Vol 2

e

Um=Salama Seience Journg (1) 2005 §

AL LS

Spectral studies of Nickel(1l) and
Chromium (II1) complexes with some organic acids in
aqueous solution

Yahya A.Majid

Date of acceplance 16/1/2005

Abstract |

Complexes of Cr(lll) and Ni(ll) ions with phthalate, sulphamilate, anthranil-
late, hippurale, 8-quinclinolate and glycinate ions have been prepared, absorption
spectra of their agueous solutions al Lhe visible and U.V.region were recorded, then
the Nephelauxetic ratio () was calculated. Results showed that covalency between
metal ions and ligands is largely affected by n - bonding due 10 ty, clectrons, the lig-
ands could be arranged according to  their inereased tendency {or covalent bonding
(i) as follows:
FO < sulph <phth <Anth<8- c;umox[hpp <(Gly.
Also Jorgensen's ligand field parameter (fiiyywas caiculated and the ligands coudd be
arranged according to their ligand lield splittings as {ollows:

8-quino<t,0O <Anth<Hipp <Phth<gly<sulph

Introduction

In the free atom or ion, place where clectron delecalization s
measures of the energy seperations.of operated  between metal lon and
the various Russell- saunders states are figands - Mis generally  believed that
the Racah P'dl"clllﬂCleS (B) and (C) cXpinsion ol the metal’s (d) clectron
In complexes, measures ol the energy clouds  occur  because o the

overlupping  with  ligand donor-atom
orbitals,” thus providing paths by which
(d) clectrons can escape from the metal
ion®.  This effect of ligands in
expanding the (d) clectron clouds has
been nunied the nephelauxctie elfeet;

separation of sales of the same spin
multipleity  have energy diflerences
multiples of (E), and for stales of
different multiplicity are expressed as
sums  of muliiples of both (E) and

=Y (Y - “ : ’

(( ) (b’) is less than (B) of the free 1on
and (C) is less than (C) of the free ion
too since spin-orbit interaction is
greater 1 the case of free 1on while it
diminishes when comlexing is taking

and 1t has been found that the conunon
ligands  can be arranged m order of
their ability 1o cause cloud expansion,
this order is independent of the metal
ion It is in part:
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F<ilO<NH; <Oxalate ~en <- NCS
<ClI'~CN < Br <TI.

The positions of the varoius metal ions
according to their covalent tendencies
with respect to bond formation as
expected from the view point of *
polarization"  forces causing  larg
distortion of the ligand's electronic
struclures are approxinmlelf.

Mn(1D)<Ni(L<V{D)<Fe(1<Cr(ll)<
Co(l)<Mn(II)<Rh(UID < <PYIV)

Nephelauxetic series are quite uselul to
the chemist! sine they may enable him
lo confirm or deny the presence of
some complex species in solution
merely  from a knowledge of the
speetra of other similar complexes, one
such use is the distinction between cis
and trans isomers. Another useis the
casy recognition between complexes of
the [ Co(NHa)sNOa]™ type which are
either red when the linkage is M-O, or
yellow when M-N bonding is involved
In the present research atlempts were
made firstly to study the nepholauxetic
effect of certain organic ligands on (d)
electron clouds of chromium{lII} and
nickel (1) metal ions, secondly to
cvaluate Jorgensen's  ligand  field
splittings exerled by these ligands.

Experimental

Wlaterials

All chemicals used were of B.D.H.
analar grade, . '

Metal complexes

Metal perchlorate solutions in water
were mixed with ligand solutions in
water in the ratio (1:3), the temperature
was raizaed to 60°C and maintained for
period of one hour, then the solutions
were cooled in an ice bath, the metal
complex crystals were seperated, dried
in a desiccator, analysied for metal
ions, ligands and water of hydration in
the usual proceduresj. |
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Apparatus
Schemizo (UV- vis ) recording
spectrophotometer cquiped  with
quartiz  cells  were used in all
nmicasuriments.

