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ABSTRACT
Complexes of o-hydroxyacetophenone phenoxyacetylhydrazone (H

2
OAPA)

structure(I, II). with Co(II), Ni(II), Cu(II), Zn(II), Cd(II) and UO
2
(IV) have

been prepared and characterized on the basis of chemical analyses, molar
conductivities measurements, spectral (IR, 1H NMR, UV-Vis), and magnetic
moment. IR and 1H NMR spectral data show that (H

2
OAPA) behaves as a

neutral bidentate and mononegative or binegative tridentate ligand. All the
reported complexes are non-electrolytes and different stereo-chemistries
are proposed for the Co(II), Ni(II) and Cu(II) complexes according to their
magnetic and spectral measurements.
 2012 Trade Science Inc. - INDIA

INTRODUCTION

Hydrazones have interesting ligation properties due
to the presence of several coordination sites. Hydrazones
and their metal complexes have attracted considerable
attention due to their application in numerous industrial
and biological fields[1-3]. Hydrazones derivatives of o-
Hydroxyacetophenone-have were reported[4-14] with dif-
ferent metal salts to form new complexes which have
been characterized by elemental analyses and molar con-
ductance. We now report the syntheses, spectroscopic,
magnetic, conductivity corrosion studies and antimicro-
bial activity of o-hydroxyacetophenone phenoxy
acetylhydrazone (H

2
OAPA).

EXPERIMENTAL

All chemicals used are BDH (British Drug LTD,

England) quality.

Synthesis of the ligand

O-hydroxyacetophenone pheno xyacetyl hydrazone
(H

2
OAPA) was prepared by heating o-hydroxyaceto

phenone (13.6 ml, 0.1 mol) and phenoxyacetyl hydra-
zine(16.6 gm, 0.1 mol) in absolute ethanol (100 ml) for
0.5h. Upon cooling yellow crystals were separated. The
product was filtered, washed, recrystllized from abso-
lute ethanol and finally dried in a desiccator over fused
CaCl

2
, yield 25.7 gm, m.p 152 ï C.

Synthesis of metal chelates

The [Co(H
2
OAPA)Cl

2
(H

2
O)

2
] complex was pre-

pared by adding an ethanolic solution (25 ml) of
H

2
OAPA (0.29 gm, 1 mmole) to the cobalt chloride (1

mmole) in the same solvent (50 ml). The
[M(HOAPA)

2
].2H

2
O, (M= Cu(II) or Ni(II)) were pre-
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pared by the same method using ethanolic solution (50
ml) of H

2
OAPA (0.58 gm, 2 mmole) and (1 mmole) of

the corresponding metal chloride. The reaction mixtures
were heated under reflux for 0.5 h.

The complexes, [M(OAPA)(H
2
O)

3
],(M = Co(II),

Ni(II), Cu(II) and Cd(II), were prepared by adding
ethanolic solution (25 ml) of H

2
OAPA (0.29 gm, 1

mmole) to the corresponding metal acetate (1mmole)
in 25 ml ethanol or water. The [UO

2
(HOAPA)

2
] was

prepared by the same method using (0.58 gm, 2 mmole)
of H

2
OAPA in 50 ml ethanol. The reaction mixtures

were heated under reflux for 0.5 h.

Physical measurements

The metal and chloride contents were analyzed by
standard method (Vogel, 1989). IR spectra were re-
corded on a Mattson 5000 FTLR Spectrometer as KBr
discs; electronic spectra in dimethylformamide (DMF)
were obtained using an UV2-100 Unicam UV-visible
spectrometer. Magnetic moments at 25ï C were deter-
mined using a Gouy balance. H1 NMR spectra were
recorded on Prucker Ac 400 Spectrometer at King
Abd El-Aziz University. Molar conductivities in DMSO
at 25ï C were measured using a type CD6NGT
Tacussel Conductivity Bridge.

