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ABSTRACT

A new approach has been introduced to predict boiling point of carbocy-
clic nitroaromatic compounds. This method is based on the number of
carbon, hydrogen and oxygen as well as the contribution of specific polar
group parato nitro group in disubstituted benzene ring and the number of
alkyl or aryl group ortho to nitro group. Thirteen experimental data were
used to predict the suitable correlation. Optimized correlation can be used
to dinitro aromatic compounds which belong to energetic compounds.
Predicted boiling points using the method described herein have been
tested for 26 nitroaromatic carbocyclic compounds and compared with
group-contribution method of Joback-Reid[K.G.Joback, R.C.Reid, Chem.
Eng.Comm., 57, 233(1987)]. Predicted boiling temperatures have the aver-
age deviations for new and Joback-Reid procedures 3.0% and 13.1%, re-
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INTRODUCTION

Thebasisfor any desgnand smulation of chemicd
and environmental systemsisardiableset of physica
and chemical propertiesof reactants. Sinceitisnot al-
waysposs bletofind experimenta valuesinthelitera:
tureaswell asmeasurement isexpensiveand time con-
suming or sometimeseven difficult or impossible, esti-
mation methodsaregenerdly of great value. Empirica
methods compl emented the computer output for desk
caculaionsof performanceand physcochemica prop-
erties of energetic compounds would be needed be-
causetheexpenditure connected with the devel opment
and synthesisof anew energetic material.

One of themost comprehensive estimation proce-

duresfor boiling point, melting point, and vapor pres-
sureisgroup contribution methods, wherevalues as-
signed to atoms, bonds, and their placement inamol-
eculeareused to estimatetheir contributionto thein-
herent physicochemical propertiesof that molecul €.
Some of group contribution methods are Joback and
Reid?, Constantinou et al.®4, Prickett et al.[,
Constantinou and Gani'®. Somenew simplemethods
have beenrecently introduced for smpleevaluation of
thermochemica propertiesof energetic compounds, eg.
melting point"® and heat of formation(®1Y.

Thenormd boiling pointsreflect thestrength of the
intermol ecular forces (among other forces present) that
hold them together. However, the stronger theintermo-
lecular forces, themoretightly theatomswill beheld
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TABLE 1: Comparison of thecalculated boiling point (K) of car bocyclic nitr oar omatic compoundsof new method and Joback-

Reid (J-R) method!@ for training set with experimental datal*®

No. Name Molecular structure  Exp. New method %Dev J-R method % Dev
. NO,
1 NN-Dimethyl-N-(3- CHaw 556 576.9 38 5784  -40
nitrophenyl)amine i
: CH,
2 1,2-Dimethyl-3-nitrobenzene @[% 513 512.2 0.2 5709  -11.3
NO,
3 1-Ethoxy-4-nitrobenzene OZNOO%F:I*CH 556 548.2 14 588.4 -5.8
4  2-Methyl-3-nitroaniline Q“”? 578 556.7 37 620.6 7.4
O,N CH,
5 2-Nitrophenol Qo“ 489 507.5 38 595.7 -21.8
NO,
6 4-Nitrophenol OH@NOz 552 555.9 0.7 595.8 7.9
NO,
7 2-Methyl-1,3-dinitrobenzene Q°H3 558 558.4 0.1 699.9 -25.4
NO,
NO,
8  2-Nitro-1,1'-biphenyl 593 599.2 -1.1 684.1 -15.4
9  1-Ethyl-2-nitrobenzene Qﬁ; s 506 512.2 -1.2 565.9 -11.8
NO,
10 4-Nitro-1,1-biphenyl ozN 613 611.1 0.3 6841  -116
CH,
11 1-Methyl-2-nitrobenzene @/”02 495 503.9 -1.8 543.1 -9.7
NO,
12  2-Nitronaphthalene 587 581.1 1.0 684.1 -16.5
13 (2-Nitrophenyl)methanol Qﬁjo“ 543 515.8 5.0 635.2 -17.0
NO,
Aver age deviation 24 12.7

together whichresultsthehigher thenorma bailing point.
The purpose of thiswork isto present anew approach
for obtaining boiling point of carbocyclic nitroaromatic
compoundsasanimportant classof organic materials
which can beused asreactantsor intermediatesfor syn-
thesisof carbocyclic polynitroaromatic explosives. Al-
though someaf polynitro compoundsdecomposeat tem-
peratures below their normal boiling points, the new
method can be applied for someenergetic compounds
that havenormal boiling points, e.g. dinitro carbocyclic
aromatic compounds. New corrdaionwill beoptimized

with experimenta dataof somecarbocydicnitroaroméatic
compoundsand, then, will betested against experimen-
tal valuesaswell as Joback-Reid method?.

