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SYFITIIESIS AND STRUCTURAL CHEMISTRY OF 2,4- 
DMITROSORESOKCIONL. 1 -N~OSO-2-NAFHTHOL 

AND 4-CARBOXY-2-NITROSOPHENOL 

M.S. MmoUd*; A.M. Hindwvey*; M.A. Mostafo** and A.M. Ramadan* 
* Chemistry Dept., Faculty of Science Alex. University, Alex., Egypt. 
** Chemistry and Physics Dept., Faculty ofEducation Alex University,Alex., Egypt. 

ABSTRACT 
T h e  stereochemistry of iron, cobalt, nickel and copper complexes derived from 2.4- 

dinitrosoresorcinol, 1 -nitroso-2-naphthol and 4-carboxy-2-nitrosophenol was studied based on 
elemental analysis and spectral (UV-visible and IR) measurements. More information are 
obtained on their structures by means of differential thermal analysis @TA) and electrical 
conductivity measurements. Empirical equations are deduced for the conduction of the ligands 
and their metal complexes. The thermodynamic parameters of thermal decomposition are 
evaluated Detailed Mossbauer spectra were recorded for the iron complexes. 

INTRODUCTION 
In view of the role played by nitroso complexes in body systems, delineation of the 

nature of the metal binding and the stereochemistry in nitroso complexes seems to be 
interesting(1). In our laboratory, there has been an escalating popularity interest for the potential 
nitroso family complexes(2-*6). The major interests of this paper are. (i) the synthesis of the 
ligands and their complexes, (ii) assigning the stereochemistry of the complexes based on 
spectroscopic measurements and elemental analysis, (iii) throw light on the mechanism of the 
electrical conductivity ofthe ligands and their metal complexes and relate the mechanism to their 
physico-chemical properties, (iv) study the thermal behaviour of some of these complexes to 
throw more light on the solid state reactions present, (v) more information are obtained on the 
structure of the iron complexes from Mossbauer spectral measurements 

EXPERIMENTAL 
(i) Synthesis of the ligands: 

The metal-free compounds were prepared by the usual nitrosation of the appropnate 
phenol(17) These are 2,4-dinitrosoresorcinol (DNR), 1-nitroso-2-naphthol (NBN) and 
4-carboxy-2-nitrosoplienol (CNp). 
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1228 MASOUD ET AL 

(ii) Synthesis of transition metal complexes: 
Iron, cobalt, nickel and copper complexes of the nitroso ligands were prepared by mixing 

the required weights of the metal chloride salts with the corresponding ligand in aqueous 
alcoholic media. The formed compounds were filtered, washed several times with alcohol and 
dried in a vacuum desiccator over P4O10. The metal content was determined using the usual 
complexometric titration procedure( 8,19). The nitrogen content was analysed by the usual 
Kjeldahl technique(19) 

(iii) Spectral measurements: 
The KBr disc infrared spectra o f  the ligands and their complexes were measured over the 

range 200-4000 crn-l 
The nujol muIl(20) spectrophotometric measurments in the visible and ultraviolet regions 

were made with Perkin-Elmer spectrophotometer model lambda 4B covering the wavelength 
range 190-900 nm. 

(iv) Conductivity measurements: 
Electrical conductivities were measured in the temperature range 249 to 423OK. The 

samples were prepared in the form of tablets at a pressure of 4 tons/crn2 The tablets were of an 
area 1 37 cm2 and 0 12 mm thickness. The samples were hold between two copper electrodes 
with silver paste in between and then inserted with the holder vertically into a cylindrical electric 
hrnace Both ends of the furnace were closed off to reduce drafts. The potential drop across the 
heater was varied gradually through variac transformer to produce a slow rate of the increase of  
temperature to get accurate temperature measurements The circuit used to measure the 
electrical conductivity consists of d.c. regulated power supply Heath Kit (0-400 volts), Keithley 
multimeter for measuring current with a sensitivity up to amp. The temperature of the 
sample was measured within iO.1 degree by means of copper-constant thermocouple. The 
conductivity of the sample was obtained in the case of cooling using the general equation: 

0 = I  d l V c  a 
where I is the current in ampere, V, is the potential drop across the sample of the cross-section 
area "a" and thickness "d" 

