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ABSTRACT

One dimensional polymer of the types M M* (CA)(where, M-
Cu(l1),M*=Fg(ll), CA (chloranilic acid) = 3,6-dichloro-2,5-dihydroxy-1,4-ben-
zoquinone and (X= 0;0.25;0.50;0.75 and1) have been synthesized and char-
acterized by elemental analyses, magnetic susceptibility, IR, UV-visible, and
X-ray powder diffractional studies. The powder XRD studies confirm the
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complexesare crystallinein nature having monoclinic crystal geometry. The
solid state variable temperature electrical conductance measurement exhib-
its semiconductor behavior. The entire compounds exhibit compressed pel-
let room temperature conductivity in the 9.23X108 to X 3.76 X 107 S/cm,

respectively. © 2009 Trade Sciencelnc. - INDIA

INTRODUCTION

Oneof themgor interestsin coordination chemis-
try isto study the interaction of acentral atom with
surrounding atoms, ions or molecules. Coordination
compounds containing chloranilicacid{H,CA (3, 6-
dichloro-2, 5-dihydroxy-1, 4-benzoquione)} havebeen
known and studiedin thebeginning of thiscentury, and
a so belongs, areinteresting systemsfrom the point of
view of el ectrontransfer reactions, which play anim-
portant rolein biological systems.[** and are among
themost pervasive natura productsontheearth’s sur-
faceand also foundin most living organisms.® Inor-
ganic semiconducting complexes constitute one of the
most fascinating, recent research topics, deeply involv-
ing both chemistsand solid satesphysicigs. Whilesome
of theinitial impetusfor such research has no doubt
been stimul ated by the progressthat hasbeen achieved

from the study of the solid state propertiesof inorganic
materias. Thetheoretical and practica consequences
of studies of the organic solid state cannot as yet be
clearly ascertained, and they may not necessarily fol-
low theroute set by theinorganic solid state.'® Semi-
conducting organic solid materid sarefrequently grouped
into the categoriesof molecular crystas, chargetrans-
fer complexes, and polymers. Inorganic semiconduc-
tors stand onthethreshold of abright and exciting fu-
ture. An organic semiconductor can besynthes zed with
properties comparableto those exhibited by inorganic
semiconductor materia s such asdeve opment for tran-
sistorsand thewide array of now-existing derivative
devicesand componentsof thee ectronicsindustry. The
purpose of this study is to investigate the metal-
chloranilate system toward new typeof materias. The
routine structure determination from single-crystal X-
ray diffraction (XRD) isoneof theprincipd triumphsof
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crystalography. However, many crystalinesolidscan
be obtained only asmicrocrystalline powders, and they
arenot suitablefor investigation by single-crystal dif-
fraction methods. Thereisclearly apressing need to
exploit techniquesfor solving crystal structuresfrom
powder diffraction data. Powder XRD hasbeen used
routinely asafingerprinting techniquefor decades, and
it hasalso been used in studiesrelated to polymorph
identification andto ca culate unit cell parameters. De-
pitethelossof information, whichisdueto pesk over-
lap, ahigh quality powder diffraction pattern often con-
tainsenough information for unambiguoudy determin-
ing the corresponding crystal structure. Infact, there
has been arapid development of techniquesfor struc-
ture determination from powder diffraction data.l"*!
Our recent gudiesdevoted to thesynthes sand char-
acterization of new metal chloranilateassemblies. Asa
part of our research on metd chloranilateintercadation
chemistry, we have synthesi zed aseriesof commonin-
tercal ation compound and observed it temperature de-
pendent el ectrical propertiesand crystal structuresre-

Spectively.
2.EXPERIMENTAL

The Electronic absorption spectrawere recorded
in solid state in Nujol Mull,[* on a UV-1700
Pharmaspec. UV-visible spectrophotometers. Infrared
(4000-400 cm't) spectrawere recorded on a Varian
3100 FT-IR Excalibur Series, samplewere prepared
using the KBr disc method. Elemental analysis mea-
surements of the complexeswererecoded onaMode
CE-440 CHN anayzer. Magnetic susceptibility of the
powder samples measured on a Cahn, Faraday
electrobalance using CoHg (SCN) , as cdibrant. X-
ray powder diffraction (XRD) patternsof thecomplexes
wererecorded on aX-ray diffractometer (Seifert, D-
2070) using CuKa astheradiation source (A =1.5418
A). Pressed pellet electrical conductivities of the com-
plexeswere measured over a300-348 K temperature
range using conventional two probe techniqueon a
keithley 3330 LCZ meter source measure unit. The
pelletswere made at apressure of 7 ton and el ectrical
contacts of the pellet surfacesweremadeusing silver

pant.

