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Bolacnenue nociedosamenvHOCMU HPESPAUICHUIL 3AMEUICHHBIX HUMPOOEH30106, 6
YACMHOCHU, COOEPHCAUUX HECKOIbKO PEAKUWUOHHOCROCOOHBIX 2PYNA, U pPA3padoOmKa no0xXo0008 K
YAPAGICHUIO CEIeKMUBHOCHLLIO HPOUECCO8 C UX YUACHUEM RPeOChasiiem unmepec KaK ¢ meope-
mMuyuecKoil, maxK u nPaKmuueckoii mouex 3penus. Cmamvsa nOCEAUEHA AHATUZY KUHEMUKU 2UOPO-
2eHusauuu 2-Humpo-2'-2udpoxcu-5'- memunazobensona, 4-numpo-2'-2udpokcu-5'-memunazooen-
301a, 4-numpoanununa, 4-amuno-2'-2udpoxcu-5'-memunazobenszonana Ha CKeleMHOM HUKeNle 8
600HBIX PACMEOPAX 2-NPONAHONA PA3IUYHO20 COCIABA, 8 MOM HUC/Ie ¢ 000A8KOI YKCYCHOIU KUCT10-
mbl unU 2UOPOKCUOA HAMPUA NPU PA3IUYHBIX HAYATbHBIX KOTUYECHEAX OP2AHUYECKO20 COeduHe-
HuA. Yeenuuenue HauanbHozo Koauwecmea 4-numpo-2'-2uopokcu-5'-memunazoden3ona npueooum
K pocmy cKopocmu npespauienus HUmpoZPynnol 6 UCXOOHOM COCOUHEHUU U K CHUMICEHUIO CKOPO-
cmu npespauienus azozpynnul. Bnusanue 6600umozo zuopoxcuda nampus 6 600HbBLU PAcMEop
2-nponanona Ha CKOPOCHIb RPEEPAMEHUA HUMPO- U A302PYynnbl 6 4-Humpo-2'-zudpoxcu-5'-memu-
a3obeH30/1e aHANOZUYHO USMEHEHUIO CKOPOCHEH npu 2UOPOZeHU3AUUN UHOUBUOYATbHBIX COCOUHe-
Huil — 4-numpoanununa u 4-amuno-2'-zudpokcu-5'-memunazooenzona. llonyuennsie pezynromamaot
He npomueopeuam RPeOCMAeieHUsM 0 RAPAINETIbHO-ROCIC006AMENbHOU CXeMe Npespauienuil
4-numpo-2'-zudpoxcu-S'-memunazooenszona. O0no u3 HanpaeIeHuil c6A3AHO ¢ npeepamieHuem a3o-
zpynnul 6 4-numpo-2'-zudpoxcu-5'-memunazodensone u oopaszosanuem 4-Humpoanuiuna u 2-amu-
Ho-4-memunghenona, a émopoe c npespauienuem 4-Humpo-2'-2udpoKcu-S'-memunazoden3ona uepes
4-amuno-2'-2udpokcu-5'-memunazoden3on 3a cuem eoccmanosgienus Humpozpynnol. K 3asepuie-
HUIO DPeaKuuu 6ce HPOMEINCYMOUHbIE COCOUHEHUA BOCCHAHAGTUGAIOMC 00 2-amuno-4-memu-
¢enona u 1,4-penunenouamuna. Ilpu zuopozenuzayuu 2-numpo-2'-2uopokcu-5'-wemunazo-oen3ona
00HO U3 HANPAGNCHUN NPUBOOUM K 00PA306AHUIO 2-HUMPO-2'-2udpoKcu-5"-memunzuopazooensona,
a emopoe — K npodyKkmy, cooepicawemy mpuazonvuvtii yuxa — N-oxcudy 2-2'-zudpokcu-5'-
memunghenunoenzompuazony. K 3asepuienuto peakyuu O0annwvle coeOuHeHUA, COOMBEEHICMEEHHO,
eéoccmanaenusaiomcsa 00 2-2'-zudpoxcu-5'-memungpenunoenzompuazona u 2-amuno-4-memunge-
Hona u 1,2-penunenouamuna. B oo6veme pacmeopa ¢ npucymcmeuu 2UOpoKcuoa Hampus 2-Humpo-
2'-2u0pokcu-5'-memunzuopazofenzon eciedcmeue sHYMpPUMOACKYAAPHOU NEPezPYRRUPOSKU hepe-
xo00um @ N-okcuo 2-2'-zudpokcu-5'-memungpenunoenzompuazon.

