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ABSTRACT

Iron (1) complex of 1,10-Phananthroline was synthesized and isolated.
The compound was characterized by microanalysi s, magnetic susceptibil -
ity, Infrared and el ectronic spectra measurements. The room temperature
magnetic moment of the complex suggests that it is a diamagnetic com-
pound. Quantum chemical calculationsat MM 3 and PM 3 of semi-empiri-
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cal method show that bond lengths and bond angles are in good agree-
ment with experimental results. However, there are some deviations, the
largest deviations observed in bond lengths is 0.075(A) while that of the

bond anglesis4.99(A) for PM3 calculations.
© 2008 Trade Sciencelnc. - INDIA

INTRODUCTION

Meta complexesof 1,10-Phenanthrolinehasfound
wideapplication in coordination chemistry, industries
and medicine, especidly in DNA recognition and inter-
action™4, Although many complexesof 1,10-Phenan
throline have been prepared and characterized®, inthis
paper, we report theresults of our investigation onthe
iron(Il) complexesof 1,10-Phenanthroline us ng quan-
tum chemical methods as compared with the experi-
mental.

EXPERIMENTAL

The 1,10 phenanthrolinemonohydrate, solventsand
other reagentswerecommercidly available(B.D.H and
Aldrich chemical Co.Inc), solventswere purified ac-
cording toliterature procedures®.

Synthesisof the complex

3.00g (0.015moles) of 1,10-Phenanthrolinemono-
hydrate and 1.95g(0.005moales) ferrousammoniumsul-
phate hexahydrate were dissolved in 200cm3distilled
water. 5.00g of potassum cyanidein 5crmidigtilled water
wasadded, themixturewasstirred for about 5 minutes
and cooled to room temperature. Thesolution wasaged
for afew hoursand isolated by suctionfiltration, washed
indigtilled water and dried over slicage inadessicator.

Physical measurements

The percentageiron of thecomplex wasdetermined
using complexometric titration. The melting point and
decomposition temperatures of the compound werede-
termined using the Gallenkamp melting point appara-
tus. Theé ectronic spectraof thecomplex in methanol
were measured on the Lamda 3B UV/Visible spectro-
photometer between 190-900nm. Theinfrared spec-
traof the compound was recorded on aPye-Unicam
SP3-300 spectrophotometer using pressed KBr discs.
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Theroom temperature magnetic moment of the com-
pound was taken using the Guoy method™.

Thecomputational methods

All cdculationswere performed utilizingMOPAC
2002 version 2.02® and Spartan 2.0.1 essentid™ at
Molecular MechanicsfMM 3) and Semi empirica (PM3)
methods°, The molecular geometry resulting from
MM 3 optimization was used as starting pointsfor full
optimization at PM3, level of semi empirica method.
Theinfrared intengities, atomic and molecular proper-
tieswerealsocalculatedat PM3levd.

RESULTSAND DISCUSSION

The compound displayed ashade of grey colour
with melting point between 232-235°C. It ismoder-
ately solublein ethanol and water but was sparingly
solublein chloroform (TABLE 1). The solubility ap-
pearsto berelated to the ability of the solvent to either
assodi atethrough week hydrogen bonding withthecom-
plex or to produce charged species of the complex by
hydrogen ionsdonations*?.

Magnetic property

Theéeffectivemagnetic moment (ueff) areexpected
to bein excessof the spin-only valuedueto spin orbit
coupling and the mixing of excited T termsinto the
ground terms. Themagnetic moment for thecomplex is
0.26BM(TABLE 1), factorssuch asimpuritiesand un-
certaintiesin diamagneti c corrections could account for
this. Therefore, the magnetic moment of thecomplexis
considered essentidly equd to zero*213,

The visibleabsorption spectraof thecomplex con-
sist of two main bands as studied in methanol (34,900
cmrtand 17,970cm ). It suggeststhat theintense ab-
sorption bandsinthevisibleregion of thecomplex arise
fromexcitation of a3d electronto alevel of theligand.
However, thisisin agreement that chargetransfer tran-
sition also occur inthe sameregion asm-nt*.

