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ABSTRACT

The photocatal ytic oxidation of agueous solution of amoxicillin wasinves-
tigated and areaction scheme is proposed for the formation of photoprod-
uct which isin conformity with the composition and structure of the photo-
product established on the basis of analytical and spectral data. This study
may help in removal of antibiotics by photocatalytic oxidation in pharma-
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ceutical industry wastewater and also other types of wastewaters.
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INTRODUCTION

Amoxidillinbdongstothefamily of f-Lactamgroup
of antibioticsanditschemistry providesapanoramic
view of the photoreactions of aiphatic, aromatic and
heterocyclic units. Thefunctional groupspresentin
amoxicillinareusudly present in other pharmaceuticas
also and thisstudy may helpinremoval of such func-
tiona groupsby oxidation invarioustypesof pharma-
ceutical industry wastewaters.

The photoproductsare obtained by irradiating the
samplewithvisbleand UV light usngZnO, TiO,, WQ,,
Fe,0,, ZnS, and CdS as photocatalysts. The forma-
tion of variousintermediate productsin thereaction
scheme has been proposed keeping in view the ab-
sence of amino and carboxylic group in the photoprod-
uct. Theamino group isoxidized tofrom -N=N- link-
age by involving two molecules of substrate. The oxi-
dation of Satom of thiazolidineringto sulphoxideis

plausiblein view of the hypsochromic shift of the CO-
frequency (v, ) of B-lactam ring of the penam structure
of the substrate. Various semiconductors, viz. ZnO,
TiO,, WO,, Fe,0,, ZnS, CdS were selected in the
study because of their favourable band gaps. The ef -
fect of the nature of photocatal yst and the amount of
photocatalyst on the percentageyield of the photoprod-
uct was al so examined. Further advanced studies by
preoxidation of highly polluted waste pharmaceutical
fermentation broth usingwet air oxidation (WAO) is
proposed. It has been studied asapossible method for
theeffectiveremova of organicg.

EXPERIMENTAL

Thepurity of al the chemicalsused during experi-
mentati on was checked by their M.P./B.P. determina-
tions. Sufficient carewas al so taken that the solvents
wereditilled beforeuse. Throughout the courseof the
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study doubledigtilled water wasused to prepareall the
solutions. Before preparing any solution, thiswater was
boiled for about 2 to 3 min. to removetraces of dis-
solved CO, and was then cooled in astoppered vessel
till it attained theroom temperature. The pH of the so-
lutionswas noticed by aToshniwal Cl-54 pH-meter.

Amoxicillin (300 mg) was dissolved in 30 mL of
doubledistilled water and to this 250 mg of photocata-
lyst wasadded. The photocatalyst did not dissolveand
formed aheterogeneous system. Theirradiationwasthen
doneby twoways. (i) thebeaker containing the solution
wasirradiated withalight sourceof 200W tungstenlamp
maintai ning adistance of 20 cm between thelight and
thereaction vessdl. Thesolution wascongantly stirred
meagneticaly duringthecourseof irradiation. Stirringwas
sufficient vigorousto ensurethat the suspension of semi-
conductor powder was exposed to incident light beam.
A water filter was placed between thelight source and
thereaction vessdl to cut off heat radiations. Thetem-
perature of the sol ution was a so noted after regular in-
terva sfor checking that constant temperatureismain-
tained throughout thereaction. (ii) Similar samplewas
prepared and irradiation wasdonewith UV light inthe
photochemicd reector of Srinivasan Griffin Rayonet type.
Thisreactor comprised of 8 UV tubes. Thesetubeswere
fittedinsdethereactor. A magnetic tirrer attached with
acooling fan was provided. Tworodswith clampsand
boss heads werefitted on the reactor for holding the
glassreactor to be suspended in thereactor for expos-
ingto UV rays. WhentheUV tubeswerelighted, the
cooling fan was also started so that heat generated in-
Sidethereactor wasdisspated. A top lid was provided
for coveringthereactor.