(v) Thermal analysis: 
I t  was performed on Du pont 9900 computerized thermal anal>zer. 60 mg sample was 

placed in a platinum crucible Dry nitrogen was flowed over the sample at a rate 10 cdmin and a 
chamber cooling water flow rate was 10 Vh. The speed was 5 d m i n .  The heating rate of the 
DTA was 10 degredmin 

(vi) Mossbauer spectra: 
Such spectra were recorded at room temperature using a computerized Mdssbauer 

spectrometer MS-1200, model Ranger, in standard transmission geometry and with a 20 mCi 
CoS7 (Rh) source Mossbauer spectra have been analyzed by means o f  least square computer 
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DNR, NBN, AND CNP 1229 

fitting using Mossfit computer program. The isomer shift values refer to that of metallic iron at 
room temperature. 

RESULTS AND DISCUSSION 
Stoichiometry of the complexes 

The prepared complexes are with variable stoichiometries, 1: 1, 1.2 and 1.3, (M:L), Table 
(1). The reaction(21) of l-nitroso-2-naphthol,HL, with cobalt (11) chloride afforded the 
formation of CoL3 complex accompanied by reduction of the ligand and oxidation of CoII to 
Corn. Such reaction was represented as follows: 

2 CoC12 + 7 HL + 2 CoL3 + H20 + 4 HCL + Organic products 

On the other hand, the reaction of I-nitroso-2-naphthol, HL, with iron (111) chloride 
gave two complexes with different stoichiornetries [ 1:2(FeL2) and 1 :3(FeL2HL)], via partial 
reduction of FerI1 to FeII 

FdII gave 1 :3  complexes-with 2,4-dinitrosoresorcinol and 4-carboxy-2-nitrosophenol, 
H2L. The following equation is proposed to represent such reaction: 

F&I + 3 H2L -+ Fe(HL)3 + 3 H+ 
The interaction of the prepared nitroso ligands with some transition metal salts to give 

MII+ZHL -+ ML2+2H+ 
1 :2 complexes is proposed in the following equations 

HL M 
1 -nitroso-2-naphthol Ni, Cu 

MI1 + 2H2L -+ M(HL)2 + 2H' 
M 

Co,Ni 
H2L 

2,4-dinitrosoresorcinol 
However, the interaction of 2,4-dinitrosoresorcinol, H2L. with copper (11) chloride 

afforded the formation of a 1 : 1 complex as follows- 
CuC12 + H2L + CuCI(HL) + HCI 

Most of these complexes, Table (I), possess some sorts of water. 

Characterization of the complexes 
Infrared studies: 

The IR spectra of the prepared nitroso ligands and their metal complexes gave multiplet 
bands in the region 3800-2350 cm-l, due to VOH & VC-H involving intra- or intermolecular 
hydrogen bonding. The elemental analysis, (Tables I), typified an interaction between the water 
molecules and the host complexes [e.g Fe-NBN (1:2); (FeL2 6H20), Co-DNR; 
(Co(HL)2.6H20)]. However, the broad VOH nature of the other complexes with no water is 
due to the existence of an internal hydrogen bond(22) The medium to strong bands at 1465, 
1480 and 1550 cm-l in CNP are due to qqo. Such bands are strongly affected in the presence 
of FelI1 due to complex formation where the nitroso group is involved in such structure. For the 
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1230 MASOUD ET AL. 

CU-DNR (1  1 )  6 H 2 0  C ~ H ~ ~ N ~ C I O I O C U  17 0 7 5  

Cu-NBN ( I  2)  4 H 2 0  C20H20N208Cu 13 3 5 8  
(17 3) (7 1) 

(13 3) ( 5  3) 
All the complexes with melting potnts > 270 "C 

simplest mtrosobenzene. two strong bands were recorded at 1490 and 850 cm-I assigned to 

~0 and &NO. respectively(23) However, the latter band appeared as a doublet band at 830 
and 775 cm-l for CNP compound The abnormal behaviour in t h s  regon for the 4-carboxy 
compound illustrates its existence in an associated structure through hydrogen bond(23) 

The NO group may be bonded through rutrogen, or oxygen The presence of more than a 
structure through resonance and chelate nng formation leads to extra stability 

