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This article present the structural parameters and physic-
ochemical data (XDg, AH%pgc and AG°,9s) of the
methoxyformyl peroxynitrate CH30C(0)O,NO, (MoPAN),
peroxypropionyl nitrate CH3CH,C(0)O,NO, (PPN), peroxy-
acryloyl nitrate CH,CHC(O)O,NO, (APAN), peroxy-n-butyryl
nitrate CH3(CH,),C(0)O,NO, (PnBN), peroxycrotonyl nitrate
CH3(CH=CH)C(0)O,NO, (CPAN), peroxyisobutyryl nitrate
(CH3),CHC(0)O,NO,  (PiBN), peroxymethacryloyl nitrate
CH,=C(CH3)C(0)O,NO, (MPAN) and peroxy-n-valeryl nitrate
CH3(CH;)3C(0)0,NO, (PnVN) peroxyacyl nitrate derivatives.
The equilibrium structures have been performed using
the B3LYP and MO06-2X functionals combined with the
6-311++G(3df,3pd) basis set. The physicochemical data were
calculated using several Gn methods, G3B3, G3MP2B3, G4
and G4MP2. Computational calculations were carried out
with GAUSSIANO9 program.
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Specifications Table

Subject area Chemistry

More specific subject area Physical chemistry and Theoretical Chemistry

Type of data Tables and Gaussian output files

How data was acquired Quantum chemical computation on Gaussian 09

Data format Both raw and analyzed

Parameters for data collection B3LYP/6-311++G(3df,3pd), M06-2X/6-311++G(3df,3pd), G3B3, G3MP2B3, G4
and G4MP2.

Description of data collection Structural parameters and energetic data from quantum chemical calculations

of peroxyacyl nitrates RC(0)0,NO, were generated by quantum chemical
computation.

Data source location Antonio Narifio University - Bogotd/Colombia - Latitude and longitude:
4.634977, -74.056385
Data accessibility With the article

Value of the Data

» Data of the equilibrium geometries of 8 peroxyacyl nitrates of environmental interest re-
ported, these information are important for both theoretical and experimental work involving
these pollutants, particularly for electronic structure theory and spectroscopy.
Physicochemical data such as atomization energies, enthalpies of formation and Gibbs free
energies (D0, AH°f,0K, AH°f,298K and AG°f,298K) can be used as a reference due to ex-
perimental values are not available for peroxyacyl nitrates studied here. Also, these data can
be used in atmospheric studies.

High accurate quantum chemical composite Gaussian-n methods have been employed to de-
rive energies of the peroxyacyl nitrates these values can be used for understand relative sta-
bility of these gaseous compounds and estimate other properties. These values can provide
further insights into development of future experiments.

Raw data are provided so that interested researchers can reproduce our data and perform
calculation at other levels of theory or for other relevant classes of compounds. Vibrational
spectrum, rotational constants, Mulliken charges, and other detailed information can be ex-
tracted from output files as needed.

1. Data Description

The equilibrium structures of the peroxyacyl nitrate derivatives RC(O)O,NO, (R = CH30-,
CH3CH2—, CHch—, CH3(CH2)2—, CH3(CH=CH)—, (CH3 )ch, CH2=C(CH3 )—, CH3(CH2)3—) have been
optimized at the B3LYP and M06-2X functionals from Density Functional of Theory (DFT) com-
bined with the extensive 6-311++G(3df,3pd) basis set under C; symmetry (see Fig. 1). Most
relevant structural parameters are reported in Tables 1 and 2, the C-C, C=C, and C-H bonds and
angles for peroxyacyl nitrate derivatives with label C;, Cy, C3, and C4 (see Fig. 1, Tables 1 and
2) present characteristic values. The complete structural parameters data are available in the
output files (see supplementary material) which include vibrational spectrum calculated at the
same level of theory. The output files can be viewed in any visualizer software compatible.
The following associated files are provided in Supplementary material.

B Raw Gaussian output files (.txt) for equilibrium structure, vibrational frequencies, rotational
constants, Mulliken charges, and other detailed information for all compounds at B3LYP/6-
311++G(3df,3pd) and M06-2X/6-311++G(3df,3pd) levels of theory.

B Raw Gaussian output files (.txt) for energetic values for all compounds at G3B3, G3MP2B3,
G4 and G4MP2 levels of theory.
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Table 1

Most relevant structural parameters of the peroxyacyl nitrate derivatives RC(0)O,;NO, (CH30C(0)O,NO, (MoPAN),
CH3CH,C(0)0,NO, (PPN), CH,CHC(0)O;NO; (APAN), CH3(CH,);C(0)0,NO, (PnBN), CH3(CH=CH)C(0)O,NO, (CPAN),
(CH3),CHC(0)O,NO, (PiBN), CH,=C(CH3)C(0)0,NO, (MPAN) and CHs3(CH;);C(0)0,NO, (PnVN)) at level of theory
B3LYP/6-311++G(3df,3pd). The distances are in A and angles in degree.

