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bstract

PVP-Pd (1.5 wt.%)/�-Al2O3 was prepared and used as a catalyst for the hydrogenation of p-chloronitrobenzene (p-CNB) to form p-chloroaniline
p-CAN), so that a serious dehalogenation reaction was happened. However, the catalytic property of this catalyst was remarkably affected by some
etal cationic additives. Especially, when Sn4+ was introduced into the reaction system, the activity of the catalyst was not only promoted, but the

ehalogenation reaction was also greatly suppressed. The average rate of hydrogenation increased from 1.28 mol H2/mol Pd s on PVP-Pd/�-Al2O3

atalyst to 1.96 mol H2/mol Pd s on the PVP-Pd-Sn4+/�-Al2O3 catalyst (molar ratio of Pd to Sn = 1:1), and the selectivity for p-CAN increased from
6.8 to 96.6%. The dehalogenation reaction was completely restrained as the molar ratio of Sn4+ to Pd was up to 5. The great promotion role of
n4+ could be owing to the interaction between Sn4+ and −NO2 group of the substrate. The combination of Sn4+ with oxygen in −NO2 increased
he polarity of N O bond. The increase of the polarity of N O benefited the activated dihydrogen to attack the N O bond, and the hydrogenation
as accelerated. At the same time, the increase of the polarity of N O bond caused the more lone pair electron of p orbital on chlorine atom to
islocate to phenyl ring, so C Cl bond was strengthened and the polarity of C Cl was weakened. Furthermore, these were unfavorable for the
ctivated dihydrogen to attack C Cl bond and the hydrogenation selectivity was greatly improved.

2006 Elsevier B.V. All rights reserved.
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. Introduction

Hydrogenation of halonitroaromatic compounds to form
aloaromatic amine is an important reaction in the fields
f dyes, drugs, herbicides and pesticides. Because of the
nvironmental impact associated with the use of hydrochloric
cid in Bechamp’s reaction, selective hydrogenation of haloni-
roaromatic compunds over a supported metal catalyst is now
referred. Raney nickel [1–3], platinum or modified platinum
atalysts [1,3–12] are the most widely use for the high-yield
ynthesis of p-CAN from p-CNB. However, Raney nickel suf-

ers the disadvantage of being pyrophoric, and platinum is very
xpensive. Ruthenium, rhodium and iridium are more selective
or this reaction [1,5,12–16], but their catalytic activities are
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enerally lower. The addition of a metal ion modifier could
onsiderably modulate both the activity and the selectivity of a
atalyst for the hydrogenation of halonitroaromatic compound.
iu investigated the influence of metal cations Fe3+, Ni2+and
o2+ on the supported platinum colloids catalyst. It was

ound that Co2+ increased both the activity and the selectivity,
e3+ decreased the activity of Pt/PS (PS = poly(styrene-co-
ivinylbenzene) catalyst, Ni2+ increased the selectivity but the
ctivity decreased. Obviously, these metal cations displayed the
ifferent modification roles for the hydrogenation reaction [17].

A supported palladium catalyst showed a high catalytic activ-
ty for the hydrogenation of halonitroaromatics, but the selec-
ivity to form haloaniline was generally lower because of a
erious dehalogenation reaction [12,18]. In order to tune cat-
lytic property of catalyst to achieve a high yield of haloani-

ine, the selective poisoning of catalyst with some compounds
ontaining sulphur, nitrogen and phosphorus is also success-
ul [1–3,6]. Many other approaches have been also developed,
uch as alloying [7,18], controlling the metal particle disper-
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The data showed that Li+, Ca2+ and Co2+ definitely enhanced
the activity but the selectivity slightly decreased. The additions
of Mg2+, Fe3+, Fe2+ and Ni2+ were obviously unfavorable for
both the catalytic activity and the selectivity. Sn2+ enhanced the

Table 1
Effects of metal cations on selective hydrogenation of p-CNB over catalyst I

Entry Metal
cations

Conversion
(%)

Selectivity (%)

p-CAN p-CNSB AN Others

1 None 58.7 64.3 0 35.7 0
2 Li+ 73.1 61.7 0 38.3 0
3 Ca2+ 74.0 62.0 0 38.0 0
4 Sn4+ 74.4 96.6 0 3.4 0
5 Sn2+ 68.7 85.9 2.4 11.7 0
6 Co2+ 68.4 60.0 2.3 37.7 0
7 Mg2+ 47.0 53.2 0 46.8 0
8 Fe3+ 39.8 46.0 0 54.0 0
9 Fe2+ 49.7 60.3 0 39.7 0

