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ABSTRACT 
 

Organic ligands of octano, N-methyl, N-phenyl, N-(p-chloro phenyl) octano-
hydroximic acids were prepared. The interaction of such ligands with La(III), Co(IV), 
Th(IV), ZrO(II) and UO2(II) ions under pH control  in (1:1), (1:2) and (1:3) Molar ratios 
(M:L) led to the formation of solid complexes which gave analytical data suggested 
the (1:1), (1:2) and (1:3) based on elemental analysis, IR and 

1
HNMR techniques. 

 

INTRODUCTION 
 

Hydroxamic acids are weak organic acids and have a wide range 
variety of applications. They are used as inhibitors for copper corrosion, 
antifungal agents, food additives and in nuclear fuel processing. Hydroxamic 
acids are also important as gravimetric colourimetric reagents and strong 
chelating (Smith, 1960; Jenks, 1958; Fishchbein, 1967; Benhard et al. 1964; 
Shome, 1950; Galiardi et al. 1962; Brandt, 1960; Dutta, 1960; Cassidy and 
Ryan, 1968; Coutts, 1967; Feigi, 1975; Munson and Kehl, 1982 and Chang et 
al. 1987).  

In monohydroxamic acid metal complexes, the metal atom is 
coordinated through the oxygen atoms

 
(Brown

 
et al., 1979). Many different 

types of hydroxamic acids have been synthesized by adopting Blatt
’
s method 

(Blatt, 1963). Anindya et al., 2002)
 
reported that, in their reaction with 

transition metal ions, the N-phenylbenzohydroxamic acids may play two 
different roles depending on the oxidation state of the metal ion. This is well 
manifested in their reaction with rhodium(I) and rhodium(III). For rhodium(I) 
the N-phenylbenzohydroxamic acids serve as oxidizing agents, they oxidize 
rhodium(I) to rhodium(III), and at the same time themselves are reduced to 
the corresponding amides. With rhodium(III), however, the same hydroxamic 
acids only undergo complexation in the usual fashion. 
 

MATERIALS AND METHODS 
 

All materials used for synthesis of N-substituted hydroxamic acids 
and complexes are of analytical reagent. Adigital Philips PW9404 pH-meter was 
calibrated by means of standard buffer solutions (BDH). The IR spectra of 
studied complexes were recorded by Perkin-Elmer 580 spectrophotometer using 
KBr discs. 

Micro analysis of C, H and N were recorded by Perkin-Elmer Model 
2400 elemental analyzer. 

1
HNMR spectra were run on Jool JNL-GX-90 FTNMR 

spectrometer using CDCl3, CD3OD as solvent and TMS as the reference 
standard. 
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Preparation of organic ligands: 
 Octanohydroxamic acid was prepared by adding octanylchloride 
(15.9gm, 0.1mol) with stirring cooled mixture of KOH (11.2gm, 0.2mol) and 
hydroxylamine hydrochloride dissolved in methanol (250ml), the resulting 
mixture was stirred for 5hours. The reaction mixture was extracted with ether 
and the ethereal layer was evaporated under reduced pressure. The product 
obtained in the form of shiny white crystals, which recrystallized from 
chloroform, the melting point is (61-62) 

o
C. N-methyl octanohydroxamic acid 

was prepared by adding (15.9gm, 0.1mol) octanoylchloride to an ice mixture 
of Na2CO3 (21.2gm, 0.2mol) and N-methylhydrochloride (8.35gm, 0.1mol) in 
methanol (300ml), according to the same procedure described above, the 
product was in the form of a pale yellow oil. Phenyl hydroxyl amine was 
prepared by adding (2:1) molar ratio of Zn dust to nitrobenzene according to 
Brink and Crumbliss method (Brink and Crumbliss, 1982) the product was in 
the form of yellow needle crystals, (m.p.61-62)

o
C N-phenyl octanohydroxamic 

acid was prepared by the same procedure as discussed befor, the product 
was in the form of green oil, (It decompose by long storage). N-(P-
chlorophenyl) octanohydroxamic acid was prepared by adding (15.9gm, 
0.1mol) octanoylchloride to ice cooled mixture of Na2CO3 (21.0gm, 0.2mol) 
and N-(P-chlorophenyl)-hydroxylamine (14.35gm, 0.1mol) in methanol 
(250ml). The resulting mixture was stirred for 7hours, filtered, evaporated and 
dried. The product in the form of crude, (m.p. 156-158)

o
C 

Preparation of metal complexes: 
Preparation of Lanthanum (III) complexes: 
 