Corrosion inhibition stuidies

The inhibitive action of the investigated ligand on
the dissolution of aluminum in 0.5M hydrochloric acid,
Aluminum was selected for this study due to its numer-
ous industrial applications and consequently its corro-
sion inhibition in pickling baths is of great importance.
The inhibition efficiency depends on the additive com-
pounds, many factors which include the number of ad-
sorption active centers and their charge density, mo-
lecular size and the mode of inter action with metal sur-
face[15] Weight loss determinations of aluminum in 0.5
M HCl after 30 min yielded convincing evidence for
the application of H

2
OAPA. The resulting quantity, cor-

rosion rate, is thus a fundamental measurement in cor-
rosion science[16]. Corrosion rates can be evaluated by
measuring either the concentration of the dissolved metal
in solution by chemical analysis or by measuring weight
of a specimen the corrosion behavior of a metal in aque-
ous environment is characterized.

Biological activity

Antimicrobial activity. The ligand and some com-

plexes were tested as antibacterial agents at the de-
partment of microbiology, Faculty of Sciences, mansoura
university- seeded agar plates were prepared by put-
ting 50 ml of inoculated agar into 15 cm petri-dishes
and allowing them to solidify. Cups were made to re-
ceive 25ml of the solution and allowed to diffuse and
incubate at 37 ï C for 24 h. inhibition zone was mea-
sured[17] and compared with that of gentamicin solution
(commercial antibiotic, Memphis Co., Egypt, 1000ìg

ml-1). The experiment control was DMSO.

RESULTS AND DISCUSSION

The physical data of the complexes together with
their elemental analyses and conductivities are listed in
TABLE 1. The formation of complexes may be repre-
sented by the following equation.

CoCl2 + H2OAPA
Reflux, 0.5 h

 EtOH

[Co(H2OAPA)Cl2(H2O)2]

(1)

MCl2 + 2H2OAPA
Aqueous EtOH

Reflux, 0.5 h

[M(HOAPA)2].2H2O+2HCl

(M = Ni(II) or Cu(II))

(2)

M(OAc)2 + H2OAPA
Aqueous EtOH

Reflux, 0.5 h

[M(OAPA)(H2O)3] + 2AcOH

(M = Ni(II), Co(II), Cu(II) and Cd(II))

(3)

UO2(OAc)2 + 2H2OAPA
Reflux, 0.5 h

[UO2(HOAPA)2]+ 2AcOH

EtOH

(4)

The results indicates that all metal complexes are
stable in air and insoluble in most organic solvent and
most of them are completely soluble in
dimethylformamide (DMF) and dimethylsulphoxide
(DMSO). The molar conductivities (Ë

m
) in DMSO at

25° C for all complexes are in the range (1-10) ohm-1

cm2 mol-1, indicating their nonelectrolytic nature[18].

IR and H1NMR spectral studies

The IR Spectrum of H
2
OAPA exhibits intense ab-
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sorption band at 1700 cm-1 due to õ(C=O)[19]
.
 The

õ(C=N) appears as a shoulder at 1615 cm-1. The spec-
trum gives two bands at 3393 and 3130 cm-1 attribut-
able to õ(OH) and õ(NH)[20], respectively. The me-
dium intensity bands at 1300, 1152 and 1061 cm-1 are
assigned to õ(C-O) phenolic, ä(OH)[21] and õ(N-N)[22],
respectively.

The 1H NMR spectrum of H
2
OAPA in DMSO-d6

(Figure 1) shows multiplet signals in the ä 6.88- 7.62

ppm range assigned to the aromatic protons. The two
signals at ä13.06 and ä11.23 ppm are attributable to

the two protons of (OH) phenolic and (NH) group,
respectively. The appearance of the signal due to the
proton of (OH) phenolic at high value downfield from
TMS suggest the presence of intramolecular hydrogen
bonding between the phenolic oxygen (OH) and
azomethine nitrogen (C=N) group as shown in (Struc-

TABLE 1 : Analytical and physical data of H2OAPA and its metal complexes.