10 Ni2+ 40.6 60.1 0 39.9 0
00 Q. Xu et al. / Journal of Molecular C

ion [19] and using metal/support interaction [8] and bimetallic
ynergic effect [4,20]. Especially, introducing some specific pro-
oters and inhibitors into the reaction system is an effective
ethod [21–25]. For example, the catalytic activity and the

electivity for p-CAN were improved over Pd/AC catalyst if
ron powder or iron salt as co-catalyst was added into the reac-
ion system [26]. In spite of that a great effort has been made to
mprove the selectivity for the hydrogenation of halonitroaro-

atic compounds, the dehalogenation is very difficult to be
ffectively inhibited and the role mechanism of promoter is not
lear.

In this paper, the effect of metal cationic additives on the
elective hydrogenation of p-CNB to p-CAN over PVP-Pd/�-
l2O3 was investigated. It was found that Sn4+ played an excel-

ent promoting role for both the hydrogenation activity of p-CNB
nd the selectivity of forming p-CAN. Based on our exper-
mental results, the modification mechanism of Sn4+ ion for
VP-stabilized Pd/�-Al2O3 was proposed.

. Experimental

PVP (average molecular weight 40,000) was from BASF.
ther reagents (A.R) were purchased from Shanghai Chemicals.
ure hydrogen (99.99%) was from Chengdu Gases Factory.

.1. Preparations of catalysts

PVP-Pd/�-Al2O3 (Catalyst I): It was prepared as the method
n literature [18]. PVP (45.1 mg) as a stabilizing agent was dis-
olved in a mixture solvent (40 mL) of water and ethanol (volume
atio = 1:9). 1.50 mL PdCl2·2H2O solution (1.41 × 10−4 mol,
he molar ratio of monomeric unit of PVP to palladium = 3) was
dded to above PVP solution with vigorous stirring. After the
ixed solution was refluxed for 3 h, a dark colloid solution was

ormed. Then 1.0 g �-Al2O3 was added to the cooled colloid
olution and the mixture solution was continued to stir at room
emperature for 24 h. Afterwards, the solid substance PVP-Pd/�-
l2O3 was filtrated, washed with distilled water two times and
ried under vacuum at 60 ◦C for 10 h. The content of palladium
etermined by ICP was 1.5 wt.% in PVP-Pd/�-Al2O3.

PVP-Pd-Sn4+/�-Al2O3 (Catalyst II): SnCl4 and PdCl2
Sn4+/Pd = 1 in molar ratio) were simultaneously added into the
ixture solvent (40 mL) of water and ethanol containing PVP.
he other procedures were the same as catalyst I.

Catalyst III: SnCl4 and PdCl2 (Sn4+/Pd = 0.05 in molar ratio)
ere simultaneously added into the mixture solvent (40 mL) of
ater and ethanol containing PVP. The other procedures were

he same as catalyst I.
Catalyst IV: Catalyst I was impregnated in ethanol solution

f SnCl4 (Sn4+/Pd = 1 in molar ratio) at room temperature for
2 h. At the end of impregnation, the solvent was removed and
ried under vacuum at room temperature for 5 h.
Catalyst V: Catalyst I was impregnated in ethanol solution
f SnCl4 (Sn4+/Pd = 1 in molar ratio) at room temperature for
2 h. At the end of impregnation, the solvent was removed and
ried under vacuum at 60 ◦C for 5 h.
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.2. Catalytic hydrogenation

Selective hydrogenation of p-CNB was carried out in a
0 mL stainless steel autoclave with a thermocouple and a mag-
etic stirring bar. The solution containing 0.0177 g PVP-Pd/�-
l2O3 (Pd 2.5 × 10−6 mol), 0.3939 g p-CNB (2.5 × 10−3 mol),
.5 × 10−6 mol metal ion and 5.0 mL ethanol was introduced
nto the autoclave. The autoclave was purged by pure hydrogen
or five times to replace air, and then was pressurized to 1.0 MPa.

hen the autoclave was heated to the desired temperature, the
tirrer was turned on and the reaction time was accounted. At
he end of reaction, the autoclave was immersed in an ice-water
ath to quench the reaction.