(a) La(C8H16NO2)3.6H2O 
(3.18gm, 0.02mol) of octanohydroxamic acid in (50ml) ethanol was 

added with stirring to (4.33gm, 0.01mol) of La(NO3)3.6H2O in (50ml)ethanol, 
the pH was adjusted between 2.27 to 5.68 using 10% sodium hydroxide 
solution, white precipitate was allowed to cool then filtered off under nitrogen 
and dried over calcium chloride. 
 

(b) La [(C9H18NO2).2OH].3H2O and La [(C14H20NO2).2OH].3H2O   
complexes were prepared as discussed before, the pH had adjusted 

between 3.71 to 6.67 and .48 to 9.38 respectively. 
 

(c) La [(C14H19NO2Cl).2OH].6 H2O 
gm, 0.02mol of N-(p-chlorophenyl) octanohydroxamic acid was  

(5.39) added to (4.3302 gm, 0.01mol) of La (NO3)3.6H2O in (50ml)ethanol, 
then the mixture was stirred for one hour. The pH had been adjusted between 
1.55 to 9.33, a dark yellow precipitate was obtained. 
Preparation of Cerium (IV) complex: 

Ce[(C14H19NO2Cl)2.2OH].8H2O was prepared by adding (4.042gm, 
0.01mol) of Ce(SO4)2.4H2O in (75ml) double distilled water to (5.39gm, 0.02mol) 
of N-(p-chlorophenyl) octanohydroxamic acid in (75ml) warm ethanol, the pH 
raised to 2.19, the brown precipitate obtained was allowed to rerfrigerate 
overnight. 
Preparation of Thorium (IV) complexes: 
 

(a) Th[(C8H16NO2)2.2OH].6H2O Was prepared by adding (3.18gm, 0.02mol) of 
octanohydroxamic acid in (50ml) ethanol to (4.33gm, 0.01mol) of 
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Th(NO3)3.5H2O in (50ml) ethanol, the pH was adjusted between 1.88 to 
6.30, a white precipitate was obtained.  

(b) Th[(C9H18NO2).3OH].H2O Was prepared as discussed before, where the 
pH had been adjusted between 2.29 to 5.21, a white precipitate was 
obtained.  

(c) Th[(C14H20NO2).3OH].6H2O The same procedure has been used, where 
the pH had been adjusted between 1.07 to 6.36, a white precipitate was 
obtained.   

Preparation of UO2(II) complexes: 
 

(a) UO2[(C8H16NO2)2].10H2O Was prepared by dissolving of (5.02gm, 
0.01mol) Uranyl nitrate in (50ml) ethanol and add to (3.18gm, 0.02mol) of 
octanohydroxamic acid. This resulted in a color change to red-brown. 
The mixture was stirred for 30minutes and 10% solution of sodium 
hydroxide was add drop wise to the mixture until a change of color 
occurred then the pH raised to 6.55, the solution became cloudy and a 
change in color from red-brown to orange. The reaction mixture was left 
to cool over night, the obtained solid product was filtered and dried.  

 (b) UO2[(C14H19NO2Cl)2].6 H2O Was prepared by adding (5.02gm, 0.01mol) 
of Uranyl nitrate to (5.39gm, 0.02mol) of N-(p-chloro phenyl) 
octanohydroximic acid, according to the same procedure described 
above (pH = 8.57). 