The polarizing effect of the metal ions affects the n-electrons of the aromaticity of the ligands. 
On complexation with the metal ion, nitroso-nitrogen is favoured than nitroso-oxygen, due to  
stahility effect where a chelate structure is formed(24) 

DNR was previously studied from coordination and analytical chemistry v i e w ~ ( ~ 7 ~ ) .  The 
free ligand gave four well defined IR bands at 3520 (VOH of oxime), 3400 (VOH of phenolic - 
OH). 3 180 and 2750 cm-l The latter two bands are for hydrogen bonded -OH groups. The 
bands at 1700. 1660. 1600 and 965 cm-1 indicated the presence of oxime structure with a 
resonance possessing intramolecular hydrogen bonding(25) accompanied by the possible 
existence of cis and trans i s o m e r ~ ( ~ , ~ ) ,  ( I )  and (11). respectively: 
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DNR, NBN, AND CNP 1231 

H 
I 

(1) (11) 

On comparing the infixred spectra of the DNR ligand to that of its complexes, Table (2), 
the medium VNO band at 1380 crn-l in the ligand becomes in the range 1350-1390 cm-1 with 
strong feature on complexation, probably due to the increase in bond polarity through 
conjugation(26). So, the nitroso group is complexed, with a differ in the strength of the M-NO 
bond from a complex to the other. The 6 ~ 0  band within the range 830-870 cm-1 in the 
complexes favoured the nitrosophenol structure. Meanwhile, the vc=o band of the ligand is not 
highly affected on complexation, to suggest that half of the ligand is probably existing in the 
oxime structure and the second is in the nitrosophenol tautomer. 

NBN exists in different tautomeric with a broad carbonyl band and a lack 
of bands to hydroxyl absorption. So, The oxime structure is proposed rather than the 
nitrosophenol. The strong band in the region 1640-1580 cm-I in the free ligand assigned to 
VC=N overlapped with vc=o. The strong feature is due to the increase in the bond polarity 
owing to conjugation in the naphthalene nucleus(26). However, this region in the free ligand is 
strongly affected on complexation where the C=O bands are absent and that due to VC=N is 
shifted to lower wave number This leads to suggest that the ligand is acquired the nitrosophenol 
structure rather than the oxime tautomer on complexation Such finding is further supported 
where the strong band located at 965 crn-l, in the free ligand due to VNOH becomes absent on 
complexation. 

Electronic spectra studies: 
The greenish black Fe-DNR and the brown Fe-CNP complexes gave a band of broad 

nature with band maximum near 730 and 720 nm, respectively, due to dynamic Jahn-Teller 
effect or from static tetragonal D4h distortion of the primary coordination sphere. Such band is 
due to the 5E2g + 5T2g transition to assign octahedral spatial configuration(28). However, the 
two dark green iron complexes with different stoichiometries FeL2HL and FeL2.6H20, 
(HL=NE%N), showed a distinct band at 455 nm beside a broad absorption band in the wavelength 
range 658-777 nm Such data assigned the existence of pseudooctahedral iron (11) complexes 
resulting from 5T2g - 3 5Eg transition(29) The intense dark green colour of these complexes is 
probably an indication to the appearance of charge-transfer bands in the visible regi~n(~O). This 
is consistent with the better x-acceptor properties of the naphthalene ring(31). Both (1:3) 
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1232 MASOUD ET AL. 

Table (2): Fundamental idfared bands (cm-I) of D M  and its complexes 

Fe-DNR 3430 (b) I 970(w) 1655(s) 1565(s) 870(w) 1390(s) 
3140(w) , 1625 (s) 

Fe-NEiN and ( 1  2) Fe-NBN complexes are of great similarity from the IR and electronic spectral 
views. 

The nujol mull electronic spectra of the dark brown cobalt (11) complex, Co-DNR, 
showed a band at 460 nm assigned to 4T1g(F)+ 4Tlg(P) and diagnostic of an octahedral 

two electronic spectral bands of  the cobalt (111) complex, 
Co-NBN. at 550 and 420 nm assigned to IAlg+ ] T i g  and IA lg+ lTzg transitions, 
respectively, diagnostic of regular octahedral structure(33). 