Prepar ation of complexes

Thecopper chloranilate CuCA and FeCA complexes
were prepared according to theliterature procedure.*

A solution of 1362.06mg (10mmol) of
CH,COONa.3H,0 in 20cm?® water was added to a
solution of 208.9mg (Immoal) of chloranilicacid and
112.1mg (2mmol) of KOH in 20cm?® DMF. Thenamo-
|lar ratio of FeSO,.7H,0 and CuCl..2H,0 (both were
dissolved in 50% v/v water and DMF (10ml) were
added above solution, dark green col our precipitated
solution wasadditionally stirred 6hrs, and thenfiltered.
Washed several timewith water and finaly ethanol and
dry under desiccator over CaCl,,. Yield of all complexes
are about (70-80%) and their colour arevery minute
differencesbetween them. All complexesareprepared
in samemanners, differences only themolar ratio of
meta ion.

3.RESULTSAND DISCUSSION

All the complexeswereformed asfine powders.
These solidsdecompaosesin thetemperaturerange 200-
250°C. The compounds were characterized by IR,
magnetic susceptibility, UV-visible, Powder X-ray
diffractiona and pressed pellet conductivity technique.
Thecompoundsareinsolublein water aswell ascom-
mon organic solvents such as ethanol, methanol,
acetonirileand dichloromethanebut dightly solublein
highly polar solventslike DMF and DM SO.

3.1. IR spectra studies

Thel.R spectra bandsof thecomplexesare sum-
marizedinTABLE 1.

The IR spectra of al the complexes seem to be
approximately smilar intheir vibrationa frequencies.
Herewewill only discussthe sel ected infrared bands.

TABLE.1: Comparisonthelnfrared spectral data sheet with
ligand and itsmono and bimetallic complexes

S.No Compound g_g g;[: g_g 2:: c-C-Str.
1. CA 1630s 1369s 1266s
2. FeCA 1494s 1377s 1302w
3. Fe0.75Cu0.25CA 1499s 1378s 1313w
4, Fe0.50Cu0.50CA 1491s 1368s 1309w
5. Fe0.25Cu0.75CA 1484s 1365s 1306w
6. CuCA 1489s 1370s 1318w

m medium, s= strong, w = weak
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The characteristic absorptionspresent intheinfra-
red spectraof thefreeligand, H,CA, arisingfromthe
v(C-0), and v(C-C), modes appear at 1664 and 1630
cmt respectively, which isshifted to lower frequency
region inthe complexesindicating the partici pation of
CA groupin chdation. Only two C-0 stretching bands
areobservedinthe R spectraat ~1484-1499cmt and
1365- 1378 cm. Thisagreeswith D,h symmetry for
the CA ligand and suggests a bridging bis-bidentate
coordination mode of thecomplexed®™. Ingenerd, lat-
tice water absorbs at 3550-3200 cm? for both the
antisymmetic and symmetic OH stretchingand & 1630-
1600 cmrt (HOH bending)™9. Inal complexesabroad
absorption band at ca. 3400 cm® and the absorption at
1620 cm* indi cate the presence of | attice water.

3.2. Electronic spectraand magnetic susceptibil-
ity studies

The el ectronic absorption bandsare displayed in
Figure 1. Elementd analyses, IR, eectronic spectraand
magneti c susceptibility messurementshaveindicated thet
the reaction of MCl, and MSO,.XH,O (M= Cu, Fe
and X=2, 7) with chloranilic acid yieldsthecomplexes
CuFe(CA),.nH,O.

