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QUANTUM-CHEMICAL MODELLING OF THE QUANTITATIVE PARAMETERS
THAT DETERMINE THE FIRE SAFETY OF THE ANILINE IN BOUND STATE WITH
COPPER(I1) CHLORIDE

The crystals of the [Cu(CgHsNH,),Cl,] complex have been prepared by direct interaction of the
aniline with copper(ll) chloride and the flash point and ignition temperature was measured for them.
Based on the data about crystal structure of this complex the quantum-chemical analysis of ability of the
copper salts to decrease combustibility of the amines was carried out. The computes showed that chemi-
cal bonding of the nonflammable copper(Il) chloride with the combustible aniline (the Cu(I1)-N bonding
energy is 169 kJ/mol) leads almost to the double decrease of calorific capacity of the amine in bound state
(the lower calorific capacity of [Cu(CgHsNH,),Cly] is 18625.3 kJ/kg). All this is well coordinated with the
obtained data about flash point and ignition temperature which were determined for aniline in a free and
bound state.

Keywords: aniline, amine combustibility, coper(Il) chloride, quantum-chemistry, thermo-
chemistry, flash point and ignition temperature.

Introduction. Systematic search of the novel chemical agents which are able efficiently to
decrease a combustibility of the various organic compounds widely used in the chemical industry
[1] there are one of the most actual problems of the fire safety [2]. So, the aniline belonging to a
family of the nitrogen-containing hydrocarbons is industrially important organic compound and this
substance is very flammable. Some physical-chemical and combustible properties of aniline are
tmelting = —-5.96°C, thoiling = 184.4°C, triash = 73°C, tignition = 76°C, tautoignition = 493°C,
AH; = 31.1 kJ/mol and AH: = -3392.15 kJ/mol. The mixture of aniline vapour with air is

highly explosive (the minimal dangerously explosive content of oxygen (¢, %) is 13.8) [3, 4].
Among the perspective chemical agents the inorganic cupric salts are able effectively to decrease
combustibility of the nitrogen-containing hydrocarbons [5, 6].

Earlier the chemical influence of the copper(l) chloride on burning of the aniline was studied
in the Aniline-Air—-CuCI-HCI-H,0 reacting system [7, 8]. It was shown that the effective inhibi-
tion of burning of the aniline by the hydrochloride aqueous solution of the copper(l) chloride is
caused by the strong H" <N bonding (that is, by the protonation of amines at the time of a com-
plexation) [9]. To continue research, we undertook the experimental and quantum-chemical study of
interaction of the aniline with the copper(ll) chloride and the thermo-chemical calculations of
change of a energy state of the aniline occurring in the Aniline—Air—CuCl,—H,0 reacting system.

The work purpose were to prepare the crystals of the [Cu(CgHsNH,).Cl,] complex, to
measure their of flash point and ignition temperature, to compute by means of quantum chemistry
the bonding energy in the complex and, in this way, to estimate the calorific capacity of aniline in a
free and bound state.

Experimental section. Preparation of [Cu(CsHsNH,).Cly]. Black-violet crystals of the
[Cu(CgHsNHS,),Cl,] complex were obtained by direct interaction of aniline with copper(1l) chloride.
The aqueous solution of CuCl,-H,O (17 g, 0.01 mol) has been prepared at ~90°C whereupon the
aniline (18.6 g, 0.02 mol) was added. At the same time the initially deep-green colour of the solu-
tion changed on the black-blue. Slow cooling to room temperature gave black-violet crystals of
[Cu(CgHsNH,),Cl;] complex.

Determination of the flash point and ignition temperature. The obtained crystals were sepa-
rated from solution and were dried on air at ~70°C. The crystals were powdered in a porcelain mor-
tar directly before tests. The flash point and ignition temperature were measured in an open crucible
on three samples weighing 3 g each in accordance with an all-Union State Standard 12.1.044-89
technique [10]. Results of the made experiment are given in Table 1.
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Table 1
Measurement results of the flash point and ignition temperature
for crystals of the [Cu(CsHsNH,),Cl,] complex

