Trade Science Ine.

ISSN : 0974 - 746X Volume 8 Issue 1

Inorganic CHEMISTRY

A Tndéian Yournal

— Pyl Paper

ICAIJ, 8(1), 2013[34-39]

Synthesis, spectral and thermal studies on salicylate derivatives of

heter obimetallic [Ca(ll)-Ti(I1V)]-n-oxoisopropoxide

Rajesh Kumar*?, Jai Devi?

Department of Chemistry, HCTM Technical Campus, Kaithal 136027, (INDIA)
2Department of Chemistry, Sri Venkateswar a Univer sity, Gajraula, J.P.Nagar,Uttar Pradesh, (INDIA)

E-mail : dhullrajesh79@gmail.com

ABSTRACT

The methyl, ethyl and phenyl Salicylate derivatives of heterobimetallic-u-
oxoisopropoxide [CaO,Ti,(OPr) ] have been prepared as aresult of many
reactions of p-oxoisopropoxide with methyl Salicylate (HRSAL?Y), ethyl
Sdlicylate (HRSAL?), and phenyl Sdlicylate (HRSALS3) indifferent molar ratios
(1:1-1:4). The Salicylate derivatives of thetype [CaO,Ti(OPr') (RSAL) ]
(wherenis1-4 and RSAL = Salicylate anion) were obtained. The Salicylate
derivatives have been characterized by elemental, spectral (IR, *H, *CNMR),
thermal and molecular weight measurement. Hydrothermally assisted sol-
gel process gives the hydrolyzed product and thermal study of these
productsfavorsthe formation of multicomponent oxides. The studiesreveal
that Salicylate derivatives are monomeric in nature and low susceptible to
hydrolysis as compared to parent compound and may prove excellent
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INTRODUCTION

The investigation and the use of heterometallic
alkoxides as single-source mol ecul es precursorsfor
synthes sof oxideshave seen arapid growth duringthe
last morethan oneand half decade. Thebimetdlicoxo
complexes, thetrue precursorsplay asignificant rolein
the phaseformation of complex oxides. TheM-O-M
bridgesin bimetallic oxo complexes provide homoge-
neity of the newly formed oxide phasesat the molecu-
lar level. The above-considered peculiarity inthe com-
paosition, stoichiometry, solubility and reactivity of ortho-
and oxoalkoxidesarewidely used in the sol-gdl syn-
thesisof aseriesof very important composites®. Nano-

structured oxide, the new type of materia s showsprop-
ertiesdifferent from materia swith pm-scale microstruc-
turesare gaining more and moreinterestsduring the
past few years. A variety of chemical routeshave been
devel oped to prepare ceramic nano-structures, because
thetraditional solid-state method could not meet par-
ticlesizerequirementsand versatility of synthesispro-
cess. Some chemical methods offer possibly aprepa
ration at |lower temperatures, ahomogenous primary
gructureand limited higher order aggregationand asmdll
distribution of particlesizes. Thecontrol of particlesize
and themorphology of the oxideareof crucia impor-
tance nowadaysboth from thefundamenta and indus-
trial point of view!3. Themixed metal oxidesprepared
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from heterometallic-p-oxoalkoxides™® havebeen used
for absorbing harmful chemicald” and decontaminating
chemica warfareagents®. Thedkalineearth metal ti-
tanateslikebariumtitanate, caciumtitanate (CaliO,),
grontiumtitanate(STiO,andBa S, TiO,) duetotheir
exceptional propertiesexpose potentid applicationsin
multilayer ceramic capacitors, e ectro-optic, didectric
and piezoelectric devices**?. Theperovskite CaTiO,
with its unique structure, higher stability and
biocompatihility, findspotentia applicationinthefidds
of communication, e ectronicsand in biotechnol ogy™**
131, Theability of immobilizing therareearthsof CaTiO,
by forming solid solutionswith highly radioactivewastes
makesthe CaTiO, useful for disposal of highly radio-
activewastes &1, Recently, calciumtitanate hasalso
been used as acompetent anticorrosion pigment for
paintg*®. Apart fromtheir roleas precursorsfor mixed
metal oxides, thebimetallic-p-oxoalkoxides of transi-
tion metal shave been found to rank among the excdl -
lent catalystsfor the polymerization of heterocyclic
monomerslike lactones, oxiranes, thiiranes and ep-
oxideg1®20,

