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Abstract 

EPR and optical absorption studies have been 
made on some square planar pink CuN4*- chromo- 
phore complexes, viz. bis(amidinourea/O-isopropyl-l- 
amidinourea/O-ethoxyethyl-l-amidinourea/O-metho- 
xyethyl-1 -amidinourea)copper(II) complexes, in the 
solid state and in different solvents (water, DMF 
and DMSO) to investigate solute-solvent interaction, 
if any; spin-Hamiltonian constants of the copper(H) 
ion; metal-ligand bond parameters; and the environ- 
ment around the copper(I1) ion. In an aqueous 
medium nine nitrogen superfine lines on the high 
field 3/2 - 3/2 copper hyperfine splitting compo- 
nent is indicative of four equivalent or nearly equiv- 
alent nitrogen atoms surrounding the copper(H) 
ion. The spectra obtained from different media per- 
mitted calculation of the degree of covalence of 
u- and n-bonds of the copper(H) ion with the four 
nitrogen atoms of the ligands. The metal-ligand 
covalency in these compounds is comparable to that 
found in copper(I1) phthalocyanine and porphine com- 
plexes. The covalency of the bis(ligand)copper(II) 
complexes is attributed to the strong u-interaction 
of the copper(I1) ion with a deprotonated imino 
ligand bonding site, and electron delocalization occurs 
throughout the entire chelate ring. 

Introduction 

Biguanides (l), U-alkyl-1-amidinourea (2) and 
amidinourea (3) are closely related ligands [l-6]. 
Chugaev [7] and Weinland [8] suggested structures 
4 and 5, respectively, for metal(amidinourea 
complexes. From the rose-red color of the copper(I1) 
complexes, their chemical properties, and their 
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electronic and infrared spectra, Rly and Bando- 
padhyay [9] and later Syamal [6, 10, 1 l] concluded 
that the donor strength of amidinourea is compar- 
able to that of other strong field ligands such as 
biguanides [l-3] (6) and U-alkyl-1 -amidinourea [4, 
5, 121 (7). This supported the formation of four 
copper-nitrogen bonds [2,6,7] as shown in struc- 
ture 5 instead of copper-nitrogen and copper- 
oxygen bonds as suggested by Chugaev [7] (4). 

In a study of the crystal and molecular structure 
of the bis(amidinourea)copper(II) complex, Begley 
et al. [ 131 noted that the ligand undergoes proton 
transfer from a terminal amine group to the central 
nitrogen atom, and then the transformed ligand 
coordinates to the metal ion by one imine and one 
carbonyl group: 
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The coordination of amidinourea (4) is thus inter- 
mediate between that of biguanide (6) and biuret 
(8). In metal-biguanide, metal-biuret, metal-amid- 
inourea and metal-l -amidino-U-alkylurea complexes 
none of the ligands coordinate to the transition metal 
through the amine (-NH,) group - a coordination 
mode generally accepted by Ray and his followers 
[I]. From N( 1s) photoelectron spectra Swartz and 
Alfonso [14] ruled out the presence of a quaternary 
nitrogen atom in the complex. The photoelectron 
studies indicate the presence of two types of nitrogen 
atoms in a 2:3 abundance ratio and show that rr- 
electron delocalization extends to all the nitrogen 
atoms including those outside the chelate ring. The 
NMR data for bis(biguanide)nickel(ll) chloride also 
support the absence of a quaternary nitrogen atom 
[15]. Therefore the metal biguanide salt may be 
formulated as 9. 

Because the ligand is planar, extensive delocalized 
n-system must extend over the entire C-N-O 
skeleton, resulting in sp” hybridization of the amine 
groups [ 14-161. As a result, these groups do not 
have lone pairs of electrons which can be directed 
towards a transition metal, and hence coordination 
through amine residues is unlikely. Therefore the 
only functional groups linked to the metal are the 

imine and carbonyl groups. From X-ray,ultraviolet, 
visible and other spectroscopic data and by com- 
paring studies of biguanide/biuret metal complexes 
Begley ef al. later proposed another structure (10) for 
the bis(amidinourea)copper(ll) complex [ 13, 171. 

