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Abstract
The authors of the title paper (Colloids and Surfaces A 606 (2020) 125456) reported to have
hydrothermally synthesized nanosheet-constructed porous MnMoS4 arrays on 3D Ni foam as a
binder-free electrode in high performance supercapacitors. A critical analysis of the reported results
viz. X-ray powder pattern and the elemental composition reveals that the electrode material is not
MnMoS4 as it contains substantial oxygen in addition to less Mo content than Mn. In this letter to
the Editor, many points of criticism concerning the hydrothermal synthesis and interpretation of the
experimental data are described to prove that MnMoS4 (I) is a dubious material.
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Introduction
The aqueous synthesis and structure characterization of heterometallic compounds having formula
[M(MoS4)2]2- (M is bivalent 3d metal Fe, Co, Ni, Zn) are well documented in the literature for the past
more than four decades [1]. In a first report on Mn-tetrathiomolybdate [2] (tetrasulfidomolybdate is
the current IUPAC nomenclature) compounds, it was shown that unlike other 3d metal ions, Mn(II)
does not form [Mn(MoS4)2]2- on reaction with aqueous [MoS4]2- solution but does form
[(bpy)2MnMoS4] (bpy = 2,2′-bipyridine) in the presence of bpy. Subsequently Bencini et al [3]
described a non-aqueous synthesis of (PPh4)2[Mn(MoS4)2] II by a 1:2 reaction of anhydrous MnBr2

with (PPh4)2[MoS4] in methanol. Dissolution of II in water resulted in the hydrolysis of the
[Mn(MoS4)2]2- unit affording the starting material (PPh4)2[MoS4]. Hence it is obvious that the Mntetrasulfidomolybdate is hydrolytically unstable and cannot be assembled in aqueous medium. In
the literature of Mn and Mo, no ternary phase of Mn, Mo and S having formula MnMoS4 is known to
date. In view of this, the title paper [4] published in Colloids and Surfaces A reporting on a
hydrothermal synthesis of nanosheet constructed porous MnMoS 4 arrays on 3D Ni foam attracted
our attention. We perused the publication to comprehend the utility of 3D Ni foam to overcome the
hydrolytic instability of the {Mn-S-Mo} moiety in order to obtain a hitherto-unknown MnMoS 4 (I)
compound by a hydrothermal method. A thorough reading of the paper revealed that the compound
under study cannot be MnMoS4 due to incorrect interpretation of the experimental data. In the
following comment, the several scientific inconsistencies in the characterization of I are described.

Comment
The authors of the title paper claim to have synthesized for the first time MnMoS 4 nanosheets by a
two-step in-situ hydrothermal method (Scheme S1). In the first step MnMoO4 precursor on Ni foam
is prepared by a hydrothermal reaction of MnCl2·4H2O, Na2MoO4·2H2O and Ni foam substrate in
distilled water. In the literature this same reaction has been earlier reported to result in the
formation of MnMoO4·4H2O nanoplates [5]. No explanation has been offered for getting an
anhydrous Mn-Mo oxide precursor viz. MnMoO4. In the second step, the MnMoO4 precursor was
supposed to have been reacted with Na2S·9H2O hydrothermally at 120oC to obtain MnMoS4
nanosheets on Ni foam. The authors explain the above reaction as follows“… after hydrothermal
treating the oxide precursor in Na2S solution, the precursor turns into MnMoS4. The formation
mechanism of Mn−Mo sulfides in our work is based on an anion-exchange reaction. This reaction can
take place between S2− and O2−, and thus the Mn−Mo oxide nanostructure could be converted into
Mn−Mo sulﬁde nanosheet arrays”.