 

Preparation of ZrO (II) complex: 
ZrO[(C8H16NO2)2].6H2O Was prepared by adding (3.2235gm, 

0.01mol) of Zirconyl-chloride-8-hydrate to (3.18gm, 0.02mol) of 
octanohydroximic acid, the mixture was stirred for 30minutes, the pH was 
raised to 9.45. Awhite precipitation was obtained. 
  

RESULTS AND DISCUSSION 
 

The IR spectra of octanohydroximic ligand show sharp band in the  
1665-1615 Cm

-1
 region which attributed to the amide carbonyl frequency, the 

shift of this band is due to intermolecular hydrogen-bonding on complexation, 
this band undergoes a shift of about 40-60 wave numbers, which is 
consistent with chelation by carbonyl oxygen atom. This frequency shift in the 
carbonyl stretching is due to a reduction of C=O bond order caused by the 
interaction with metal, abroad band at 3566-2422 Cm

-1
 in the spectra of the 

free ligands was assigned to free (OH)group, which disappears on 
complexation in all cases. The free hydroxamic acids are bidentate and the 
bonding occurs through the two oxygen atom (Brown et al., 1979). In the 
region bellow 950 Cm

-1
 most bands are sensitive to the nature of the metal 

ion and the substituent.   
The IR spectra of octanohydroxamic acid, N-methyl 

octanohydroxamic acid and p-chloro-N-phenyl octanohydroxamic acid are 
shown in Table(1). A strong band at 1423-1467 Cm

-1
 is assigned to C-N 

stretching frequency and N-H deformation band (Chamberlain and Gonzlez, 
1952). A strong band at 1182-1116 Cm

-1
 is assigned to N-O stretching 

frequency. The O-H bonded appears at 2957 Cm
-1

 while OH free at 3054 Cm
-
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1
 (Rundle and Parasol, 1952). The C-H of N-CH3 stretching appears at 2868-

2412 Cm
-1

 (James, 1980). 
 

Table (1): The infrared spectra of unsubstituted and N-substitute octano-
hydroxamic acids. 

 
 

  C-H ( OH)
f

  (OH)
b

  C-N  C=O Compound 

2956 3566 3256 1423 1655 
CH3-(CH2)6-C-NH-OH

O

 

2912 3372 3054 1432 1615 CH3-(CH2)6-C-N-OH

O

CH3 

2951 3422 3195 1463 1629 CH3-(CH2)6-C-N-OH

O

C6H4Cl 
 

Lanthanium (III) form 1:3 and 1:1 complexes with ligand octano, N-
methyl, N-phenyl and N-(p-chlorophenyl) octanohydroxamic acids. The IR 
spectra of Lanthanium complexes are listed in Table (2).  

The IR spectra of the amide carbonyl (C=O) shifted in the solid  
complexes at lower frequency 1601, 1599, 1560 and 1564 Cm

-1
 in octano, N-

methyl, N-phenyl and N-(p-chlorophenyl) octanohydroxamic acids 
respectively. 
 

The expected structures of complexes are as follows: 
  

 

O

OO

O N

N

C

C

H

H

R

R

OO

CNH R

La

 

OH

OHO

O

N

C( CH2)6CH3

OH2

La

OH2

R

 
Where R=CH3, C6H5 and C6H5Cl 
 

Cerium (IV) form complexes of a molar ratio 1:2M:L with P-chloro- N-phenyl 
octanohydroxamic acid. The IR spectra are listed in Table (2). 

 
The above results give clear sign that the two oxygen atoms of 

hydroxamic acids are involved in the chelation to metal atom which  caused 
electron withdrawal from the carbonyl group , this increases electron density 
in the C-N bond resulting in lowering of 65Cm

-1
 in the carbonyl The above 

results give clear sign that the two oxygen atoms of hydroxamic acids 
frequency  compared to the free ligand and an increase by about 15Cm

-1
 in 
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the C-N frequency, the band observed in all complexes in the range 1457 to 
1489 Cm

-1
 are attributed to C-N stretching frequency. Abroad band which is 

observed in all complexes in the range 3300-3500Cm
-1

 is assigned to (OH) 
of coordinated water molecules. A strong band which is common to all 

complexes spectra in the range 460-485Cm
-1

 is assigned to (La-O) 
vibration (Elmer et al., 1982). 