The band at 390 nni in the nujol mull electronic spectra of Ni-DNR complex, 
Ni(HL)2.2H20, could be assigned to an octahedral spatial configuration where the water 
molecules are in the inner sphere. This is probably due to the spin-allowed transition: 3A2g + 
3Tlq  (P) However, a well characterized broad band appeared in the wavelength range 420-500 
nrn in the electronic spectra of the NiII complex with NBN due to  the existence of more than 
d-d transition overlapped with each 0 ther (3~)  reflecting the octahedral geometry 

The strong hand at 450 nm in the electronic spectra of the CuI1 complex with DNR, 
CuCI(HL) 6H20,  is a strong indication to the presence of a square planar stereochemistry 
mainly of 2B 1 --f 2B2g electronic transition in D4h symmetry(35). The nature of the ligand and 
the stoichometry of this complex pinpoint to the existence of square planar geometry with 
bidentate attachment through nitrogen atom of the NO group and the phenolic oxygen of one of 
the two OH groups The chloride content was found to be 9 I% using oxygen flask method(19), 
indicating the presence of one CI- in the coordination sphere The fourth coordination number 
around the copper (11) center can be achieved via coordinated water molecule and/or copper- 
copper bond Since, the spectral data lack a band around 370-375 nrn, the Cu-Cu interaction can 
be ruled out The electronic spectra of CuII with NBN, CuL2 4H20 showed bands of broad 
nature n i t h  band maximum at 420 and 500 nm Such data are in harmony with (SPY) geometry, 

However, the 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
3
:
3
2
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



DNR, NBN, AND CNP 1233 

(550-670 nm)(36) The transitions occur at higher energy in the ultrawolet region, (420 and 550 
nm). probably due to existence of charge transfer from the metal to a lodying vacant 
n*-antibonding orbital of the naphthalene moiety(31 Elemental analvsis (Table I ) ,  infrared and 
electronic spectral data suggest the following structures of the compounds 
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0 
II 

1 

J 

Electrical conductivity measurements: 

NBN) and their metal complexes obeys the following equation(37): 
The temperature dependence of the electrical conductivity of the ligands (DNR and 

-AE 
o = o0 exp ~ _ _  

KT 

where o and AE are the specific conductivity and the activation energy, respectively. oo is a pre- 
exponential term, K Boltzmann constant The AE and log oo values are evaluated and 
correlated, Tables (3.4). The data point to the semiconducting trend of the systems under 
investigation. The log o- I / T  relationship for the metal-free ligands gives the following 
comments. 
( I )  Both DNR and NBN free iigands proceed in a similar manner where the conductivity curves 

showed more than one straight line intersect with each other at a characteristic transition 
temperature (Four regions A. B, C and D). The regions A, C and D are with a positive 
temperature coefficient of electrical conductivity but negative in B. 

(2) The region B, is characterized by the decrease of conductivity as the temperature increased. 
This results of scattering of carriers by photons, due to  lattice vibrations within the 
temperature range, [DNR (41.5-98.7"C), NBN (44.5-1 11.6OC)], covering this region(38). 

( 3 )  The region A exhibits an increase of conductivity as the temperature is increased with a 
relatively low activation energy, [DNR (0.070 ev), NBN (0.187 ev)], due to  the activation 
from the donor level to the conduction band i.e. an extrinsic behaviour. However, regions C 
and D have a positive temperature coefficient with an activation energy higher than that of 
region A, [DNR (0.209,0.722 ev), NBN (0.224,0.714 ev)], this assigns an intrinsic region 
of conductivity, where the conduction is from the valence band to the conduction band (38). 

