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Abstract: Di(2-methyl-6-chlorophenyl)carbazone (2M6CPC) and its Co(II), Ni(Il)
and Zn(I) complexes were synthesized and characterized by magnetic mo-
ment, and infrared and 'H-NMR spectral measurements. The solvent effect in a
series of polar and non-polar solvents of varying dielectric constants and ref-
ractive indices was estimated by recording the electronic spectra (S1 band) of
the above compounds. The data was used to determine the magnitude and di-
rection of the electric dipole moments in the first electronically excited state.
The results indicate that the observed band systems in these compounds may be
attributed to a n—>n* transition.

Keywords: carbazone; electric dipole moments; dielectric constants; T—m™ transition.

INTRODUCTION

Transition metal complexation has played a vital role in the fields of bio-
chemistry and medicine.! After work on the chelation of biologically active li-
gands,? it was thought justifiable to study the dipole moments of some adducts. A
survey of the literature revealed that in addition to investigating the problems of
electronic structure, bonding stereochemistry and stability constants of metal
complexes with diphenyl carbazone (DPC)3 and its derivatives, an increasing
number of studies have been devoted to the dynamic and mechanism of the reac-
tion of metal complexes and their heterocyclic nitrogen base adducts.®> Through
spectrophotometry, the synthesis and characterization of Co(II), Ni(II) and Zn(II)
complexes with di(2-methyl-6-chlorophenyl)carbazone (2M6CPC) and also the
electric dipole moments of these compounds in the first electronically excited
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642 DODAMANI, PHANIBAND and DHUMWAD

state are reported here. The dipole moment is an important parameter®’ which
gives an idea of the electronic structure of the molecule and is of prime impor-
tance in the understanding of molecular interactions.® The present studies were
undertaken keeping these views in mind. From the study of the solvent effect on
the ultraviolet absorption spectra of each of the above-cited compounds, it is
possible to determine its electric dipole moment in its electronically excited
state.” This so-determined parameter gives some insight into the electron distri-
bution, reactivity, photochemical, reactions, efc., of the solute molecule in its
electronically excited state.!0 Apart from obtaining the permanent dipole mo-
ment, it is also possible from these studies to determine the shape parameters, yet
another important parameter that gives knowledge about the shape of the cavity
in which a solute molecule is supposed to lie.!!

EXPERIMENTAL

Carbon tetrachloride, 2-propanol, dimethylformide, 1-butanol, chloroform, 1,4-dioxane
and n-propanol used were of Fisher AR grade; the cobalt, nickel and zinc chloride used were
also of Fisher AR grade.

Ultraviolet absorptions were recorded on Hitachi 150-20 UV—Vis spectrophotometer.
Elemental analyses were realized on a Perkin-Elmer 240.C, H and N analyzer. IR and 'H-NMR
Spectra were recorded on Nicolet-170 FT-IR spectrometer and a VXR 300 S Varian spectro-
meter, respectively. The magnetic moments of the Co(Il) and Ni(Il) complexes were deter-
mined by the Gouy method. The metal estimation was performed by the EDTA titration me-
thod. The dielectric measurements were recorded with the aid of a Forbes Tinsley (FT) 6421
LCR Data Bridge at 10 kHz frequencies. The refractive indices of various dilute solutions
(Sodium D line) were determined using an Abbe’s refractometer.

The dielectric constants of the dilute solutions were measured in a suitably fabricated cell
of usually small capacitance, where the accurate determination of small changes in the capa-
citance would be possible. This small change in capacitance can be measured with the help of
Forbes Tinsley (FT) 6421 LCR Data B ridge at a frequency of 10 kHz. The dielectric sample
holder consisted of two concentric brass cylinders kept in position with small strips (to achieve
electric isolation) and their leads were coated with gold. This assembly was kept in a glass
beaker so the dilute solution could be filled into the cell and the capacitance of the empty cell
(air) would be of the order of a pF.