From infrared studies Babykutty and others 
[ 181 concluded that the carbonyl group of amidino- 
urea is coordinated to the metal ion. Their con- 
clusions were based on the fact that the v(C=O) 
mode of the ligand occurring at 1700 cm-’ under- 
went a negative shift by 20 cm-’ in [Cu(amidino- 
urea)z] *2Hz0 (11). The carbonyl stretch is subjected 
to strong vibrational coupling involving the C - N(r) 
and C - N(s) groups in the chelate ring system (11). 
This would cause a lowering of the energy of the 
carbonyl stretch in the two-m-bonded complex 
[Cu(amidinourea)z] .2Hz0 in comparison with that 
in the ligand [6]. This lowering of the energy of 
the carbonyl stretch in the CuN, system may also 
arise partially because of the strong hydrogen 
bonding between the water of crystallization and 
the carbonyl group of the chelated ligand. The 
negative shift of the V(NH) and 6(NHz) modes 
indicate nitrogen coordination of the amidinourea. 
While working on copper(l1) biuret complexes, 
Kedzia and others observed a greater decrease in 
the v(C=O) mode in the N-bonded complex, potas- 
sium bis(biureto)copper(ll), in comparison with that 
in the O-bonded chelate, bis(biuret)copper(ll) 
chloride [ 191. Moreover, electronic spectra reveal 
that compounds having a CuNzOz chromophore 
show v,, - 15 760 cm-‘, whereas compounds 
containing a CuN4 chromophore exhibit v,, - 
19 600 cm-’ [12,20]. 

EPR has proven useful for investigating the 
bonding in copper(l1) complexes. Information on 
the covalency of the bonding can be deduced from 
g values and the copper nuclear hyperfine interaction. 
Inasmuch as the bonding natures of amidinourea 
and 0alkyl-1-amidinoureas are not entirely un- 
ambiguous and inasmuch as the effect of replacing 
the amino group by various alkoxy groups has not 
been previously studied, we have therefore studied 
the bonding nature (degree of covalence of u- and rr- 
bonds) of the bis(amidinourea/O-alkyl-l-amidino- 
urea)copper(ll) complexes in order to ascertain 
whether structure 5 is correct or not. Furthermore, 
the solute-solvent interactions, if any, of 
copper(amidinourea/l-amidino-O-alkylurea 
complexes are investigated for the first time. 

Experimental 

Materials 
All bis(ligand)copper(ll) hydroxides and their 

corresponding chloride salts (Table 1) were prepared 
according to standard methods [4, 6-91. The corre- 
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TABLE 1. Electronic absorption spectra of some copper(H) complexes 

Compounda Positions of band maxima 

State Color Absorption band 
(cm’) 

]Cu(AMH)a] (OH)2 mull purple 19600 
DMF purple 19750 
DMSO purple 19780 

[Cu(AMH)a] C12* Hz0 mull purple 19230 
water purple 18520 
CH30H purple 18850 
DMSO 

[CU(AP’UH)~] (OH)a.2H20 
purple 19410 

mull rose-red 21200 
DMF rose-red 20500 
DMSO rose-red 20500 

[CU(AP’UH)~]C~~*H~O mull rose-red 19540 
water rose-red 19640 
DMF rose-red 20400 
DMSO rose-red 20450 

[CU(AMEUH)~](OH)~*~H~O mull rose-red 19650 
DMF rose-red 19830 
DMSO rose-red 19850 

[CLI(AMEUH)~]C~~. 1.5H20 mull rose-red 19550 
DMF rose-red 20850 
DMSO rose-red 20210 

[CU(AEEUH)~](OH)~*~H~O mull rose-red 19560 
DMF rose-red 19850 
DMSO rose-red 20010 

[CU(AEEUH)~]C~~*~H~O mull rose-red 19600 
DMF rose-red 20500 
DMSO rose-red 20530 

aAMH = amidinourea; AP’UH = 0-isopropyl-l-amidinourea; AMEUH = 0-methoxyethyl-1-amidinourea; AEEUH = O-ethoxy- 
ethyl-1-amidinourea; DMF = N,N-dimethylformamide; DMSO = dimethyl sulfoxide. 