Absorbance

T T T T
200 400 600 800 1000

Wavelength

Figurel: Electronic absor ption spectra of thecomplexesin
nujol mulls

A broad band at about 17000 - 19000 cm™* was
observed intheeectronic spectraof all complexes. It
is attributed to charge transfer bands arising from
chloranilic acid ligands, as expected for P-benzo-
quinone™, supporting also abridging bis-bidentate
coordination proposed for chloranilic acid.

Inironchloranilate, iron (1) ion hasmagnetic mo-
ment of 4.93 B.M expected for d®- systemin ahigh

—= Fyll Peper

spinoctahedral configuration™®. Whereasthe . value
of Fe, .Cu, .CA complex in comparison to itsmono-
mer unitsarelower than someof themagnetic moments
contributed by Fe?* 3d° or Cu?* 3d° paramagnetic cen-
ters showing someshort of antiferromagneticinterac-
tion between (Fe-Cu or Cu-Cu) inthese species.

3.3. X-ray diffraction characterization

Figure 2 showsthe XRD powder patternsof the some
compound recorded between 2 6 =10 to 80° and the
observed diffractiondata, i.e. d va ues, relativeintens -
ties, and 20 of thecompounds, aregivenin TABLES
2. Thisfiguredemonstratesthat thecompoundisacrys-
talline phase having themonoclinic crystal geometry.

TABLE.2: Observed and calculated powder X-ray diffraction
data of thecomplexes

CuCA S=-~33nm

S.NO. 20 Intensity d Q(obs) Q(calc.) hkl
1. 17.844 283 4,967 0.0405 0.0382 -210
2. 23.566 282 3.772 00703 0.0708 -211
3. 28.526 1000 3.126 0.1023 0.1054 002
4, 34.192 203 2,620 0.1457 01459 120
5. 40.810 198 2209 02049 0.2066 -411
6. 48.281 151 1.883 0.2819 0.2831 -422
7. 63.142 166 1471 0.4620 04583 123

FeCA S=~40.99nm
1. 13.984 931 6.328 0.0249 0.0254 001
2. 22.118 648 4,016 0.0620 0.0589 011
3. 25.028 421 3555 0.0791 0.0726 -211
4, 26.481 375 3.363 0.0884 0.0897 -210
5. 28.438 1000 3.136 0.1017 0.1016 002
6. 31.207 388 2864 01219 0.1216 -311
7. 32.852 358 2724 0.1348 0.1352 012
8. 43.288 346 2.088 0.2293 0.2347 -322
9. 49.008 483 1.857 0.2899 0.2905 -422
10. 49.771 340 1.830 0.2985 0.2993 -421
Fey75CUpsCA S=~58.23nm
1. 14.013 1000 6.315 0.0251 0.0256 001
2. 22.017 428 4.034 0.0615 0.0574 011
3. 28.376 548 3.143 0.1013 0.1023 002
4. 31541 561 2.834 0.1245 0.1241 -311
5. 33.477 251 2675 01398 0.1422 120
6. 51.881 261 1761 03225 0.3227 -414
FeysCuosCA S=~28.87 nm

1. 14.340 467 6.1714 0.0263 0.0241 001
2. 27.389 1000 32536 0.0945 0.0965 002
3. 31.541 20 28341 0.1245 0.1242 -311
4, 40.810 80 22093 0.2049 0.2051 -411
5. 43.288 94 2.0884 0.2293 0.2294 -322
6. 59.165 65 15603 0.4108 0.4107 -521
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Values of theunit cell parametersa, b and cwere
found by using acomputer based d h k | analysispro-
gram was used to computethecell parameters.

Thesevaduesof thecdl parameter arevery closeto
thosereported for Chloranilicacid in JCPDSASTM
files22-1610. Thecrystalinesze(S), asestimated us-
ingthe Scherrer formuld™, aredso givenin TABLES
2. Themost intense(1000) diffraction peak was used
for determination of the crystallinesize. The complex
CuCA ismonoclinicwith theunit cell parametersa=
10.2453 A°, b=5.5383 A°, ¢ = 7.8582 A°, B =
128.372°, and cell volumeV=349.5742 A°. The FeCA
complex ismonoclinic with the cell parametersa =
10.2036A°, b=5.4617 A°, ¢ = 7.5870 A°, B =
124.2268°, and cell volumeV=334.1624 A°, respec-
tively whereasthat for Fe, . .CACu, ,,andFe, .CACu,
complexesared so monoclinicwiththecell parameters
a = 10.003A°, b= 5.6039A°, ¢ = 7.6142A°, B =
124.8053°, with cell volumeV=350.4635A°, and a
= 9.9894A°, b= 5.6040A°, ¢ = 7.7594A°, B =
123.9062°, with cell volume V= 360.5104A° respec-
tively.