Synthesis of the ligand di(2-methyl-6-chlorophenyl)carbazone (2M6CPC)

The ligand was synthesized by the method described earlier.!2:13 Briefly, di(2-methyl-6-
chlorophenyl)carbazone (2M6CPC) was prepared by heating a mixture of 2-methyl-6-chloro-
phenylhydrazine and urea (2:1) at 155-160 °C for about 3 h. The so-obtained crude carbazide
was crystallized from ethanol. About 1 g of the carbazide was dissolved in a mixture of 60 mL
glacial acetic acid, 20 mL of 1.0 N sulfuric acid and 2-3 drops of 10 % ferric alum, and
oxidized by the addition of 20 ml of aqueous 0.060 M potassium persulfate (K,S,0g) added
drop wise under vigorous stirring over about 30 min. The resulting carbazone was extracted
with diethyl ether, washed several times with water, dried and purified by column chroma-
tography using silica gel (60—-120 mesh) column. A mixture of methanol and chloroform (1:4)
was used as the eluent. The structure of the ligand is as given in Fig. 1.
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cl
N=NC(O)NHNH

CH,

cl Fig. 1. Structure of the ligand.

Synthesis of the complexes

Cobalt chloride (1.0 g) was dissolved in acetate buffer (pH 6.2) and added drop wise to a
0.010 M EtOH solution (12 ml) of 2M6CPC at room temperature. The mixture was stirred and
the resulting precipitate was collected under suction and washed several times with H,O. The
complex was dried over P,O5 under vacuum at room temperature and purified by the Soxhlet
method,!# using a 1:1 Et,O:petroleum ether mixture as the solvent (3 h). The pure complex
was obtained as a shining crystalline powder in the Soxhlet tube. The Ni(II) and Zn(II) com-
plexes were similarly prepared using nickel and zinc chloride, respectively. The structures of
the complexes are as given in Fig. 2.

Cl
H
/N
CH3 /}\l ©\Cl
N=N < /O\f H,C
o N
CH, ” H,C
N
cl N~
H
cl

M= Co (II), Ni(Il) or Zn(ll)
Fig. 2. Proposed structure of the adduct.

RESULTS AND DISCUSSION

Physico-chemical methods

The elemental analyses of the ligand and the complexes together with the
magnetic data are reported in Table I. The C, H, N and metal analyses confirm
that the stoichiometry of the complexes is 1:2 metal to ligand. The observed mag-
netic moment for the Co(II) complex was 2.57 ug. The low value of the observed
magnetic moment is attributed to the orbital contribution, as it is higher in the
case of square planar Co(II) complexes.!> The subnormal magnetic moment for
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the Ni(II) complex requires more explanation, since the spin-only value (2.83 ug)
is expected for tetrahedral and octahedral geometries.

TABLE I. Analytical and magnetic data of the compounds

Compound Molecular Elemental analysis (found (calcd.), %) Mot
formula C H N M MB
[D2M 6CPC] C;sH1N4OC), 53.34 4.10 16.41 -
(53.43) (4.18) (16.62) a
[Co(D2M6CPC),] Co(C;30HpNgO,Cyy)  49.14 343 15.22 8.00 2.57
(49.27) (3.57) (15.32) (8.06)
[Ni(D2M6CPC),] Ni(C30HgNgO,Cy)  49.24 3.50 15.40 8.06 2.31
(49.28) (3.59) (15.30) (8.03)
[Zn(D2M6CPC),] Zn(C;3,H,sNgO,Cpy)  48.80 3.50 15.16 8.80 dia
(48.84) (3.55) (15.19) (8.86)
Infrared spectra