Three complexesof Iron(11) 1,10-Phenanthroline
(A=lron(I1) tris(1,10-phenanthroline), B=3-Chloro-
tris(1,10-phenanthroline), and C=3-Bromo-tris(1,10-
phenanthroline)) weremodeled. Infrared spectracal-
cul ated for the complexes at PM 3 were compared to
thelron(I1) tris(1,10-Phenanthroline complex synthe-

bands observedin theultraviol et region of thecomplex
was 32206cmt for i-r* transition. Upon chelationthe

TABLE 1: Magnetic moment, melting point and solubility in
selected solvents

Salvent Solubility
Ethanol S
Methanol S
Water VS
Chloroform SS
Magnetic moment (BM) 0.26
Mélting point (°C) 232-235

S =Soluble, VS = Very soluble, and SS = Sparingly soluble

TABLE 2: 1R infrared spectral of iron (I1) Tris(1,10-
Phenanthroline) complexes

Observed Calculated (PM 3)

(cm-1) Intensities (cm-A B C Assignment
3130 3130 3130
3403.09vw 1.792  3128- 3128-
3089 3056 3128-3070
2214
3X -
2067.71s  1.086 18082- 1122338752 1885-1873 C=N
1875
1744 - 1747 c=C
1668,
1665 1665 1665
1632.70b  7.959 1606 1605 1606
1560,
1545 155335 1553,
1545
1482- 1484-
1452.86 18.361 1466 1466 1484-1466
142757 3.038 1424 - -
1408.11 6.423 1401 1400 1400, 1378
1335-
134220 20.869 1322 1322 1322,1303
1297.82 20316 1292 1292 1292,1265 BC=CH
1233 1229 1230,1230 _
121454 22.834 1921 1291 1292 BC=CH
113795 23126 1135 - - BC=CH
1076,
912- . 1060 1073 1073 Ring
N 38.613 901 933 1060 breathe
893 899 899, 893
845.07 2142 858 879 878 yC-CH
800.00w 34.520 800 %%)% 812,800 yC-CH
77895 20397 782 782 786,783
723.28vs 5610 739 744 744  Ring stretch
639.97 14534 642 640 641
- 562 560 562
- 460 466 466
- 292 292 291

A=lron (Il) tris(1,10-phenanthroline), B=3-Chloro-tris(1,10-
phenanthroline, and C= -Bromo-tris(1,10-phenanthroline)
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TABLE 3: Selected bond lengthsand angles calculated by
molecular mechanics(M M 3) and semi-empirical methods
(PM3)for Iron(Il) phenanthroline complexes

Bond lengths (A°) and bond anglesin

degree
Bond MM3 a
AB.C PM3 Exp
c-C 1.395% 1.3747abc 1.37°
C=N 1.346° 1.345°0¢ 1.34%
Cl-C 1.602 - 1.660° -
Br-C 1.781 -1.85C 1.854
Fe-N; 1.925 1.962"4B€ 1.9648 1.960
Fe-N, 1.925 1.981°B¢ *1.982
Fe-Ns 1.925 1.981, 1.980°%° 1.982
Fe-N, 1.926 1.960"C, 1.961° 1.940
Fe-Ns 1.925 1.972°BC 2.007
Fe-Ng 1.925 1.9714C, 1.970° 2.000
CL-C=C 121.674® 120.632° -
Br-C=C 199.92° 119.85° 120.26
N,.Fe-N; 86.595 84.610"B° 83.74
N,-Fe-N; 173.908  175.461°° 175.780°  175.60
N, FeN, 92.762 93.634"BC 95.90
N,-Fe-N, 87.756 84.9727BC 94.50
N,-Fe-Ng 92.378 93.534",93.681%, 93.221° 92.10
N;- FeN; 92.545 90.661*, 92.550% 93.71
N;- FeN, 87.995 95.451ABC 94.50
N;- FeNs  92.599 90.327ABC 91.60
N;- FeNg 178.695 177.211°BC 175.10
Ns- FeN, 86.534 86.628", 86.501%, 86.384° 86.90
Ny-Fe-Ns  92.957 92.603"B 92.10
Ny-Fe-Ng  88.496 81.776"BC ] 82.30
Nso-FeNs 179.235 178'219;6;;%956 : 176.80
N,i-FeNg 92.854 92.0197BC 91.40
Ns-Fe-Ng 86.560 87.226™ ,86.711°, 87.794° 91.84

*J.C.Lyeong et al.[*¥ Ball Korean Chem. 80C; 233,399; a=average
bond lengths; A=Iron(ll) tris(1,10-phenanthroline), B=3-Chloro-
tris(1,10-phenanthroline, and C=3Bromo-tris(1,10-phenanthro
line)

sized in the present work. However, the geometries
resultsat MM 3 and PM 3 were compared to Iron(1)
3-Bromo-trig(1,10-Phenanthroline complex synthesized
and characterized by X-ray diffractometert*4.
Thereevant IR bands are compared with cal cu-
lated valuesasshownin TABLE 2. Thedifferencesin
caculated IR form observed areasaresult of calcula-
tionsof level of caculation performedingasphase. The
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TABLE 5: Selected calculated atomic chargesfor iron(l1)
phenanthroline complexesat PM 3 of semi empirical method
Complex A