% calc (found) 
Compound Empirical Formula Yelid 

% Color 
M.P. 
C C H M Cl- 

Ë
a m in 

DMSO 

H2OAPA C16H16N2O3 87 Yellow 152 
67.6 

(67.2) 
5.7 

(5.5) 
- - - 

[Co(H2OAPA)Cl2(H2O)2] CoC16H20N2O5Cl2 85 Brike red >300 42.7 
(42.4) 

4.5 
(4.2) 

13.1 
(13.2) 

15.8 
(15.6) 

8 

[Cu(HOAPA)2].2H2O CuC32H34N4O8 80 
Yellowish 

Green 
>300 

57.7 
(57.5) 

5.1 
(5.0) 

9.5 
(9.2) 

 2 

[Ni(HOAPA)2].2H2O NiC32H34N4O8 84 Green >300 
58.1 

(58.2) 
5.2 

(5.1) 
8.9 

(8.6) 
- 10 

[UO2(HOAPA)2] UC32H30N4O8 84 Red >300 
45.9 

(45.0) 
3.6 

(3.3) 
28.5 

(28.2) 
- 1 

[Co(OAPA)(H2O)3] CoC16H21N2O6 80 Brown >300 
48.5 

(48.5) 
5.3 

(5.0) 
14.9 

(14.6) 
- 6 

[Ni(OAPA)(H2O)3] NiC16H21N2O6 85 Green >300 
48.5 

(48.3) 
5.3 

(5.1) 
14.8 

(14.7) 
- 3 

[Cu(OAPA)(H2O)3] CuC16H21N2O6 82 Green >300 
47.9 

(47.0) 
5.3 

(5.5) 
15.8 

(15.7) 
- 2 

[Cd(OAPA)(H2O)3] CdC16H21N2O6 79 White >300 
42.7 

(42.4) 
4.7 

(4.9) 
25.0 

(25.3) 
- 1 

(Ëa m) = Ù-1 cm2 mol-1

TABLE 2 : IR spectral data of H2OAPA and its metal complexes.

Compound õ(C=O) õ(C=N) í(C=N-N=C) õ(C-O) õ(C-O)phenolic ä(OH) õ(N-N) õ(M-O) õ(M-N) 

H2OAPA 1700 1615 - - 1300 1152 1061 - - 

[Co(H2OAPA)Cl2(H2O)2] 1655 1601 - - 1297 1130 1081 525 420 

[Cu(HOAPA)2].2H2O 1635 1600 - - 1330 - 1085 510 420 

[Ni(HOAPA)2].2H2O 1640 1596 - - 1323 - 1087 520 420 

[UO2(HOAPA)2] 1634 1595 - - 1312 - 1091 520 410 

[Co(OAPA)(H2O)3] - - 1592 1371 1340 - 1080 520 420 

[Ni(OAPA)(H2O)3] - - 1572 1375 1339 - 1080 523 420 

[Cu(OAPA)(H2O)3] - - 1595 1391 1340 - 1083 530 420 

[Cd(OAPA)(H2O)3] - - 1590 1390 1339 - 1080 511 410 

Figure 1 : 1H NMR Spectrum of H
2
OAPA

O
H2
C C

O
NH N C

CH3

HO
Structure (I)

O CH2 C
O

NH N C

CH3

OH
Structure (II)
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ture II). The sharp singlet observed at ä 2.64 ppm is

assigned to the methyl protons (-N=C-CH
3
).

A comparison of IR spectra of H
2
OAPA and its

metal complexes (TABLE 2) shows that H
2
OAPA be-

haves as a neutral bidentate and a mononegative or
binegative tridentate ligand depending upon the metal
salt used and the conditions of preparation as well as
the pH of the medium.

