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Abstract

The title paper reports, inter alia, the ab initio calculated structure and vibrational spectra of 1,2-dinitrobenzene. The calculated structure of the dinitrobenzene is wrong. We have recalculated the ab initio structure and assigned the spectra in agreement with previously published work.

The title paper [1] reports the ab-initio calculated  structure of 1,2-dinitrobenzene, the same calculations were also used to analyse its vibrational spectra. The calculated molecular structure and, hence, the corresponding vibrational spectrum are wrong. 

That the ab initio structure given in [1] was wrong should have been obvious from its calculated vibrational spectrum. A planar structure for this molecule gives two imaginary frequencies, both associated with twisting vibrations of the two nitro groups, see below. The reason for the imaginary frequencies would have been obvious from reading the literature. Substituent crowding in this system prevents a planar arrangement [2] and, to avoid this, the nitro groups con-rotate (about 40° out of the benzene plane) to yield a C2 molecular symmetry [3]. The ab-initio calculation of 1,2-dinitrobenzene in a planar configuration, as was done in [1], was inappropriate. (An optimised Cs structure, energy -641.2563 au, has the nitro groups syn-rotated 60° out of the benzene plane and yields one imaginary frequency.)
Not only do the authors force the 1,2-dinitrobenzene into the wrong, flat, structure they then completely miss the implications of their mistake and describe the resulting structure as non-polar and Cs. A flat 1,2-dinitrobenzene is certainly polar and has C2v symmetry. 

The structure of 1, 2-dinitrobenzene was recalculated for both the correct, C2, and the incorrect, C2v, initial geometries. These were GAUSSIAN03–B05  [4] DFT calculations, under B3LYP with the 6-31++G (d,p) basis, as used in [1]. The minimum energy obtained for the C2 configuration was -641.2685 au with the nitro groups 46° out of the plane (observed in the solid, 41° [3]) and no imaginary frequencies. The minimum energy obtained for the C2v system was -641.2458 au. This calculation produces two imaginary frequencies for the nitro torsions, at –132 cm-1 and –74 cm-1. No reports of any imaginary frequencies are found in [1] they are simply ignored, this is not the first time that two authors of this paper have opted to ignore unwelcome imaginary frequencies [5].
In the process of making the assignment of the vibrational spectra based on our calculations, our attention was drawn to the chaotic state of the reported ir spectra, Fig 2 [1]. The overall profile of the ir spectrum resembles that previously reported [6] except for the frequency scale, which is totally wrong. The tabulated spectral transitions, Table 3 [1], are somewhat under reported compared to the earlier work [6]. Those that are reported agree with the earlier work to within about 10 cm-1, the greatest discrepancy was 19 cm-1. 
Having calculated the correct molecular structure we can now proceed to the spectral assignments.
As previously [5], our touch stone in producing assignments will be simplicity and comparison with the previously published scheme [6]. Based on our calculated ir intensities of the strong features, when compared to the observed spectrum, it was straightforward to discern the pattern of transitions and from that, by inspection, to arrive at the scheme given in Table 1. This scheme corresponds to a single scaling value of 0.976, which is reasonable given the level of our calculation. To simplify things further, we shall avoid making assignments in the ν(CH) region. Also shown in Table 1 are the previously published assignments [6]. We have used the ViPA program [7] to extract descriptions of the modes of the dinitrobenzene in terms of the vibrational modes of benzene; following the Wilson mode numbering scheme, after [6]. The use of ViPA in this context has been described elsewhere [8].
Of the total of 42 vibrations expected for this system, 35 had previously been assigned [6] (excluding the ν(CH) region). Our work completely confirms 19 of these assignments (with a further 4 gaining some support) see Table 1. 
Conclusion
Two authors of [1] have, again (see [5]), been allowed to publish a travesty of professional spectroscopic work in this journal. It was work that was hardly needed, that was badly conducted and that produced a paper with glaring errors. The editors might like to consider the best course of action to take in the light of this finding.
Table 1.
The calculated and observed ir transition frequencies, cm-1, for 1,2-dinitrobenzene. Also shown are the characters of the modes, χ (under Cs), and the mode descriptions obtained from this work and those previously published [6]. Here n(m) implies that the calculated eigenvector of this mode has m% of the form of the nth Wilson mode of benzene, see text (for contributions > 10%). 
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	B
	270vw
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	9b

	B
	337vw
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	6(13)
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	6b

	A
	370vvw
	---
	
	16(34)
	r-a
	

	B
	414vw
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	16(85)
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	A
	422w
	422w
	
	
	ν(C-N)s
	6a

	A
	560vw
	548w
	560w
	16(43), 4(15)
	
	r-a

	B
	593w
	585
	590w
	11(19)
	r-s
	r-s

	A
	653w
	638
	650w
	6(77), 4(11)
	
	1

	A
	690w
	682
	690w
	4(55)
	w-a
	4

	B
	711m
	701
	720m
	6(66)
	
	w-a

	B
	738s
	732s
	740s
	11(49), 18(10)
	w-s
	w-s

	A
	778m
	758
	760m
	10(37), 17(18), 15(10) 
	
	12

	B
	801m
	781vs
	800s
	10(69), 11(13)
	
	11

	A
	851s
	842s
	850s
	1(14)
	s-scis
	s-scis

	B
	869m
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	870m
	12(25)
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	A
	902w
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	B
	981w
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	930w
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	5(60), 17(40)
	
	5

	A
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	----
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	----
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	15(47), 9(44)
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	----
	3(55)
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	1330m
	14(98)
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	1357vs
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	a-ν(NO)s
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	A
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	s-ν(NO)s
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	B
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	19(88)
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	1620vs
	1530vs
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	s-ν(NO)a
	s-ν(NO)a

	A
	1622s
	1550
	----
	8(25), 9(15), 15(11)
	a-ν(NO)a
	a-ν(NO)a

	B
	1645vs
	1588
	1540vs
	8(79)
	
	8a

	A
	1653 m
	1600
	1590m
	8(73)
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*: C–C–N deformations; T = twist, R = rock in plane, W = wag out of plane. C–N=O deformations; scis = scissor, r = rock, w = wag, ν = stretch. a = anti-symmetric; s = symmetric:
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