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Abstract—Kinetics of homogeneous nitration op-nitrochlorobenzene with 8®5% nitric acid was
investigated. An introduction of a nitro group into a chlorobenzene molecule resul&0i timesdecelera-
tion of nitration. It was presumed from comparisonkofetic parameters and correlations of lkg for the
mono- and dinitration with the acidity functions oitric acid that the limiting stage ip-nitrochlorobenzene
nitration was the transformation of diffusion pairs into reactiwoducts, whereas in chlorobenzene nitration
the limiting stage consisted in diffusion paifsrmation.

2,4-Dinitrochlorobenzene is widely used as an Typical curves of 2,4-dinitrochlorobenzene ac-
initial compound in the organic synthesis. The mostcumulation and their semilog plots are given on
common method of its production is a nitration of Fig. 1.
nirtochlorobenzene with mixtures of nitric and

sulfuric acids [1]. The kinetics of homogeneous The dependence of nitratiaate on the concentra-

tion of the arising dinitrochlorobenzene in all studied

nitration of nitrochlorobenzene by nitric acid in ranges of nitric acid concentrations and of tempera-
sulfuric acid medium is sufficiently welstudied. It ture (Fig. 2) is linear in bilog coordinates, and the
was demonstrated that like the behavior of nitrobenz- 9- 9 '

ene, p-nitrotoluene, 2,4-dinitrotoluene and the othersfsﬁ’e nlns1 eﬂ??g ttr? eusnézg eooigf(;id?t?o)’nsag?tphues tz:udo-
aromatic compounds the bimolecular rate constant Oﬁrstgorder is valid [5] P
nitration of o- and p-nitrochlorobenzenes into 2,4-di- :

nitrochlorobenzene went through a maximum at@5 Effective rate constant of the pseudofirstder

in 89-90% sulfuric acid, and itslecrease at further ki corresponding to accumulation of dinitrochloro-
increase in sulfuric acid concentration was apparentlypenzene under experimental conditions does not
due to diminishing activity coefficient of the non- change in the course of thprocess.

ionized aromatic substrate [2, 3].

No publications appeared on kinetics of homo- 5 5L 3 155
geneous nitration of nitrochlorobenzene isomers with
nitric acid only. 20k 46.0

We studied [4] kinetics of chlorobenzene nitration — les
with nitric acid under homogeneous conditions into £ 15} T
a mononitrocompound. In order teompare the - 170 %,
mechanism of the mono- andinitration, of their 1ok =
limiting stages, it was necessary to measure the rate ;- 175 7T
of dinitrochlorobenzene formation in this system. 05k

The nitration was carried out witp-nitrochloro- 8.0
benzene that furnished a single reactipnoduct, L 85
2,4-dinitrochlorobenzeng3]. 0 30 100

. — Time, min
We established that due to the deactivating effect

of a nitro group the nitration of th@-nitrochloro- Fig. 1. Kinetic curves of 2,4-dinitrochlorobenzene accu-
benzene into 2,4-dinitrochlorobenzenecurred with mulation during nitration of 4-nitrochlorobenzene with
a measurable rate only in nitric acid of concentration 90.5% nitric acid, and theisemilogplots. @) 65, (2) 75,
greater than85%. (3) 85°C.
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Table 1. Dependence of pseudofirsrder rateconstant

B 1
3.8 of 4-nitrochlorobenzene nitratibn on nitric acid
2 concentration and reaction temperature
36
5 [HNOJ. k'yx 10, 1/s E,
o 3 kJ
2 34 B - % (o) (o) (o) (o) -
55°C 65°C 75°C 85°C mol
=1]
,_O (o]
|
3.2 850 | 031 | 090 | 26 55 | 93+2
90.5 0.43 1.20 3.4 7.1 90+2
3.0 . ' 1 95.1 0.74 1.95 5.2 11.7 | 88+2
1.6

—10g ¢ % In all experiments the concentration of 4-nitrochlorobenzene
T

was 1.06 mol T-
Fig. 2. Dependence of nitration velocity of 4-nitrochloro-

benzene with nitric acid = AC/At) on concentration

(c,) of arising 2,4-dinitrochlorobenzene at°€ [HNO;], . ‘s NGO, .
%: (1) 85.0 (11.01), @) 90.50 (0.98), @) 95.10 1 1.08). ArH - NO, —> Ar \y ANO, + H™, (3)
]
15r > where ArH-NO; is a diffusion pairf8].
i 2 Regarding the nitronium concentration as sta-
14 tionary we obtain the following expression fr the
5 reaction rate:
S 13F .
! -d [ArH] k1k2k3[AI’H] *Aynoz * At " Bhp0 (4)
121 dt Ky @ ol k)+ kokArH]
11— ! ! At low concentrations of the aromatic compound
2.8 2.9 3.0 in excessnitric acid
10/ T .
Fig. 3. Arrhenius plot for chlorobenzene nitration at various K1+ 810 8i0(1+ Ko/ ko) >> K[ATH] ®)
trati f nitric acid [HNQ, %: (1) 85.0, @) 90.5, . .
Eg)nigflré lons of nitric acid [HNg %: (1 @ and expression (4) can be written as follows:
The dependence of nitration velocity on the ~d[ArH] K1 Ko - 8oy - B+ [ArH]

temperature fits to Arrhenius equatigrig. 3). The
obtained values of pseudofirstder rateconstant i«
are presented in Table 1.