KiaroueBble cjioBa: BOIOpOJ, ajacopOlMsi, aKTHBHbIC (DOPMBI BOJAOPOJa, 4-HUTPO-2'-THIPOKCH-D'-
METHJIa300€H30J1, 4-aMHUHO-2'-THAPOKCH-5'-METHIIa300€H301, 2-HUTPO-2'-THAPOKCU-5'-MeTHi1a300eH30:1, N-0k-
cua 2-2'-ruApokcu-5'-MeTunheHMIOCH30TPHA30J, 2-2'-THAPOKCH-5'-MeTHI(PEHIUIIOCH30TPHA30/, 2-aMUHO-4-
Metui-peron, 1,2-permrennauamus, 1,4-beHnnenanamMud,4-HUTPOAHIINH, CKEJICTHBIN HUKENb, 2-TTPOIAHOI,
YKCYCHasl KHCJIOTa, THIPOKCH] HATPHUs, KHHETHYSCKUE KPHUBBIC, CKOPOCTb, KOHCTAHTA CKOPOCTH, CEJICKTHB-
HOCTb PEAKIIMU
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Elucidation of the substituted nitrobenzenes transformations sequence, in particular, con-
taining several reactive groups and the development of approaches to the control of the selectivity
of processes involving them is of interest from both theoretical and practical points of view. The
article is devoted to the analysis of the hydrogenation Kkinetics of 2-nitro-2'-hydroxy-5'-
methylazobenzene, 4-nitro-2'-hydroxy-5'-methyl-isobenzene, 4-nitroaniline, 4-amino-2'-hydroxy-
5'-methylazobenzene on skeletal nickel in 2-propanol aqueous solutions of different composition,
including with the addition of acetic acid or sodium hydroxide with various initial amounts of or-
ganic compound. The rise in the 4-nitro-2'-hydroxy-5'-methylazobenzene initial amount leads to
increase in the nitro group transformation rate in the starting compound and to decrease in the
azo-group transformation rate. The effect of sodium hydroxide additives in the 2-propanol aque-
ous solution on the nitro- and azo-groups conversion rate into 4-nitro-2'-hydroxy-5'-methyl-
isobenzene is analogous to the change in the individual compounds hydrogenation rates (4-
nitroaniline and 4-amino-2'-hydroxy-5'-methylazobenzene). Obtained results do not contradict
the parallel-sequential scheme concept for the 4-nitro-2'-hydroxy-5'-methylazobenzene transfor-
mations. One of the directions is associated with the azo-group transformation into 4-nitro-2'-
hydroxy-5'-methylazobenzene and 4-nitroaniline and 2-amino-4-methylphenol formation, and the
second with the 4-nitro-2'-hydroxy-5'-methyl-isobenzene conversion through 4-amino-2'-
hydroxy-5'-methyl-isobenzene by the nitro-group reducing. At the reaction end, all intermediate
compounds are reduced to 2-amino-4-methylphenol and 1,4-phenylenediamine. When 2-nitro-2'-
hydroxy-5'-methylazobenzene is hydrogenated, one of the directions leads to the 2-nitro-2'-
hydroxy-5'-methylhydrazobenzene formation, and the second to the product containing the tria-
zole cycle - N-oxide 2-2'-hydroxy-5'-methylphenylbenzotriazole. At the reaction end, these com-
pounds are reduced to 2-2'-hydroxy-5'-methylphenylbenzotriazole and 2-amino-4-methylphenol
and 1,2-phenylenediamine, respectively. In the solution at the sodium hydroxide presence, 2-

nitro-2'-hydroxy-5'-methylhydrazobenzene

transforms into the N-oxide 2-2'-hydroxy-5'-

methylphenylbenzotriazole as a result of intramolecular rearrangement.

