Available online www.jocpr.com

Journal of Chemical and Pharmaceutical Research, 2@, 6(8):272-277

ISSN : 0975-7384

Research Article CODEN(USA) : JCPRC5

One-stepsolid-solid synthesis, characterization and thermatlecomposition of
zinc(Il) complexes of vanillin Schiff base ligands

Guo-Qing Zhong and Wan Zhong

School of Material Science and Engineering, Sousthwaiversity of Science and Technology, Miany&tgna

ABSTRACT

The zinc(ll) complexes of taurine-vanillin and afetvanillin Schiff base were synthesized with it@iror
L-alanine, and vanillin, zinc acetate and potassiwdroxide as main raw materials by one-step sstitid reaction
at room temperature. The composition and structfrthe complexes were characterized by elementalyses,
molar conductance, Fourier transform infrared spact(FTIR), X-ray powder diffraction (XRD), and
thermogravimetry and differential scanning calortrge (TG-DSC). The composition of complexes is
[Zn(tau-van)(HO)]-0.5H,0 and [Zn(ala-van)(HO)]-0.5H,0, and it is non-electrolytic nature. The experitaén
results indicate that the zinc ions are all fouseadinated by imino nitrogen, carboxylic oxygen aifgnic oxygen
and phenolic oxygen atoms from the Schiff basenfigaand oxygen atom from coordinated water moégcul
respectively. The thermal decomposition processethen zinc(ll) complexes under air include dehyinatand
pyrolysis of the ligands, and the final residueirsc oxide.
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INTRODUCTION

A huge interest on the complexes of Schiff basewel® from amino acids and salicylaldehyde has getidue to
their structural, magnetic and electrochemical prtes, as well as their potential use as modelsafoumber of
important biological systems. Synthetic vanillirused as a flavoring agent in foods, beveragephadmaceuticals.
However, only few transition metal complexes of iltam were reported. The Schiff base complexes of
transition-metal ions have been extended enormaurstyembraced wide and diversified subjects conmgrigast
areas of organometallic compounds and various &spédiocoordination chemistry [1-5]. Schiff basasd their
complexes have been found to posses the pharmazallagtivities, such as antibacterial [6-9], amtifal [9, 10],
antitumor [11], antimalarial [12], anticonvulsarit3], and antiviral agents [14]. Studying Schiff &sof amino
acids and their complexes have important signifieato bioinorganic chemistry and medicine fieldeTise of
Schiff bases as ligands in the formation of tramsitmetal complexes had been extensively studietdfhe Schiff
base ligands and its complexes were previouslyhsgited in some solvent, and most synthetic methas
performed in ethanol or methanol solution [15-Z3jis method had the disadvantages of long respimss the
use of a large amount of solvents, environmentdlton, and low yield. Solid-solid chemical reamrti at room
temperature is a wide kind of methods for the prati@n of some compounds, and the method has ayfdh rate
and selectivity [24, 25].

Amino acids and their compounds with different rhédas play an important role in pharmaceuticalusities.
Taurine, or 2-aminoethanesulfonic acid, is verydm@nt non-natural amino acids in organism. Tauisnessential
for cardiovascular function, and development anmucfion of skeletal muscle, the retina and the edéntervous
system, and it also acts as an antioxidant ancegiotagainst toxicity of various substances (suxhead and
cadmium) [26]. The complexes of taurine were usednany fields such as medicine and biochemistrye Th
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complexes of the amino ac&kthiff base synthesized by the one-step solid-gelidtion at room temperature have
not been previously reported in literatures [27h4sBd on the concept of green chemistry, in thiskweg have
synthesized the zinc(Il) complexes of the tauriaeillin and alanine-vanillin Schiff base ligandsdastudied their
crystal structure, infrared spectra and thermabdgaosition process.

EXPERIMENTAL SECTION

Materials and physical measurements

In addition to taurine and-alanine were biochemical reagents, other chem&adents used in the experiments
were analytical grade as received from commercialrees with no further purification. Vanillin
(3-methoxy-4-hydroxybenzaldehyde), taurine &ralanine were purchased from Sinopharm Chemicaj&eaCo.,
Ltd., and zinc acetate, potassium hydroxide andg@nulus ethanol were received from Chengdu Kelongniibal
Reagent Company.