sponding orange-yellow diamagnetic nickel(H) com- 
plexes were prepared by the methods described 
earlier [4? 6-91. CuLz*nH20 (L = AMH, amidino- 
urea: AFUH, O-isopropyl-1-amidinourea; AMEUH, 
0-methoxyethyl-1-amidinourea; AEEUH, O-ethoxy- 
ethyl-1-amidinourea) and NiL*nH20 were dehydr- 
ated by heating in vacua at about 70 “C for 3 days. 
The stoichiometry of the complexes was confirmed 
by carbon, hydrogen, nitrogen and metal analyses. 

Copper(H)-doped Ni(L)2 was prepared by adding 
about 4% of Cub*nH20 to Nib.nH20 dispersed 
in 8 M aqueous NaOH. The resulting mixture was 
stirred well, filtered under suction, washed with 
water and ethanol, air-dried and finally dehydrated. 

Spectral Measurements 
Electronic spectra were recorded on a Cary 14 

spectrophotometer using l-cm cells. EPR spectra 
were obtained on a Varian V 4502-12 X band spectro- 
meter with 100 kHz modulation. A cylindrical quartz 
sample tube was used for the spectra of powdered 
and frozen solution samples. A minute, powdered 
sample of diphenylpicrylhydrazil (DPPH) free radical 

was used as a g marker in a dual channel cavity, 
and the frequency was monitored with a frequency 
meter. 

Results and Discussion 

The electronic spectra of bis(ligand)copper(II) 
salts show a typical absorption band at about 19 600 
cm -’ in both solid and aqueous media, an indication 
of the presence of a square planar [CuN,] chromo- 
phore [l-S]. Other square planar [CuN4] chromo- 
phores appear in tetrakis(benzimidazole)copper(II) 
(19 000 cm-’ in the solid), bis(biguanide)copper(II) 
(19 230 cm-’ in water and 20410 cm-’ in solid and 
19840 cm-’ in water), bis(guanylurea)copper(II) 
(20 202 cm-’ in the solid), bis(l-amidino-O-ethyl- 
urea)copper(II) (19 417 cm-’ in the solid) and 
bis(1 -amidino-0-propylurea)copper(lI) (19 417 crn;l 
in the solid) [ 12, 2 l-281. The IR spectra of amidino- 
urea show 6(N,,,H,) at 1700 cm -’ 
at 1630 cm-‘. 

and 6(N,s,H2) 
The greater negative shift of F(N,,,H,) 

(20-30 cm-‘) in the metal complexes in comparison 
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Fig. 2. Room temperature EPR spectrum of powdered 
[Cu(AMH)a]Cla: frequency 9.474 kMc; gll = 2.22, ~1 = 
2.056. 

Fig. 1. Solution EPR spectrum of [Cu(AMH)z](OH), inN,N- 
dimethylformamide at room temperature: frequency 9.423 
kMc; go = 2.09 2. 

with a smaller shift (10 cm-‘) of 6(N,,,Ha) supports 
the Ni-coordination and non-participation of the 
N(s) atom in coordination. 

Solution spectra (Fig. 1) provided a measure of 
the isotropic or average g value (go), isotropic hyper- 
fine structure constant (Aocu), and isotropic ligand 
superfine structure constant (AoN). All the complexes 
in solution show nine nitrogen superfine components, 
caused by the interaction of the odd electron of 
copper with the nuclear spins of the atoms by which 
the ligand molecules are bound. The spectra further 
reveal that all four nitrogen atoms surrounding the 
copper(H) ion are almost equivalent with the [CuN,] 
chromophore. 