The IR spectra of the ligand and its complexes were recorded in the 4000—
—400 cm~! range. The ligand showed bands at 3301 and 3150 cm™! attributed to
intra and intermolecular bonded vy_p vibrations. The band at 1684 cm! is as-
signed to vc—q stretching. The disappearance of this vc—g stretching band in the
spectra of the complexes indicated that an oxygen atom of the ligand was in-
volved in the coordination with the metal through the enolic form. This was fur-
ther confirmed by the appearance of a band in the region 1572-1609 cm™! due to
ve=n stretching in the spectra of the complexes. 10

'"H-NMR spectra

The 'H-NMR spectrum of the ligand was recorded in chloroform using TMS
as the internal reference. Singlets were observed at 0 2.35 and 2.76 ppm due to —
CHj; protons. The broad peaks observed at 6 6.13 and 8.20 are due to aromatic
—NH and amide —NH groups, respectively. The multiplets observed in the region
of 0 6.75-7.70 may be attributed to aromatic hydrogen atoms. For the diamag-
netic Zn(II) complex, it was observed that the broad peak of the amide -NH had
disappeared, indicating that the azomethine atom is involved in the coordination
to the central metal atom via deprotonation. Based on the analytical and spectral
data given in Table II, the structures of the ligand and the complexes are assigned
as shown in Figs. 1 and 2, respectively.

Methodology

For the evaluation of the ground state and excited state dipole moment, the
UV absorption spectra (for the S1 band) of a single particular weight fraction
(concentration) of each of the pure samples, 2M6CPC and its Co(II), Ni(I) and
Zn(IT) complexes, were recorded on a Hitachi 150-20 UV-Vis spectrophotometer
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with a cell path length of 1 cm in various polar and non-polar solvents (concen-
tration 0.010-0.030 g ml-!). The data is presented in Table III. The permanent
dipole moments in the excited states (z) and the radius of the cavity in which
solute molecules are supposed to lie were obtained using a method reported in
the literature and is given below.

TABLE II. IR and 'H-NMR spectral data for the compound (IR frequencies in cm™!)

Compound W-H VY=o Ve=N ar(‘)/r(:;tic Ve-o bvgnljl 'H-NMR
D2M6CPC 3301 1684 - 1486 - 763 2.35,2.76(S—CHj); 6.13 (br—
3150 NHAr); 8.20 (br—NH, amide);
6.75-7.70 (m, Ar-H)
Co(D2M6CPC), 3380 — 1609 1498 1158 854 2.63 (S—CHjy); 6.42 (br—NH-Ar),
7.24-7.64 (m, Ar-H)
Ni(D2M6CPC), 3005 — 1573 1505 1011 832 2.64 (S—CHj), 6.38 (br—NH-Ar),
7.10-7.80 (m, Ar—H)
Zn(D2M6CPC), 3320 — 1572 1492 1164 828 2.72 (S—CHj3), 6.60 (br—NH-Ar),

7.20-7.84 (m, Ar-H)

Following Suppan and Tsiamis,!4 the change in the permanent dipole mo-
ment for a series of solvents of different static dielectric constants (&) but similar
refractive indices (n) are related to the observed energy shift AV,  between
solvents “a” and “b” by:
~AVa b = pighitg — elhcagd (A(f(£)) — f(n?))a-b) + e — ug? An?)a b —elhcag® (1)
where o is the permanent dipole moment in the ground state, / is the Planck’s
constant, c is the velocity of light, ag is the radius of the cavity in which the
solute molecule is supposed to lie and f(g) and f(n?) are the polarity and
polarizability functions, respectively, defined by:

f(&)=2(—1)/(2e—1)and f(n?) =2(n*— 1)/ (2n2 - 1)

Recently, a method was proposed by Ayachit et al.l7 to determine Me by

expressing Ef (i) in the form:
x/Cl+y/C2=1 2)
which is an equation of a straight line with intercepts on either axes.