Results and Calculations
Electronic spectra in the visible
and  ultraviolet  region  of  metal
complexes and of pure ligand solutions
were recorded and all fransitions were
assigned as can be seen in tables. L T1,
and 1L Values of the mixing factor(X)
and of the racah parameter ol the
complexes were compuled from the
relations’ :
i"l—-lU Iy

\"1—IH1‘3.f A l-]-l.l.'lqll.‘i!i{.\'

the ratio (E!b‘) which is known us the
nephelauxetic  ration {(B) is usclul n
determining the nephelauxetic
parameter (Kp) of the metal ion and
the nephclauxitic parameter (hy) of the
ligand according to the equation:

VO B P S—— (1)

B values are known lor many metal
ions in the free state, They are 918 cny
' for Cr™* and 1030 em™ for Ni'".
(E) values of the complexes could be
calculated | from lhe energy level
diagrams of thc melal jons under
different symmetrics. For the ¢* and d®
systems under investigalion, the encrgy
tevel diagram is represented by ligure
(3) for both ions.

From the ligand licld splitting (10 Dy)
obtained experimentaly it is possible to
compute Jorgensen's parameters of the
organic ligands by using the relation :
KeE 0 TR T p—— (2)

where gioy  and Ly, are the field factors
of the nictal ions and the ligands
respectively. . Values of these factors
for the varotus ligands could be seen in
table (1) . representative absorption
spectra are  given  in ligure (1) and
figure (2) where aquated ions represent
weak field case and sulphanilated tons
representstrong ficld case.
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Discussion
Electronic speetra of chromium (1)
complexes
Chromium  (Iil) is  the stablest

oxidation state of the element * where
the encrgy level (tp,) being half filled,
octahedral complexes are the most
commen in chromium (11D
compounds, the electroic transitions in
the aquo complexes are :

v

o e
| [Azg-)lzg(l?),ﬂ.ﬂl()()uu ]

. . -
Vs [A’Zg_}[lg( F),24.70(Luz ]

. o )
Vq .-["‘2g_ﬂig(_ s ),37.000cm ]

Electronic  spectra of Nickel (11)
complexes -

The presence of absorption band at
10,000 em™  in nickel complexes is an
indication that the complexes are of
oclahedral symmetry, and not square
planner one. On the other hand, the
characeristic absorptions in tetrahedral
complexes are three bands related to

the transitions®™:

L(E)>1(F)
(), (F)

)T (P)

since  the erystal field splitting (Dqy) in
tetrabedral symmetry is 4/9 (Dyg) of
that  of octahedral  one,therefore
asborptions are shilied towards the
infra  red region compared o
absorption in octahedral symmetry and
conscquently it appears as a broad
band at 15.000 em’ representing
transitions >y (P)e— Ty (F)

and a weak band at either side of the
falter  band representing  the  spin
lorbiden transitions, also i1 shows
abscerplion band at 7.000 cm” related
1o transitions

IAs YT(F), the third band which
represents  the  trnsitions 3T;(F)<—
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Py disappears in tetrabedral
complexes' ™.

Six coordinated complexes ol Nickel
(11} having a high spin electronic states
are of octabedral symmetry. The two
terms ° Fand ? P resulting from the 3d°
configuration  will sulfer splitting as

can be scen i fig(4) the expected three

transitions are™;

. 3 Rige . !
i [T (1) ]I,(}U(lmI3,(J()(]cm
R R !-')JI LUO0 28,0000 |
= L] Y

3 3 1
i [T T () ]a 9.000-28.000cm

delocalization of (d) electrons of the
melal ion is allected by two [aclors,
firstly, the nature of the (d) clectrons,
whether they are ol (ty) or () Lype.