In the present investigation, the derivatives of
heterobimetallic[Ca(ll)-Ti (IV)]-p-oxoisopropoxide
are prepared from the condensation of
[Ca0,Ti.(OPr) ] with different Salicylatesinmolar ra-
tios(1:1-1:4) , and thereaction proceedswith stepwise
formation of Sdicylatederivativesof bimetdlic[Ca(ll)-
Ti (IV)]-p-oxoisopropoxide, which arethe molecular
speciesthat can bepurified by distillation, dlowingthe
isolation of puremolecular precursors.

EXPERIMENTAL

I nstrumentation, reagentsand gener al techniques

All theoperationswerecarried out indry nitrogen
atmosphereusingavacuum|ine. Hydrocarbon solvents
and reagentsused were purified and dried by standard
methods. Thegeneral techniqueand physica measure-
ment were carried out as described el sewheregl?-29,
Hydrated cal cium acetate (Aldrich) was made anhy-
drouswith acetic anhydride and titanium i sopropoxide
[Ti (OPr'),] (Aldrich) used without further purification.
The methyl salicylate (HRSAL?), ethyl salicylate
(HRSAL?), and phenyl sdicylate (HRSAL?3) werepre-
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pared in laboratory and purified before use. The
ISopropoxy groupsin the p-oxoisopropoxide and lib-
erated i sopropanol formedin preparation of Sdicylate
derivativeswereestimated oxidimetricdly. Cdciumwas
determined complexometrically and gravimetricestima:
tion has been donefor titanium, Titanium was esti-
mated as TiO, viatheformation of titanium-phenazone
complex 5, Perkin-Elmer 1710 FTIR spectrometer
over the range 4000-400 cmr? used to record the In-
frared spectra. The *H, C NMR spectra were re-
cordedin CDCI, on Bruker Avance || 400 NMR spec-
trometer. TG study has been made on Diamond TG/
DTA PerkinElmer instrument. Elementa andyseswere
carried out by PerkinElmer 2400 Il series CHNS/O
Andyzer.

Synthesisof derivativesof [CaO,Ti (OPr') ] with
salicylates

The[Ca(Il)-Ti (IV)]-p-oxoisopropoxide was syn-
thesized by reported methodson therma condensation
of Ca(OAc), and Ti (OPr'), in mixtureof xyleneand
decalinin1:2 molar ratio?+4,

Reaction of p-oxo compound with methyl salicy-
latein 1:1molar ratio

The[CaO,Ti (OPr),] (0.666 g, 1.282 mmol) and
methyl salicylate (0.195g, 1.282 mmol) wererefluxed
inbenzenewererefluxedin~50 ml benzeneinaflask
connected to ashort distillation column onanoil bath
for about 7 h. Theisopropanol liberated at 72-78 °C
wasfractionated asthe binary azeotrope of i soproponol -
benzene. The azeotrope was collected and checked
for compl etion of thereaction. The excessof the sol-
vent wasthen removed under reduced pressureyield-
ing ayellowish semi-solid product. The syntheses of
other Salicylate derivativeswere carried out by similar
procedureand theanalytical results havebeen summa-
rizedinTABLE 1.