The IR spectra of the [Co(H
2
OAPA)Cl

2
(H

2
O)

2
]

complex reveals that H
2
OAPA behaves as a neutral

bidentate ligand coordinating via the carbonyl oxygen
(C=O) the and the azomethine nitrogen (C=N) forming
five member ring including the cobalt atom. This mode
of coordination (Structure III) is supported by the fol-
lowing evidences: (i) õ(C=N) and õ(C=O) shift to lower

wavenumber, (ii) õ(N-N) shifts to higher wavenumber,

(iii)õ(C-O) phonolic remains unchanged, indicating that

phenolic oxygen is not involved in bonding and (iv) the
appearance of new bands at 525 and 420 cm-1 attrib-
uted to to õ(Co-O)[23] and õ(Co-N)[24] respectively.

Finally, the IR spectra of [M(OAPA) (H
3
O)

3
], (M=

Co(II), Ni(II), Cu(II) and Cd(II)) show that H
2
OAPA

behaves as a binegative tridentate ligand coordinating
via the deprotonated phenolic oxygen, the deprotonated
enolized carbonyl oxygen (=C-O-) and the azomethine
nitrogen (C=N). This mode of chelation (Structure V)
is confirmed by the following evidences :(i) the disap-
pearance of õ(C=O) and ä(OH) and õ(C=N) with si-

multaneous appearance of new bands in the 1371 -
1391 and 1573 -1592 cm-1 regions assignable to õ(C-

O) and õ(C=N-N=C)[6, 10], respectively, (ii) õ(C-O)[27]

phonolic and õ(N-N) shift to higher wavenumber and

(iii) the appearance of new bands in the 511- 530 and
410 - 420 cm-1 regions attributable to õ(M-O)[23] and
õ(M-N)[24], respectively.

M
O N

O
ON

O

(M = Ni(II), Cu(II) and U(VI)O
2
 ; n=0 or 2)

Structure (IV)

On the other hand, the IR spectra of
[M(HOAPA)

2
]n(H

2
O) (M= Ni(II), Cu(II) and

U(VI)O
2
 ; n=0 or 2) reflect that the ligand behaves as a

mononegative tridentate ligand coordinating via the car-
bonyl oxygen (C=O), the azomethine nitrogen (C=N)
and the deprotonated phenolic oxygen. This mode of
complexation (Structure IV) is suggested on the basis
of the following observations : (i) õ(C=N) and õ(C=O)

shift to lower wavenumber (ii) õ(N-N) and õ(C-O)[25]

phenolic shift to higher wavenumber, (iii) the disappear-
ance of ä(OH) and (iv) the appearance of new bands

in the 510-520 and 410-420 cm-1 regions assignable
to õ(M-O)[23] and õ(M-N)[24], respectively.

Figure 2 : 1H NMR Spectrum of [UO
2
(HOAPA)

2
]

M
H2O

O
N

OH2

OH2O

(M= Co(II), Ni(II), Cu(II) and Cd(II)).
Structure (V)

Strong evidence for the deprotonation of enolized
carbonyl oxygen =C-OH and the phenolic oxygen
(OH) comes from the 1H NMR spectrum of the dia-
magnetic [Cd(OAPA)(H

2
O)

3
] complexes (Figure 3)

which show the absence of the signals at ä13.06 and

ä11.23 ppm assigned to the (OH) and (NH) protons,

respectively.
The uranyl complex exhibits two bands at 925 and

In the 1H NMR spectrum of [UO
2
(HOAPA)

2
]

complex (Figure 2), the signals due to the OH protons
disappears confirming deprotonation occurs through
OH Phonolic group, while the signal due to NH proton
undergoes a strong field shifting suggesting coordina-
tion of adjacent hydrazide >C=O and >C=N with the
metal ion[26].

N C

Co

CH3

Cl Cl

NHC

O

PhOCH2

H2O H2O
HO

Structure (III)
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805 cm-1 assigned to õ
3
 and õ

1
 vibrations, respectively,

of the dioxouranium ions[28]. The õ
3
 value is used for

the calculation of the force constant (F) of the (O=U=O)
bond by the method of McGlynn and Smith[29].