.3. Analysis

The reaction products were analyzed by GC-960 equipped
ith a FID detector and SE-30 capillary column. The oven

emperature was 160 ◦C, injector temperature 240 ◦C and detec-
or temperature 260 ◦C. Reactants and products were identified
y comparison with authentic samples. High-Resolution TEM
HRTEM) images were obtained on a Philips TECNAI F-30
EG instrument at an accelerating voltage of 300 KV. The XPS
pectra were obtained with a XSAM800 photoelectron spec-
rometer using monochromatic Mg K� X-ray 1486.6 eV and
inding energies were referred to as C1s 284.8 eV.

. Results and discussion

.1. Modifications of supported palladium catalyst with
etal cations

The effect of different metal cations (added as chlorides) on
ydrogenation of p-CNB over PVP-Pd was listed in Table 1.
eaction conditions: p-CNB: 2.5 × 10−3 mol; catalyst I, 0.0177 g (Pd
.5 × 10−6 mol); metal cations were directly added into reaction solution and

n+/Pd was 1.0 (molar ratio); temperature, 323 K; PH2 , 1.0 MPa; time, 20 min;
olvent, ethanol 5.0 mL.
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Table 2
Effect of Cl− on selective hydrogenation of p-CNB over catalyst I

Promoters Conversion (%) Selectivity (%)

p-CAN p-CNSB AN

SnCl4 74.4 96.6 0 3.4
CoCl2 51.6 68.7 1.3 30.0
NiCl2 21.1 74.9 6.1 19.0
CaCl2 39.2 63.1 2.4 34.5
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Fig. 1. Effect of molar ratio of Sn4+ to Pd on hydrogenation of p-CNB over
PVP-Pd catalyst: (A) average rate (mol H2/mol Pd s); (B) selectivity to p-CAN;
(C) selectivity to aniline. Reaction conditions: p-CNB: 2.5 × 10−3 mol; catalyst
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In order to clarify the modification roles of Sn4+ occurred in
eaction conditions: p-CNB: 2.5 × 10−3 mol; catalyst I, 0.0177 g (Pd
.5 × 10−6 mol); Cl−, 1.0 × 10−5 mol; temperature, 323 K; PH2 , 1.0 MPa; time,
0 min; solvent, ethanol 5.0 mL.

ctivity of catalyst a certain extent and the selectivity for p-CAN
ose from 64.3 to 85.9%. Surprisingly, the introduction of Sn4+

on into the reaction solution caused a significant improvement
n both the activity and the selectivity. The conversion of p-CNB
ot only rose from 58.7 to 74.4%, but the selectivity for p-CAN
lso increased from 64.3 to 96.6%.

According to the reported results, Cl− in reaction solution
ould be adsorbed on the surface of catalyst and some spe-
ial active centers were selectively poisoned [27]. It would
esult in the decrease of the dehalogenation activity. Because
he metal cations were introduced to the reaction solution as
he metal chlorides, the difference of the positive charge of

etal cations would lead to the different amount of chlorine
nion. In order to prove that the modification role was mainly
aused by metal ions rather than by Cl−, the experiments were
arried out under the same concentration of Cl− (Cl−:Pd = 4)
ather than metal cations. The results listed in Table 2 indicated
hat the catalytic activities and selectivities were mainly influ-
nced by metal cations. Furthermore, NH4Cl was introduced
nto this system. Because NH4

+ could not coordinate with the
ubstrate and the hydrogenation product, the effect of Cl− could
e clearly reflected. When the molar ratio of NH4Cl to p-CNB
ncreased from 1:1000 to 1:10, the hydrogenation activity grad-
ally decreased with the increase of Cl− while the selectivity
as not any change (Table 3). These results proved clearly that

he modification role was from metal cations.

