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Abstract.
The title paper [1] reports ab-initio calculations of the structure and molecular vibrations of 1,5-dinitronaphthalene. The calculations are unminimised, the molecular structure is wrong and the vibrational spectra are misinterpreted. These errors have been corrected and the vibrational spectra of 1,5-dinitronaphthalene have been reassigned in agreement with the optical and  neutron spectroscopic data.

The title paper [1] reports ab-initio calculations of the structure of 1,5-dinitronaphthalene (DNN), the same calculations are also used to analyse its vibrational spectra. The calculations are unminimised, the molecular structure is wrong and the vibrational spectra are misinterpreted. 
The crystal structure of DNN was determined some fifty years ago by diffraction methods [2]. The space group is P21/a – C2h5 and there are two molecules to the unit cell; the molecule is flat except that the nitro groups are rotated 49° out of the plane. The molecule is, nevertheless, centro-symmetric with a Ci point group [2]. The ab-initio calculation of DNN in a Cs configuration, as was done in [1], was inappropriate. 
The structure of DNN was recalculated for both the correct, Ci, and the incorrect, Cs, initial geometries. These were GUASSIAN03 [3, 4] DFT calculations, under B3LYP with the 6-31G* basis, as used in [1]. The minimum Ci energy obtained was -794.6665039 au, significantly less than that previously reported (-794.609250 au [1]). Moreover, the initial Cs geometry minimised to a C2h symmetry (-794.66493981 au) but with imaginary frequencies for the nitro-group torsions. This is somewhat at variance with the results given in [1], which reported an unbelievably regular molecular structure very close to C2h symmetry. Some important interatomic distances and angles for the Ci symmetry are given in Table 1 and compared with the experimental values and results from [1].   
That the local geometry of DNN in its lattice is centro-symmetric is also clearly seen from a comparison of the FTIR and Raman data [1], where there are few coincidences. We have augmented the optical data with a recently obtained neutron spectrum, see Fig. 1. Vibrational spectroscopy with neutrons is a well established technique that is particularly sensitive to the motions of the hydrogen atoms as they are displaced during vibration [5]. The spectra were obtained, at 20K, from 3g of DNN (Sigma-Aldrich) on TOSCA (at the ISIS Facility, Science and Technology Facilities Council, The Harwell Campus, The Rutherford Appleton Laboratory, UK). This is a broad range, high resolution neutron spectrometer that has been described elsewhere [6]. The sample was recrystalised from the melt in an attempt to produce an alignment of the molecular plane normal to the incident neutron momentum vector, Q. Had this been successful the in-plane vibrations would have been suppressed and the out-of-plane vibrations alone would have been active [5]. Unfortunately, however, this failed and the sample showed only slight preferential alignment (as is evidenced by the relative weakness of the in-plane transitions occurring above 1000 cm-1, see Fig. 1). The output from GUASSIAN03 calculations was visualised using ACLIMAX [7], which enabled a direct comparison of the calculated and observed neutron spectrum. The technique of individually scaling transitions in the calculated spectrum to those observed has been described elsewhere [8] and its application to this spectrum was straightforward. The assignments generated by this technique agreed with the optical results and gave a good fit of the calculated spectrum to the neutron data, see Fig.1. The low frequency region showed clear evidence of Davidov splitting. Above about 1200 cm-1 the fundamental transitions became difficult to assign in the neutron spectrum and, in this region, reliance was placed on the optical data [1]. The values of the transition energies, as calculated in GUASSIAN, as scaled and as compared to the optical data, are shown in Table 2. 
In conclusion, the errors of the title paper have been corrected, appropriate ab-initio calculations were performed and the vibrational spectra of 1,5-dinitronaphthalene have been reassigned in agreement with the optical and  neutron spectroscopic data.
Table 1
Comparison of the calculated and observed interatomic distances (Å) and angles (°).
	
	
	
	

	Bonda , angles
	Experimental, Ci,
	This calculation, Ci
	Title paper [1], Cs

	
	
	
	

	a (4, 3)
	1.370
	1.3816
	1.401

	b (4, 10)
	1.426
	1.4260
	1.401

	c (2, 3)
	1.414
	1.4083
	1.401

	d (9,10)
	1.423
	1.4489
	1.401

	C-N
	1.486
	1.4685
	1.470

	N-O
	1.208
	1.2677
	1.360

	
	
	
	

	CCN
	121 & 114
	121.96 & 115.48
	120.0 & 120.0

	NO2 out of plane dihedral
	49
	31.11
	0.0

	
	
	
	


a; the bond labels (a, b, c and d) refer to Table 4 of [2] and the numbers in parenthesis to Fig 1 of [1]. 
Table 2.