Inboththeabovecases(i & ii), the progressof the
reaction wasassessed by TLC at regular intervas. The
period of irradiationinvisbleand UV light were12 h
and 1 h, respectively. Progressively, when the product
was formed the light source wasremoved and TLC
was done which gave only one spot with alower R,
vauethanthat of amoxicillin. Stahl? hasdescribed sepa
ration of antibioticsby TLC. Findly, after irradiation,
the semiconductor was removed by filtration and the
filtrate was concentrated under reduced pressure The
concentrated solution wasthen |eft for evaporaionina
petridish placedinaP,0O, dessicator. Thesolid prod-
uct isolated intheabove manner wasrecrystdlized from
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alcohol followed by ether and obtained as orange
coloured needle shaped crystals. Each experiment was
repeated thricefor ensuring the correctnessof the prod-
uct obtained during the photocata ytic reaction.

RESULTSAND DISCUSSION

Characteristics of photoproducts obtained by
photocatdyzed reactionsof amoxiallinwasidentified by
variousinstrumenta and other methods, e.g. e emental
andyssand onthebasisof UV-Vis, IR and NMR spec-
trd studiesand by andyzing their physica and chemica
properties. Thenature of the photoproductsobtainedin
presence of different semiconductorswasfoundto be
similar with regard to the above properties. Theresults
of theblank experiments performed in absence of semi-
conductor photocatalyst andin presence of SO, anin-
sulator showed that amoxicillinisaffected by irradiation
withlight, though the nature of the photoproduct isnot
homogeneousand photochemica decompositioninsuch
acaseisan extremely dow process.

Theresultsof blank experiment withamoxicillinin
presence of any semiconductor but inabsence of light
indicated that amoxicillin does not show any reaction
by the mere presence of semiconductor. Interestingly,
the productsi solated from the sol utionswere obtained
aswhitesolidsand TLC of each solution gaveonly one
spot corresponding to the R, value of the substrate
amoxidllinitsdf.

Elemental anaysis, viz. C, H and N of the photo-
products were performed using a C, H, N analyzer
(Coleman Model 5621) which wasfirst standardized
withthehed p of benzoic acid (AR grade) and Sby usud
method of chemical andysisemployed for element de-
tection. It wasfound that the photoproducts contained
C, H, N and S. It may be mentioned that these ele-
mentswere present in the substrate al so.

Somequditativetestswered so performedfor vari-
ousfunctional groups, e.g. carboxylic group, phenolic
group, and amino group etc. by the specified methods.
Theresultsof thesetests showed that carboxylic group
andaminogroupwereabsant inthe photoproduct wherees
thesegroupswere presentintheorigind subgrate.

Spectral data
For theidentification of photoproducts, spectral
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dataanalysisisnecessary. Accordingly, UV-Vis IR,
and NMR analyseswere conducted.

UV-Vis

The Beckman DU-6 UV-Vis spectrophotometer
was used to record the UV-Vis spectraof the photo-
products.

The UV spectral data of the photoproducts of
amoxicillin showed the absence of the absorption band
dueto carboxylic group which isobserved at 203 nm
in the spectraof amoxicillin. A strong and sharp ab-
sorption band at 362 nm in the sol ution spectraof pho-
toproduct is caused by the appearance of anew chro-
mophore, i.e. azo group formed by photooxidation of
amino group. Lodha® had also carried out the photo-
oxidation of ampicillin in presence of various
photocatalysts, the UV spectraof the photoproducts
showed the sharp and strong absorption band around
362 nmthat has been assigned to the azo chromophore
formed asaresult of photooxidation of -NH,, group of
ampicillinin presenceof various photocatatysts.

The UV spectraof photoproducts of amoxicillin
al so showed the presence of strong absorption band at
211-215 nmwhich could be ascribed to the S?0 link-
age formed in the photoproduct due to oxidation of
sulphur atom of thiazolidinering.

IR

The IR spectrawere scanned as KBr pelletsand
Nujol Mullson Perkin EImer 577 spectrophotometer/
Nicolet AX FT-IR spectrophotometer in the range
4000-200 cm'™.