.2. Effect of molar ratio of Sn4+to Pd on hydrogenation
The effect of molar ratio of Sn4+ to Pd on hydrogenation
f p-CNB was investigated and the results were showed in
ig. 1. Both the catalytic activity and selectivity to form p-

able 3
ffect of addition of NH4Cl on hydrogenation of p-CNB over catalyst I

-CNB/NH4Cl in
olar ratio

Conversion
(%)

Selectivity (%)

p-CAN p-CNSB AN

one 99.5 68.5 0 31.5
000:1 86.2 68.6 0 31.4
00:1 79.0 70.9 0 29.1
0:1 68.8 68.8 0 31.2

eaction conditions: p-CNB: 2.5 × 10−3 mol; catalyst I, 0.0177 g (Pd
.5 × 10−6 mol); temperature, 323 K; PH2 , 1.0 MPa; time, 50 min; solvent,
thanol 5.0 mL.
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, 0.0177 g (containing Pd 2.5 × 10−6 mol); temperature, 323 K; PH2 , 1.0 MPa;
olvent, ethanol 5.0 mL (average rates were derived from the time at close to
00% of conversion).

AN increased with the increase of Sn4+ concentration when
he molar ratio of Sn4+ to Pd was in the range of 0.0–1.0. When
he molar ratio of Sn4+ to Pd was 1.0, the promoting role of
n4+ for the catalytic activity reached a maximum, dehalogena-

ion reaction was markedly inhibited, and the selectivity to form
-CAN increased from 66.8 to 96.6%. If the molar ratio of Sn4+

o Pd exceeded 1.0, the selectivity would increase further, but the
ctivity of catalyst gradually decreased. When the molar ratio
f Sn4+ to Pd was up to 5, dehalogenation reaction was com-
letely inhibited. The detectable by-product was only p-CNSB
f 0.8%. According to references [1,4–6,13,14,28–32], p-CNSB
s an intermediate to form p-CAN, it would disappear with the
xtension of reaction time. To the best of our knowledge, this was
he highest selectivity among all reports about the hydrogena-
ion of halonitroaromatic compounds catalyzed by the supported
alladium catalysts.

.3. Effect of addition method of Sn4+
olution or on surface of catalyst, the addition methods of Sn4+

ere studied. The results in Table 4 showed that the best mod-

able 4
ffect of addition methods of Sn4+ on hydrogenation of p-CNB over catalyst I

atalyst Average rate
(mol H2/mol Pd s)

Selectivity (%)

p-CAN p-CNSB AN Others

1.28 66.8 2.9 30.3 0
* 1.96 96.6 0 3.4 0
I 1.29 82.1 0 17.9 0
II 1.31 72.7 0 27.3 0
V 1.55 95.7 0 4.3 0

1.28 72.3 0 27.7 0

eaction conditions: the same as in Table 1. Catalyst I*, Sn4+ was added into
eaction system directly (average rate was derived from the time at close to
onversion 100%).
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Fig. 3. Effect of reaction time on hydrogenation of p-CNB in PVP-Pd-Sn4+
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fication method was adding Sn4+ to reaction solution directly
PVP-Pd + Sn4+: catalyst I*). After the hydrogenation was com-
leted, the mixture solution was filtered. The data of ICP analysis
f the filtrate indicated that the majority of Sn4+ (95%) was kept
n solution, and only 5% of total Sn4+ quantity was adsorbed
n the surface of catalyst. However, when the same amount
f Sn4+ (5%) was completely supported on PVP-Pd catalyst;
he activity of catalyst and the selectivity of product were not
bviously improved (catalyst III in Table 4). Furthermore, if
n4+ (molar ratio of Pd to Sn4+ = 1:1) was added in the prepara-

ion proceeding of catalyst (catalyst II), its catalytic activity and
electivity were much lower than that of catalyst I*. Catalyst
V, which was prepared by impregnation with ethanol solution
f Sn4+ (Sn4+/Pd = 1 in molar ratio), was dried at room temper-
ture so that Sn4+ was protected from hydrolyzing and forming
nO2·xH2O. The selectivity of p-CAN was very close with that
f catalyst I*, but the catalytic activity was lower. The mixture
olution was filtered at the end of hydrogenation. The result
f ICP analysis of the filtrate showed the majority (ca. 80%) of
n4+ supported on the catalyst was extracted to the reaction solu-

ion. Compared with catalyst I, catalyst V, in which Sn4+ could
ccurred hydrolysis when it was dried at 60 ◦C, did not obvi-
usly show change of catalytic activity and selectivity. These
emonstrated that the promoting role of Sn4+ resulted from Sn4+

n solution and the Sn4+ adsorbed on the surface of the catalyst
as unfavorable to improve the catalytic activity and selectivity.