2 Theta (degree)

Figure2: Comparison of theX-ray powder diffraction pat-
ternsof thefollowing complexes

3.4. Electrical conductivity

Room temperature electrical conductivity, (dis-
played in Figure 3) capacitance, did ectric constant and

their activation energy aresummarized inTABLE 3.
In Figure 3, temperature dependence of the con-
ductivity semiconductor materidsisexamined accord-
ingtoArrheniustheory. Arrheniusplot of conductivity
versustemperatureisshown according to following:

o=coexp (-Ea/KT) (@)

Where, 6o is the pre-exponential corresponding to 1/
T=0, Eaistheactivation energy for electron transfer,
and k isthe Boltzmann constant. Theseresultsallowed
thefollowing observations.

(@ AsseeninFigure3, thesecomplexes, at tempera:
turerange between 300-328 K, behave as have
semiconducting when the conductivity increases
with temperature. Thus, aplot of log o and 1000/
T will beastraight lineof dope-EalkT and hence
an accurate determination of Eaispossibleif we
canfind dopeof log o vs. 1000/T curve. Theac-
tivation energies of these samplesare cal culated
from thedopeof graphsand thesevauesare col-
lectedinTABLE 3.

-5.0

T T T T T T T T T T T T T T T T
| —#— CuCA
—v— FeCA
559—<4—Fe _Cu_  CA 7

0.75 0.25

1 Fe sCU o CA
-6.01 Fe 0.25CLI 0.75(:A T

Log oScm?

% 300 305 310

1000(K ™)
Figure3: Temperaturedependenceof theelectrical conduc-
tivitiesof thecomplexes

T T T T
315 320 325 330

——
285 290 29 300

(b) Thecurvesof samplesexplain apositivetem-
perature coefficient of conductivity with conven-
tional semiconducting behavior when the conduc-
tivity increaseswith increase temperature and so,
these plotsindicatetypical plots semiconductor.
Temperature dependence of the conductivity
curveof all sampleexhibitstworegions; I, Il as
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seeninFigure 3. | region hasapositivetempera-
ture coefficient of electrical conductivity, but re-
gion Il hasanegativevalue. Therefore, theelec-
trical activation energy of thissample explains
positivevaueintheregion I, but negativein|l.
Theregion |l ischaracterized by decrease of the
conductivity with temperature. Thisresultsfrom
scattering of carriers by photons, dueto lattice
vibrationswithinthetemperature range covering
thispart. Theslopeof linell and itstemperature
range vary widely depending on the nature and
structure of the sample. The phenomenaof dis-
continuation observed in the el ectrical conduc-
tivity—temperature relationship showed one or two
segmentswith variabl e activation energies, prob-
ably dueto presenceof different crystallographic
or phasetransition',

(c) Electrical conductivity mechanism of these com-
plexes occursasfollows; in thismechanism, the
electron or holehopsfrom onelocaized metd site
tothenext. Whenitlandson anew siteit causes
thesurroundingionsto adjust their locdization and
electron or hol etrapped temporarily inthe poten-
tid wdll thisatomic polarization produces. Thedlec-
tronresdesat itsnew siteuntil thermaly activated
to migrate another nearby site. Another aspect of
thischargehopping mechanismisthat thedectron
or holetendsto associatewith locd defectssothe
activation energy for charge transport may aso
includethe energy of freeingtheholefromitspo-
sition next to defect?+22,

Thermal probe measurements show that these

complexeshaven-typedectrica conductivity, that

is, most of carriersinto samplesaree ectrons.

() Astheconductivitiesof complexeswere com-
pared with each other, it wasfound that the con-
ductivity of FeCA complex was higher and
Fe,Cu,,CA complex was lower than that of
other complex (seeinset of Figure 3). In one
complex Fe,..Cu,,.CA are amost insulating
behavior.