Key words: hydrogen, adsorption, hydrogen active forms, 4-nitro-2'-hydroxy-5'-methylazobenzene,
4-amino-2'-hydroxy-5'-methylazobenzene, 4-nitroaniline, 1,4-phenylenediamine, skeletal nickel, 2-propanol,
sodium hydroxide, kinetic curves, rate, rate constant, reaction selectivity

In any hydrogenation process, we have two
equal participants — “oxidizing agent” — organic com-
pound and “reducing agent” — adsorbed hydrogen.
According to the results obtained by the authors of a
number of papers [1-6], the total content and energy
state of hydrogen can largely vary under the influence
of a solvent.

The surface of skeletal nickel contains molec-
ular and atomic forms of adsorbed hydrogen, which
are in a state of dynamic equilibrium. The total
amount of adsorbed hydrogen for a number of indi-
vidual solvents, their agueous solutions and aqueous
solutions with different pH values, relative to the gas
phase, is given in [1]. So, for DMF, this value is 2.48,
for water — 3.46, for aliphatic alcohols — ranges from
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2.37 in methanol, to 1.54 in 2-propanol. The hydro-
gen content in the gas phase corresponds to 48-50
cm’/g.

Most researchers working in the field of hy-
drogenation of substituted nitrobenzenes and com-
pounds containing unsaturated “nitrogen-nitrogen” or
“carbon-carbon” bonds, note the different activity of
adsorption forms of hydrogen with respect to those or
other unsaturated groups. It is believed that in the re-
duction of groups containing oxygen, for example,
nitro, nitroso, azoxy, etc., the most active atomic,
tightly bound forms of hydrogen. These forms include
ionized — H>", H* or B-form and non-ionized H or
y-form. In contrast, in the hydrogenation of unsaturat-
ed “nitrogen — nitrogen” or “carbon — carbon” bonds,
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the molecular, weakly bonded form of hydrogen, H,**
or o form, is most active [7-9].

The purpose of the work is to clarify the role
of individual forms of adsorbed hydrogen in the hy-
drogenation of substituted nitrobenzenes on skeletal
nickel in solvents of different nature and composition.

EXPERIMENTAL PART

As the starting compound, 2-nitro-2'-hydroxy-
5'-methylazobenzene (2NAB), 4-nitro-2'-hydroxy-5'-
methylazobenzene (4NAB), which have both nitro
and azo groups actively interacting with hydrogen
under hydrogenation conditions, was used. 4-Nitro-
aniline (4HA) and 4-amino-2'-hydroxy-5'-methylazo-
benzene (4AAB) were used to conduct a comparative
assessment of the rates of conversion of nitro and azo
groups in the solvents under study.

The hydrogenation of the starting compounds
was carried out in a thermostatically controlled reac-
tor at atmospheric pressure of hydrogen and vigorous
stirring (3200 rpm) of the liquid phase. This provided
an exception to the influence of external mass transfer
on the observed reaction rate. The reactor was
equipped with a system of continuous hydrogen sup-
ply, the flow rate for which during the reaction was
carried out by gas burettes. The accepted scheme of
the experiment made it possible to determine the ob-
served reaction rates with high reliability and an error
not exceeding 5%.

The catalyst was skeletal nickel (Raney nickel),
obtained from a nickel-aluminum alloy Ni:Al:Fe
50:48.8:0.2 % wt. according to the standard method
[5, 10]. The ratio of the quantities of the compound to
be hydrogenated and the catalyst was selected in such
a way that the linear relationship between the ob-
served reaction rate and the amount of catalyst used
was maintained [11].

The control of the content of the starting
compounds and reaction products during the reaction
was carried out by taking 7-10 samples of the hydro-
genation product, which were analyzed using thin-
layer and liquid chromatography, as well as by the
spectrophotometric method.

Analysis by ascending thin layer chromatog-
raphy was carried out on “Sorbfill” plates using a tolu-
ene-ethyl acetate binary mixture as an eluent in a 7:3
volume ratio and nitrogen oxides or ammonia as a de-
veloper. Identification of the reaction products was car-
ried out by comparing the working chromatograms with
chromatograms of individual substances — witnesses.

Quantitative analysis was performed on a “Shi-
madzu LC-6A” liquid chromatograph in accordance
with the procedure described in [11], and the calcula-
tion was performed using embedded software.
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The total number of analyzed compounds in
each individual experiment was not less than 98%,
which made it possible to draw objective conclusions
about the stagedness of the transformation of com-
pounds during hydrogenation and confirmed the high
reliability of the results obtained.