MoPAN PPN APAN PnBN CPAN PiBN MPAN PnVN
r(N-Oy) 1184 1.186 1184 1.186 1185 1.186 1185 1.186
1(03-N) 1.523 1.511 1.516 1.510 1.514 1.510 1.516 1.510
1(03-04) 1.392 1.399 1.395 1.399 1.394 1.399 1.395 1.399
1(C-O4) 1.393 1.403 1.405 1.405 1.409 1.403 1.404 1.405
r(0s=C) 1.189 1187 1.190 1187 1192 1.188 1192 1.187
1(0-C) 1.319
1(06-Cy) 1.443
r(C;-C) 1.506 1.476 1.506 1.467 1.515 1.486 1.506
n(C-Gy) 1.524 1.328 1.527 1334 1.536 1.502 1.527
n(Cy-C3) 1.527 1.490 1.529
n(C-GC3) 1.536 1.333
1(C3-Cy) 1.528
£(04C0g) 104.8
£(C06Cy) 115.3
£(04CCy) 107.8 107.5 107.8 110.8 109.0 111.2 107.8
£(CC1Cy) 1124 120.2 112.9 125.7 11.7 121.7 112.8
2(C1CG3) 112.0 124.5 1123
2£(CC3Cy) 112.8
£(C,C1C3) 1121 1241
D(05C0403) -54 -4.5 -4.8 -4.2 -6.2 -53 -71 -5.0
D(06C0403) 174.9
D(C;C0403) 175.9 175.6 176.3 1743 174.9 173.4 111.9

Table 2

Most relevant structural parameters of the peroxyacyl nitrate derivatives RC(O)O,NO, (CH30C(0)0,NO, (MoPAN),
CH3CH,C(0)0,NO, (PPN), CH,CHC(0)O,NO, (APAN), CH3(CH;),C(0)0,NO, (PnBN), CH3(CH=CH)C(0)O,NO, (CPAN),
(CH3),CHC(0)0,NO, (PiBN), CH,=C(CH3)C(0)0,NO, (MPAN) and CH3(CH;)3C(0)0,NO, (PnVN)) at level of theory M06-
2X/6-311++G(3df,3pd). The distances are in A and angles in degree.

MoPAN PPN APAN PnBN CPAN PiBN MPAN PnVN
r(N-0) 1179 1180 1180 1181 1180 1181 1180 1181
(03-N) 1455 1.449 1451 1447 1.450 1447 1451 1447
1(03-04) 1374 1378 1376 1.378 1375 1377 1375 1378
1(C-04) 1381 1392 1391 1393 1.396 1.394 1392 1393
1(05=C) 1185 1183 1184 1182 1186 1183 1186 1182
1(06-C) 1312
1(06-C1) 1433
(C;-C) 1499 1477 1.500 1469 1.506 1485 1.500
1(C1-C») 1.532 1324 1522 1.330 1527 1328 1521
1(Cy-C3) 1523 1.490 1.524
1(C1-C3) 1.534 1.498
1(C3-Cy) 1524
£(04C0g) 105.6
2(C06Cy) 1144
2£(04CC) 108.8 108.2 108.5 110 109.2 116 108.5
£(CC,Cy) 109.5 119.1 112.0 1247 108.0 1138 112.0
2(C1C5C3) 1114 124.0 112.0
2£(C2C5Cy) 1121
2(C,C1C3) 117 1249
D(05C0405) -39 -51 —42 29 -39 —06 —48 -25
D(06C0405) 176.4
D(C;C040;5) 173.0 176.3 1779 176.7 1776 175.7 1784
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Fig. 1. Geometries of peroxyacyl nitrate derivatives RC(0)0,NO,, (CH30C(0)0,NO, (MoPAN), CH3CH,C(0)0,NO, (PPN),
CH,CHC(0)0,NO, (APAN), CH3(CH;),C(0)0,NO, (PnBN), CH3(CH=CH)C(0)0,NO, (CPAN), (CH3),CHC(0)O,NO;, (PiBN),
CH,=C(CH3)C(0)0,NO, (MPAN) and CHs3(CH;)3C(0)0,NO, (PnVN)) with atom labeling, numbers in color blue indicates
different derivatives studied in this work. R indicates the quantities of carbon atoms of the peroxyacyl nitrate derivatives.