By plotting a graph:

x=(A(f(9) ~ f(n®))ab ! ~AVab) vs. y = Af(nH)at -AVa b
the intercepts:
Cl= hcag3 / (ugAug —e) and C2 = hcag3 / (ue? —,ugz)

on the x and y axes, respectively, are determined and the magnitude and direction
of them are obtained. The required data were obtained by measuring the static per-
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DI(2-METHYL-6-CHLOROPHENYL)CARBAZONE COMPLEXES 647

mitivities of the solvents and various dilute solutions (in benzene only for this
purpose) at 10 kHz with the help of FT 6421, LCR Data Bridge. The estimated
values of ug using the modified Guggenheim equation!8 were found to be accu-
rate up to the second decimal place. The equations used are as follows:

ttg =0.0128(3/(E| +2)2M,, / p1TA]0-3 3)
where

A=A =4 =((Era—E1)/ w)wd — (n12” = ni’/wo)wy
ug =0.0128(3/(e1 + 2)2Mr,2 / p1T0.97((E12 — E1) / wp) 4)
The quantities n, p, My, w and T involved in Egs. (3) and (4) are the refract-
tive index, density, molecular weight, weight fraction and absolute temperature,
respectively. The subscripts 1, 2, and 12 refer to the solvent, solute, and solution,
respectively. The data of dielectric constants, the refractive indices and hence the
ground state dipole moments for the compounds are presented in Table IV. The

ultraviolet spectral data of the compounds in different solvents are summarized in
Table V. The values of the x and y intercepts are presented in Table VI.

TABLE IV. The electronic spectral data of the compounds in different solvents
D2M6CPC  Co(D2M6CPC), Ni(D2M6CPC), Zn[D2M6CPC],

SOlvent Vmax v l/]'l'laX v Vmax v Vmax v
em!  em!  em! em! em! em!  em!  com!
Cyclohexane 44247 Ref 44404 Ref 44563 Ref 44722  Ref
Carbon tetrachloride 33738 10509 34340 10064 34819 9744 34530 10192
Benzene 34722 9525 36023 8381 34843 9720 34867 9855
2-Propanol 46296 2049 35460 8944 45955 1392 36040 1318
Dimethyl formamide 34698 9549 35511 8893 36927 7636 35511 9211
1-Butanol 43706 541 43029 1375 42589 1974 40916 3806
Chloroform 40916 3331 40716 3688 40983 3580 40849 3873
1,4-dioxane 32051 12196 31766 12638 31806 12757 31928 12799
1-propanol 47348 3101 47258 2854 46992 2429 47080 2358

The magnitude and directions of the dipole moments for the first excited
state together with the corresponding ground state dipole moment values are given
in Table VI. It may be observed that the excited state dipole moment values are
rather higher compared to the values obtained using the Guggenheim Equation
for ground state ones C, as entered in the third column of Table VI. Such large
values are reported in the literature for some polymers both in polar and non-po-
lar solvents. The method of calculation (vector addition of group moments) has
its own limitation of not accounting for the possible inductive/mesmeric/hyd-
rogen bonding effects in these systems. Under these circumstances, if it is as-
sumed that these values would not improve much when bonding effects are also
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648 DODAMANI, PHANIBAND and DHUMWAD

taken into account; the presently observed dipole moment values remain higher.
In the light of these considerations, the observed values of the dipole moments
may be considered as inductive and hence the present ligand and complexes may
be associated with rather large values of dipole moments, which in turn may be
taken as suggestive of their structure.!?

TABLE V. Values of the x and y intercepts and the molecular radius (ag) of the compounds
D2M6CPC Co(D2M6CPC),  Ni(D2M6CPC),  Zn[D2M6CPC],

Solvent

xx10°  px10°  xx10°  yx10°  xx10°  px105  xx105  yx10°
Carbon 306 00207 02429 02162 02509 02230 02398 02135
tetrachloride

Benzene 0.0747 0.0495 0.0849 05634 0.0732 04850 0.0722 0.4791
I-Propanol  27.14 —0.1655 6218 —0.3793 39.95 2437 4220 2574
Dimethyl 6.180  0.0031 6.636 00336 7.729 03910 6.4074 0.0324
formamide