RESULTS AND DISCUSSION

Analysis of the data presented in [1-6, 12], al-
lows us to state that the content of the weakly bound
form of adsorbed hydrogen - a in aliphatic alcohols
increases when going from methanol to 2-propanol.
And the ratio of this form to its strongly bound form
iS - accordingly decreases. Similar changes are
characteristic for aqueous solutions with different pH
values.

Figure 1 shows the dependences of the ratio
of the active forms of hydrogen — a/f on the dielectric
constant of aliphatic alcohol — ¢ (a) and on the pH of
the aqueous solution (b).
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Fig. 1. Dependencies of the amounts of weakly bound and strong-
ly bound forms of hydrogen — o/f (2) on the dielectric constant of
aliphatic alcohol and the pH of an aqueous solution (6)

Puc. 1. 3aBUCHMOCTH COOTHOILICHHUS KOJIUYECTB CIa00CBI3aHHON
W IPOYHOCBs3aHHOM GopM Bogoposa — o/ (&) oT AussekTpuye-
CKOM MPOHMIIaeMOCTH anudarndyeckoro cnupTa 1 pH BogHOTO
pactBopa (0)
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The study of the hydrogenation kinetics of
4ANAB and 2NAB in aqueous solutions of aliphatic
alcohols of different composition and pH values [13-
14] showed that in both cases the conversion of com-
pounds on skeletal nickel proceeds in a parallel-
sequential scheme. During hydrogenation of 4NAB,
4HA, 2-methyl-4-phenol and 4AAB, respectively, are
formed as reaction products in parallel stages. Upon
completion of the reaction, 4HA and 4AAB are re-
duced to 1,4-diphenylamine and 2-methyl-4-phenol.

When hydrogenating 2NAB, the intermediate
products that are formed in parallel stages are 2-nitro-
2'-hydroxy-5'-methylhydrazobenzene (NHB) and the
product containing the benzotriazole cycle — N-oxide
2-2'-hydroxy-5'-methylphenylbenzotriazole (NO)
[12, 15, 16]. In the volume of the solution in the
presence of sodium hydroxide, the NHB is able to
cyclize in the NO. Upon completion of the reaction, NO
is quantitatively reduced to 2-2-hydroxy-5-methyl-
phenylbenzotriazole (BT), and NHB to 1,2-diphenyl-
amine and 2-methyl-4-phenol. When discussing the
results, the total yield of NO and BT was taken as the
selectivity of hydrogenation of 2NAB with respect to
compounds containing the benzotriazole cycle (CBTC).

It can be assumed that the ratio of the formed
amounts of 4HA and 4AAB during hydrogenation of
4ANAB will be related to the reactivity of the nitro and
azo groups with respect to hydrogen, and in the case
of 2NAB, the formation of NHB will be due solely to
the interaction of the azo group with hydrogen. There-
fore, it is possible that on skeletal nickel, a change in
the rates of transformation of nitro and azo groups in
the composition of individual compounds under the
influence of a solvent will be of the same type with
their transformations in the composition of 2NAB and
4NAB. A consequence of the different rates of inter-
action of hydrogen in the nitro and azo groups will be
the change in the selectivity of the hydrogenation of
these compounds with respect to the intermediate
products.

Table 1 shows the average values of the ratio
of the hydrogenation rates of 4HA and 4AAB, the
maximum amounts of 4HA and 4AAB, as well as the
yield of CBTC [12], formed, respectively, by hydro-
genation of 4ANAB and 2NAB for individual and bina-
ry solvents.

Comparison of changes in the amounts of
weakly bound and strongly bound forms of hydrogen
adsorbed on the surface of skeletal nickel (Fig. 1)
with the data given in Table 1, allows us to state the fol-
lowing.

An increase in the activity of hydrogen with
respect to the azo group leads to a decrease in the ra-
tio of the rates of hydrogenation of 4HA to 4AAB
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during the transition from 2-propanol to methanol. In
the same sequence, the CBTC yield decreases upon
hydrogenation of 2NAB. The highest dielectric con-
stant is characteristic of methanol. According to Fig.
1a and the results given by the authors of [1], metha-
nol is characterized by a higher content of weakly
bound forms of adsorbed hydrogen.