Taking into account the significant difference in ks>
nitration rates of chlorobenzene and its nitro deriv- °
ative that will be demonstrateflirther, andalso the

= 6
de k—l'aiizo(1+ Ko/ k) ©

At nitration of aromatic hydrocarbons of high reactivity
>> k_,, and the pseudofirst order constant is

participation of two water molecules in the reversible Ko1K+ Binog - @+
reaction of the nitronium cation formation in the Keit = —, (7)
agueous nitric acid [6, 7], we suggest the following 820

scheme for the nitration of nitrochlorobenzene:

whereK,, is the equilibrium constant of reactidt).

k,
HNO;-H,0+ H' - (H,0), & _kﬁ (n+ 2H,0+ NG, (1) At nitration of aromatic hydrocarbons of low

reactivity ky<< k_,, and the stage (3) of transforma-

kl tion of diffusion pair into reaction productsecomes
HO,+ ArH &= ArH-NOQ; (2) the rate limiting one. In this case the pseudofirst
k,1 order constant is
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Ko Koz Ks - Bnog - 8t These results are unlike those obtained in the study
Ky = (8) on kinetic and mechanism of the chlorobenzene
o mononitration. Weshowed in [4] that in the chloro-

_ o ' benzene nitration with aqueountric acid the logk.

whereK,, is the equilibrium constant of reacti¢@).  depended linearly on the acidity functions$d,, Hg
To elucidate the nitration mechanism of nitro- @"d s+ 10ga,,0), and the slope of the plot was
ose tounity. The comparison of kinetic parameters

chlorobenzene we studied the dependence of the real! . L S
tion rate on the acidity of thenedium. Since for and dependencies thereof on the acidity of medium in

temperature higher than 25 are no data on activity nitration of chlorobenzene and nitrochlorobenzene
of the aqueous nitric acid in the calculation of thesSuggests that in the chlorobenzene nitration with the

bimolecular rate constant along the equatig =  @dueous nitric acid the process rate is determined by

kLe/agno. Were usedkl, values extrapolated to the stage of diffusion pairs formatiqi2). Apparently
25°C. The values ofky; obtained are given in under conditions where the rate of diffusion pairs

Table 2. transformation into reaction products is considerably
) ) . higher than the rate of their dispersion the nitration
'I_'he transfor_matlon of equation (8) gives the fol- kinetics is described by equatiofY), and the bi-
lowing expression for the bimolecular rate constanty,olecular rate constark,; characterizes the equilibr-
ium process of nitronium cation formation along

_ K KooKy -84+ reaction (1) that is affected by the mediumcidity.
Ker = ) ©)  This reasoning is supported by tli@ct that the for
B0 a linear correlation log; = f(Hg+ logay o) which

we have calculatettom thedata of [8] on nitration of
mesitylene and p-xylene with aqueous nitric acid the
logkyy = logK,; Koyks— (He+ 10gay,0)- (10) slope was equal td.1. Therate of nitration for these
compounds was limited by the stage of diffusion pairs
The dependence of ldg on acidity functionsH,,  formation [8].
Hgr and Hgr+ IogaHzo) is described by equations
(11-13) respectively.

and consequently

The weak dependence of thmétration rate of the
nitrochlorobenzene on the medium acidity may show
logke = —(9.77+0.12)x 10%-H,—(7.90+0.02)  (11) that due to the low reactivity of the substrate the

r 0.99, s 0.014. dispersion rate of diffusion pairs is higher than the
_ ’ rate of their transformation into the reaction products.
logkey = ~(4.74£0.19)10° -He—(7.74£0.01) - (12)  peretore the stage (3) beconlasiting, and its rate
r 0.99, s 0.075. . A .
constant is not directly dependent on the medium
logk.= —(3.06£0.16)x 10°~(H+ logay,o) acidity and is determined solely by reactivity of the
-(7.68+0.02) (13)  substrate.