The hydrolyzed product of Salicylates of p-oxo
compound obtained by hydrothermally assisted sol -
gel processing. For the hydrothermally assi sted sol -
gel processing, Salicylatederivativeswerediluted 20
times by weight with isopropanol, the mixturewas
loaded into aglass container and transferred into a
300 ml stainlesssted autoclave. Dilution of Sdicylate
derivativesand their transfer into autoclavewas per-
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formed in moisture-freeatmosphereto prevent their
hydrolysis before introducing into a hydrothermal
chamber. The gap between glass contai ner and cham-
ber wasfilled with 40 ml of distilled water and then

the autoclave wastightly closed. The chamber was
heated 120°C for five hours, the autoclave was cooled
and the product wasfiltered off and dried overnight at
100°C.

TABLE 1: Analytical and physical dataof studied compounds

sNo.  Compound Ligand  Refluxing  Product Anal. Found (calcd.)
T g(mmol) g(mmol)  time(h) (%) OPr'(g) Ca(%) Ti(%) C(%) H(%) O(%)
| [Ce0,Tip(OPr)] HRSAL' , [CHO,Ti(OP); 003 665 1499 4512 681 19.98
0.666 (1.282)  0.195(1.282) (RSALY)]789 (0.03) (653) (15.35) (45.09) (6.86) (20.91)
, [CO;Ti(OPr)]  HRSAL' g, [CaO;TL(OP’), 006 531 1322 4754 597 2265
0.439 (0.845)  0.257(1.690) > (RSALY),] 753 (0.06) (5.68) (13.35) (47.72) (5.96) (22.72)
5 [C3O,Ti(OP)] HRSAL' o [CIOTi(OP); 009 486 1169 4965 512 2405
0.419(0.807)  0.368(2.241) (RSALY)]805 (0.09) (5.02) (11.80) (49.74) (5.27) (24.12)
4 [COO;Ti(OP)] HRSAL' 1» [CaOTi(OP), 011 429 1035 5098 55 2397
0.359 (0.692)  0.421(2.769) (RSALY),]79.3 (012) (45) (10.58) (51.35) (4.72) (25.22)
g [C3O;Ti(OP)]  HRSAL’ ,  [CHO;Ti(OP); 003 629 148 4579 694 20.14
0.601 (1.157)  0.191(1.157) (RSAL)I81.6 (0.03) (6.4) (15.04) (46.08) (7.04) (20.48)
g [C3OT(OP)]  HRSAL’ o [COOTi,(OP), 006 537 1238 4919 624 2178
0.430(0.827)  0.273(1.654) (RSAL?),]805 (0.06) (5.47) (12.87) (49.31) (6.30) (21.91)
,  [C3O;Ti(OP)d  HRSAL’ 1o, [CaOTiOP); 009 467 1119 5132 572 2168
0.374(0.719)  0.356(2.157) > (RSAL?) 786 (0.09) (4.79) (11.25) (51.73) (5.74) (22.99)
8 [CaO,Ti,OPr)] HRSAL2 1» [CaOTi(OP), 011 433 936 5339 532 2321
0.365(0.703)  0.464(2.812) (RSAL?),]80.4 (0.12) (4.25) (10.0) (53.61) (5.31) (23.82)
o [C3OTi(OP)] HRSAL® ,  [CHOTiOP); 003 589 1375 4932 642 1828
0.410(0.789)  0.169(0.789) (RSAL})]81.3 (0.03) (5.93) (13.94) (49.85) (6.52) (18.99)
10 [CaOTi(OP)  HRSAL® g, [CaOTL(OP’), 006 460 1097 5464 554 19.14
0.348 (0.670)  0.287(1.341) > (RSALY,819 (0.06) (4.83) (11.35) (55.07) (5.55) (19.32)
11 [CaOTiA(OP)d  HRSAL® 10, [CaO;TiOPr); 008 398 934 5866 466 1885
0.320 (0.616)  0.396(1.850) > (RSAL%;815 (0.09) (4.07) (957) (58.65) (4.88) (19.55)
1o [CaOTiA(OP)]  HRSAL® 1p [CaOTiOP), 011 345 809 6LOL 425 1947
0.289 (0.556)  0.476(2.224) (RSALY,]789 (0.12) (352) (8.27) (61.26) (4.40) (19.78)
[Ca0,T1,(OPr')s] + nHRSAL refluxing benzege