Table 1
The ratios of the conversion rates of 4HA/4AAB, the
maximum amounts of 4HA and 4AAB, the yield of the
CBTC generated during the hydrogenation of ANAB
and 2NAB for individual and binary solvents
Tabnuya 1. CooTHOIIEHNs CKOPOCTeil NpeBpalleHus
4HA/4AAB, makcuManbHbIX KoJndecTB 4HA n 4AAB,
Bbixoa IITL, oOpa3yrommxcst npu ruiporeHu3auuu
4HADB u 2HAD ni1st HHAUBUAYAJIbHBIX U OMHAPHBIX

paCTBOpHUTeJIeH
Solvent € r4NA/r4AAB Output CBTC, %
Methanol 321 0.25+0.05 2542
Ethanol 24 | 1.25+0.05 3142
2-propanol 18 | 2.75+0.05 35+2
Methanol-water
(o= 0.48) 58 | 1.85+£0.05
Ethanol-water
(x2 = 0.60) 47 | 2.25+£0.05 48 — 52
2-propanol-water
(xp= 0.74) 32 12.90+0.20

Thus, an increase in the share of the weakly
bound molecular form of adsorbed hydrogen increas-
es the degree of azo group conversion in the composi-
tion of 2NAB. Indeed, with the use of a number of
individual solvents, the selectivity of hydrogenation
of 2NAB with respect to NHB increases with an in-
crease in the dielectric constant of the solvent [10, 12].

It should be noted that the yield of CBTC
when using aqueous solutions of aliphatic alcohols in
a complex way depends on the mole fraction of alco-
hol. For aqueous solutions of methanol, ethanol and
2-propanol, the maximum yield of CBTC when hy-
drogenating 2NAB corresponds, respectively, to the
molar fraction of the organic component equal to
0.48, 0.60, 0.74. For the above compositions of aque-
ous solutions of alcohols, the relationship between the
ratio of the hydrogenation rates 4ANA/4AAB and the
dielectric constant of the solvent was maintained —
Table 1 (the dielectric constant of the water-alcohol
solvent was calculated as an additive value).

The content of the weakly bound form of ad-
sorbed hydrogen was most noticeable when mixed
solvents were used — when changing from an aqueous
solution of alcohol containing an acid with a low pH
to a solution containing sodium hydroxide — pH =
12-14 [1-6, 12].
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When 4NAB is hydrogenated, the transition
to a solvent with the addition of sodium hydroxide
leads to a sharp decrease in 4HA yield, which indi-
cates an increase in the rate of reduction of the nitro
group. Indeed, in the presence of a base, the rate of
reduction of the nitro group upon hydrogenation of
4NA increases, while the observed rate of hydrogena-
tion of the azo group in 4AAB decreases sharply. Ex-
perimental data illustrating this position is shown in
Table 2.

Table 2
The ratio of the rates of conversion of 4HA / 4AAB [13],
the maximum amounts of 4HA and 4AAB produced by
hydrogenation of 4ANAB, and the yield of products con-
taining the benzotriazole cycle [14] formed by hydro-
genation of 2NAB on skeletal nickel in mixed solvents
Taonuya 2. CooTHOLIEHHE CKOPOCTEeH NpeBpalieHus
4HA/4AAB[13], makcumaabHbIX KoJu4ecTB 4HA u
4AAB, oopa3syromuxcs npu ruaporennsanuu 4HAB, u
BBIXO/I IIPOAYKTOB, COAECPKAIIHUX 6eH30Tpl/Ia3OJ'lebll7i
nuka [14], oopasyromuxcs npu ruaporenuzanun 2HAB
Ha CKCJICTHOM HUKEJIC B CMCIIAHHBIX PACTBOPHUTECISAX
Nana/Naans output
CBTC, %

Solvent Fanallaann

2-propanol-water

(x,= 0.68)-CH,COOH 0.30+0.15 10 202
2-propanol-water

(x,= 0.68) 0.70£0.20 5 35+2

2-propanol-water 1, ;o g5 04 | 7042

(x, = 0.68)-NaOH

Fig. 2 shows the dependences illustrating the
relationship between the ratios of the maximum
amounts of 4AAB/4HA and CBTC/NHB and the
amounts of weakly bound and strongly bound forms
of hydrogen — o/f for aqueous solutions of 2-propanol
with the addition of acid and base, calculated accord-
ing to [1, 3, 6].