(õ
3
)2=(1307)2(F

U-O
) /14.103

The calculated force constant is found to be 7.064
mdyne Å-1. The value of the force constant for the ura-
nyl complex was then substituted into the relation given
by Jones[30] to calculate the bond distance (R

U-O
):

R
U-O

 = 1.08(F
 U-O

)-1/3 + 1.17
The value of the bond distance (R

U-O
) =1.74 Å as

well as the calculated value of the bond force, F
U-O

, fall
in the usual range for the uranyl complex[31].

The hydrated complexes were heated in an oven
up to 120C°. No water molecules were removed from

[M(OAPA)(H
2
O)

3
] (M = Co(II), Ni(II), Cu(II) and

Cd(II)) and [Co(H
2
OAPA)Cl

2
(H

2
O)

2
] complexes in-

dicating the presence of water molecules in the inner
coordination sphere, while [M(HOAPA)

2
]2H

2
O

(M=Cu(II) or Ni(II)) complexes loss two water mol-
ecules at 120C° confirming the presence of two water

molecules in outer of the coordination sphere.
The complexes which have coordinated water mol-

ecules have two sharp bands observed in 851-890 and
748-757 cm-1 attributed to ñ

r
 (H

2
O)[28] and ñ

w
 (H

2
O)

vibrations, respectively.

Magnetic and electronic spectral studies

The magnetic moments, electronic absorption bands
in (DMSO) and ligand filed parameters of metal com-
plexes are reported in (TABLE 3).

The electronic spectra of [Co(HOAPA)Cl
2
(H

2
O)

2
]

and [Co(HOAPA)OAc(H
2
O)

2
]complexes show two

absorption bands in the 15385 � 16129 and ca 20202-

20408 cm-1 regions attributable to 4T
1g 
 4A

2g
(F) and

4T
1g

  4T
1g

 (P) transitions, respectively. The calcu-
lated D

q
, B and â values (TABLE 3) lie in the range

reported for octahedral structure[32]. The magnetic mo-
ment values (5.1 -4.8 BM) are consistent with an octa-
hedral geometries around Co(II).

The electronic spectra of [Ni(HOAPA)
2
].2H

2
O and

[Ni(OAPA)(H
2
O)

3
] complexes show two bands in the

range 16026 � 27027 cm-1 assignable to the 3A
2g 


3T
1g

(F)(õ
2
) and 3A

2g
  3T

1g
(P)(õ

3
) transitions, respec-

tively in octahedral environments around nickel (II)
ions[33]. The calculated values of the ligand filed param-
eters lie in the range reported for octahedral structure.
Also, the magnetic moment values (3.4 - 3.1 BM) are
consistent with those reported for octahedral geometry[34].

Figure 3 : 1H NMR spectrum of [Cd(OAPA)(H
2
O)

3
]

TABLE 3 : Magnetic moments, electronic bands and ligand filed parameters of H2OAPA and its metal complexes.

Compound Band Position Assignment B â Dq eff (B.M) 

[Co(H2OAPA)Cl2(H2O)2] 
15.385  
20.202 

4T1g
4A2g(f) 

4T1g
4T1g(p) 

944 0.97 715 5.1 

[Co(OAPA)(H2O)3] 
16.129  
20.408 

4T1g
4A2g(f) 

4T1g
4T1g(p) 

935 0.96 750 4.8 

[Ni(OAPA)(H2O)3] 
16.020  
27.027 

3A2g
3T1g(f) 

3A2g
3T1g(p) 

906 0.87 981 3.4 

[Ni(HOAPA)2].2H2O 
16.020  
27.027 

3A2g
3T1g(f) 

3A2g
3T1g(p) 

906 0.87 981 3.1 

[Cu(OAPA)(H2O)3] 
14.486  
17.241  
28.571 

2B1g
2Eg 

2B2g
2A1g 

CT 
- - - 2.01 

[Cu(HOAPA)2].2H2O 
15.873  
18.087  
31.250 

2B1g
2Eg 

2B2g
2A1g 

CT 
- - - 2.2 

[UO2(HOAPA)2] 
23.809  
29.412 

1
Ó

+
g

2
ðu 

nð* 
- - - Diamagnetic 
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Figure 4 : Electronic spectra of: a- [Cu(HOAPA)
2
].2H