RESULTSAND DISCUSSION

To overcomethe phase segregation problem and
provide aexcellent precursorsfor bi-component ox-
ides, many reactions of [Ca (I1)-Ti (IV)]-u-
oxoisopropoxidewith bidentate Salicylates(HRSAL)
i.e. methyl salicylate (HRSAL?Y), ethyl salicylate
(HRSAL?), phenyl sdlicylate(HRSAL?) are performed
indifferent molar ratiosin refluxing benzene, yielding
the products of type [CaO,Ti,(OPr) (RSAL)],
[CaO,Ti (OPr) 4(R_SA L),],[CaO,Ti(OPr)(RSAL),]
and[CaO, Ti(OPr')(RSAL),]. Thepreparation of the
Sdlicylatederivativesof [CaO,Ti,(OPr') | followsthe
following reaction scheme 1.

The[CaO,Ti,(OPr) ] anditssalicylate derivatives
are susceptibleto hydrolysisand solublein common
organic solventssuch asbenzene, chloroformand carbon

[Ca0,Ti,(OPr)s.4(RSAL),] + nPr'OH
(n=1-4, HRSAL = methyl/ethyl/phenyl Salicylate)
Schemel

tetrachloride etc. Theisopropanol liberated duringthe
course of the reaction was collected azeotropically
(isopropanol-benzene) and estimated oxidimetrically
to check the progress of thereaction. It was observed
that only four out of the six isopropoxy groupsof [Ca
(IN-Ti (IV)]-p-oxoisopropoxide could be replaced by
Sdlicylates. Futher replacement of isopropoxy groups
could not be achieved even with an excess of ligand
(salicylates) and prolonged refluxing time (26 h). This
indicatesthe non-replacement of bridging isopropoxy
groups and that only terminal isopropoxy groupsare
substituted by salicylates.
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Spectral analysis of salicylate derivatives of
[CaO,Ti(OPr') ]

IR spectra

ThelR spectraof sdicylates show abroad bandin
theregion 3000-2700 c*dueto (O-H), the absence of
thisband in thederivatives of p-oxocompoundsindi-
cates the deprotonation of theseligands. The v(C-O)
band appearing at ~1645 cm in salicylates shows a
downward shift of 15-25 cm inthederivatives, indicat-
ing the coordination of the carbonyl oxygen of thesdicy-
lates to the metal atom. A strong band observed at
~1240cm* in sdlicylatesdueto phenolic v(C-O) vibra
tionsisshifted 10-20cm* higher in thederivativesindi-
cating bondformation of phenolic oxygenof sdicylateto
themeta atom. All thederivativesshow an asorption
band intheregion 1360-1340 cn! ischaracteristic of
gem-dimethyl of theisopropoxy group. Thebandsob-
served at about 1160 and 1120 cm? in 1:3 sdlicylate
derivativesof [Ca0,Ti (OPr') ] havebeen assignedto
combination bands v(C-O+OPr) non-bridging and v(C-
O+OPY') bridging of the isopropoxy groups respec-
tively?1. However, the band at~1160 cm* dueto v(C-
O+OPx') termind isabsent in 1:4 sdlicylatederivatives
uggeststhepresenceaf bridgingisopropoxy groupsonly.
Thevibration occurring at ~940 cn inal thederiva
tives has been assigned to (C-O) of the bridging
isopropoxy group. A number of bandsappearinginthe
region 700-400 cm*are due to M-O stretching vibra-
tionsinthesederivaives®?), Thebandsrelated to phe-
nyl groupsin the salicylate derivativesare observed at
their usua postionsinthelR spectraasobservedinthe
ligands®. ThelR spectraof thederivativesindicaethat
sdicylatesbehaveasmonobas ¢ bidentateligands.