On dealing with the electrical conductivity properties of the metal complexes compared 

The magnitudes of the conductivities of the ligands and their metal complexes favour 
assignment to a faint semiconducting behaviour rather than metallic conductors, or that 
promotion of electrons from ground to excited states may be necessary before 

with their metal-free ligands @NR & NBN), the following could be deduced: 
(1 ) 
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DNR, NBN, AND CNP 1235 

Region 

A 

Table(3): Electrical conductivity data of DNR and its complexes 

AE log 00 Transittion 
(eV) (ohm-lcm-l temperature (OK) 
0.070 -8.588 314.5 

Compound 

DNR 

Ni-DNR 
D 
A 
B 

Fe-DNR 

0.722 -1.698 
0.109 -7.350 312.5 
-0.146 -1 1.475 365.0 

CU-DNR 

CO-DNR 

C 
D 
A 
B 
C 
D 
A 
B 
C 
A 
B 
C 
D 

0.269 -5.718 487.8 
1.503 7.070 
0.183 -4.730 333.3 
-0.283 -11.311 377.4 
-0.73 1 -16.679 421.9 
1.203 4.246 467.3 
0.681 3.217 330.0 
-0.821 -19.794 353.4 
0.256 -4.394 
0.495 0.680 333.3 
-1.044 -22.647 369.0 
-0.177 - 10.775 429.2 
0.489 -2.926 

B I -0.186 I --I;;!: I 371.7 
C 0.209 460.8 

CO-NBN 

B -0.910 -20.692 354.6 
C 0.233 -4.394 
A 0.198 -3.460 331.1 
B 0.037 -5.921 363 6 
C 0.178 -3.955 

Table (4): Electrical conductivity data ofNBN and its complexes 
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conduction occurs Hence, the electrons in the available orbitals of the complexes are not 
of high mobility 
For all the complexes, the electrical conductivity increases and the activation energy 
decreases on going from the free ligand to its metal complexes. So, the metal ion can act 
as a bridge to facilitate the flow of the current (39). 
The discontinuity in the conductivity curves of the metal-fkee ligands is retained in their 
metal chelate complexes where log o - IOOOR relationship showed three or four 
segments with variable activation energies, Tables(3.4). probably due to different 
crystallographic or phase  transition^(^^-^^) 
The Ni-NBN and Fe-DNR complexes reveal no change in conductivity with increasing 
temperature within the temperature range, [ ( 107.2- 138. S T ) ,  (60.3 - 104.4"C)] 
respectively, to be of an insulator properties under these conditions. 
The region C has a positive temperature coefficient in all complexes similar to metal-free 
ligands (except for Co-DNR, Fe-DNR, Ni-NBN and (1:3) Fe-NBN (Tables 3.4). 
probably as a result of scattering of carriers by photons, due to lattice vibrations within 
the temperature range covering this region(j*) 
The region B has a negative temperature coefficient in all complexes similar to metal-free 
ligands [except for Ni-NBN and Co-NBN, where an increasing of conductivity occurs 
with temperature with low activation energy, (0.180, 0.037 eV respectively). probably 
due to activation from the donor level to the conduction band i.e an extrinsic 
behaviourI(38) 
The conductivity data given in Tables (3.4) clearly indicated that the complexing 
properties affected the values of the transition temperatures for their corresponding 
ligands. The transition temperatures lie within the temperature range 40- I 10°C [e.g. 
Cu-NBN (58 IOC), CO-DNR (60.3"C) and Ni-DNR (92"C)I may be attributed to the 
drop in the resistivity of the ligands (which might be due to the replacement of hydrogen 
atoms with the metal atoms), or the dehydration of the complex. However, the transition 
temperatures tie up to 1 20°C are due to the lattice defect of the dehydrated complex, 
[e.g. Co-DNR (156.2"C), Ni-DNR (214.8°C)](38). 
The AE values for the (1:2) and ( 1  3) Fe-NBN complexes decrease as the molecular 
weight increases, Table (4), i e the iron content in the prepared complex controls the 
conductivity behaviour of the complex The magnitudes of conductivities for the (1 3) 
Fe-NBN complex are higher than those of the (1 :2) Fe-NBN complex. This might be due 
to distortions in the conduction pathways through the metal caused by lattice 
imperfections which affect the movement of electrons. Therefore, the delocalization of 
electrons within the metal-atom chains play some role(43). 
The straight line relation of AE versus log o0 assists the deduction of empirical equations 

based on least square method of calculations as follows. 
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AE,= 0.082 log oio + 0.800 
AEi= 0.088 log aio + 0.641 

fi,= 0.066 log aio + 0.476 
AEi= 0.085 log oio + 0.685 
fii= 0.066 log aio + 0.480 
The mobilities, p, of the ligands and their metal complexes are calculated based on the 

equation, F eNop, whereNo is the number of current caniers, (No=1021). The values of p are 
in the range 7 . 5 ~ 1 0 - 9 - 4 . 2 3 ~ 1 0 - ~ ~  cm2V-lsec-l. The fact that thesevalues are much smaller 
than 1 cm2V-lsec-1 can be used as a criterion for applying the "hopping model" for the 
description of the mechanism of conductance. Therefore the charge carrier passes to another 
molecule over the top of the barrier via an excited state(44). 