The contents of carbon, hydrogen, nitrogen, sudfod oxygen in the complexes were obtained by amé&éar
Vario EL CUBE elemental analyzer. Zinc was deteedinby EDTA complexometric titration. Electrical
conductivity was measured at 25 °C by a DDS-11Adootometer. The X-ray powder diffraction patterfighe
complexes were recorded by a Rigaku D/Max-RB Xd#iractometer, CK, radiation at room temperaturé £
0.154056 nm, step widthg2= 0.2°, scan speed: 8 °/min). The infrared speaftthe complexes were measured by a
Nicolet 5700 Fourier transform infrared spectromeising potassium bromide pellets in the region04@m0 crit.
Thermal analyses of the complexes were performeé B Q500 thermal analyzer, and the heating reas w
suitably controlled at 10 °@in™* under air atmosphere and the mass loss was measone ambient temperature
up to 600 °C.

Synthesis of the title complexes

Taurine (0.63 g, 5 mmol) and potassium hydroxid@8@, 5 mmol) were weighed and placed in an agetdar,
and continually grinded until they became stickyiem, vanillin (0.76 g, 5 mmol) was added and grihde
continuously, the color of the reactants turned yellow quickly, and the loose yellow powder solids obtained
after about 30 minutes. Afterwards zinc acetatgdtilite (1.10 g, 5 mmol) was added to the agateamagtinded
continuously about 30 minutes. The reaction wasiedhrout at room temperature. The resultant washads
repeatedly with distilled water and a little anhyals ethanol. Lastly, the resultant was filtered dridd about 24 h
in vacuum drying oven at 40 °C. The zinc complexhaf taurine-vanillin Schiff base was pale-yelloewngler, and
the yield was about 85%. The zinc complex of tteniae-vanillin Schiff base was also synthesizedhgysimilar
method, and the product was pale-yellow powderthadield was about 91%.

RESULTS AND DISCUSSION

The composition and properties of the complexes

The results of elemental analyses of the complaxedisted in Table 1. The composition formula¢hef complexes
are ZnGoH1406 NS (M; = 349.68) and ZnGH:0,sN (M, = 313.63), respectively. The calculated resultsnags
fraction of each element in the complexes are erye to the measured ones. Therefore, combinddtinét results

of the infrared spectra and the thermal analydi® possible molecular formulae of the complexes are
Zn(tau-van)-1.56D and Zn(ala-van)-1.58, or Zn[OGH3(OCH;)CH=NCH,CH,SG,0]-1.5H0 and
ZN[OCsH;(OCH3)CH=NCH(CH;)CH,COO]- 1.580. The molar ratio of the Schiff base ligands tacfil) ion of the
complexes is 1:1. The complexes are all stable@nhrtemperature, non-hygroscopic, and partiallylslel in water
and ethanol. The molar conductance values of t@I/L DMF solutions of the complexes are in thage of 5-8
S-cni/mol, the results indicate that the complexes areelectrolytic nature.

Table 1 Elemental analyses results of the complex@3alculated values are in brackets)

Complex Formula  w(Zn)(%) Ww(C)(%) wH)%) W(N)%) W(S)(%) wWO) (%)
Zn(tau-van)- 1.5pDZnCioH10csNS18.83(18.7034.16(34.35) 4.15(4.04)  4.06(4.01) 9.25(9.129.58(29.74)
Zn(ala-van)- 1.5b0 ZnCuH10ssN 20.83(20.8541.92(42.12) 4.35(4.50)  4.38(4.47) —  28.18(28.06)

Analysis of X-ray powder diffraction

The X-ray powder diffraction patterns of the conxgle are shown in Fig. 1. Compared with the raw rase the
strong peak locations of the resultants are changebusly. The main strong peaks, which come fthenreactants
of taurine, L-alanine, vanillin and zinc acetate, are disapmkare X-ray powder diffraction patterns of the
complexes. The diffraction angled)2 spacing ¢) and diffractive intensity of the products arefetiént from the
reactive materials, which may explain that the @&btwo products are not simple mixing of the reatstabut the
formation of new compounds. At the same time, tee 8trong peaks show the new compounds formatitera
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than the mixture of the reactants. There is thelldmaakground, and the high and intense of difi@cpeaks in the
XRD patterns of the complexes, which indicate thatcomplexes have fine crystalline state.
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Fig. 1 X-ray powder diffraction patterns of the conplexes Zn(tau-van)-1.5HO (a) and Zn(ala-van)- 1.5HO (b)

FTIR spectra

The infrared spectra of the complexes are showrign2. The absorption peaks from the stretchitgation of the
bonds in the water molecule are in the region 33800 cm" [28]. As Fig. 2 shows, there are some strong paaks
the range of 3550-3200 chin the infrared spectra of the complexes. Thiscaigs that there are water molecules
in the crystals of the complexes. Therefore, tlimied spectra demonstrate the existence of thedowtion water

or lattice water molecules in the complexes, ampsett the molecular formulae of the complexes.