The capacitance of the samplewas measured by
varying the frequency. Thedielectric constant (¢) in
the frequency range of 40 Hz—100 kHz was esti-
mated by using theformulae = C/ (€0.A/1), where C
isthe capacitance of the pellet, | isthe thickness of

(d)

—= Fyll Peper

the pellet, A isthe cross-sectional areaand €o the
constant of permittivity of free space. Figure 5 shows
the diel ectric constant increase with increase the
temperature.

T T T
——FeCA )
_O_FeOJSCUO.ZSCA'

O—FeqgCUgs CAT

2.6
2.4+

Log dielectric

Log frequency

Figure4: Frequency dependence of dielectric constant for
variouscomplexes

In generd thedie ectric constant of amaterial de-
pendson itspolarizability whichismadeup of severa
components; e ectronic, atomic, orientationa and space
charge. Of these, only theorientationa polarizaion (i.e,
the contribution of the permanent dipolesinthemate-
rid) isdirectly temperature dependent.

Thetemperature dependence of the dielectric con-
stant () of a dielectric material is very critical for di-
el ectric resonator applications. In the present study,
thetemperature variation of dielectric constant of all
the samplesare accurately measured inthe 25-75 °C
region and theresultsare presented in Figure 5. All
thesamplesinall frequencies (100Hz; 1KHz; 10KHz
and 100KHZz) showsan increasein dielectric constant
with respect to temperature and then decrease at a
particular temperature. Inal cases, both frequencies
show similar variation in capacitance with respect to
temperature. Hence, the comparisonsin capacitance
observed at 100Hz to 100 KHz are presented in the
Figureb.

It can be seen inthe Figure 5 that al complexes
have both the positive and negative temperature
coefficient.
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Figure5: TemperatureversesDielectric of variouscomplexesat 100Hz, 1 KHz, 10 KHz and 100 K Hz frequencies

TABLE 3: Room temperature (100K Hz) frequency dectrical conductivity, capacitance, diectric congtant and their Activa-

tion energies

Compound ccl)_:r:gﬁtétigﬁce ccE)rl:(ejCLErcit(i:\?ily Log Capacitance £ Eay Ea,
G(us) Sem’? = GUA Sem™ P(F) Cl/Co in eV inev

FeCA 5.38 X 10° 376X 107 6.424 257X 10 20.3 0.46 0.32

Fe0.75 1.52 X 10° 9.11 X 108 7.041 232X 10 15.8 - 0.14
Fe0.50 0.94 X 10° 2.10 X 10® 7.677 258X 101 6.50 - 0.16
Fe0.25 1.03 X 10° 488X 10® 7.311 242X 101 13.0 0.19 0.20

CuCA 2.48 X 10° 9.23X 10® 7.035 260X 101 10.9 0.30 0.43

(1) A positive curve shows below the 320 — 330K
temperature because diel ectric constant increases
with increasestemperature and,

A negative curve shows abovethe~ 330K tem-
peratures because diel ectric constant decreases
with increases temperature, which suggeststhe
existence of phase change at this temperature.
These observationsarea so support thetempera-
ture dependant electrical conductivity of com-

2

plexes. No other didectric anomalieswerefound
between theseregions.

By comparing figures100Hz, 1 KHz, 10KHz and
100 KHz frequency wefind that at high frequency di-
electric constant and itstemperature coefficient are
smdler thanat low frequency. Inorder to further inves-
tigate thisfrequency dependence, Figure4 showsthe
cedll cgpacitance versusfrequency a roomtemperature.
Thechangein cdl capacitancewith frequency islarger
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than that observed in the 25°C to 50°C range mea-
sured at agiven frequency.

4. CONCLUSIONS

Thedianionsderived from chloranilicacid are ef-
fectiveligandsfor themetd studiedinthispaper. Inthis
work, we have synthesized and characterized anew
typeof polymer using asbridgingligandthe CAZdianion.
Structurd studiesof samplesindicatedthat al complexes
aremonoclinic system with different particlesizere-
gpectively. Also, these complexeshave beenfound to
beinorganic semiconductorshaving moderate conduc-
tivitiesand activation energies.
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