coming from vicinal
hyperconjugative interactions implies lone pairs on selenium or
oxygen atoms and C=O, C–C or Se–C antibonding orbitals.
Exposure of a molecule of CH3C(O)SeSeC(O)CH3, isolated in
argon cage at low temperatures, to a UV-vis radiation of
broad band (200 ≤ λ ≤ 800 nm) led to a rapid photolysis of the
compound to bring about ketene, H2C=C=O, and CH3SeH
and OCSe.
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