There is band at 428Cm
-1

 observed at lower frequency which is 
absent in the free ligand is attributed to the metal oxygen interactions M-O 
(Baraniak et al., 1976). 
 

Table (2): Infrared spectra of complexes. 
 

 (O-H)  (M-O)  C-N  C=O Compound 

3300 472 1465 1601 
La[CH 3-(CH2)6-C-NH-O] 3.6H2O

O

 

3498 482 1483 1599 La[(CH 3-(CH2)6-C-N-O). 2OH]. 3H2O

O

CH3 

3508 477 1457 1560 La[(CH 3-(CH2)6-C-N-O). 2OH]. 3H2O

O

C6H5 

3423 462 1489 1564 La[(CH 3-(CH2)6-C-N-O). 2OH]. 6H2O

O

C6H4Cl 

3304 428 1483 1662 Ce[(CH 3-(CH2)6-C-N-O) 2.2OH]. 8H2O

O

C6H4Cl 

3304 413 1483 1599 
Th[(CH3-(CH2)6-C-NH-O)2.2OH].6H2O

O

 

3422 414 1482 1599 Th[(CH 3-(CH2)6-C-N-O). 3OH].H 2O

O

CH3 

3277 403 1464 1600 Th[(CH 3-(CH2)6-C-N-O). 3OH]. 6H2O

O

C6H5 

3675 409 1483 1603 ZrO[(CH 3-(CH2)6-C-N-O) 2].6H2O

O

C6H4Cl 
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The expected structure of the complex is as follow:  
 

O

OO

O N

N

C

C

OH

C6 H4 Cl

( CH2)6

Cl H 4 C6

( CH2)6CH3

CH3

Ce

OH 
 

The IR spectra of thorium complexes of the general formula MA2 and 
MA are listed in Table (2). On comparison with IR spectra of the free ligand, 
there are clear differences, the main difference is the disappearance of the O-
H peak on complex formation. The carbonyl absorption which occurs at 
1665Cm

-1
 and 1615Cm

-1
 in the free ligand is shifted to 1599Cm

-1
 and 

1600Cm
-1

 in the complexes. There is an intense absorption bands at 
1483Cm

-1
 and 1464Cm

-1
 attributed to C-N stretching frequency. Strong bands 

at 1181Cm
-1

and 1175Cm
-1

 is assigned to (N-O) stretching frequency in 
complexes. Broad bands at 3422Cm

-1
 and 3277Cm

-1
 respectively, are 

assigned to (O-H) of coordinated water to metal ion. A strong band at 
988Cm

-1
 is assigned to bending mode of coordinated OH group to metal ion 

(M-OH)
 
(Scargill, 1961). A strong band at (438-403) cm

-1
 is assigned to 

(Th-O) vibration
 
(Nakomato, 1970). Finally the bands at 2854Cm

-1
 and 

2956Cm
-1

 are assigned to C-H stretching of N-CH3.  
 

The expected structures of the complexes are as follows:  
 
 

O

OO

O N

N

C

C

H

Th

R

OH

OH

R

R

 
  

 

OH

OH2

O

O

N

C

OH
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OH
R

R1

 
 

Where R=Heptyl and R1= CH3 or C6H5 
 
 On comparing the IR spectra of the complexes 
UO2[C8H16NO2]2.10H2O, UO2[C14H19NO2Cl]2.6H2O with the IR spectra of free 
ligand, we find that there are clear differences, the main difference is the 
disappearance of O-H peaks on the complex formation. The presence of a 
broad band at 3285Cm

-1
 and 3269Cm

-1
 in the IR spectra of uranyl complexes 

show that these complexes contain coordinated water molecules. The major 
peaks are represented in Table (2). The uranyl ion has intense absorption 
band at 915Cm

-1
 in UO2[C8H16NO2]2.10H2O, 830Cm

-1
 in 
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UO2[C14H19NO2Cl]2.6H2O and 1000Cm
-1

 in both complexes, there are similar 
uranyl stretching. 
 