1-Butanol ~ 98.53 03460 3877 —1.361 27.01 —0.9480 1401 —0.4918
Chloroform 8966  0.0394 8.099 03560 0.8343 03660 7.712  0.3390
14-Dioxane 0.3585 —0.0021 03459 —0.0211 03430 —0.0209 03417 —0.0208
1-Propanol  17.88  —0.0939 1943 -1.021 22.82 -1.199 2351 -1.236

Cyx10° 115 7.10 12.0 6.60
C,x10° 0.128 0.570 1.12 0.500
ag/ A 3.955 4.978 4.985 5.006

The dipole moment values of the excited states are expected to be greater than
their ground state values. In the present investigation, the excited state dipole
moment values are certainly greater than the ground state ones. Based on these
observations, it may be presumed that the observed transitions belong to m—>m*
transitions.

TABLE VI. Ground state and excited state dipole moments

Compound Equation Ug /D Ue!/ D a/°

D2M6CPC 3) 23.9566 39.1620 60 08' 29"
4 24.3650 39.4137 59 32'22"

[Co(D2M6CPC),] 3) 30.5318 72.3362 74 35' 22"
3) 29.6718 55.4710 6531'31"
4 30.2179 55.7651 6509' 07"

Zn[(D2M6CPC),] 3) 34.7989 78.7067 72 10' 00"
4 35.3019 78.9304 71 50' 06"

CONCLUSIONS

An interesting dynamic and mechanistic way of viewing the reaction invol-
ving the metal complexes was traced in the present study by application of spec-
trophotometry. The electric dipole moments of the synthesized compounds in
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their first electronic excited state were determined. An attempt at predicting the
structure and geometry of the complexes was made. All these observations put
together lead us to propose the structures shown in Fig. 2.
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U3BOJ

IMTPOPAUVYH JUITOJIHUX MOMEHATA EKCLHUTOBAHOI' CTABA JI1(2-METWJI-6-11U-
XJIOPO®EHUIT)KAPFA30HA 1 lbETOBUX Co(Il), Ni(Il) U Zn(1I) KOMITJIEKCA HA
OCHOBY YTHULIAJA PACTBAPAYA HA BbUXOBE YJIITPAJbYEBMYACTE
ATICOPIILIMOHE CIIEKTPE

ASHOK F. DODAMANI, MOHAMMEDSHAFI A. PHANIBAND u SHREEDHAR D. DHUMWAD
Department of Chemistry, Karnatak University’s Karnatak Science College, Dharwad-580001, Karnataka, India

Jobwujen je au(2-metun-6-xnopodenmn)kapdbazon (2M6CPC) u werosu Co(Il), Ni (II) u Zn(II)
KOMIITIEKCH KOjH Cy OKAPAKTEPUCAHM MATHETHHM MOMEHTOM, HH(paupBeHnM crekrpuma u 'H-NMR
CIIEKTPATHUM MepemhrMa. YTHIAj pacTBapada y CepHji MOJApHUX M HEMONApHUX pacTBapaya Ipo-
MEHJBUBHX JIHEICKTPUYHUX KOHCTAaHTH U HHIEKCa pedpakiije Cy MpopauyHaTH CHUMAmbeM eJIeK-
TpoHCKHX cnekTapa (S1 Tpake) momeHyTux jenumema. [loganu cy uckopumrhenu 3a oapehusame
BEJIMYMHE U MPABL@A EJIEKTPUYHOT JUIOIHOT MOMEHTA Y IPBOM €JIEKTPOHCKOM €KCLIUTOBAHOM CTa-
my. Pesynratn yxasyjy na ce npuMelieHa Tpaka y OBHM je/IME-CHMMA MOYKE IPHITHCATH T—>T - Tperasy.

(ITpumsbeno 15. okro6pa, peuaupano 17. nenembpa 2008)
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