.4. Effect of reaction time on dehalogenation

Figs. 2 and 3 show the changes of conversion and selectiv-
ty with the reaction time in the absence of Sn4+ and in the
resence of Sn4+, respectively. They reflected that the selectiv-
ty of p-CAN was mostly not changed with the progressing of
ydrogenation. After the hydrogenation completed, the dehalo-
enation did not continue with the extension of reaction time. In

rder to further understand what group of substrate occurred
nteraction with Sn4+, chlorobenzene and nitrobenzene were
sed as substrates to investigate the dehalogenation reaction
ver catalyst I and catalyst I*. However, the result showed that

ig. 2. Effect of reaction time on hydrogenation of p-CNB over PVP-Pd catalyst:
A) conversion; (B) selectivity to p-CAN; (C) selectivity to aniline. Reaction
onditions: same as Fig. 1.
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atalytic system: (A) conversion; (B) selectivity to p-CAN; (C) selectivity to
niline. Reaction conditions: Sn4+/Pd = 1 (in molar ratio), other conditions are
he same as Fig. 2.

he dehalogenation of chlorobenzene did not occur at all in the
ame conditions and the hydrogenation rate of nitrobenzene was
nhanced in the presence of Sn4+ (Table 5). This means that the
resence of nitro group or the formation of −NH2 was the main
eason to lead to the breaking of C Cl. The fact that the dehalo-
enation at the end of hydrogenation did not continue with the
xtension of reaction time reflected that the dehalogenation pro-
eeded in parallel with the hydrogenation of nitro group.

.5. Modification mechanism of Sn4+

HRTEM (Fig. 4) images showed that the average diameter of
alladium particles in catalyst I was about 70 nm and was dis-
ributed in a wide range of particle size. However, the average
iameter of palladium particles in catalyst II was about 8.0 nm
ith a narrow distribution in the size of particles. This reflected

hat Sn4+ introduced in PVP-Pd in the process of catalyst prepa-
ation played an important role to protecting the palladium
anoparticles from aggregating. However, whether catalyst I or
atalyst II was used for the hydrogenation of p-CNB, the activ-
ties of both catalysts were not obviously different in spite of
ome increasing of selectivity of catalyst II. This result reflected
hat the sizes of palladium particles and the structural factors of
atalyst were not main influences on the catalytic activity and

electivity.

The binding energies of Pd 3d5/2 in catalyst I and catalyst
V were 336.0 and 336.3 eV in XPS spectra (Fig. 5). It showed
hat the valence state of Pd was zero. Compared with the binding

able 5
ffect of Sn4+ on hydrogenation of nitrobenzene to aniline over catalyst I

ntry Conversion (%) Selectivity (%)

AN NSB Others

atalyst I 79.9 96.5 3.5 0
atalyst I* 100 100 0 0

eaction conditions: NB, 2.5 mmol; catalyst I, 0.0177 g (Pd 2.5 × 10−6 mol);
emperature, 313 K; PH2 , 0.5 MPa; time, 30 min; Sn4+/Pd:1.0 (molar ratio); sol-
ent, ethanol 5.0 mL.
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Fig. 4. HRTEM photographs of (a and b) catalys

nergy of Pd 3d5/2, the binding energies of Pd in the two catalysts
ad a rising trend because of the interaction between palladium
nd supporter �-Al2O3 [33]. The binding energy 486.4 eV of
n 3d5/2 was in good agreement with Sn(IV) and other valent
tates of tin were not observed in XPS spectra. Thus, XPS spec-
ra further proved that the promoting action in the hydrogenation
f p-CNB reaction system was from Sn4+ rather than Sn2+ or
n. Although Bacaud [34] pointed out that Sn in Pt-Sn catalyst
ould be reduced into Sn2+ and metallic Sn in H2 atmosphere at
00 ◦C and they was immediately oxidized to Sn4+ by the pro-
ons of supporter in vacuum, Sn2+ was not found in the reaction
olution by the experiment of mercury dichloride after the reac-
ion finished. The low reaction temperature could be the main
eason not to reduce Sn4+ into Sn2+ and Sn.