NMR spectra

H NMR spectraof dl the Sdicylate derivativesof
[CaO,Ti.(OPr'),] show broad multiplet centered be-
tween 6 0.8—1.2 ppm due to the intermixing of methyl
protons of isopropoxy groups. A broad multiplet cen-
teredat 6 4.1 is due to the methine proton of isopropoxy
groupsinthespectraof dl derivatives. Very smilar spec-
traobtained for compoundsformed by reactionsof 1.5
and 1.6 molar ratios of p-oxo compound and Salicy-
lates as of 1:4 Salicylate derivatives of p-
oxoisopropoxide. Thisconfirmsthe non-replacement
of bridging isopropoxy groupsby Sdicylates.
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The'H NMR spectraof salicylates show abroad
singlet at ~612.9 ppm dueto phenolic O-H proton, the
absence this peak in the derivatives confirms their
deprotonation. The peak at ~o 3.9 ppm dueto methyl
protons of methyl salicylate and metheneproton of the
ethyl salicylateisfound to overlap with the multiplet
centered at 6 4.2 ppm due to methine protons of the
isopropoxy group in thederivatives of [CaO, Ti,(OPr) ].
A broad doubl et centered at ~61.2 ppmisobservedin
mono totri derivativesisdueto themethyl protonsof
different typesof isopropoxy groups (terminal andin-
tramolecularly bridged). However, afairly sharp dou-
blet a 51.1ppmisobserved in methyl and phenyl sali-
cylatetetraderivativesindicate the presence of only
onetypeof isopropoxy group/s(probably bridging). In
caseof ethyl sdlicylate derivativesthe methyl protons
aremixed with the methyl protons of theisopropoxy
group resultingin abroad peak centered at 51.1ppm.
Thesgndsdueto phenyl ring protonsof sdicylatemoiety
areobserved at their usua positions(66.4— 7.6 ppm)
indl thederivatives.

The BC NMR spectra mono derivatives of
[CaO,Ti,(OPr) ] shows two prominent peaks at o
~26.3and 6 ~28.2 ppm assignableto themethyl carbon
of terminal and interamol ecularly bridged isopropoxy
moiety and two different type of methine carbons of
isopropoxy group isconfirmed by the two signals ob-
served at § ~62.6 ppm and & ~63.7 ppmt®?. The spec-
traof 1:4 Salicylate derivativesof pi-oxoisopropoxide
show the absence of terminal isopropoxy group. Very
similar spectraobtained for compoundsformed by reac-
tionsof 1:5and 1:6 molar ratiosof p-oxo compound and
Salicylates as of 1:4 Salicylate derivatives of -
oxoisopropoxide. Thisconfirmsthenon-repl acement of
bridgingisopropoxy groupsby Sdicylates.

The peaksobserved intheregion 6122-145 ppm
aredueto carbon atomson benzenering, however, the
peak observed at about 6165-169 ppm is due to ring
carbon linked to the ester group and a peak observed
at about 5186-189ppm is due to carbon of the ester
group (-COOR)®™,

Thermal studies

Thetherma decompositionof Sdicylaederivatives
of [CaO,Ti (OPr’),] have been examined by
thermogravimetric analysisunder aflow of dry nitro-
gen, up to 800°C at a heating rate of 10°C/min. The
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minor weight loss (1.65-1.89 %) startsat 56.5-59.8°C
and completed at 185-187°C with a weight loss of due
to presenceof moisture and fraction of solvent present,
if any. The second and major one startsat 180-185°C
andiscompleted at 359-363°C, resulting in a residue
amounting to 11.589-12.957% of theinitial weight,
probably dueto the decomposition of partialy hydro-
lyzed p-oxo Salicylateinto metal/mixed metal oxides
suggesting thevolatile nature of compoundY.