From room temperature EPR spectra of powdered 
samples (Fig. 2) approximate g values were deter- 
mined [29]. The parameters gll, gl, AllCU and AlCU 
were obtained from anisotropic spectra of the 
powdered, magnetically dilute solid (Fig. 3) and the 
frozen solution (Fig. 4) (Table 2). g, and A, values 
were obtained from the standard relations [30, 3 1 ] 

811 + a1 
ga” = and A,= 

AII +2A1 

3 3 

The average g value in powder (g, = 2.09) agrees 
well with the corresponding values in DMF (g, = 
2.029-2.110) and in DMSO (g, = 2.094-2.110), 
indicating negligible interaction between solute and 
solvent molecules. The anisotropic spectra of the 
magnetically dilute powders gave no indication of 
more than two g values. All the compounds that 
were studied show gtt < 2.3. It should be noted that 
for an ionic environment gtt > 2.3, while for a cova- 
lent environment gl, < 2.3, indicating that these 
complexes possess considerable covalent character 

Fig. 3. Room temperature EPR spectrum of [Cu(AMH)aJ- 
Cl2 diluted into the corresponding nickel(I1) complex (about 
4% copper): frequency 9.476 kMc;gll = 2.177,gl = 2.062. 

43A,t- 

Fig. 4. Frozen solution EPR spectrum of [CU(AMH)~](OH)~ 
in dimethyl sulfoxide: liquid nitrogen temperature; frequen- 
cy 9.133 kMc;gil = 2.177,gL = 2.058. 

and that the dXZ_y2 orbital will be the ground state 
[32]. The low 811 and high AI] values found appear to 
be characteristic of complexes containing the equiv- 
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TABLE 2. g Values and hyperfine structure constants for copper(H) complexes 

Complex 

[CuMMH)2lK’H)a 

[Cu(AMH)&% 

[CU(AP’UH)~](OH)~ 

[Cu(APiUH)a]C12 

(Cu(AMEUH)a]C12 

[Cu(AEEUH)2]Cla 

Mediuma 

Ni(I1) complex 
DMF 
DMSO (frozen) 
Ni(I1) complex 
water 
DMF 
DMSO 
Ni(I1) complex 
DMF 
DMSO (frozen) 
Ni(I1) complex 
water 
Ni(I1) complex 
DMF 
Ni(H) complex 
DMF 

go gav gll 91 Hyperfine constants X lo4 (cm-r) 

AllCU AlCU AOCU AoN 

2.094 2.171 2.056 210 21 15.7 
2.092 92.1 15.8 
2.093 2.097 2.177 2.058 218 24 89.6 15.8 

2.10 2.177 2.062 205 25 15.0 
2.102 90.1 14.8 
2.106 89.4 14.9 
2.107 88.9 15.0 

2.097 2.175 2.058 202 24 15.8 
2.098 2.10 2.175 2.064 202 25 93.2 15.9 
2.100 2.06 2.174 2.057 204 17 98.8 15.8 

2.09 2.179 2.054 202 17 14.7 
2.105 85.9 14.9 

2.09 2.173 2.058 203 24 14.9 
2.110 97.7 15.9 

2.10 2.181 2.065 205 25 14.7 
2.112 87.9 15.2 

aDMF = N,N-dimethylformamide; DMSO = dimethpl sulfoxide. 

alent [CUN~]‘- chromophore and are a result of the 
strong covalency in the complexes. 

Considering the EPR spectra and square planar 
geometry as evidenced by the electronic spectra, 
we conclude that the copper(H) ion in these com- 
plexes is in a tetragonal field (D4h symmetry). The 
odd electron is placed in the antibonding Bi, orbital 
in the ground state. 

The approximate antibonding wave functions 
[33-361 are 

$B,, = od,2_y2 - a’(- u, (l) t lJN(Z) t u,(3) - or’4’)/2 

GB2g = W,, - P’,(P,“’ + P,(~) - P,(~) - P,‘~I)/~ 

$A,, = 01dz2 - (Y;(u/) + uYc2) - uXc3) - uYt4))/2 

ME 

lg 

= fid,, - P’(P,“’ - PZ’~‘)/~ 1’2 

1 fldyz - /3’(pz(2) - ~2(4))/2l’~ 

The Big, BZg and E, states represent u-bonding, in- 
plane n-bonding and out-of-plane n-bonding, re- 
spectively. The ligand orbitals involved in the in- 
plane u-bonding are considered to be sp2 hybrid 
orbitals [37, 381. Overlap is included for the function 
describing in-plane u-bonding. (Y, crl, (Y’ and oz’, 
are the u-bonding and /3, pi, 0’ and 0: are the ‘IT- 
bonding parameters. The smaller the value of the 
coefficients OL, 0~1, fl and pi, the more covalent is 
the bonding. The larger the square of (Y’, &, CUE 
and $, the more covalent is the bonding of the type 
associated with each parameter [31]. These co- 
efficients are related to the spin-Hamiltonian for 
copper(H) ion in a tetragonal crystal field given by 