Curve 1, shown in Fig. 2, confirms the fact
that an increase in the content of strongly bonded
forms of hydrogen, favorably affecting the interaction
of hydrogen with a nitro group, leads to an increase in
the ratio of maximum amounts of nssag/Nana and an
increase in the selectivity of hydrogenation of 4NAB
with respect to 4AAB — curve 4.

In the case of 2NAB, this ensures an increase
in the selectivity of hydrogenation with respect to
products containing the benzotriazole cycle — curve 3
and, accordingly, to an increase in the ratio of quanti-
ties Nepre/Nnpe — CUrve 2 as the ratio o/f decreases.

It can be argued that the dependences of
changes in the ratio of the amounts of nsaas/Nsna and
Ncete/Nnne ON the ratio of active forms of hydrogen
are of the same type. The nature of the dependences is
preserved in the case of taking into account the amount

0O.B. Jledpenosa, Xoanr Ans, /[.B. ®unumnmos

NceTC/NNHB

P output CBTC
N4AAB/NINA

output 4NA, %

2.0 — — 80

1.5 —

20 30 40 50

of/B, %

2-propanol-water  2-propanol- 2-propanol-water
(x2=0.68)-NaOH  water (x2=0.68) (x2=0.68)-CH3COOH
(0.01 M) 0.01 M)

Fig. 2. Dependence of the ratio of the maximum amounts of
4AAB/4HA - 1, CBTC/NHB - 2, formed during hydrogeneration
of 4ANAB and 2NAB, and also the outputs of CBTC- 3 and 4NA -
4 on the ratio of the amounts of weakly bound and strongly bond-

ed forms of hydrogen - a/p
Puc. 2. 3aBHCHMOCTHh COOTHOIIEHHSI MAKCUMAIbHBIX KOJIUYECTB
4AAB/4HA — 1, IIBTLI/HI'B — 2, 06pa3yromuxcst mpu THAPOTe-
nusanuu 4HAB u 2HAB, a taxke BeixonoB I[IBTL- 3 u 4HA — 4
OT COOTHOIICHHUS KOJIMYECTB CIA00CBI3aHHOW M MPOYHOCBA3aH-
HOU GopM Bogopoaa — o/

Ksat. rat. cat.” 103, C'l;
khydr. rat. ANAB* 103, ¢t

60

1

40 —

20

N

4 8 12 pH
Fig. 3. Dependence of the rate constant of catalyst saturation with
hydrogen - 1 [17, 18] and the rate constant of hydrogenation of
4NAB - 2 on skeletal nickel on the pH of aqueous solutions of 2-
propanol with the addition of acid and base
Puc. 3. 3aBHCHUMOCTH KOHCTAHTBI CKOPOCTH HACBIIICHUA KaTaJIn-
3aropa BogopoaoM — 1 [20, 21] 1 KOHCTAHTBI CKOPOCTH THIPOTe-
Huzanuu 4HADB — 2 Ha ckeneTHOM HUKese oT pH BOAHBIX pacTBo-
pax 2-npornaHoia ¢ J00aBKaMH KHCIOTbI U OCHOBaHHS

of a strongly bonded atomic non-ionized y-form of
adsorbed hydrogen, that is, using the ratio o/(p + v)
instead of o/p.

It should be noted that in all studied composi-
tions of the solvent, the transformation of the starting
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compounds proceeded by the hydrogenation mecha-
nism, i.e. in the absence of diffusional drag on hydro-
gen [12]. This is evidenced by the same type of
change in the rate constants of saturation of the cata-
lyst surface with hydrogen [17, 18] and the conver-
sion of 4NAB from the pH of an aqueous solution of
2-propanol — Fig. 3. Moreover, the rate constant for
saturation of the catalyst surface with hydrogen is
2.5-5 times higher than the conversion rate constant
of 4NAB.

Hydrogenation of 2NAB in an aqueous solu-
tion of 2-propanol with the addition of acid, despite
the fact that the rate of hydrogenation of the azo
group increases, as evidenced by the increase in the
ratio nsna/Nians — Table 1. The selectivity of the reac-
tion by CBTC is maintained at 20%. This suggests
that the formation of a benzotriazole cycle in the ad-
sorption layer is possible as a result of the reorganiza-

JUTEPATVYPA

1. Barbov AV., Merkin AA. Shepelev M.V,, Ulitin M.V.
Using solvents to control hydrogen adsorption on skeletal nick-
el. Russ. J. Phys. Chem. A. 2014. V. 88. N 12. P. 2197-2202.