Fig. 2(a) shows, the infrared spectrum of Zn(tanjvA.5HO makes out broad peaks at 3427 @mnd 3232 cit
due to thev(O—H) band in water molecule. The absorption pe#tk827 cr and 726 cnt are assigned to the
rocking and wagging vibrations of the hydroxyl, amkich indicate that there is the coordinated watetecule in
the complexes [20]. This is in accord with the feefithermal analysis. The characteristic absorppeak at 1645
cn* can be assigned to the absorption peak of/tBeN) stretching vibration [8]. The absorption peait 1340
cm* and 1114 cnt can be assigned to the absorption peaks of tf8=0) andv(S=0) stretching vibration, and
the absorption peaks at 781 ¢rand 635 cnt arise fromv.{S—0) andv{(S—O) stretching vibration, respectively.
Compared with the characteristic peaks of sulfaimup, the peaks shift obviously, this shows that sulfonic
group involves in coordination. The absorption paakl283 crit is assigned to the phenolph—O) stretching
vibration. Compared with the ligand, the peak ia tomplex shifts obviously towards low-frequencygioa, and
this indicates that the phenolic oxygen is coordidawith Zrf* ion. In the low-frequency region, the absorption
peak at 594 cil is assigned to the stretching vibration of the Mrbond, and the absorption peaks at 466'@nd
430 cm™ arise from the stretching vibration of the Zn-htg28].
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Fig. 2 Infrared spectra of the complexes Zn(tau-van1.5H0 (a) and Zn(ala-van)-1.5HO (b)

Why are the vibration frequencies of the two Zn-@nhds different? The frequency of stretching vitmatdf a
chemical bond A-B is related to the mass of thend B atom. The larger the mass of the A or B atenthie lower
the frequency of the stretching vibration of theBAbond is. Besides, other atoms or groups bondeldet@ or B
atom can also affect the frequency of the stretghibbration of the A—B bond. For example, when eatom
bonds with the metal ion, an O atom is bonded gocaip with a very large molecular mass, the ‘appaneass’ of
the O atom seems to become larger than the mass ©fatom alone. The mass of thgH£group is much larger
than that of -COOgroup. Therefore, we can reasonably assume tadtatjuency of the stretching vibration of the
Zn-0O bond between the Znion and the O atom of the —@4; group must be lower than that of the Zn—-O bond
between the Zii ion and the O atom of the —~CO@arboxyl group [29].

Fig. 2(b) shows, a broad band at 3209’dmthe infrared spectrum of Zn(ala-van)- 1,6Hs assigned to th&O—H)
in water molecule, and the absorption peaks atc®@8%and 729 crt arise from the rocking and wagging vibrations
of the coordinated water molecules. The absorpfieak at the range of 1700-1740 trof carbonyl in the
alanine-vanillin Schiff base ligand disappearshi@ tomplexes. The characteristic absorption pea44 cm’ can
be assigned to the absorption peak ofi@=N) stretching vibration. The absorption peak4%87 cm' and 1333
cm* can be assigned to the absorption peaks of @00 andv{(COO) stretching vibration, respectively. The
difference value of 254 crhbetweenv,{COQ) andv{(COQ) is in line with a monodentate type of coordinatio
[27]. The absorption peak at 1283 ¢narises from the/(ph—O) stretching vibration. The band at 598 tin
assigned to the(Zn-N) bond, and the peaks at 465 tand 431 crtarise from the/(Zn—O) bond [28]. From the
IR results, it may be concluded that the Schiffebligand is tridentate and coordinates with the zim through the
azomethine nitrogen, phenolic oxygen and carboxyptiggen atoms.

Thermal analysis

Studying the thermal decomposition process of wariBchiff base complexes is helpful to the undeditay of the
coordination structure of the complexes [29-31]e G-DSC curves of the complexes from room tempegatio
600 °C are shown in Fig. 3. The possible thermabd®osition processes, the experimental and caéalig@sults
for the thermal analysis of the complexes are surizein Table 2.