Csinee dnan octahedral environmen( {e,)

clectrons  are  directed  towards e
figands  while (1)  electrons  are
directed between the  ligands orbilals,
whether they are empty or lilled. In

~this research we do have a case where

the metal ion possesscs both (1;,) and
(ey) clectrons (case of Ni'" ion ) also
we  have a mctal lon possesses (L)
clectrons  only (case of Cr'"’ jon).in
general - low  ([3) values oblained lor
Ce''' complexes is an indication of
extensive  delocalization of ()
efecrons’, while high (B) values for
Ni'" complexes is a consequance of
less delocalization of (d)
electrons® organic  ligands  used  for
complexation v this  research have

different  chavaclers  rangig  from
bidentated  having  two  antonle
groups,i.e.  phthalate  on one hand

forming sigma bonds to a bidentates on

the  other hand having one clectron-
releasing and  one anlonic groups
forming dative and  sigma bonds

respectively,ie sulphaniiate,
glycinate, - 8-quinolinate, anthranillate
and hippurate. From the values of hyiy
nephelauxitic parameter ol the
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ligand in table (If} it is possible to
arrange Lhe ligands according to their
tendencics in forming covalent bonds
with metal ions as follows:
11,0<sulph<phth <Anth<8-quine<

Hipp<gly.

The magnitued of the ligand field
splitting (10Dq) , as can be seen {rom

equation (2)

namely,

, depends on two factors,
the nature of the metal ion

(gion) and the nature of the ligand(tig),
from the results of tabe(Hl) ,

possible t

0]

arrange

the

lig

it is
ands

according to their influence in splitling
the energy levels of the metal ions in
taking Jorgensen

measure  for

complexes
factor(fiis)
tendency as

as a

follows:

field
this

8-quine <H,O< Anth <Hipp< Phth <

gly <sulph

study of

is only just

finallly, the quantitative
clectron  delocalization 1
begining?, it is to be hoped that when

more spectral studies and other studies
are reported and their interpretation is
made more reliable it will be possible
to translale many of our qualitative

ideas

about

covalency into semi-

quantitative statements about clectron
distribution and delocalization energy.

Table (1)

Absorpiion specta of .06 M solution of Ligonds

+

\Vu\:u" ‘E';;“lr G E R it L o gty

£ Elhydiony ] Antlwaniliic \ulph willic | .7 ili[\pm_ic-

L
N“' ] lt!_"___ _guinaline _Acid Acid  * Gly Acid
LT ‘)tiu__ I_ﬂ_’j_ﬁ_-i __!(}235.4 102135 10277.5 §0224.9 -
l_ Vs EUIUl 0 127226 113895 116825 II"S_U.S 13286.2
| 178571 | oznenz | 13asy
. ' Table {11}
Assignmenis of absorption bands vad Nephelauxitic i'nar:lmclcm

:l l‘i!ll'lr[::txc.ﬂ Fem ! Van Pt I ’ o o A
Crll ) T VT | 239808 | 387939 | 7307 | 2796|107 i
Nigkf; 0)_1 86 13586.9125445.3 | R7Y 0853 [1Lul i
Criphiny T 239633 | 40066.3 | 440.6 _|048___[2.60 | , .
Nitphti” T59350.8 [ 251680 | 696 ] T
Cityiny, | 134750 | 19BOR0 | 3267581404 5
Nitquin)(~ 12684.0 ] 20878.4 | 673 X
Cresulp), 25791 | 424665 514 2 ds
Nigsatph__ a1 T35048 28613 | 746 )
Crganth)y 17953.0 1279329 | 33051 0| 446 274
Mitanti mzsso 135501 1 27624.3 [ 604 o
Lr‘b*l).‘ — " = }}_3212_ 74 3.9
Nl(gly)u 25575.51 563
l.ﬂhipb AN 36252.0 | 385 ' 295
Nithip); ! i0214.5 11 24800.0] 459 :

pr= ."f! where BN.' = 1030 e and B '=918 e

A=) =l x Ko where Kua''

=012 and Ky,

=02

I~
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Tubel (l11)

crystal fiehd splitting (101) and Jogensen's fichd fuctor of the figsgd Uing)
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