for DNR & NBN ligands 
for iron complexes 
for cobalt complexes 
for nickel complexes 
for copper complexes 

Thermal studies: 
The DTA data of the prepared cobalt, iron, nickel and copper complexes of DNR (H2L) 

and Nl3N (HL) ligands are given in Tables (5,6). The octahedral Co-NBN complex, CoL3 gave 
a horizontal line extending upto 579°K showing its great stability upto this temperature. The 
decomposition of the complex occurs in two subsequent steps: i) in the temperature range 579- 
668°K. ii) in the temperature range 668-728'K corresponding to the oxidation of the organic 
matter and ends with the formation of a stable product 

The DTA data ofFe-NBN complexes: FeL2HL and [FeL2(H20)2].4H20, Table (5). are 
of great similarity with two exceptions: 

i) at 395.6. 495.2 and The Oh [FeL2(H20)2].4H20 complex gave three DTA peaks 
674.4"K with activation energies of 83.7, 654.6 and 209.4 Kj/mole, respectively 
However, the Oh FeL2HL complex gave only two peaks at 484.4 and 657.2"K with 
activation energies of 783.4 and 400.7 Kj/mOk, respectively. The difference in the data 
can be attributed to the presence of two coordinated water molecules and four water 
molecules in the outersphere in the former complex So, the first broad peak within the 
temperature range 372.9-449 7°K in this complex can be assigned to a dehydration 
process 

ii) The higher Ea values of the first and second decomposition steps for the FeL2HL complex 
compared to the second and third decomposition steps in [FeL2(H20)2].4H20 complex is 
probably due to the presence of three NBN ligands in its complex, to reflect its high thermal 
stability The similarity of the DTA curves of both complexes above 470°K suggested that 
both decomposed in the same manner, i.e. end with the same decomposition products (like 
F e ~ 0 3 ) ( ~ ~ ) .  

The Oh Fe-DNR complex, Fe(HL)3, gave three successive DTA peaks at 440.1, 495.2 
and 605.4'K with activation energies 487.4, 270.2 and 323.6 K j h O k  accompanied with order 
of reactions I .  11. 1.37 and 1.45, respectively, Table (5). These peaks could be assigned to 
thermal agitation followed by material decomposition for the complex ended with the formation 
ofmetal 0x id46)  
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1240 MASOUD ET AL. 

The DTA data of Oh nickel complexes, mi-NBN, vL2(H20)2] and Ni-DNR, 
[Ni(HL)2(H20)2]], Table (6). showed that both complexes gave three exothermic DTA peaks 
The first peaks are at 441.4 and 469.1°K for the [NiL2(H20)2] and [Ni(HL)2(H20)2] 
complexes, respectively, due to the loss of the two coordinated water molecules with activation 
energies 13 2 and 629.1 Kj/mOk, respectively. The large Ea for the Ni-DNR complex may be 
due to strong thermal agitation accompanying the water elimination. This probably points to the 
existence of the complex in an associated structure through intermolecular hydrogen bonding 
network and/or intramolecular hydrogen bonding between the coordinated water and the host 
molecu1e(47). 

15. 

Ni-DNR 

The second and third peaks of the Ni-NBN, N52(H20)2[605.6°K, 643.4'Kl & 

Ni-DNR, Ni(HL)2(H20)2 [552.6"K, 628.6"KI complexes, Table (6), may be assigned to the 
decomposition steps ended with the formation of NiO as a final product(45). Based on the Ea 
values of these peaks, Table (6 ) ,  the following order is observed. 