Theother carbonyl group of theamoxicillinsuchas
—C=0 of p-lactam and the —C=0 of the carboxylic
group were observed at 1780 cmrtand 1680 cm?, re-
gpectively. The absence of band at 1680 cmtinthe pho-
toproduct showed theabsence of carboxylic stretching
vibrations. Theass gnment of thevC-O of the B-lactam
isinaccordancewith thereferencesquoted by Clarke
et a onthelR spectraof penicillinsand the observa
tions of Sheehan et al>% who extensively studied the
IR spectraof B-lactams. It hasbeen reported that when
ap-lactamringisfused to thiazolidinering, the—C=0
absorption occursintherange 1780-1770 cm. Inview
of theseobservati ons, the absorption band around 1780
cmrt observed inthe IR spectraof amoxicillin can be
assigned to B-lactamring.
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Further, these workers have a so pointed out that
theoxidation of sulphur atominfused f-lactam system
introduces astrong hypsochromic shift of the—C=0
absorption. It is observed around 1800 cm™ in such
compounds. Morin et ™ havea so pointed out that
the higher IR frequency of strained B-lactam ring can
bedueto penicillin sulphoxide.

Inthe IR spectraof the photoproduct, thereisno
absorption band around 1760-1780 cn? but astrong
absorption band around 1800 cm* isobserved. 1t could
beattributed to sretching vibration of —-C=0 of $-lactam
ring. The presence of theabovebandisdirect evidence
of the oxidation of the sulphur atom of thiazolidinering
and asaresult of thisoxidation theabove mentioned—
C=0 absorption has suffered astrong hypsochromic
shift. Theoxidation of thethiazolidinesul phur of Amoxy
molecule during the photocatal ytic reaction isfurther
supported by the presence of absorption frequency
characteristic of sulphoxidewhich have been observed
as strong and sharp absorptions around 1050-1035
cm® dueto stretching vibrations of sulphoxide (vSO).
Archer and DeMarco!® havefurther supported these
observationsby giving IR frequencies of B-lactam at
1800 cm* and of sulphoxide at 1050 cn®. The fre-
guency at 530 cn? can be attributed to deformation
vibrationsof sulphoxides. The SO deformation frequen-
cies have been studied by Kresze et al® at 535-497
cmt, However, according to these workersthesefre-
guenciesaresenditivetothenatureof substituents. Thus,
the presence of strong absorption intheregionsmen-
tioned above in the spectra of the photoproduct can
presumably betaken as presence of SO linkagewhich
iscomplimented with the observation of hypochromic
shiftintheposition of the—C=0 group of the p-lactam
ring fusedtothiazolidinering.

Theband at 750-810 c? resulted from out of plane
bending vibrationsof two substituted benzeneringin
caseof theAmoxy and 780 cm! dueto atrisubstituted
benzeneringintheproduct. Thechangeinthe substitu-
tion of the benzenering in the product could bedueto
themigration of the—NH, groupinAmoxy substrateto
thearomaticring at metaposition.

Thefrequency characteristicsof azo group appeared
at 1455 cmrt inthe photoproduct and it clearly showed
the presence of aromatic azo- linkage. A second band
dueto symmetrical stretching of -N=N groupisaso
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observed at 1200 cnrin the spectraof the photoprod-
uct. Further, the absence of band at 2610 cm™ dueto
v, (bonded) of the—COOH group at 1545 cm* due
to carboxylate anion stretching in the spectraof photo-
product shows the disappearance of -COOH group
from Amoxy during the photoreaction.

The absorption band at 1028 cmt inthe spectraof
Amoxy isattributed to the presenceto the presence of
—C-N dtretching (aliphatic). The conspicuous absence
of theabove mentioned absorption band inthe IR spec-
traof the photoproduct was noticed in severa samples
obtained under identical conditionsand onthebasisof
this, it was concluded that amino group isabsent from
the photoproducts.

NMR

The NMR spectra were recorded on JEOL FX
90Q spectrometer. TheH NMR spectrawere scanned
inDMSO-d,using TMSasaninternd reference.