2. Experimental Design, Materials and Methods

Gaussian input files (.inp) were generated by using Gaussview 5 [1]. The ab initio calcula-
tions were performed using the Gaussian 09 program package [1] to optimize the structures
at B3LYP/6-311++G(3df,3pd) and M06-2X/6-311++G(3df,3pd) levels of theory. Frequency calcula-
tions confirm that structures are minima on the electronic potential energy surface for all perox-
yacyl nitrate derivatives RC(O)O,NO,. The output files were processed using Gaussview 5 [1] to
extract geometric and energetic data of all the compounds studied. The enthalpies of formation
and Gibbs free energies (AH%k, AH°%2ggx and AG°gg¢) have been computed by calculating
total atomization energies (XDg), see Table 3, for further details see the Gaussian Software web
site and our previous publications [1-3]. Physicochemical data recommended have been pre-
sented by means of the composed methods G3B3, G3MP2B3, G4 and G4MP2, see Table 3 in
Mean + Std. Dev. [4-7].

The thermochemical values for peroxypropionyl nitrate CH3CH,C(0)O,NO, (PPN) and perox-
yacryloyl nitrate CH,CHC(O)O,NO, (APAN) have been studied previously, the values reported for
AH® 598 are —66.5 and —34.8 kcal mol~! respectively [8-9]. These values are consistent with
our values at G3B3 level of theory reported. The dataset reported in this paper used composited
methods most accurate compared to other previously published results on these compounds.
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Table 3

Atomization energies, enthalpies of formation, and Gibbs free energies (XD, AH%qk, AH%29gx and AG°9sx) physic-
ochemical data calculated from Gaussian-n composited methods for the peroxyacyl nitrate derivatives RC(O)O,NO,
(CH30C(0)0,NO, (MoPAN), CH3CH,C(0)O,NO, (PPN), CH,CHC(O)O,NO, (APAN), CH3(CH,),C(0)0,NO, (PnBN),
CH3(CH=CH)C(0)0,NO, (CPAN), (CH3),CHC(0)0,NO, (PiBN), CH,=C(CH3)C(0)0,NO, (MPAN) and CH3(CH,)3;C(0)0,NO,
(PnVN)). Values are reported in kcal mol~'.

RC(0)0,NO,  Property G3B3 G3MP2B3 G4 GAMP2  Mean + Std. Dev.  Ref.
Dy 10548 10515 10535  1050.2 10525 + 2.0
AHC ok -935 ~90.2 922 -8838 —912 + 21
MoPAN AH% j05c  —98.0 -94.7 -96.8 —934 —95.7 + 21
AGY 208 -69.9 -66.7 ~68.9 —65.6 —678 + 2.0
=Dy 12365 12337 12353 12324 12345 + 1.8
PPN AH ok ~60.9 ~58.2 ~59.7 ~56.8 589 + 18
AH% j05c  —663 ~636 -652 -623 644 + 18 ~66.5°[8]
AG 208k -373 -345 -36.3 -334 354+ 18
Dy 11033 11011 1102.1 1099.5 11015 + 16
APAN AH o -310 -2838 -29.8 -272 292 + 16
AH j0sc  —349 -327 ~33.8 ~312 ~332 + 16 ~348" [9]
AG 05 ~73 ~51 ~65 -39 57+15
Dy 1513.4 1510.7 15121 1509.2 15114 + 1.8
PrBN AHC o —646 —618 ~633 ~60.4 625+ 18
AH% yosc  —714 -68.7 -703 —674 695 + 1.8
AG 08¢ ~403 ~375 ~393 ~364 384 + 18
=Dy 13839 13816 13826 13799 1382.0 £ 1.7
CPAN AHY o -384 -36.1 ~370 ~344 ~36.5 + 1.7
AH% josc  —435 412 423 ~396 417 + 17
AG 208 ~134 ~111 ~125 938 117 £ 16
Dy 15141 15112 1512.8 1509.8 1512.0 + 1.9
PIBN AHC o -65.3 —624 ~64.0 —61.0 632+ 19
AH% jos  —72.2 -69.3 -709 —67.9 ~701 £ 19
AG 08 413 -384 ~403 ~373 393+ 18
=Dy 13839 13817 13826 13800 13821 + 16
MPAN AHC o -384 -361 ~370 344 365 + 1.7
AH% yo5c  —436 413 423 -39.7 417 + 16
AG 208 ~135 —11.2 —125 -10.0 118 £ 15
Dy 17904 17876 1789.1 1786.3 17884 + 1.8
PIVN AHC o -683 —656 —671 -64.2 —663 + 1.8
AH 05 —76.6 ~738 ~75.4 ~726 ~746 + 18
AG 05 —433 ~406 —416 -388 —411 £ 19

* Theoretical value reported.
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