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Five different complexes of nickel(II) with anti-2-furan- 
carboxaldoxime (~-FDH) have been prepared and charac- 
terized by elemental analysis, molecular weights, conductance 
studies, magnetic moments and infra-red spectral studies. 
These are [Ni(fDH) 4C12], [Ni(JYD) ~(-~DH) ], [Ni(FD) 2(FDH) 2], 
[Ni(FD)2 �9 en], and [Ni(FD)2]. All the complexes are neutral 
monomeric, paramagnetie (~ = 3.3-3.7 ~e) and may be con- 
sidered octahedral except the complex [Ni(2'D)2], (~ = 2.92 ~B) 
which is tetrahedrM. In these complexes the ligand functions as 
a monodentate and/or bidentate, coordinating with furan oxygen 
and oxime oxygen in the latter case. The ligand has been shown 
to be present in the ionized, and/or unionized form in these 
complexes. 

The ]igand anti-2-furancarboxaldoxime (~-FDH) is known to form 
complexes with Pd 1-5, Cu, and Co 6. Sen and Pickerell ~ have prepared 
and characterized the complexes of this ]igand with Mn(II), Co(II), 
Ni(II), Cu(II), Zrl(II), Fe(II),  Cr(III),  and Fe(I I I )  and suggested that 
the complexes are octahedral on the basis of a stipulation tha t  the 
ligand functioned as bidentate in all the above complexes except in 
[Cr(-~DH)3C]3] and [Fe(FDH)3CI3] where it functions as monodentate 
coordinating via the furan oxygen atom. The bidentatc ligand molecule 
e~n coordinate via the furan oxygen and the oxime oxygen atoms. 
I,ffra-red spectral evidence s on the above complexes has established 
the denticity of the ligand, and it supports the above stipulation. 

During the course of the present work, the synthesis and char- 
aeterization of some of the nickel(II) complexes of 2-furancarboxal- 
doxime (anti-form) has been done by elemental analysis, molecular 
weight determination, conductance data, infra-red spectra and magnetic 
moment  measurements. Although Byrson and Dwyer 9, lo prepared a 
number  of complexes of this ligand with Co(II), Co(III), Ni(II), Cu(II), 
Cu(I), Ag(I), Pd(II) ,  and Pt( I I ) ,  no detailed study has yet  
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been r e p o r t e d  on these  complexes .  T h e y  p r o p o s e d  t h e  f o r m u l a e  of 

these  c o m p l e x e s  p r i m a r i l y  on t h e  basis  of m e t a l  analysis ,  a n d  in some  

cases, m o l e c u l a r  w e i g h t  d e t e r m i n a t i o n s .  

Experimental Part 

Reagents and Techniques 

Anti-2-furancarboxaldoxime was prepared by reacting freshly distilled 
furfural with hydroxylamine hydrochloride by the method of Brady and 
Goldstein n. All other reagents used were of A.R./B.D.H. grade. 

Dichlorotetra/cis([urancarboxaldoxime)nicl~el(II), [I~i(FDH)4CI2] (I) 

F D t t  (4.44 g;  0.04 mole) dissolved in 25 ml  of absol. EtOH was added 
to cold solut ion of NiCle (2.37 g; 0.01 mole) i n  75 ml  of absol. EtOtt .  The 
mix tu re  was placed in an ice ba th  for 15min .  Greenish-white  dense 
crystals were obtained,  filtered, washed wi th  EtOH and recrystal l ized 
f rom boiling absol. E tOH,  dried in vacuo over  P205;  yield = 5 g (73%). 

[Ni(FDH)4C12]: Calc: C 41.83; H 3.49; N 9.76; C1 12.38; 1kTi 10.23. 

F o u n d :  C 41.50; H 3.80; 1~ 9.52; C1 11.92; 1~i 10.28. 

Tris(/urancarboxaldoxime)nickel(II ) , [Ni( FD)2( FDH) ] (II) 

F D I ~  (13.32 g;  0.12 mole) dissolved in 75 ml  of EtOI-I was added wi th  
st irr ing to a ho t  solution (80-90 ~ of nickel ace ta te  (9.96 g; 0.04 mole) dis- 
solved in 150 ml  of water .  1NHaOH solution (1 : 1) was then  added dropwise 
till p H  became 8.8. The  greyish white  precipi ta te  obta ined  was filtered, 
washed wi th  aq. alcohol, recrystal l izcd f rom benzene and  dried in vacuo 
a t  100 ~ over  P205; yield = 14 g (88%). 