0.98, s 0.098. .
' S It is seenfrom the data of Table 2, thak.; grows

It is seenfrom these equations that the slopes ofonly insignificantly with increasing concentration of
all these linear dependencies are veryall,i.e., the the nitric acid. It is presumablthat as an additional
nitration rate is weaklyaffected by the change in factor reducing the influence of the medium acidity
acidity of the aqueous nitric acid expressed by thesen the reaction rate operates the decrease in activity
functions. coefficient of the substrate in th@ore concentrated

Table 2. Values of nitrationrate constant for 4-nitrochlorobenzene nitration witftric acid, and theacidity functions
of the latter, 28C

[HNO,], | K'yx 10, ket 10, -logke log no, -Ho -log &0 -Hg -(Hgtlog aHZO)
% 1st | mol™*s*
85.0 1.06 3.80 7.42 1.45 4.96 1.61 6.57 8.18
90.5 1.59 3.89 7.40 1.65 5.00 2.05 7.05 9.10
95.1 2.93 4.57 7.34 1.81 5.75 2.58 8.33 10.91

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol. 37 No. 10 2001



1454 VERETENNIKOV et al.

nitric acid as was observed for nitration of nitrobenz-content of mono- and dinitrochlorobenzeismmers.
ene isomers in sulfuric acid mediuj). The effective constants of pseudofirstder were

The data in Table 1 indicate that in nitrochloro- calculated by theformula:

benzene nitration the experimental value of activation

energy E only slightly decreases with growing con- k' = ttn (C”__CO) ,

centration of nitric acid; apparently the activation (c.-c)

energy is weakly affected byH of the process of

nitronium cation formation along reactio(d). where ¢, ¢C, C is  dichlorobenzene

concentration, molF at the start of reaction, at the
fr'noment of measurement, and at the end of the experi-
ment respectively.

The comparison ok values for mono- and di-
nitration of chlorobenzene shows that introduction o
a nitro group in the para-position with respect to
chlorine results in 1600 times reaction rate decrease,
whereas in homogeneous nitration in sulfuric acid REFERENCES
medium the ratik’I°"7kd equals 1399]. Presum-
ably this difference is due to lower activity and con-~"
sequently higher selectivity of the nitrating agent in
the aqueous nitric acid3].

Orlova, E.Yu., Khimiya i tekhnologiya brizantnykh
vzryvchatykh veshchest€hemistry and Technology of
High Explosive), Leningrad: Khimiyal973.

2. Martinsen, H.,Z. Physik. Chem., 1907, vol. 59,
pp. 605612; Bennett,G.M., J. Chem.Soc., 1947,
no. 3, pp. 774781; Bogachewu.S., Shapeko, N.N.,

The procedure for preparation of nitric acid water ~COrelk: M.V., Andrievskii, Yu.S., Avidon, S.V.,

solutions was described if4]. Kls_m, A.V., and Kuznetsova,M.G., Zh..Obshch.

Khim., 1993, vol. 63, no. 4, ppl214-1221; Grabov-
We used p-nitrochlorobenzene of mpB83.5°C, skaya,Zh.E andVinnik, M.I., Zh. Fiz. Khim., 1966,
2,4-dinitrochlorobenzene of nfpl.°C from ethanol). vol. 40, no. 7, pp.2272-2276.

Vinnik, M.l., GrabovskayaZh.E., andArzamasko-

EXPERIMENTAL

o o : 3
The nitration kinetics was studied by means of™" : )
GLC on a gas chromatograph Tsvet-500M by measur- va, Iillgzlﬂll Fiz. Khim., 1967, vol. 41, no. 4,
ing 2,4-dinitrochlorobenzene accumulation under4 S/%retennikov iEA Lebedev. BA. and Tselin-
conditions of pseudofirstorder at 20-fold molar .sk" LV Zh’ (') X Khi 2601. "I 37 .
excess ofnitric acid. The stationarphase used was . 10161020 rg. Khim., » VOL. 3/, no. 7,
XE-60 (5%) on Chromaton-N-AW-DMC with FI)EFrJT.mmuel N.M. andKnorre, D.G., Kurs khimicheskoi
particle size0.325-0.400 nm. Carrier gas helium, = ~ =~ C S
detector katharometer, detector temperature@go ~ Kinetiki (Course of Chemical Kinetics), Moscowys-

shaya shkola, 1984.
oven temperature programmédm 90 to 360C. 6. Draper,M.R. andRidd, J.H.,J. Chem.Soc.,Perkin

The reaction was carried out in a flask kept at Trans. II, 1981, no. 1, pp. 949.
constant temperature and equippedshiyrer,thermo- 7. Moodie, R.B., Schofield, K., and Taylor, P.G.,
meter, andsampling device. Aweighed portion of J. Chem. Soc., Perkin Trans. Il, 1979, no. 2,
p-nitrochlorobenzene was charged to the flask at stir- pp. 133-139.
ring into the nitricacid of a given concentration. The 8. Belson,D.J. andStrachanA.N., J. Chem.Soc.,Per-
reaction progress was monitored by sampling. kin Trans. Il, 1989, no. 1, pp. 181.
Temperature in the course of reaction was controlle®. Coombes, R.G., Crout, D.H.G., Hogget, J.G.,
within £0.1°C. The samples of the reaction mixture  Moodie, R.B., andSchofield, K.,J. Chem. Soc. B,
were diluted with excess 2-propanol and analyzed for 1970, no. 3, pp. 34B56.
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