where 

-8XoN31 
gll - 2.0023 = ____ 

MW 

x {(Y& - a’&S - (Y’( 1 - /3i2)“27@)/23 

gl - 2.0023 = 
-2xoolp 

MX, 

x {crp - cu’ps - cu’(1 - p’)“Q-(n)/2”2) 

A,, =P[-a2($+ko)+(g,, -2)+$1-2) 

- 8s {cX’&s t cY’(1 - /3:)“27@)/2} 
'XY 

6hoolp 
- 7aE {d&s + a’(1 - ~a)i’2T(nr/21’2 >] 

52 

Al = P[cu”(+ - ke) + $g, - 2) 

_ $ g {Cr’flS t a’(1 - p2)“2T(n)/21’2)] 
XZ 

H is the applied field; flo is the Bohr magneton; 
r(n) = 0.333 [34]; P = -0.036 cm-‘; ho (= -828 
cm-‘) is the spin-orbit coupling constant for the 
copper(B) ion; k. (= 0.43 + 0.02) is the Fermi 
contact term [39, 401 for Cu2’. A,!? and A,!?,, 
are the electronic transition energies o?Ba, +- ‘Big 
and ‘E, + 2B,,, respectively. , 



TABLE 3. Orbital reduction factors and covalency parametersa 

Complex Medium G !qZ k12 K ol’pq2 0LN2 Wu2 P2 Pi2 AE,,, X lo3 (cm-‘) AExlb X lo3 (cm-‘) 

[CU(AP~UH)~]CI~ 
[CU(AMEUH)~]CI~ 
[Cu(AEEUH)2]Clz 

]Cu(bi& I 
[Cu(p-phthalocyanine)] 
[Cu(tetraphenylporphine)] 

[Cu(pyridine)41(N03)2 

[WAMUhI 

Ni(II) complex 3.13 0.50 0.69 0.79 0.34 0.73 0.81 0.93 0.68 19.60 
DMF 0.33 0.76 19.75 
DMSO (frozen) 3.12 0.52 0.71 0.80 0.35 0.69 0.84 0.95 0.72 19.78 
Ni(II) complex 2.92 0.51 0.76 0.82 0.35 0.69 0.81 1.02 0.67 19.23 
water 0.35 0.69 18.70 
DMF 0.36 0.69 19.40 
DMSO (frozen) 0.36 0.68 19.41 
Ni(I1) complex 3.08 0.55 0.80 0.84 0.35 0.69 0.80 1.09 0.75 21.20 
DMF 2.80 0.53 0.88 0.87 0.35 0.69 0.80 1.27 0.77 20.50 
DMSO (frozen) 3.12 0.53 0.78 0.83 0.35 0.69 0.80 1.13 0.77 20.50 
Ni(I1) complex 3.40 0.52 0.66 0.78 0.36 0.69 0.80 0.96 0.75 19.54 
Ni(I1) complex 3.05 0.50 0.71 0.80 0.37 0.72 0.80 0.97 0.69 19.55 
Ni( II) complex 2.84 0.53 0.80 0.84 0.37 0.72 0.81 1.11 0.72 19.60 
Ni(I1) complex 2.78 0.36 0.68 1.25 0.76 20.41 
free Iigand 3.69 0.35 0.69 0.99 0.79 20.40 
chloroform, free ligand 2.77 0.59 0.98 0.36 0.69 0.82 1.39 0.85 20.41 
Pt(I1) complex 4.88 0.66 0.54 0.27 0.77 0.83 0.88 0.76 18.70 
Ni(I1) complex 3.26 0.50 0.71 0.35 0.69 0.81 1.05 0.70 20.41 

21.06 
21.06 
21.06 

21.05 

21.05 
21.05 
23.54 
23.53 
23.53 
21.04 
21.03 
21.05 
23.40 
23.40 
23.53 
18.70 
23.53 

aDMF = NJ-dimethylformamide; DMSO = dimethyl sulfoxide; bigH = biguanide. bAE,, has been assumed to correspond to the wavelength at the half intensity of the maxima 
of the band, on the lower wavelength side. bigH = biguanide; AMUII = O-methyl-l-amidinourea. 