TheNMR spectral dataof penicillinshave been
largely studiedintheliterature. Manhas and Cowork-
erd'% haveaso displayed the similar valuesfor peni-
dllins

The 'H NMR spectra of Amoxy and the photo-
product displaysasinglet for the two methyl groups
attached to thethiazolidinering at 61.35 and two dou-
blets for the methane protons at 61.05 and 61.45. It
has al so been explained that oxidation of the sulphur
atom to sul phoxide changesthe environment of the 8-
lactam protonsin penicillins.

Accordingly, thechemical shift value of the—CH
doublet increasesto alittle extent in the photoproduct.
It can therefore be assumed that oxidation of sulphur
atom hastaken place; which has also been shown by
UV and IR spectrd studies. Thetwo singletsfor meth-
yleneprotons appesar at 61.68 and 562.40in the spectra
of photoproduct only. The spectra of Amoxy shows
two doublets centered at 66.80 and 67.25 dueto vici-
na hydrogen typed protonsH_and H,. Thetwo pro-
tonstyped H_arechemicaly equivaent asarethetwo
protonstyped H,. H .and H, arenon equivaent toeach
other andtheir signalsare splitinto apair of doublets.
The photoproduct on the contrary displaystwo dou-
bletscentered at 566.80 and 67.35and asinglet at 68.10
ppm dueto threeprotonsof tri substituted phenyl ring.

The N-H protons of amide appear as a broad
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ragged singlet around 65.39 both in Amoxy and the
photoproduct. Thesignal isaffected by the magnetic
and electric properties of *N nucleusto makeit ap-
pear asabroad signal.

The sharp singlet at 63.88 in Amoxy showed its
disappearance from the photoproduct and it is most
likely to be dueto—NH, protons.

The absence of carboxylic proton signalsin the
NM R spectrum of the product which appeared at 611.0
iInAmoxy showsthat it hasbeen lost inthe photocata
lytic oxidation of Amoxy dueto photocatal ytic decar-
boxylation.

Theeffect of natur e of photocatalyst on per cent-
ageyield

The% yied of the photoproduct showsthat it de-
pends on the type of photocatalyst employed. For
samplesirradiated under comparable conditionsthe
% yield of the product inthevisiblelight varied with
the semi conductor in the order Fe,0,.>CdS>WO_>
TiO,=ZnO>ZnSand justinthereverseorder in UV
light, i.e. asthe band gap increased theyield decreased
when the source employed wasvisiblelight and when
the sourceemployedwas UV light theyield increased
withtheincreasein band gap of semiconductors. These
observationsarein accordance with thefact that He-
matite (Fe,0,), CdS and WO, are more absorptive
inthevisibleregion whereas TiO, ZnO andZnSare
mainly UV absorber or in other wordsthe oxide hav-
ingA_,>400 nm absorb moreeffectivelyinvishlerange
and oxidehaving__ <400 nm absorb efficiently in
UV region.

Effect of amount of photocatalyst on percentage
yield

Theeffect of amount of photocatal yst hasa so been
studied on theyield of photoproduct. It is observed
that asthe amount of photocatalyst isincreased, the
yieldisasoincreased but only upto acertain limit. In
the present study, when the amount isincreased be-
yond 0.25 or 0.30 g, the yield no longer increased.
Thisisbecauseinitialy for very small anount, i.e. less
than 0.25 g, the surface areaincreased asthe amount
of photocatalyst isincreased but after acertain vaue
the surface areano longer increases (asthe bottom of
thevessel became completdy covered with photocata-
lyst). Now only thethicknessof thelayer increased in-
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stead of the surface area, so the yield of the photo-
product remained constant asthe amount of photocata:
lyst wasincreased.