The expected structures of complexes are as follows:  

O

OO

O N

N

C

C

H

R

R

H

U

O

O 
 Where R=Heptyle 

O

OO

O N

N

C

C

C6 H4 Cl

Cl H 4 C6

U

O

O

R

R 
 

Zirconyl form complexes with octanohydroxamic acid only in molar 
ratio 1:2 (M:L), the IR spectra are listed in Table (2). An intense absorption 
band at 997Cm

-1
 in complex spectra which is absent in the spectra of the free 

corresponding hydroxamic acid is attributed to (Zr=O) (Dehnicke and 
Weidlein, 1966). The Zr-O stretching frequency resulting from the interaction 
of oxygen of N-substituted hydroxamato-ligands occurs in the range 409Cm

-1
 

(Nakomato and Martell, 1960 and Nakomato et al., 1961,1962). Broad bands 

is observed in the range 3653-3182Cm
-1

 are assigned to (N-H) and (O-H) 
of coordinated water to metal ion.  
The expected structure of the complex as follows: 

 

O

OO

O N

N

C

C

Zr

O

OH
H

H

(CH2)6-CH3

CH3-(CH2)6

 
 

1
HNMR spectra of octanohydroxamic acid in (CDCl3) in Table (3) shows the 

following signals, triplet at =0.9 ppm (J=8.0 Hz) corresponding to 3proton of 

CH3, multiplet at =1.4 ppm equivalent to 8protons of four methylene groups 

(4 CH2 groups), multiplet at =1.7 ppm corresponding to CH2 group and triplet 

signal at =2.2 ppm (J=5.6Hz) due to CH2 group. 
 

 

Table (3): 
1
HNMR spectra of unsubstituted and N-substituted octabohydro-
xamic acids of the general formula CH3-(CH2)6-CO-N(R)OH measured 
in (CDCl3) at 25 

o
C. 

 

 

N-(CH3) (CH2) 
α

 (CH2) 
ß

 (CH2) 
 CH3 Ligand 

- 2.2(t) 1.7(m) 1.4(m) 0.9(t) 
O

(CH3-(CH2)4-CH2-CH2-C-NH-OH) 

3.44(s) 2.4(t) 1.6(q) 1.24(m) 0.87(t) 

O

(CH3-(CH2)4-CH2-CH2-C-N-OH)

CH3 
 



Belkasem,H. A. et al. 

 636 

Table (4): The elemental analysis of unsubstituted, N-substituted 
octanohydroxamic acid and complexes are shown in the 
following the carbon, hydrogen and nitrogen are in good 
agreement with theoretical percentage. 

 