Assignment of the vibrational spectra of 1,5-dinitronaphthalene, cm-1. 

Those transitions calculated to be strong in the ir are given in bold.

	
	
	
	
	
	

	Mode
	Optical spectra [1]
	
	This work

	number
	observed
	observed
	
	Calculated
	Neutron

	
	FTIR
	Raman
	
	spectrum
	Spectruma

	
	
	
	
	
	

	
	
	
	
	
	

	Ag
	
	
	
	
	

	
	
	
	
	
	

	1
	
	3084
	
	3275
	

	2
	
	3064
	
	3254
	ca 3100

	3
	
	
	
	3226
	

	
	
	
	
	
	

	4
	
	1567
	
	1672
	1567

	5
	
	1532
	
	1615
	1500

	6
	
	1459
	
	1518
	1459

	7
	
	1420
	
	1487
	1420

	8
	
	1352
	
	1413
	1352

	9
	
	1280
	
	1391
	1280

	10
	
	
	
	1266
	1201

	11
	
	
	
	1250
	1174

	12
	
	1188
	
	1223
	1193

	13
	
	1097
	
	1142
	1096

	14
	
	
	
	1075
	1020

	15
	
	992
	
	1042
	983

	16
	
	
	
	986
	916

	
	
	958
	
	
	

	17
	
	
	
	878
	833

	18
	
	825
	
	866
	822

	
	
	803
	
	
	

	19
	
	
	
	775
	735

	20
	
	729
	
	753
	723

	21
	
	691
	
	723
	703

	
	
	660b
	
	
	

	
	
	622
	
	
	

	
	
	618
	
	
	

	22
	
	601
	
	611
	601

	
	
	594
	
	
	

	
	
	568
	
	
	

	23
	
	540
	
	563
	543

	
	
	480
	
	
	

	24
	
	458
	
	486
	461

	25
	
	
	
	476
	452

	26
	
	---
	
	379
	350

	27
	
	---
	
	341
	328

	
	
	
	
	
	

	28
	
	
	
	243
	228

	29
	
	156
	
	151
	170

	30
	
	
	
	62
	79

	
	
	
	
	
	

	Au
	
	
	
	
	

	
	
	
	
	
	

	31
	3100
	
	
	3276
	

	32
	3050
	
	
	3254
	ca 3100

	33
	2992
	
	
	3226
	

	
	2988
	
	
	
	

	
	
	
	
	
	

	
	1684
	
	
	
	

	
	1605
	
	
	
	

	34
	1590
	
	
	1646
	1590

	35
	1519
	
	
	1562
	1519

	36
	1490
	
	
	1450
	1490

	37
	1475
	
	
	1435
	1475

	38
	1347
	
	
	1402
	1347

	
	1297
	
	
	
	

	
	1256
	
	
	
	

	39
	1231
	
	
	1293
	1227

	40
	1208
	
	
	1257
	1193

	41
	
	
	
	1245
	1208

	
	1148
	
	
	
	

	42
	1170
	
	
	1210
	1176

	
	1038
	
	
	
	

	
	1017
	
	
	
	

	43
	1050
	
	
	1109
	1067

	44
	982
	
	
	1044
	983

	45
	890
	
	
	992
	916

	46
	
	
	
	869
	826

	47
	791
	
	
	836
	796

	48
	752
	
	
	817
	754

	49
	715
	
	
	768
	715

	50
	648
	
	
	714
	653

	
	624
	
	
	
	

	51
	
	
	
	647
	580

	52
	571
	
	
	594
	572

	
	530
	
	
	
	

	53
	471b
	
	
	517
	477

	
	436
	
	
	
	

	54
	393
	
	
	409
	400

	55
	365
	
	
	384
	373

	
	
	
	
	
	

	56
	
	
	
	234
	233

	
	
	
	
	
	220

	57
	187
	
	
	198
	196

	58
	167
	
	
	178
	153

	
	
	
	
	
	113

	59
	
	
	
	53
	83

	60
	
	
	
	48
	77

	
	
	
	
	
	


a; the calculated transitions as individually scaled, after [8].  

b; the 660 cm-1 Raman band was ‘very strong’ [1] in their table but appears weak in the spectrum and the 471 cm-1 FTIR band was ‘very weak’ in their table but appears strong.
Figure Caption
Fig. 1

The observed neutron spectrum of 1,5-dinitronaphthalene, red trace, compared to the calculated spectrum as presented in the text, black trace.
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