Fig. 3(a) shows that there is one endothermic pmatk two exothermic peaks in the DSC curve. Tha, firs
endothermic peak at 156 °C accompanies evidentisruss, and the sample will gradually lose 1Glholecules.
The experimental percentage mass loss (8.19%)<closthe calculated one (7.73%). This is consistdtii the
results of elemental analyses and infrared speétthe zinc(ll) complex. The coordinated water nooles should
be eliminated at higher temperatures than the watdecules of hydration. The water molecule of dauation is
usually eliminated in the temperature range 100-31632]. Because of the high temperature of lossew the
complex should be stored in a coordinated wateeoud¢. The organic part of the complexes may deocsmjfin
one or more step with the possibility of the forimatof one or two intermediates. These intermediatay finally
decompose to stable metal oxides. Thereafter, stigl@xothermic peaks at 334 °C and 414 °C cooespo
step-by-step oxidation and decomposition of thardy The mass loss of 38.43% in TG curve corresptmdose
the groups of CECN, —CH, and SQ (Calcd. mass loss, 38.64%), and the mass los0@3% in TG curve
corresponds to lose the group of -OH; (Calcd. value, 30.35%). The complex is decompazs®edpletely at
about 560 °C. The final residue is zinc oxide, dhe experimental result (23.15%) is in agreemerth whe
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calculated result (23.28%).
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Fig. 3 TG-DSC curves of the complexes Zn(tau-vari).5H0 (a) and Zn(ala-van)-1.5HO (b)

Table 2 Thermal decomposition data of the Schiff kee complexes

Mass loss (%)

Reaction Peak Temp. in DS@°C)
rnex[. Mheo
Zn(tau-van)-1.5p0
| -1.5HO 819 773
ZN[OCH(OCH;)CH=NCH,CH,SO,0] 156 (endo.)
| —CHCN, —CH, -SQ 38.43 3864
ZN[OCsHs(OCH)] 334 (exo0.)
| —~CHOCeHs 3023 30.35
Zno 414 (ex0.) 2318 2328
Zn(ala-van)-1.56D
| -1.5HO 891 862
ZN[OCsHs(OCH)CH=NCH(CH,)COO] 147 (endo.)
|—-CH,CN, ~CH,, ~CO, 3147 3159
Zn[OCHs(OCHy)] 331 (endo.)
| —~CHOCeHs 33.95 33.84
Zno 400 (ex0.) 25.67 2598

2 The experimental percentage mass of the residtieisample’ the calculated percentage mass of the residuedrsample.

Fig. 3(b) shows that there is one obvious endotleepmak and two exothermic peaks in the DSC cufe. first,

the endothermic peak at 147 °C accompanies 8.91ftagt loss from 1.5 water molecules (Calcd. va8ug2%).
Because of the high temperature of loss watemvtiter molecules should comprise one coordinatedrwablecule.
Thereafter the exothermic peak at 331 °C accompaiied7% of mass loss, and it may lose the grofi@HgCN,
—CH, and CQ (Calcd. mass loss, 31.59%). Finally exothermickpsta400 °C corresponds to entire oxidation and
decomposition of the ligand and loss of —OidH; group, the experimental mass loss of 33.95% cltsdke
calculated value of 33.84%. The final remnant nmfagsy TG curve is 25.67%, and it is in agreementhvifie

calculated result (25.95%) of the residue zinc exid
CONCLUSION

Two zinc(ll) complexes of tanrine-vanillin and aila@-vanillin Schiff base had been directly synthedi by
one-step solid-solid reaction at room temperatlitee complexes were characterized by elemental ses|ymolar
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conductance, XRD, FTIR and TG-DSC. The two compdelxave similar space structure, and the zinc(h} iare
all four-coordinated by imino nitrogen, carboxytigygen or sulfonic oxygen, and phenolic oxygen a&drom the
Schiff base ligands, and oxygen atom from the doatdd water molecule, respectively. The possibtdenular
formulae of the complexes are [Zn(tau-vany0l-0.5HO and [Zn(ala-van)(kD)]-0.5HO. The thermal
decomposition processes of the complexes inclutigditation, and pyrolysis of the ligands, and tmalffiresidue is
zinc oxide. The advantages of the one-step solid-synthetic method are simple and convenient aipem,
solvent-free, high vyield, energy saving, and beemwyironmental friendly, and it is in accordance hwihe
requirements of green chemistry.
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