N % H % C % 
Compound 

Calc. Found Calc. Found Calc. Found 

8.80 7.52 10.69 10.77 60.73 61.05 
CH3-(CH2)6-C-NH-OH

O

 
5.80 5.50 10.98 3.40 60.00 59.6 CH3-(CH2)6-C-N-OH

O

CH3 
5.20 5.90 7.34 4.60 62.40 60.1 CH3-(CH2)6-C-N-OH

O

C6H4Cl 
5.82 12.10 8.32 5.00 39.9 39.40 

La[CH 3-(CH2)6-C-NH-O] 3.6H2O

O

 
3.50 5.80 6.51 4.40 27.07 26.30 La[(CH 3-(CH2)6-C-N-O). 2OH]. 3H2O

O

CH3 
3.03 4.90 6.07 4.50 36.45 36.80 La[(CH 3-(CH2)6-C-N-O). 2OH]. 3H2O

O

C6H5 
2.55 4.70 6.00 4.80 30.57 30.20 La[(CH 3-(CH2)6-C-N-O). 2OH]. 6H2O

O

C6H4Cl 
3.27 6.54 5.16 3.70 39.20 38.00 Ce[(CH 3-(CH2)6-C-N-O) 2.2OH]. 8H2O

O

C6H4Cl 
4.06 3.30 6.86 4.80 27.88 27.20 

Th[(CH3-(CH2)6-C-NH-O)2.2OH].6H2O

O

 
2.96 3.10 4.86 4.20 22.83 22.20 Th[(CH 3-(CH2)6-C-N-O). 3OH].H 2O

O

CH3 
2.12 1.30 5.30 4.70 25.47 25.70 Th[(CH 3-(CH2)6-C-N-O). 3OH]. 6H2O

O

C6H5 
3.65 4.20 6.78 4.50 25.06 22.50 UO2[CH 3-(CH2)6-C-N-O] 2.10H2O

H

O

 
3.06 3.90 5.46 4.10 36.70 36.00 UO2[CH3-(CH2)6-C-N-O] 2.6H2O

C6H4Cl

O

 
5.27 4.40 8.28 5.10 36.14 36.10 

ZrO[(CH 3-(CH2)6-C-NH-O) 2].6H2O

O
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The disappearance of OH proton may be attributed to complex 
formation. 

1
HNMR spectrum of N-(p-chlorophenyl) octabohydroxamic acid 

shows triplet signal at =0.9 ppm (J=7.2 Hz) corresponding to CH3 group, 

multiple signal at =1.2 ppm equivalent to 8proton due to four CH2 groups, 

triplet signal at =2.55ppm (J=0.9 Hz) corresponding to CH2 group and two 

duplets at =7.2 ppm, =7.45 ppm (J=7.9 Hz) corresponding to four protons 
of p-substituted phenyl group. The disappearance of OH proton may be 
attributed to complex formation. 
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بعيييل عقدعتييينعت عقمنتتيييل ديييا تانحييي  دهيييتتنت عةحدييينل عق ٌن    يييٌدٌل  تحضيييٌ 
 عقثدنمٌل

 2دٌا دحدن ن  قى أأ نده    1 لٌدل حلى با غزي  ، 1بنقتن م  ح ٌم عحدن
 قٌبٌن  –ٌ مس  تندعل قن  – لٌل عقعل م  –ق م عق ٌدٌنء  1
 عقٌبً –تندعل حد  عقدختن   – لٌل عقعل م  –ق م عق ٌدٌنء  2

 
تممف  مما اممحث ثراسممم قدثتمما جة ممقثف علتممما جممأل تال ممه جرممت لف ث سجممل  ثر  قد  تمم ج ا    

س ممم تممف تسفمم د   ع ممه  UO2(VI), La(III), ZrO(VI),Ce(IV) ثرثجلع مما جممو ث  عمملف
 – الدث  ل د   ع ه ا قد  ت ه أج أل ,  ثرل معقثف ثرةفم  ا ث  تملع  , أل  أج ألا قد  ت ه 
سجم  ثر  قد  تم ج . و   مق تمف تسفم د ثرجة مقثف  ث  تلع  ل د  ع ه (  – 4) –  ع ه , أل 

عت ممما رتال مممه تلممم. ثرل معمممقثف جمممو ث  عممملف ثرالمملثف ثرتممملا ا , تسمممف ثرمممتس ف  ممما  ممم ف ث   
ثرجة قثفو    ق تف ث تجلق  هثر  قد م عا و  تف إمدثء ثرتسل ه ثرط اا ر فو ص غ مل ئ ا ر ح

 ممأل طد ممن ت ع مملف  () لممل : ر ملعممق 3:  1  2:  1  1: 1تدث  مما ثرجة ممقثف ثرصمملاا اعتمماا 
أط ممملأل ث رمممةا تسمممف ثرسجمممدثء  ثرتسل مممه ثرةعصمممدل  ثرمممدع أل ثرعممم  ل ثرج علط تممم  رعممم ث  

 ثر  قد م أل و

 
 قنم بتح ٌم عقبحث      
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