The effect of metal cation on the hydrogenation of haloni-
roaromatic compound is an extraordinarily complicated prob-
em. According to the reported results, Sn2+ increased the reac-
ion activity of PVP-Ru catalyst in hydrogenation of o-CNB
o o-CAN [12], but Sn2+ poisoned the catalyst PVP-Ru-Pt and
VP-Pt [9]. Both of Sn2+ and Sn4+ increased the activity and the

electivity to desired product over PtSn/nylon and PtSn/Al2O3
7,35]. Previous studies [17,36] on the modification of metal
ation pointed out that there was a chemical interaction between
eactant and metal cation adsorbed on the surface of catalyst.

y
c
v
s

and d) catalyst II (molar ratio Sn4+ to Pd = 1.0).

he metal cation absorbed on the surface of catalyst was favor-
ble for the activation of polar N O bond in −NO2 group, then
he dissociated H atoms near the activated N O bond attacked
he N O bond, so that the nitro group was reduced into −NH2
roup. At the same time, the interaction between metal cation
n the solution and −NH2 group of product shortened the stay
ime of product molecule on the surface of catalyst, so the C Cl
ond hydrogenolysis was avoided. Therefore, the activity and
he selectivity of catalyst were improved. Some researchers sug-
ested that the effect of metal cation on hydrogenation properties
f supported metal catalyst could be interpreted by electronic
ffect and geometric effect [37,38].

In fact, our results could be not explained with the above
echanisms. Ni2+ and Co2+ could strongly coordinated with

mines, but they did not inhibit the dehalogenation (Table 1).
his means that to promote the desorption of product by means
f the coordination of added metal ions with amine absorbed
n the surface of catalyst is not really a reason to suppress the
ehalogenation. When the prepared catalyst was dried at 60 ◦C,
he SnCl4 on the surface of catalyst could occur the hydrol-

sis and convert into SnO2·xH2O. Compared with the result
atalyzed by catalyst V dried at 60 ◦C, catalyst IV dried under
acuum at room temperature displayed much better ability of
uppressing the dehalogenation. It indicated that the modifica-
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between Sn and –NO2 group of the substrate increased the
ig. 5. (a) XPS of Pd (3d3/2) and Pd (3d5/2) of catalyst I; (b) XPS of Pd (3d3/2)
nd Pd (3d5/2) in catalyst IV; (c) XPS of Sn (3d3/2) and Sn (3d5/2) in catalyst
V.

ion role was caused by Sn4+ and not by SnO2·xH2O. At the same
ime, the added method of Sn4+ gave an evidence that Sn4+ in

olution played an important role rather than Sn4+ absorbed in
he surface of catalyst. Therefore, we suggested that the sup-
ression role of Sn4+ for dehalogenation reaction should result
rom the strong interaction between Sn4+ in solution and the

p
g
w
t

ig. 6. Modification mechanism of Sn4+ ions to hydrogenation of p-CNB.

itro group of p-CBN. Although the coordination of Sn4+ with
NH2 can occur, the high positive charge of Sn4+ (hard Lewis

cid) leads to that it prefers to combine with the oxygen atom
hard Lewis base) in nitro group rather than chlorine atom or
itrogen atom −NH2. That the oxygen in nitro group coordinates
ith Sn4+ further increases the polarity of N O bond. The acti-
ated dihydrogen or hydride on the surface of palladium attack
asily the N O bond polarized by Sn4+. At the same time, the
oordination of the nitro group in substrate molecule with Sn4+

nhances the electron-withdrawing ability of nitro group and
nduces the lone pair electron on chlorine atom transferring to
henyl ring, so that C Cl polarity is weakened, C Cl bond is
trengthened. The both factors result in that the dehalogenation
f p-CNB becomes more difficult. If the concentration of Sn4+

s too high, a lot of Sn4+ will be absorbed on the surface of cat-
lyst and the many active centers of catalyst will be occupied,
o the activity of catalyst is inhibited. According to the result in
ection 3.5, the dehalogenation and the hydrogenation of nitro
roup proceeded simultaneously. It is consistent with a reference
eport [39]. The proposal mechanism was shown in Fig. 6.

. Conclusions

The hydrogenation activity of p-CNB and the selectivity to
orm p-CAN over PVP-Pd/�-Al2O3 were obviously promoted
y the addition of Sn4+. Hydrogenolysis reaction of C Cl was
ompletely blocked when the molar ratio of Sn4+ to Pd was up to
. The modification mechanism of Sn4+ could be the interaction

4+
olarity of N O bond and accelerated the hydrogenation of nitro
roup. Because of the same reason, the polarity of C Cl bond
as decreased and the strength of C Cl bond was increased, so

hat the dehalogenation reaction was greatly inhibited.
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