Test temperature,°C Observed effects
80 melting
167.4 flash
195.7 ignition

Quantum-chemical computation. Numerical modelling of electronic structure of the
[Cu(CgHsNHS,),Cl,] complex was performed by quantum chemistry method (the HyperChem pro-
fessional version 6,03 program [11]) with using a semi-empirical approach ZINDO/1 [12]. At first
the isolated fragment (Fig.) is generated starting from data about crystal structure of
[Cu(CgHsNH,),Cl;] compound. Computations were carried out for vaporous state of the
[Cu(CgHsNH,),Cl;] molecule without optimization of the fragment. Integral energy of all chemical
bonds in the [Cu(CgHsNH,),Cl,] fragment as well as in the optimized molecule of aniline was
found (Table 2). Furthermore the results of quantum-chemical computation of chemical bonds en-
ergy and it known data about formation enthalpy of some elementary substances and chemical
compounds at vaporous state also are presented in the Table 2 [13, 14].

H
Fig. The [Cu(CsHsNH,),Cl,] isolated fragment.

Thermo-chemical analysis. Combustibility of the investigated substances was assessed on
basis of the enthalpy and the calorific capacity [14] with applying Hess's law [15]. So, formation of
a molecule of aniline (an) in standard conditions is performed at two stages, starting from graphite,
molecular hydrogen and nitrogen.

Stage 1. 6C(graphite) = 6C(Q), AH{ = 6E3tomization (graphite) (KJ)

Stage 2. 6C(9) + 3,5H2(g) + 0,5N2(g) = CeHsNH2(g), AH, = 3,5E1 1 + 0,5En=N — ZEchemical bonds (an)

(kJ)

Then we determine the standard formation enthalpy of the gaseous aniline (Al ; . ©)

Al formation an @@= AH; +AH, =(6E atomization (graphite)+315EH—H+O,5ENEN)*2Echemical bonds (an)— +20.28
kd/mol

The value of Al ;.. an( gives a chance to put into practice the thermo-chemical computation of

full combustion of gaseous aniline in air. The equation for this reaction may be represented as

CoHsNH2(g) + 7,75(02(g) + 3,76N2(g)) = 6CO%(g) + 3,5H20(9) + 29,64N2(9), Al jyuercompustion an @)
Table 2

Integral energy of all chemical bonds and formation enthalpy in the molecules of
[Cu(CgHsNHS,).Cl;], aniline, some elementary substances and chemical compounds
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No. Gaseous molecules > E chemical bonds, KJ/mol Al 2 kd/mol
1 | [Cu(CeHsNH,).Cl,] 13150.2 —
2 CeHsNH» 6282.8 —
3 | C(graphite)>C(q) — +717.7
4 CI-ClI 242.36 0
5 H-H 435.57 0
6 N=N 944.68 0
7 H-CI 427.0 -92.2
8 CO, — -393.1
9 H,0O — -241.6
11 | Cu"-Cl in Cu,Cl, 193.2 —222.3
12 CuO — +310.0

The calculated lower standard combustion enthalpy of the aniline is —3224.48 kJ/mol while
the converting on the 1 kg of the substance (i.e. calorific capacity Qiower combustionan () 9iVes
+34671.83 kJ/Kg.

In the same way the standard formation enthalpy for the vaporous isolated fragment
([Cu(an),Cly)) is calculated, starting from gaseous Cu,Cl, and aniline (reaction 3).

Reaction 3. 1/2Cu2C|4(g) + 2C6H5NH2(g) = [CU(C6H5NH2)2C|2](9), AH;

Taking into account the energy of the Cu—Cl bond which was calculated for the Cu,Cl; mo-
lecular particle predominant in the vaporous copper(ll) chloride as well as the integral energy of the

chemical bonds in the molecules of aniline and [Cu(an),Cl;] (see Table 2) the AH, was deter-
mined.
AH; = (6/2Ecu-—ci + 2Z Echemical bonds (an))—ZEchemicaI bonds ([Cu(an).Cl;]) = 5.0 kJ

Then

Al formation
Herefrom the thermo-chemical computation of full combustion of [Cu(an),Cl,] gaseous molecules
in air was carried out using the reaction equation.
[Cu(CeHsNH_)2Cl2](g) + 14.5(02(g) + 3.76N(g)) =