CONCLUSIONS

Proposed structure

Onthebasisof the data presented by spectrdl, €l-
emental and functional group studies, thefollowing
structure was proposed to the photoproduct obtained
inthephotocata ytic reaction of Amoxy:

==
o
\

o}
\\?-wj
HO CHo—Cc—NH—C—C_
[ ?

o

0]
Figure1: Photoproduct of amoxy

Themolecular sructureof Amoxicillinisasfollows;

C,H,;N,O.S3H,0

The photoproducts containthe phenolic group, but
the—NH, group attached to phenolic moeity viaC-9
isabsent from the photoproduct whichisindicative of
the possibility of oxidation of the—NH, group. From
the spectral datait was clear that -NH,, group was
oxidized to—N=N group. Further negative test for
carboxylic group indicates decarboxylation in photo-
product.

Proposed mechanism of photocatalysed reaction
of amoxicillin

The plausible mechanism of the photoreaction pro-
posed on the basi s of the structure of the photoproduct
edtablished after acareful quditativeanayssfor itsfunc-
tiona group andinterpretation of UV-Vis IRandNMR
spectral data can be presented asunder:
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Where R = OH_Q_?H_C_NH—
NH,
rearrangement
HO CIIH-R' —> HO CH,—R'
NH,
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CHs
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WhereR'= —C—NH ]<CH3
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Ar—NH, + h* or (SC) — 3 Ar—NH,* + SC
X) (X1
—_— + - .

Ar—NH3" + Oy —— Ar—NH + HO,
(X1) (X1
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(X1

O,

Ar—N=N—Ar
(XIV)
Where Ar =
o

9 Lo
OH CHy—C—NH ]<CH33
N
(@)

Where, SC= Semiconductor, CB= Conduction band, VB=Val-
ance band, h*= hole, e= electron.

Intheabove photochemicd reactiontheinitia steps
lead to theformation of e- h* pair by the excitation of
semiconductor photocatalysts. Theadsorbed O, isuti-
lizedintrapping & assuperoxideion and thisprocessis
well confirmedin many referencescitedinthelitera-
ture, like Fox and Duley™, Ikezawaand Kutal2. In
many such reactions, theyields of the oxidized prod-
uctsaredrastically reduced in N, atmospherewhich
confirmed the participation of O, inthesereactions,

Decarboxylationof (I) inthe presence of H,O takes
place asshown in thereaction scheme. Decarboxyla
tionisindicated by the absence of the absorption pegks
associated with—COOH groupin UV, IR and NMR
spectra. The substrate gives effervescence with
NaHCO, but the photoproductsdid not respond to the
test of carboxylic group. The mechanism of decarboxy-
lation isshown by Kraeutler and Bard™® in photocata-
Iytic reactions. The oxidation of Sof thiazolidinering
(IV) to sulphoxide occur by OH’radicals.

The oxidation of B-dichloroethyl sulphides to
sulphoxide and sul pone has been shown by Fox et
a4, Oxidation of penicillinsto sulfoxideby avariety
of methodsto asingle sulfoxide hasal so been shown
by Archer and DeMarco™®. The mechanistic aspect of
the oxidation viaOH? radicalswhich areformed when
holestrapped at semiconductor surfacereactswith
OH-in agueous medium has been discussed™. The
spectral data about the nature of the photoproduct
a so confirmstheformation of sulphoxide. Theforma:
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tion of azo- linkage can be explained by the photooxi-
dation of amino group of (V111). The presence of azo-
linkage peaksin the photoproducts were indicated
fromitsUV and IR spectra. The disappearance of —
NH, peaks was confirmed from its NMR spectra.
Hamaet d*% and Kumar and Kumart*” have reported
the photooxidation of anilineto azobenzenein pres-
ence of ZnO and CdSrespectively.

The migration of -NH,, group to ortho and meta
position of the benzenering under irradiation was no-
ticed by Ninomiyaand Naito*® in case of benzylamine.
The—-NH, moiety isattached to C-9 of the substrate
(V1I). Itsmigration proposed ameta amino moiety
(1X). Theformation of ortho substituted phenolic moi-
ety isforbidden in substrate because of steric reasons.