The MnMoS4 nanosheet arrays thus prepared in a two-step hydrothermal reaction was supposed to
have been characterized with the aid of SEM, TEM, EDX and X-ray powder pattern. From the
reported powder pattern of MnMoS4 (Fig. S1) it appears that the authors attempted to match the
pattern of MnMoS4 with 98-000-1955 Na2SO3, 00-012-0720 MnO2, 00-035-1410 H0.30MoO3 and 98012-4006 Mn2Na2O3, none of which have any correlation with MnMoS4. Instead, a comparison of the
pattern of the so-called MnMoS4 with the starting materials, MnCl2.4H2O, Na2MoO4.2H2O, and
Na2S.9H2O, could have been more meaningful. In the discussion of powder pattern results it is
mentioned, “The crystallographic structure of the as-obtained MnMoS4 was investigated by XRD. The
X-ray diffraction pattern of the deposited compound on nickel foam was measured in the diffraction
angle at around 2θ of 10° to 80°. The XRD spectrum of MnMoS4 is shown ….. The presence of the
peaks corresponding to (002), (111), (100), (103), (105), and (110) planes are seen at 2θ of 23.86,
29.06, 32.9, 40.99, 48.64, and 59.89 degrees, respectively [21,48,49]. Therefore, these studies
confirming the presence of the elements considered in the MnMoS4 structure.” In the literature no
phase having formula MnMoS4 is known to date and its pattern is not archived in the International
Centre for Diffraction Data (ICDD). The authors claim to have synthesized MnMoS4 nanoarrays for
the first time but have not determined or reported the unit cell parameters of MnMoS4 for a firsttime product. The citations [21,48,49] do not pertain to MnMoS4 because reference [21] in the title
paper is on a molybdenum disulfide / carbon nanocomposite, while [48] (presently [5]) is on
MnMoO4·4H2O nanoplates. The citation [49] in the title paper is on manganese sulfide nanocrystals.
However, the authors of [4] claimed to have indexed the lines in their pattern as corresponding to
(002), (111) etc. without any explanation. It is also not clear as to how a few lines appearing in a
powder pattern can confirm the presence of the elements in the MnMoS 4 structure. In view of the
reported reasoning for the formation of Mn−Mo sulﬁde nanosheet arrays by an exchange reaction
between S2- and O2- (vide supra), a comparison of the powder pattern of this phase viz.
MnMoO4·4H2O [5] as well as the anhydrous MnMoO4 phase [6] with the pattern of the so-called

MnMoS4 nanoarray was made. However, a total mismatch is observed indicating that no
isomorphous replacement of the O2- by S2- as envisaged by the authors occurred. Although the O2−
ligands of oxidomolybdates can be substituted to S2− by reagents like H2S or Na2S in alkaline medium
[7], the hydrolytic instability of {Mn-S-Mo} moiety [2, 3] appears to inhibit the formation of the
MnMoS4 phase under hydrothermal conditions. The use of Ni foam has not in any way helped the
formation of any pure MnMoS4 phase in aqueous medium. This is not surprising since known ternary
phases containing Mn, Mo and S (for example MnMo6S8) have been prepared under anhydrous
conditions [8, 9]. In view of the above discussions, the claim of confirming the presence of the
elements considered in the MnMoS4 structure with powder X-ray data can be ruled out.
The questionable nature of the so-called MnMoS4 nanoarray is also revealed by the reported
elemental composition (Fig S1). Although authors reported ‘… shows the EDS spectrum of the
MnMoS4 instance for the elemental spatial distributions. It can be seen correctly that there are Mn,
Mo, S, elements distributed in the SEM image”, the lines expected at Mn edges are actually not
present. For example, the Kα line at 5.89 keV is invisible. The unlabelled line at ca. 1.05 keV, with a
shoulder at lower energy can correspond to the Kα line of Na (1.041 keV) and the L-alpha line of the
Ni foam (851 eV). Instead of considering the presence of any Na or Ni, authors reported a Mn
content of 3.7% with a standard deviation (σ) of 3.7%. A σ value of 5.3% is more than the reported
weight % of Mo. In view of its higher atomic mass the expected content of Mo should be ~1.75 times
more than that of Mn (Table 1). For the formula MnMoS4 the metals Mn and Mo together account
for 54.05% while the rest is S. However, the so-called MnMoS4 nanoarray contains a total of only
6.8% of Mn and Mo, with slightly more Mn than Mo, in addition to substantial amount of oxygen
(47.1 %) indicating that the hydrothermally synthesized product cannot be formulated as MnMoS4.
The reported weight percentages in addition to indicating that the mole % of Mn is twice that of Mo
(Fig S1), actually correspond to a formula Mn2.1MoO91.1S44.5 (see the last row of Table). However,
such a formula can be ruled out due to less Mn and Mo atoms to charge balance the several S and O