= 12C0,(g) + 6H,0(g) + CuO(g) + 2HCI(g) + 55.52N2(9), Al jyercompusion[CU(@N)2CLL] (0)

Thus based on known values of the standard formation enthalpy for the CO,, H,O, HCI and CuO
gaseous molecules (see Table 2) the calculated lower standard combustion enthalpy and calorific
capacity of the [Cu(an),Cl;] are -6046.8 kJ/mol and +18896,2 kJ/kg for

Ai I(:)wercombustion[Cu(an)ZCIZ] (g) and Qlower combustion [CU(an)2C|2] (g) respeCtiver'

Results and discussion. The study of the complexation occurring in the Air—Aniline—CuCl,—H,0
system showed that bonding uninflammable CuCl; salt with inflammable aniline leads to formation
of the practically slow-inflammable [Cu(an),Cl,] compound. All this is accompanied by calorifica-
tion about 340 kJ on each formula unit of the complex. Such effect is achieved mainly by overlap of
the 2p,-orbital containing unshared electron pair of the nitrogen atom with unoccupied hybrid sp*d*-
orbital of the copper atom. The donor-acceptor Cu®*<—N bond is so formed.

All this corroborates once again that energy of donor-acceptor interaction is able significantly to
decrease combustible properties of aniline. Such influence of change of an energy state of aniline at
the time of a complexation on its combustibility is well correlated with experimental and calculated
data. So, the thermo-chemical calculations showed that calorific capacity of the vaporous
[Cu(CsHsNH,).Cl,] complex relatively of the same of the gaseous aniline molecule decreases al-
most twice. Experimental determination of the flash point and ignition temperature the performed

[Cu(an).Cly] (9) = AH; + 1/2AI ; CuzCly (@) + 2Al ;o an(@ = —100.1 kd/mol

formation
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for crystals of the complex shows that aniline in the bound state as a matter of fact becomes non-
flammable. So, the flash point of the aniline afterward bonding with CuCl; increases from 73°C to
167.4°C and the ignition temperature does from 76°C to 195.7°C respectively. The reason of this is
additional chemical bonds which are forming between inflammable aniline and an inorganic com-
ponent part of a complex. For break of these bonds a some quantity of heat needs to be used up. The
effect of inhibition of burning organic amines by salts of the copper(1l) exactly in this consists.

Conclusions. Thus the processes of a complexation studied on the example of interaction of
the aniline with CuCl,, successfully can be used for increase of fire safety of various chemical in-
dustries. In particular, this is for storing, transportation and deactivation of the nitrogen-containing
hydrocarbons participating in chemical production cycles. On the other hand the inorganic salts of
copper (in particular copper(II) chloride) can be applied at elaboration of the fire-retardant compo-
site materials for the synthetic polymers, amino-epoxy resins etc. as well as at making the fire-
extinguishing aerosols for efficient suppression of a hydrocarbonic flame and the foamy fire-
extinguishing means.
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0-p xim. Hayk, npoghecop, O. L. .]ItmpeHIOKZ, KAaHO. mexH. HaAYK, OOYeHm

(“Ivsiscorutl nayionanvruil ynisepcumem imeni leana @parka,

2 JTvsiscoiuil oepoicasHull yHigepcumem Oe3neKu HCUmmeoisiibHOCmi)

KBAHTOBO-XIMIYHE MOJAEJIOBAHHSA KIJIBKICHUX TAPAMETPIB [TOXKEXKO-
BUBYXOHEBE3IIEKU AHUUIIHY VY 3B’ I3AHOMY 3 KYIIPYM((I) XJIOPUJAOM CTA-
HI
Kpucranu kommuiekcy [Cu(CgHsNHy),Cly] Oynu orpumani mpsiMOro B3a€MOJIEI0 aHUTIHY 3 KyII-
pym(Il) xmopumom, 1ist SIKUX BU3HAYEHI TEMIIEpPAaTypH Criayiaxy Ta 3aiiMaHHs. ba3yroumnce Ha Bino-
MOCTSIX Tpo Kpuctaiiuny crpykrypy komiiekcy [Cu(CgHsNH,),Cl,] 3milicHeHo KBaHTOBO-
XIMIYHHUH aHai3 CIIPOMOKHOCTI COJIeH KYynpyMy 3HHXKYBATH roprovicTh amiHiB. OO4HCIeHHS 3aCcBi-
IUUIH, O XIMiYHE 3B’A3yBaHHs Heroprodoro Kynpym(Il) xipopumy 3 roprounm aHUTHOM (Esy sy
Cu(II)-N 169 xx/Monb) 3yMOBIIOE Maike JABOKpPATHE 3HM)KEHHS TEIUIOTBOPHOI CIPOMOYKHOCTI
aMminy y 3B’s13aHOMY cTaHi (Qy srop [Cu(CeHsNH2)2Cly] 18625,3 x/x/kr). Lle nodpe y3romkyersces 3
pe3ylibTaTaMu eKCIIEPUMEHTAILHOTO BU3HAUCHHS TEMIIEPATyp cliajaxy i 3aiiMaHHS, IPOBEICHOTO