Ea of Ni-DNR 4 Ea of Ni-NBN 
Both complexes have the same stoichiometry and the same geometry (Oh). The greater 
a-acceptor properties of NJ3N ligand with electron sink nature of the naphthalenenucleus 
permits the a-back donation of electrons fi-orn the metal ion to the coordinating groups leading 
to increase the bond order of the groups bonded to the metal ion. Such scope results in much 
more stability of the NBN complex(3 compared to the DNR complex. This trend goes in 
harmony with comparison the Ea values of [Fe-NBN (1:3), Fe-DNR] and [Cu-NBN, Cu-DNR] 
pairs, Tables (5.6). 

The square pyramidal Cu-NBN complex, [ C U L ~ ( H ~ O ) ] . ~ H ~ O ,  gave three DTA peaks. 
The first peak at 359°K within the temperature range 3 14-386°K corresponds to the dehydration 
process, with activation energy 39.4 Kj/mOk and an order of 0.98, i.e. ofthe first order type. 
However, other decomposition steps corresponding to the oxidation of the complex and 
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DNR. NBN, AND CNP 1241 

formation of CuO as a final residue(48), appeared as exothermic peaks at 507°K and 656"K, 
Table (6). 

decomposition peaks at 405, 461.5, 577, 731.5 and 746.3"K with energies of activation 54.7, 
789.9, 165.8, 423.9 and 446.3 KJ/mole, respectively, accompanied with the decomposition 
orders 1.29, 1.26, 1.50, 1.14 and 1.06, respectively, Table (6). The first broad endopeak at 
405°K is due to dehydration process of the outersphere water molecules within the temperature 
range 371450°K. The broad nature of the DTA peak suggests that the loss of the five 
outersphere water molecules occurs in more than one stage. The strong second exothermic peak 
at 461.5"K is probably due to an overlapping process of two steps (loss of the one coordinated 
H20 molecule and decomposition of Cu-CI bond)(46). The last three DTA peaks could be 
assigned to decomposition steps of the complex ended with the formation of Cud45).  
Generally, two patterns of behaviour can be discerned(49): i) the chloro complex with the metal 
decomposed directly to the oxide, ii) it decomposed endothermically to the metal chloride 
followed by an exothermic conversion to the oxide The datum is in harmony with the second 
pattern where an endothermic peak appeared at 73 1 5°K assigned to the formation of copper 
chloride followed by an exothermic one at 746.3'K due to the formation of copper oxide. 

The change of entropy, AS#, values for all complexes, Tables (5,6), are nearly of the 
same magnitude and lie within the range -0.215 to -0.252 KJ K-I mole-I. So, the transition 
states are more ordered, i.e. in a less random molecular configuration, than the reacting 
complexes. The fiaction appeared in the calculated order of the thermal reactions, n, Tables 
(5,6), also confirmed that the reactions proceeded in complicated mechanisms. The calculated 
values of the collision number, Z, Tables (5,6), showed a direct relation to E,. 

A well noticeable observation is recorded for nitroso complexes where some explosion 
occurs to explain the high values of energy of activation in many DTA peaks, Tables (5.6). This 
is probably due to complicated decomposition of such complexes and oxidation of the organic 
matter with the formation of different products, e.g. nitrogen oxides (NO, N02). metal oxides, 
organic products. 

The position of the peak is defined by the peak temperature, Tm, at which the peak 
maximum or minimum occurs. The values of the decomposed substance fraction, a m ,  at 
maximum development of the reaction was calculated from the equation(50): 

The square planar Cu-DNR complex, [Cu(HL)CI(HzO)].SH20, showed five 

1 - 
( I -a , )= n I - n  

It is of nearly the same magnitude and lies within the range 0.41 1 - 0.636. 

any peak temperature, Tm. can be given by the following equation: 
In general, the change in enthalpy (AH#) for any phase transformation taking place at 
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1242 MASOUD ET AL. 