2
O

Figure 5 : Electronic spectra of: b- [UO
2
(HOAPA)

2
]

The electronic spectra of [Cu(HOAPA)
2
].2H

2
O

(Figure 4) and [Cu(OAPA)(H
2
O)

3
] give two absorp-

tion bands in the 14486 -15873 and 17241 -18087
cm-1 attributed to 2B

1g
  2E

g
 and 2B

1g
  2A

1g
 transi-

tion, in a tetagonally distorted octahedral configura-
tions[33, 35]. The band in the 28571- 31250 cm-1 region
may be assigned to Cu-L charge transfer[29]. The mag-
netic moment values of Cu(II) complexes (2.01 � 2.2

B.M) lie with the range of Cu(II) ions in a d9 system[36].

Finally, The UV spectrum of the [UO
2
(HOAPA)

2
]

(Figure 5) complex shows two bands at 23809 and
29412 cm-1 assignable to 1+

g
  2ð

 u
 transition of

dioxuraium(VI) and charge transfer probably n  ð*

transition, respectively[37].

cesses. The percentage inhibition efficiency (% IE) of
the investigated compounds (TABLE 4) was determined

using the equation 100
W

WW
IE% i





 . This means

that the presence of these compounds retards the cor-
rosion. The decrease in corrosion rate of aluminum in
0.5M hydrochloric acid in the presence of theses in-
vestigated compounds indicates that these compounds
act as inhibitors.

Figure 6 : Weight loss-time curves for the corrosion of alu-
minum in 0.5 M HCl in the absence and presences of different
concentration of compound (H

2
OAPA) at 30o C

TABLE 4 : (% Inhibition efficiency (%IE) at different con-
centrations of the investigated compounds for the corrosion
of aluminum in 0.5 M HCL at 30°C).

Concentration M H2OAPA (%IE) 

5x10-5 38.7 

1x10-4 58.2 

5x10-4 67.7 

1x10-3 87.1 

5x10-3 90.3 

TABLE 5 : Inhibition zones diameter (I.Z.D.) in mm as a crite-
rion of antibacterial activity of the ligande and some com-
plexes at concentration level of 2 mg ml-1.

Bacteria 

Compounds Bacillus 
(G +ve) 

I.Z.D.(mm) 

Pseudomonas 
(G �ve) 

I.Z.D.(mm) 
H2OAPA 0 0 

[Cu(OAPA)(H2O)3] 0 0 

[Co(H2OAPA)Cl2(H2O)2] 21 0 

[Co(OAPA)(H2O)3] 14 0 

[Cd(OAPA)(H2O)3] 22 0 

[UO2(HOAPA)2] 0 0 

Corrosion inhibition by the chemical technique

The linear variation of weight loss with time (Figure
6) in uninhibited and inhibited 0.5M hydrochloric acid
indicated the absence of insoluble surface films during
corrosion. In the absence of any surface filme, the in-
hibitors are first adsorbed onto the metal surface and
thereafter impede corrosion either by merely blocking
the reaction sites (anodic and cathodic) or by altering
the mechanism of the anodic and cathodic partial pro-

Antimicrobial activity : The antimicrobial activity
data for H

2
OAPA and its metal complexes against

Bacillus thuringiensis and pseudomonas aureginosa are
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compiled in TABLE 5. Growth inhibition zones are
proportional to the antimicrobial activity of the tested
compound. The data suggest that cobalt (II) and
cadimium (II) complexes were affected by the tested
chemicals with strongest activity for Gram-Positive.
On the other hand, H

2
OAPA as well as its complexes

do not show appreciable antimicrobial activity against
the Gram-Negative bacteria.
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