Atom N1 N2 N3 N4 N5 N6 Fe ClI Br
Electrogtatic 0.4720.4590.4680.4440.4790.466-0.739 _

Mullikan 0.4480.4480.4480.4480.4480.448-0.748
Complex B
Atom N1 N2 N3 N4 N5 N6 Fe Cl Br

Electrogtatic 0.4750.4490.4020.4050.4630.509-0.688 0.062 _

Mullikan 0.4330.4530.4500.4500.4500.450-0.747 0.219
Complex C
Atom N1 N2 N3 N4 N5 N6 Fe ClI Br

Electrostatic 0.7430.6320.5810.5640.6590.570-1.262 _ 0.167
Mullikan 0.4540.4490.4480.4480.4490.449-0.748 0.14¢
A=lron(ll) tris(1,10-phenanthroline), B=3-Chloro-tris(1,10-
phenanthroline, and C=3-Bromo-tris(1,10-phenanthroline)

ligand experienced abathochromic shift and asingle
broad band of 34904cn}(3129cm? ascal culated) was
observed for the complex.

The experimentally determined bond lengths and
bond angles*¥ of C are compared with the values ob-
tained from MM 3 and PM 3 cal cul ations as presented
iInTABLE 3. There are good agreement between the
experimental and calculated val ues; especially PM 3
resultsare closer to the experimenta result than that of
MM3. Largest derivationsfrom experimentd results
in bond lengths and bond angles are 0.064(A) and
2.66(A) respectively for PM3 calculations. That of
MM3 deviated by 0.075(A) and 4.98(A for bond
lengths and bond anglesrespectively. The Molecular
M echanics cal culated bond lengthsand anglesfor the
three complexes(i.e. complex A, complex B and com-
plex C) werethe same, however at PM 3 level of cal-
culations, bond lengthsand anglesfor complex A and
C werein agreement. Complex B showed aconsider-
abledeviation (TABLE 3). Thecd culated energiesband
gapsfor the complex A, B and C are 7.64, 7.37 and
7.54 respectively, asreflected in the value of dipole
momentsfor thethreecomplexes(TABLE 4). Thesym-
metry point group for thecomplex AisC3and C1for
both complex B and C.

TheMuillikan and € ectrostatic charges cal cul ated
reved ed that hdides subgtitutents affect chargeson Iron

TABLE 4: Energiescalculated for Iron(I1) phenanthr oline complexesat PM 3 of semi empirical method (298.15% and 1latm)

Molecules (KE(:SI)/T%LOI) EvonoleV) Erumo(V) AE;"]J"’}'%) AS(Imol) AG (J/mol) gI;rl(())S[g (B'e%‘;:g
A 11160 1427 -6.63 1494.16 7213 1288 C3 0.007
B 10709  -1404  -6.67 1472.53 75018 124618 C1 0.18
C 12204  -1422  -6.68 147175 77026 124210  C1 0.17
Phenanthroline 7160 915  -0.84 47332 30272 3623 Cv 2.99

A=lron(Il) tris(1,10-phenanthroline), B=3-Chloro-tris(1,10-phenanthroline, and C=3-Bromo-tris(1,10-phenanthroline)
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(TABLEDS). Theunique propertiesof complex B could
be dueto electronegative nature of the Chlorineatom
asit affected the complex B through bonded e ectrong™.
Thedipolemoment and atomic chargesdistributionin
the complexesespecialy onlronasoagreed with dia-
magnetic nature of thecomplexes.

CONCLUSION

Theinfrared and € ectroni c spectradataof the com-
plex synthesized indicate excitation of the3d electron
totheligand, therefore dr - pr back bonding is sus-
pectedin thecomplex moiety. Thesolubility of thecom-
plex in ethanol and water show that thereisformation
of Hydrogen bonding with polar solvents. The calcu-
|lated parametersarein good agreement with the ex-
perimental, which can serve as complementary, or
supplementary data. The unique propertiesof complex
B show theeffect of dectro negativity of Chlorineatom
asit affected molecular propertiesthrough bonded el ec-
trons. Thedipole moment and atomic chargesdistribu-
tion inthe complexes especially on lron also agreed
with diamagnetic nature of the complexes
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