2. ®wmmmos /J.B., Yautun M.B., Mepkun A.A. TepmoauHa-
MHKa IPOLECCOB, MNMPOTCKAIOMMUX B IMNOBEPXHOCTHBIX CJIOAX
CKCJICTHOI'O HUKCIIL B 61/IHapHI>IX PaCcTBOPUTEIIAX 3TAaHOI-BOAA
C yJacTHeM WHIWBHIYaJbHBIX (GopM Bomopoxa. 38. 8y306.
Xumust u xum. mexnonoeus. 2008. T. 50. Beim. 3. C. 48-51.

3. ®uaunnos [1.B., Yautun M.B., bap6os A.B. Bmusaue
pH cpenpl Ha ancopOIMOHHBIE paBHOBECHS] WHIMBUIyallb-
HBIX (bOpM BOJOpOAa B MOBEPXHOCTHLIX CJIOAX HHUKEJIEBBIX
KaTaJu3aTopoB B CUCTEME DTAHOJI-BoJA. M36. 8y306. Xumus
u xum. mexronozus. 2006. T. 49. Beim. 9. C. 28-30.

4. Barbov A.V., Shepelev M.V., Filippov D.V., Ulitin M.V.
Effects of the nature and composition of the solvent on
thethermodynamic characteristics of the individual forms of
hydrogen adsorbed on thesurface of porous nickel. Russ. J.
Phys. Chem. A. 2010. V. 84. N 9. P. 1605-1610.

5. Barbov A.V., Denisov S.V., Ulitin M.V., Korosteleva
P.O. The heats of hydrogen adsorption on Raney nickel
from aqueous-organic solvents with acid and base admix-
tures. Russ. J. Phys. Chem. A. 2007. V. 81. N 2. P. 272-276.

6. Loginov S.A., Ulitin M.V., Barbov A.V. Thermodynamics
of Hydrogen Adsorption an Porous Nickel from Aqueous
Solution. Russ. J. Phys. Chem. A. 2003. V. 77. N 1. P. 37-41.

7. Bboua A.K., Y3ae I1.b. MexaHu3m KaTaquTHYECKOH THAPO-
rCHU3aluu HENPCACIbHBIX yrnesonopogms Ha NEPEXOAHBIX
metaitax. CO.: Karanuz. ®U3UKOXUMUS T€TepOreHHOro Ka-
tanu3a. M.: Mup. 1987. C. 351-473.

8. Lamy - Pitara E., N°’Zemba B., Barbier J., Barbot F., Migini-
ac L. Simple and competitive catalytic hydrogenation of nitro-
benzene, allyl benzyl ether and benzyl crotyl ether in alkaline al-
coholic media. J. Molec. Catal. A: Chem. 1999. V. 142. P. 39-50.

9. Imai H., Nishiguchi T., Fukuzumi K. Homogeneous cata-

Iytic reduction of aromatic nitro-compounds by hydrogen

transfer. Chem. Lett. 1976. V. 5. N. 7. P. 655-656.

Nguyen Thi Thu Ha, Lefedova O.V., Merkin A.A. Fea-

tures of the Kinetics of 4-Nitroaniline and Azoxybenzene

Hydrogenation in 2-Propanol Aqueous Solutions. Russ. J.

Phys. Chem. A. 2013. V. 87. N 4. P. 571-575.

10.

70

tion of bonds in the complex of the associative type
“2NAB-hydrogen” while simultaneously attacking the
nitro group and the nitrogen-nitrogen bond of the azo
group with hydrogen.

According to the results of quantum-chemical
calculations, only in this case a water molecule can be
separated from the complex of the associative type.
The charges on the oxygen atoms of the nitro group
and the a-nitrogen atom of the nitrogen group in the
2NAB molecule, corresponding to the trans-isomer
and the preservation of the intramolecular hydrogen
bond with the B-nitrogen atom [11, 19], have positive
values. It can be assumed that the most active in this
case will be tightly bound, ionized atomic forms of
adsorbed hydrogen, in particular, H”, the content of
which, as noted above, increases when there is a base
in the solvent.
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