RESULTSAND DISCUSSION

Determination of physi cochemica propertiesof ni-
tro compoundsistheessentia of somewhat more prac-
tical importanceto the chemist. The study of boiling
point for variouscarbocydic nitroaromatic organic com-
poundsshowsthat it ispossibleto corre ateboiling point
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TABLE 2: Comparison of thecalculated boiling point (K) of car bocyclic nitr oar omatic compoundsof new method and Joback-
Reid (J-R) method@ for test set with experimental data™

No. Name Molecular structure Exp. New method %Dev J-R method % Dev
CHj
1 1,2-Dimethyl-4-nitrobenzene 524 524.0 0.0 570.9 -9.0
CH3 N02
NQ, CHj
2 1,3-Dimethyl-2-nitrobenzene o @ 499 476.6 4.5 570.9 -14.4
3
NO,
3 1,3-Dimethyl-5-nitrobenzene OCHs 547 524.0 4.2 570.9 -4.4
CH3
NO,
4 L4-Dimethyl-2-nitrobenzene CHSOCHS 514 500.3 2.7 570.9 -11.1
CHs
5 2,4-Dimethyl-1-nitrobenzene O 520 500.3 38 5709  -98
NO, CHg
NO,
6 1,2-Dinitrobenzene @NO 591 573.8 2.9 672.0 -13.7
2
NO,
7 1,3-Dinitrobenzene QNO 564 573.8 -1.7 672.0 -19.1
2
8 1,4-Dinitrobenzene NOZQNOZ 570 573.8 -0.7 672.0 -17.9
9 2,2-Dinitro-1,1'-biphenyl 578 630.0 -9.0 840.9 -45.5
NO,NO2
NO,
10 1-Ethoxy-2-nitrobenzene QOCCH 540 524.0 3.0 588.4 -9.0
H, °
11 1-Ethyl-4-nitrobenzene OZNOﬁfcm 518 524.0 -1.2 565.9 -9.2
12 Ethyl 3-nitrobenzoate Qcooﬁz 570 545.8 42 6470  -135
O,N
. COO—CH
13 Methyl 2-nitrobenzoate Q ? 548 537.5 19 624.1 -13.9
NO,
14 2-Nitroaniline QNHZ 557 560.3 06  597.0 7.2
NO,
15 4-Nitroaniline OZN«j%NH2 605 560.3 7.4 597.0 1.3
NO,
16  1-Methoxy-2-nitrobenzene @OCH 550 515.8 6.2 565.5 -2.8
3
) O'CH3
17 1-Methoxy-3-nitrobenzene 531 515.8 29 565.5 -6.5

TABLE 2 is continue on next page
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No. Name Molecular structure  Exp. New method %Dev J-R method % Dev
18 1-methoxy-4-nitrobenzene OZN@ofcm 547 540.0 13 5655  -34
ON
19 3-Nitrobenzamide Q_/f 540 582.1 0.7 669.5 -14.2
NH2
20 Nitrobenzene @NOZ 518 5075 49 5150  -64
21  2-(2-Nitrophenyl)ethanol Qﬁzﬁzo“ 570 524.0 3.0 658.1 -21.9
NO,
22 1-Nitro-4-phenoxybenzene @0@“‘02 548 611.1 31 7066 -19.2
NO,
23 1-Methyl-3-nitrobenzene cH O 557 515.8 -2.1 543.1 -7.5
3
24 1-Methyl-4-nitrobenzene Noz@CHg 605 515.8 -0.9 543.1 -6.3
CH,
NO,
o5 135 Trimethyl-2-nitrobenzene Jé[ 550 532.3 08 5988  -134
HSC CH,
NO,
26 1,3,5-Trinitrobenzene @ 531 616.5 48 8288 -41.0
O,N NO,
Aver age deviation 3.0 13.1