[I~i(FD)2(FDH)] Calc.: C 46.07; H 3.33; 1~ 10.75; Ni  15.02. 

F o u n d :  C 45.80; H 3.90; N 10.10; Ni  14.78. 

Tetralsis(/urancarboxaldoxime)nickel(II ) , [Ni( FD)2( FDH)2] (III)  

F D H  (1.11 g; 0.01 mole) was added  to a solut ion of complex (II) (3.9 g; 
0.01 mole) dissolved in 30 ml  of benzene.  The solution was concent ra ted  
by  evapora t ing  the  benzene at  room temp.  On scratching brown needle 
shaped crystals  were obtained.  These were filtered, washed with  aq. EtOH, 
recrystal l ized f rom benzene, and dr ied in vaeuo over  P205; yield = 4.5 g 
(90%). 

[lqi(FD)2(FDJ:I)~] Calc. : C 47.84; I~ 3.59; N 11.16; :Ni 11.70. 

F o u n d :  C 47.02; H 3.80; N 11.00; I~i 11.85. 

Ethylenediaminebis(/urancarboxaldoxime)nickel(II), [Ni(t~D)2en] (IV) 

Complex (II) (3.9 g; 0.01 mole) was dissolved in 50 ml  of benzene and  
e thylenediamine  (0.6 g; 0.01 mole) dissolved in 5 ml of benzene was added  
wi th  stirring. Af te r  cont inuous st irr ing for 15 min  the  l ight  brown crystals  
obta ined  were filtered, washed wi th  benzene and dried in vacuo over  P205;  
yield = 2,5 g (73.5%). 
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[Ni(FD)2en] CMc.: C 41.52; t t  4.72; N 16.54; Ni 17.33. 

Found:  C 40.80; t t  5.1; N 15.89; Ni 17.03. 

Bis(/urancarboxaldoxime)niclcel(II), [Ni(FD)2J (V) 

To a clear solution of complex (H) (3.9 g; 0.01 mole) in 50 ml of cold 
pyridine was added cold water  when semi-colloidM yellowish precipi tate was 
obtained. The precipi tate  was coagulated by  ~ddition of 1 g of sodium ace- 
tate.  I t  was filtered, washed with water,  recrystall ized from acetone and 
dried under vacuo over P205 for 6 hours at  146 ~ yield = 2 g (71~o). 

[Ni(FD)2] CMcd. : C 43.06; H 2.87; N 10.05; Ni 21.06. 

Found:  C 42.5; 1~ 3.2; N 9.92; Ni 20.82. 

P h y s i c a l  M e a s u r e m e n t s  

Melting points: Melting points were measured using a calibrated ther- 
m o m e t e r .  

Molecular weights: Molecular weights were determined cryoscopically in 
purified nitrobenzene ~-~ The freezing point  depression constant  of the 
solvent was determined using benzil (10-2M). 

Conductance measurements: These were made in purified nitrobenzene 
on a bridge (Leeds & Northrup).  

Magnetic moment measurements: These were done on Gouy balance 
taking Hg[Co(CNS)4] as the s tandard,  and the diamagnetic corrections 1~ 
for the ligand moie ty  were made. 

In/re-red spectra: Perkin Elmer spectrophotometer  model 621 was used 
for taking the infra-red spectra using CsI disc technique. 

g e s u l t s  a n d  D i s c u s s i o n  

The var ious  complexes  formed b y  2 - iu ranca rboxa ldox ime  (anti- 
form) wi th  n iekel ( I I )  are  summar ized  in Table  1, where the  co]our, 
m.pt . ,  mol .wt . ,  magne t ic  m o m e n t  and  molar  conductance  of these 
complexes  are also repor ted .  All  the  complexes  have  been found to 
be p a r a m a g n e t i e  and  neu t ra l  and  monomer ic  in n i t robenzene.  The 
complexes  m a y  be considered under  three  categories,  those  conta in ing  
only  unionized  (neutral)  l igand  molecules  (complex I), those  t h a t  
conta in  bo th  unionized as well as ionized l igand molecules (complexes I I  
and  I I I )  and  f ina l ly  those  conta in ing  only  ionized ] igand molecules 
(complexes I V  and  V). 