Inthefinal conclusionit can be stated that there-
action scheme proposed aboveisin conformity with
the composition and structure of the photoproduct es-
tablished onthe basis of analytical and spectral data.
Theformation of thee-h* pair and speciesinvolvedin
oxidation like superoxideion and the OH’radical is
based onthewdl | established mechanismsreportedin
theliterature. Theformation of variousintermediate
products has been proposed keeping in view the ab-
sence of amino and carboxylic group in the photo-
product. The —-COOH group is decarboxylated
whereasamino group isoxidized tofrom -N=N- link-
age by involving two molecules of substrate. The oxi-
dation of Satom of thiazolidinering to sulpoxideis
plusiblein view of the hypsochromic shift of the CO-
frequency (v_) of B-lactam ring of the penam struc-
ture of the substrate. The above conjectureisfurther
supported from the gppearance of aconspicuousand
characteristic absorption at 211-215 nm due to
sulphoxide group inthe UV spectraof the photoprod-
uct obtained from substrate.

Further, for improving the photocatal ytic process,
the combination of heterogeneous photocatalysiswith
ultrasonic irradiation, photo-Fenton reaction,
ozonation or electrochemical treatment can beabet-
ter tool®. Finally the application of photocatal ysed
semiconductors has been successfully used for
remediation of widevariety of contaminants contain-
ing compoundslike alkanes, phenols, aromatic car-
boxylic acids, dyeshal ogenated al kanes and alkenes
etc. inaqueous solution,

Au Tudian Yournal



OCAIJ, 7(6) 2011

[1]
[2]
[3]
[4]

[5]
(6]
[7]

(8]
[9]

Sangeeta Was et al.

343

REFERENCES

Z.Golvgin, J.Z.Koncan, T.Tider; J.Envir.Eng., 133,
89 (2007).

E.Stahl; ‘Thin-Layer Chromatography’, Springer-
Verlag;, New York (1969).

A.Lodha; Ph.D. Dissertation, M. L. SukhadiaUni-
versity, Udaipur, India (1990).

H.T.Clarke, J.R.Johnson, R.Robinson; ‘The Chem-
istry of Penicillin’, Princeton University Press,
Princeton, N.J., (1949).

J.C.Sheehan, H.W.Hill, E.L.Buhle; J. Am.Chem.
Soci., 73, 4373 (1951).

J.C.Sheehan, A.K.Bose; JAm.Chem.Soci., 72,
5158 (1950).

R.B.Morin, B.GJackson, R.A.Mudller, E.R.Lava
gnino, W.B.Scanlon; JAm.Chem.Soci., 91, 1401
(1969).

R.A.Archer, PV.DeMarco; JAm.Chem.Soci., 91,
1530 (1969).

Kresze, Ropte, Scrader; Spectrochim.Acta, 21,
1633 (1965).

—= Py/] Paper

[10] M.S.Manhas, S.Jeng, A.K.Bose; Tetrahedron., 24,
1237 (1968).

[11] M.A.Fox, M.T.Dulay; Chem.Rev., 93, 341 (1993).

[12] H.lkezawa, C.Kutal; J.Org.Chem., 52, 3299
(1987).

[13] B.Kraeutler, A.J.Bard; J. Am.Chem.Soci., 100,
2239 (1978).

[14] M.A.Fox, A.A.Abdel-Wahab; Journal of Catalysis,
126, 693 (1990).

[15] D.Duonghong, J.Ramsden, M.Gratzel ; JAmM.Chem.
Soci., 104, 2917 (1982).

[16] M.A.Hema, V.Ramakrishnan, J.C.Kuriacose; In-
dian J.Chem., 15B, 947 (1977).

[17] A.Kumar, S.Kumar; Photochemistry and Photobi-
ology A: Chemistry, 69, 91 (1992).

[18] Ninomiya, T.Naito; ‘Photochemical Synthesis’,
Academic Press, Original from the University of
Cdlifornia, (1989).

[19] V.Augugliaro, M.Litter, L.Palmisano, J.Soria;
J.Photochem.& Photobio.C: Photochem.Reviews,
7, 127 (2006).

[20] M.R.Hoffmann, ST.Martin, W.Choi; Chem.Rev.,
95, 69 (1995).

e, Onganic CHEMISTRY
Au Tudian Yournal