atoms. In view of the disagreement of the experimental and calculated composition, and incorrect
interpretation of the EDX spectrum, the hydrothermally synthesized MnMoS 4 cannot be considered
as a monophasic material.
Table 1 Calculated elemental composition of MnMoO4, MnMoS4 and Mn2.1MoS44.5O91.1
Formula

formula weight weight weight weight weight Total %
% Mn

% Mo

%S

%O

MnMoO4

214.89

25.57

44.65

--

29.78

100.00

MnMoS4

279.17

19.68
(3.7)

34.37
(3.1)

45.95
(46.1)

-(47.1)

100.00
(100.00)

Mn2.1MoS44.5O91.1

3096.03

3.7

3.1

46.1

47.1

100.0

(values in bracket are the experimentally determined % reported in [4])

In infrared (IR) spectral discussion authors reported, “It can be obviously observed that the stretching
peak of −OH groups is much more intensiﬁed, because the MnMoS4 sample is synthesized in the
aqueous solution which may form the tunnel structure during the reaction process, thus a small
amount of H2O molecules is intercalated in the tunnel.” In spite of assigning –OH and Mn-O
vibrations, no explanation whatsoever can be seen for the exclusion of water (specifically oxygen) in
the chemical formula. Raman spectral assignments contradict IR data as can be evidenced by the
assignment of a band at 1032 cm−1 for Mo-S symmetric stretching mode in the Raman spectrum
while weak peaks at 460–550 cm−1 were attributed to Mo–S vibrations in the IR spectrum.
In summary, we have shown that the nanosheet-constructed porous MnMoS 4 arrays on 3D Ni foam
is an improperly characterized material.
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SUPPLEMENTARY MATERIAL

Scheme S1. The diagram for the synthesis of MnMoS4 nanosheet arrays on the 3D Ni foam substrate
reported in [4] (Reproduced with permission). It is to be noted that the step 1 in this Scheme for the
preparation of MnMoO4 precursor is exactly the same as reported in [5] in 2014 for MnMoO4·4H2O
nanoplates. However, no explanation is given by authors of [4] for obtaining anhydrous MnMoO4.

Fig. S1. (a) XRD pattern of as-prepared MnMoS4 NSs; (b) EDX spectrum of MnMoS4 NSs (Reproduced
with permission). Note that Mn content (3.7%) is more than that of Mo (3.1%) and the so-called
MnMoS4 nanosheet contains considerable amount (47.1%) of oxygen. Note the unlabelled line at ca.
1.05 keV, with a shoulder at lower energy, which can correspond to the K-alpha line of Na (1.041
keV) and the L-alpha line for the Ni foam (851 eV), respectively. The lines expected at Mn edges are
actually NOT present: the L-alpha line is expected at 637 eV, not at 600 eV as marked in the above
spectrum, and the K-alpha line at 5.89 keV is invisible. However, the reported weight % of Mn has a
standard deviation of 3.7% while presence of Na and Ni is not considered.
Although authors reported “The chemical composition of the as-prepared MnMoS4 was further
measured using inductively coupled plasma (ICP) optical-emission spectrometry. The Mn/Mo/S
atomic ratio for the MnMoS4 sample determined by the ICP analysis is 1.1:1:3.8, which is consistent
with the EDX results”., this claim is incorrect and unacceptable. In the absence of experimental
details of ICP and suitable explanation for the contradictory EDX data, the ICP data are unreliable.