On adding  ~-_FDH to nickel  chloride solut ion in absolute  e thano l  
a t  ice t empera tu re ,  a greenish whi te  crys ta l l ine  complex [Ni(_~DH)4C19.] 
(I) is obta ined .  The conductance  measurement s  in n i t robenzene  indicate  
i t  to  be a non-e lec t ro ly te  species, and thus  chlorine m a y  be considered 
as pa r t  of coord ina t ion  sphere.  The magne t ic  m o m e n t  value  o5 3.29 aB 
suggests  the  presence o~ two unpa i r ed  electrons in niekel(I I ) ,  and  the  
complex  could thus  be oc tahedrM proveded  t h a t  ~-FDH acts  as a 
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monodentate ligand. The evidence for the denticity of the ligand has 
been obtained from the I g  studies of the complex (Tables 2 and 3). 
Firstly the broad bands for O ~ H  stretching vibrations at 3160 arid 
3040 em -1 in the ligand, which indicate the presence of intramolecular 

Table 1 

No. 

Molar Conductance 
Mol. Wt. in nitroben- 

Complex Colour m. pt. (~ Calc.Found zene, AM, 
Ohm -i, cm 2, mole-1 

~Xe~t 
fxB 

I. [Ni(FDH)dC12] Greenish 204--207 ~ d 
white 

II. [Ni(_FD)2(FDH)] Greyish 148--150 ~ d 
white 

III .  [Ni(FD)~(FDI-I)2] Brown 137--139 ~ 
IV. [Ni(FD)2. en] Light 118--120 ~ 

brown 
V. [Ni(FD)2] Greenish > 250 ~ 

yellow 
d = decomposes. 

574 * 0.71 3.29 

391 380 0.35 3.42 

502 495 0.41 3.73 
339 317 0.52 3.51 

279 260 0.21 2.92 

* Not sufficiently soluble for the determination. 

hydrogen bonding in it are shifted to strong peak at 3230 cm -1 in 
this complex. This implies that the hydrogen bonding has been partly 
weakened as a result of complexation. Secondly the additional band 
in the region 670-630 cm -1 iri the spectra of the complex are absent 
in the ligand spectrum. These additional bands are likely to be due 
to the Ni- -O stretching vibrations. Finally C=N-stretehing frequency 
in the ligand at 1640 cm -1 shifts to 1652 cm -1 in the complex; there- 
fore it may be concluded that the ligand acts as monodentate in this 
complex and the bonding is likely to be through the oxime oxygen. 
Ni--C1 stretching vibrations in this complex could not be assigned as 
the ligand had a band in the usual Ni(II)--C1 sensitive region. Two 
possible geometrical isomers of the octahedral complex [Ni(/FDH)aC12] 
could then exist corresponding to the position of the two chlorine 
atoms being either cis or trans. 

In the second category of Ni(II) complexes of ~-FDH, the com- 
plex [Ni(ED)e(FDH)] is prepared by taking one mole of Ni~+ ions 
and three moles of the ligand in aq. soln. and then raising the pH to 
8.8 by adding NHdOtI soln. This preparation method indicates that  
two moles of the ligand might ionize at this p i t  to give the above com- 
plex. The conductance data in nitrobenzene indicates that it is a non- 
electrolyte, and the magnetic moment value of 3.42 BB corresponds 
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to two unpaired electrons. [Ni(FD)a(FDH)] may therefore be octa- 
hedral with the ligand acting as bidentate bonding through furan 
and oxime oxygens. Two of the ligand molecules are present in the 
ionized form while the third is present in the unionized form and is 
not as strongly bonded to the metal  ion as the ionized ones; the latter 
ligand moiety can be lost under mild alkaline conditions in the fol- 
lowing manner : 

[Ni (FD)2 (FDH)] 