The orbital reduction factors k and G values were 
measured following the standard expressions [41- 
441 where kl( and kL are the parallel and perpendic- 
ular components of the orbital reduction factor: 

k2 = kr? + 2k12 

3 

k 2 = @1- 2.002WX, 
1 

2ho 

k 2 = bll - 2.002)&Y 
II 

8ho 

G = &,, - 2.002)/dgi - 2.002) = 4k,,2AEx,/k,2AEx, 

The low values of k (0.78-0.84) of the copper(H) 
complexes studied (Table 3) are indicative of the 
covalent nature of the complexes. The u-bonding 
parameter CY’,~ was calculated from AoN and used 
to calculate (YN2 with the help of normalization 
conditions of the B,, orbital, o2 - 20~‘s + aI2 = 1, 
where S (= 0.093) is the overlap between the copper 
dx2_Nz orbital and the ligand orbitals [32]. 

As the G values of the complexes studied are less 
than 4 (Table 3). all the title ligands are strong 
field in character. Some reported G values are also 
given in Table 3 for comparative purposes; almost 
all the ligands are strong field in nature [2-6, 12, 
451. The in-plane ar-covalency parameter olcu2 was 
calculated using Kivelson and Neiman’s simplified 
expression [32] 

cxa + (g,, - 2.002) + +(& - 2.002) 

+ 0.04 (1) 
The cra2 (= 0.79-0.83) value accounts for the frac- 
tion of the unpaired electron density located on the 
copper(B) ion. A comparison of these ocu2 values 
with those of [Cu(tetraphenylporphine)] (01,’ = 
0.82) [Cu(phthalocyanine)] (ati = 0.80) [Cu- 
(biguanides)2] (Q’ = 0.7 l-0.84) indicates the 
similarity of the complexes studied with the 
copper(H) complexes of other strong field ligands 
such as phthalocyanine, tetraphenylporphine and 
biguanides, all having the [CuN,] chromophore. 
The ffN2 values, calculated from the nitrogen super- 
fine structure, are slightly smaller than those of the 
ocu2 values. Such a discrepancy may be explained 
in terms of the variation of the copper 4s electron 
density, which is considered to be constant in eqn. 

(I) [461. 
The in-plane and out-of-plane metal n-bonding 

coefficients /3i” and p2, respectively are obtained 
from the following equations [43,47] : 

a2/3’ = (gi - 2.002)e”,,/1656 cm-’ 

a2/3~ = (gll - 2.002)aEX,/6624 cm-’ 
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The uncertainty involved in the assignment of Al?,, 
and g, as obtained from polycrystalline samples 
[12,47] usually precludes a reliable estimate of the 
out-of-plane n-bonding parameter /I?. However, in 
cases where aE,., is not known accurately, a 20% 
error in Al?,, values results in only about a 5% 
error in 0. Likewise, 0’ = 1 indicates 100% ionic 
character, and /3’ = 0.5 indicates a total covalent 
character of the in-plane n-bonding [32]. The com- 
plexes studied show p2 = 0.67-0.73, indicating a 
pronounced covalent in-plane n-bonding. 

Thus on the basis of the unusual pink color (which 
may be attributed to the presence of a planar, 
equivalent CuN4 ‘- chromophore), IR spectra, optical 
absorption spectra and EPR studies, the possibility 
of O-coordination of the ligand to the copper(B) 
ion is totally eliminated. Therefore the structures 
of bis(amidinourea)copper(II) base and bis(1 -amino- 
0alkylurea)copper(II) salt may be depicted as 11 
and 7, respectively. 
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