TABLE 2: Sudy of ther mogramsof hydrolyzed product of

varioussalicylatederivativesof [CaO,Ti(OPr') |

Sr. Temperature Weight
No. Compound range(°C)  loss (%)
. . (855220 (a6
1 Egﬁfl';](oprk (b) 220-345  (b) 41.22
(c) >345 (c) No significant loss
. . (954222 (a6
2. Eggfl')zz(]op”“ (b) 222-349  (b) 53.83
(c) >349 (c) No significant loss
(@) 58219 (a)4
3 [CaOlez(OPr)s (b) 219-352  (b) 61.85
" (RSALY) (0) >352 (c) No Significant
loss
. . (956221 (@5
4, Egngz';(]op”z (b) 221-355  (b) 66.94
4 (c) >355 (c) No significant loss
. .~ (@57-220 (a4
5, Egg‘;ZLT;)Z](OP”S (b) 220-348  (b) 42.39
(c) >348 (c) No significant loss
. . (959225 (a6
6. Eggfs')zz(]op”“ (b) 225-355  (b)54.23
(c) >355 (c) No significant loss
. . (@56-224 (a5
7. Egg‘;ﬂ;(]op”s (b) 224-350  (b) 64.59
: (c) >350 (c) No significant loss
. . (961230 (@4
8, Eggﬂ{;(]op”z (b) 230-355  (b) 71.37
4 (c) >355 (c) No significant loss
. . (853224 (a5
9. Egg‘ffﬁ(opr)s (b) 224-348  (b) 47.31
(c) >348 (c) No significant loss
(@) 54-223 (a) 6
10, Egg{ ')ZZSOP”“ (b) 223-351  (b) 60.0
(c) >351 (c) No significant loss
(a) 58-221 @5
11, E%%LT ')2(]OP”3 (b) 221-356  (b) 68.99
c) >356 (c) No significant loss
(@)57-224 ()4
12, Egg{ ')ZZSOP”“ (b) 224-359  (b) 72.24
(c) >359 (c) No significant loss
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Thethermogravimetric analysisof varioushydro-
lyzed product of different Salicylate derivatives have
been performed up to 800°C at 10°C/min. Thermo-
gramsof varioushydrolysed Sdicylate derivativesstud-
ied as, theweight lossin stage (a) observed dueto the
traces of water and solvent present in hydrolyzed prod-
uct of p-oxo compound. Themgor weight lossin stage
(b) occursprobably dueto theelimination of hydroxy
groups and organi c moi eties present inthe hydrolyzed
product whichisdirectly followed by last tage(c) rang-
ing from 345-359° C to 800°C, leaving a residue that is
lessthantheca culated for mixed meta oxideand meta
oxides(CaTiO, and TiO,). Thedetailed study of ther-
mogramsof hydrolyzed product of various Salicylate
derivativesissummarizedin TABLE 2.

Themolecular weight measurement carried out in
dry benzene using cryoscopic method suggests mono-
meric natureof Sdicylatederivatives.

CONCLUSION

The aforementioned studiesrevea sthe suggestive
sructuresof Sdicylate derivativesof oxocomplex of the
type [CaO,Ti,(OPr) (RSAL)], [CaO,Ti,(OPr),
(RSAL),], [CaO,Ti,(OPr),(RSAL),] and
[Ca0,Ti(OPr),(RSAL),]. TGA study revedsthevola-
tilenature of derivativesand their hydrolysed product
may fabricate the mixed metal oxides. The proposed
structuresdoubleand tertaderivativesaregivenin Fig-
ure1land Fgure2 respectively.

/ o
/ \‘C /O\ o _~OPri
-LTI
\\ / / OF’ri
,x
[
o XO
Figure 1. Suggested structureof [CaO,Ti (OPr') (RSAL),]
o
/’ o \

\/\/ \T\ ( \\-

1 ‘ |
. = RSAL anion
‘ \ / \\P/ I"‘I‘ OI \N /
S ‘
|/ j Q_/
'\___/O
Figure2: Suggested structureof [CaO,Ti (OPr') (RSAL),]
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