(ii) 
~(i) py, (ii) tt20 

dil. NaO11, A / / / +  1 mole FD11 I + 1 mole e n  ~Cone. NaO11 solution 

[Ni GWD)2 (FDH)2] [Ni (FD)2" en] [Ni (FD)2] 

(III) (IV) (V) 

On reacting 1 mole of the ligand with 1 mole of the complex (II) 
in benzene solutions, [Ni(FD)~(PDH)2] is obtained. Conductance 
measurement shows tha t  it is a neutral species, and the magnetic 
moment  is 3.73 ~B, indicating that  it contains two unpaired electrons 
and hence it is octahedral with the two ionized ligand molecules acting as 
bidentate while the two unionized ligand molecules act as monodentate. 

The evidence for the presence of the ligand in the unionized form 
in the complexes (II) and (III)  is shown by  the presence of a medium 
band in the I R  spectra of these compounds at  3100 and 3150 respectively. 
The C=N-stretching frequency at 1640 em -1 in the ligand gets shifted 
to 1653 and 1651 em -1 in the complexes (II) and (III)  respectively. 
A broad band at 380 and 390 era -1 in the complexes (II) and (III)  
respectively can be at tr ibuted to Ni ( I I ) - -O  stretching vibrations as 
this band is absent in the ligand spectrum. The stretching vibration 
of N i ( I I ) - - 0  band is exhibited at 405 cm -1 in hexaaquo nickel(II) 
ion la and at 425 and 375 cm-1 in niekel(II) methoxide is. I t  is, how- 
ever, not possible to say whether the M - - O  bond involves the furan 
or the oxime oxygen in compound (III),  when the ligand acts as mono- 
dentate molecule. The band in the region 650 cm -1, also at tr ibuted to 
M - - O  bond s is not observed in the two cases. 

The complex with purely ionized ligand molecules, [Ni(2~D)~ �9 en] 
is obtained from [Ni(FD)2(FDH)] by the replacement of one F D f I  
molecule with one ethylenediamine molecule. The conductance measure- 
ments in nitrobenzene indicate tha t  it is a neutral complex and the 
magnetic moment  value of 3.51 ~s  suggests the presence of two un- 
paired electrons in nickel(II). Therefore [Ni(FD)2. en] may be octa- 
hedral with the ligand, .FDtt acting as bidentate, bonding through 
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furan and oxime oxygens. That the ligand is present in the ionized 
form in this complex is shown by the absence of O - - H  deformation 
bands at 1448 and 1323 cm -z in the IR  spectrum while the C : N -  
stretching of frequency at 1640 em -1 in the ligand gets shifted to 
1658 cm -1 in this complex. Again a broad band at 380 cm -1, found 
in this compound, could be assigned for Ni(I I ) - -O stretching vibra- 
tions. The presence of ethylcnediamine is shown in the IR  spectrum 
of this complex, the assignments of -which have been made on the 
basis of earlier studies on ethylenediamine 16. A broad band at 500 cm -1 
is assigned to Ni ( I I ) - -N stretching viblations, on the basis of a similar 
assignment at 515 cm -1 in [Ni(en)a] 2+ complex ion iv 

The neutral complex, [Ni(FD)u], containing the purely ionized 
ligand molecules is formed by the removal of one E D I t  molecule from 
[Ni (FD)2(FDI- I ) ]  by treating it with a base. From the behavionr of 
similar ligands, it would seem likely that such a species should be 
diamagnetic containing a square planar four coordinate nickcl(II) 
complex. However, such a compound is not readily obtained by the 
reactiort of nickel(II) salts with 2-furanearboxaldoxime even in the 
presence of a strong base. Its conductivity in nitrobenzene verifies its 
nonionie nature and the magnetic moment of the solid (2.92 ~ZB) suggests 
a tetrahedral structure. The It~ spectrum of this compound shows 
the absence of O - - H  stretching and deformation vibrational bands, 
and the C=N-stretehing frequency is observed at 1655 em -1. Also 
there is a broad band at 380 cm -1 corresponding to the Ni( I I ) - -O 
stretching vibrations. Hence it can be concluded that the complex 
[Ni(FD)2] is tetrahedral with the two ionized F D I I  molecules acting 
as bidentate ligand, coordinating through the furan and the oxime 
oxygen. 
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