(mm 6 s-1) 
Complex 

Fe-CNP FeIII 0 366 
Fe-DNR Fell1 0 405 

FeII 0 2 10 
Fe-NBN (1  3 )  Fell1 o 345 

FeII 0 075 

Fell 0 IS0 
Fe-NBN (1 2) Fell1 0 405 

where AS# is the entropy of activation calculated from the following equation(51): 

Fell/Fdll 
(mm hEQl) s- 

0 615 
0.720 0 583 
0.750 
0 840 1155 
0 780 
0 720 I 174 
0 750 

K Tm 
h 

The values of 2 were obtained in case of H o r o w i t ~ - M e t z g e r ( ~ ~ )  by making use of the 
relation: 

where, R represents molar gas constant, 4 rate of heating (Ks-I), K the Boltzmann constant and 
h the Planck's constant 

Mossbauer studies: 
The M ssbauer data of the prepared iron complexes are collected in Table (7). The 

Mnssbauer parameters of Fe-CNP complex displayed a doublet spectral lines (AEQ = 

0 61 5 ,  6= 0 366 m d s e c  ), Figure ( I )  These parameters are consistent with those for high spin 
FeIIl complexes(53) The obtained isomer shift value (6 = 0.366, m d s e c . )  is lower than those 
reported for high spin FelI1 complexes (6 - 0.5 -0.7 m d s e c  )(54), probably due to the increase 
in the electron density at the nucleus or due to the increasing in covalency character of the bond 
between the iron (111) atom with the rr-acceptor NO group of the ligand Suchcovalency 
promotes d-electron transfer From the non-6-bonding orbitals of the central atom to n-acceptor 
orbitals of the ligand with appropriate symmetry. Such electron transfer results in an increase in 
the symmetry of the d shell owing to the spherically symmetric d5 electron structure (t2g3 eg2) 
characteristic of the high-spin iron (111) atom. The symmetry of the charge distribution around 
the iron nucleus results in  a decrease in the electric field gradient at the position of the nucleus 
This in turn leads to a decrease in  the quadnipole splitting (AEQ = 0.615 m d s e c  ) 

The Mdssbauer parameters for the complexes Fe-DNR. (1:3) Fe-NBN and (1.2) 

Fe-NBN, Figures (2-4). are collected in Table (7). These complexes gave two bands, each of 
doublet nature to assign the presence of high-spin iron (111) and low-spin iron (11)(54). The 

Table (7) Mossbauer parameters for iron nitroso-complexes 
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DNR, NBN, AND CNP 1243 

Velocity (mm/sec) 

Figure (1): Massbauer spectrum of Pe-CNP 

Figure (2): Mossbauer spectrum of Fe-DNR 
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I I I 1 I I I I 
- 3  - 2  -1 0 1 2 3 L 

Velocity (rnrn/sec) 

I 
- 3  - 2  -1 0 1 2 3 4 

Figure (31: Mtissbauer spectrum of Fe-NBN ( I  :3) 

- 3  - 2  -1 0 1 2 3 4 

velocity (mm/sed 

Figure (41: M6ssbauer spectrum of re-NBN ( I  : 2 )  
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DNR. NBN, AND CNP 1245 

contribution of FeII and Fdrr in the same molecule exists in the ratio (FeIIIFeIII): 0.583, 1,155 
and 1.174, respectively, in the above three complexes. Such ratio is calculated from the total 
area of the peaks of each iron state, (FeII, FeIII). Such data go in concordance with peffvalue 
of the (1:3) Fe-NBN complex. The peff value (3.12 B.M. at 303OK) is lower than those 0fh.s. 
and higher than those of I.s.  of typical octahedral iron complexes. The asymmetric doublet 
spectral lines may be due to the superposition of a singlet transition from a low spin iron (11) and 
a quadrupole doublet from a high-spin iron (111). Such results are in agreement with those 
obtained from the Mossbauer spectra of Prussian blue(55). The latter compound gave an 
asymmetric doublet due to the superposition of a singlet transition from the ferrocyanide and a 
quadrupole doublet from the high-spir: iron (111). There is little or no transfer of enriched iron to 
the low-spin species. 

These observations lead to suggest the occurrence of a partial reduction of the iron 
during the progress of complexation of iron salt with the nitroso ligands In general, it seems 
from the FeI1/FeIrl ratios that FdI is highly contributed in case of NBN complexes, while in 
case ofDNR complex, the FelI1 is predominant. 

Also, the lower 6 values than a typical high spin iron (111) and a low spin iron (11) reflect 
the covalency between the metal ions and the x-acceptor NO group. Moreover, the quadrupole 
splitting of the signals reveals the asymmetry of the electric field surrounding the metal 
centers(% 
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