with some specific structura parameters. Theresults
show that the numbers of carbon, hydrogen and oxy-
gen atomsaswell asthe contribution of specific polar
group parato nitro group in disubstituted benzenering
and the number of alkyl or aryl group ortho to nitro
group areimportant structural parameterstoderivea
new correlation. Oneset of carbocyclic nitroaromatic
compounds containing (13) compounds of different
molecular sructureswas sdlected astraining set, which
isgiveninTABLE 1. Thesuitableformfor predicting
boiling point of C H,N_O, carbocyclic aromatic com-
pounds based on multiplelinear regression asafunc-
tion of mentioned parameters can bewritten asfollows:

T,=2,+z,a+2z3b+z,d+ 25C, _or +ZgNo ~R(or-Ar) (1)

where T, isbailing point, a b and c arethe number of
carbon, hydrogen and oxygen atoms, C, oz showsthe
existence of specific polar groupsincluding alkoxy and
-OH parato nitro group in disubstituted benzenering,
Ny roran isthe number of akyl or aryl groupsorthoto
nitrogroup, and z, to z, areadjustableparameterswhich
can befound from experimental datagiveninTABLE

1. Sincethe equation set isoverdetermined*? to find
adjustable parameters, thel eft-division method for solv-
ing linear equations usestheleast squaresmethodin
multiplelinear regress onmethod. However, thefollow-
ing optimized correlation can be obtained:

T, (K) = 35103+ 21.771a— 6.7522b + 59.597d +

@
24.201C, _og —11.856N, _g(or_an)

Dueto variousinter- and intra-mol ecul ar forces,
R-sguared valuesor the coefficients of determination
of Eq.(2) is0.902, Asseenin Eq.(2), the coefficient
of the C, o haspositive sign which showsextrainter-
molecular forcesfor the presence of thistermindisub-
stituted benzenering. Dueto the presence of hydrogen
bonding for —OH group, it can be expected that the
contribution of the C, . for -OH ismorethantheakoxy
group. However, thevaueof C, zis1.0and 2.0for
alkoxy and —OH groups, respectively. The percent of
error, [ (measured-predi cted)/measured] x 100, aregiven
iINTABLE 1. Asseenin TABLE 1, theaveragedevia
tionfor Eq.(2) is2.4%whichismuchlower than Joback-
Reid procedure, i.e. 12.7%.
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Figurel: Filled triangleand squar edenote predictionsfor
training set by new and Joback-Reid methods, respectively
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Figure?2. Filled triangleand squar edenote predictionsfor

test set by new and Joback-Reid methods, respectively

Totest thevalidity of thenew correlation, boiling
point of 26 carbocyclic nitroaromatic compoundsare
caculated and compared with theexperimentd values
aswell as Joback-Reid® method, whicharegivenin
TABLE 2. Asindicatedin TABLE 2, thesameasthe
results of training set, the predictionsof new method
areingood agreement with experimenta vaues (aver-
age deviation=3.0%) as compared to Joback-Reid?
method (average deviation=13.1%). Of 39 calculated
values of normal boiling points, which aregivenin
TABLES 1and 2, deviationsfor only five compounds
arehigher than 5.0%.

A visual comparison of thepredictionsfor training
and test sets by new and Joback-Reid methods with
experiment areasogiveninfigures1 and 2. Asevident
infigures 1 and 2, the new method shows much better
agreement with experimenta datathan Joback-Reid
procedure.
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CONCLUSIONS

Thiswork hasintroduced asmplemethod for pre-
dicting norma boiling point of carbocyclic nitroaromatic
compounds. Two setswere used astraining and test
setsto derive appropriate correlation and it applica-
tion.Asshownin TABLES 1 and 2, thecal cul ated re-
sults have shown good agreement with experimental
dataascompared to Joback-Reid?. Thismay betaken
asappropriatevalidation of thenew procedurefor car-
bocyclic nitroaromatic compounds because the new
procedure exhibitsanimproved accuracy and smple
goplicability withrespect to Joback-Reid method, which
confirmstheaccuracy isnot necessarily enhanced by
greater complexity.
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