JUIS 3B’SI3aHOTO B KPUCTANIUYHUN KOMILIEKC Ta BUIBHOTO aHUTIHY.
KitouoBi cnoBa: awuiniu, eoprouicme aminis, kynpym(ll) xnopuo, keanmogo-ximiuni obuucienns,
MepMOXiMisl, memMnepamypu cnaniaxy i 3aUManHs.

O. b. szxafmlmol, undxcenep, O. M. ll[epﬁunaz, KaHo. ¢papm. nayk, ooyeum, b. M. Mblxaﬂulmoz,
0-p xum. Hayk, npogeccop, 0. H. Jlagpenrok’, kano. mexw. HayK, OOYeHm

(Mvsosckuii nayuonanvhbiii yrusepcumem umenu Heana dpanko,

2 JTb606CKUTE 20CYOAPCMBEHHbII YHUBEPCUMEM BE30NACHOCU JHCUZHEOESsMENTbHOCIL)

KBAHTOBO-XUMHWYECKOE MOJEJJINPOBAHUE KOJIMYECTBEHHBIX ITAPA-
METPOB ITOKAPOB3PBIBOOITACHOCTHU AHUJIMHA B CBSI3AHHOM C XJIOPH-
JAOM MEJIU(IT) COCTOSIHUAN
Kpucramier komiutekca [Cu(CgHsNH,),Cly] Obuter omydeHbl npsMbIM B3aUMOICHCTBHEM aHHIHHA
¢ xamopuaoM meau(Il), A KOTOPBIX ONpeIeNeHbl TEMIIEPATyphl BCIBIIIKK M BocilaMeHeHus. Oc-
HOBBIBAsSCh Ha CBEACHHUSIX O KpUcTamueckoit crpykrype komiutekca [Cu(CgHsNH2).Cly] ocy-
IIECTBIICH KBAHTOBO-XUMHYCCKHIA aHAIHU3 CIIOCOOHOCTH COJICH MEIU CHIDKATh TOPIOYECTh aMHHOB.
Pacyersl mokasanu, 4To XMMHUYECKOE CBsI3bIBaHKHE Heroprodero xiopunaa menu(Il) ¢ roprounm aHu-
TUHOM (Ecpgsy Cu(I)-N 169 x/I>x/M011b) 00ycI0BIMBAET MOYTH ABYKPATHOE CHI)KEHUE TETJIOTBOP-
HOH CIIOCOOHOCTH aMuHa B CBA3aHHOM COCTOSHHHU (Qy.crop. [Cu(CeHsNH2)2Cly] 18625,3 kJla/Kr).
DTO XOpONIO COTrJacyeTcss C pe3yidbTaTaMH SKCIICPUMEHTAILHOTO OIPEACICHHUS TeMIepaTyp
BCIIBIIIKH ¥ BOCIUIAMEHEHHU S, TIPOBEACHHOTO IS CBSI3aHHOTO B KPUCTAIITHMYECKHI KOMILIEKC U CBO-

OOIHOrO aHWJIMHA.
KitoueBbie cnoBa: anuium, copovecms amunos, xiopuo meou(ll), keanmogo-xumuueckue pacuemst,
MEPMOXUMUSL, MEMNEPAMYPbl BCHbIUKU U 80CHIAMEHEHUS.
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