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ABSTRACT

The increased encounter probability between ammonia and methylene
blue dye(M B*) incorporated in nanomordenite and Na-M OR zeolites dem-
onstrated the reduction capacity of ammonia while present even at ppm
level. The rate of reduction methylene blue dye by ammonia on the sur-
face nanomordenite zeolite is faster than Na-MOR zeolite. Because
nanomordenite zeolitewith high silica(Si/Al=15) and surface area400 (m?/
0) isreferred to as hydrophobic support with respect to Na-MOR zeolite
(Si/AI=6.5). On the other hand, the rate of color bleaching of MB* by
ammonia was found to be fastest in proton form of nanomordenite and
mordenite zeolites. The results obtained with the zeolites were also com-
pared with non-ionic micelle(TX-100). The calibration graph isvalid for
wide range of concentrationsin nanomordenite zeolite. Thelimit of detec-
tion (LOD) is 0.12mg ml%. This method is simple, sensitive and easy to
carry out. By using only aUV-Visi bl e spectroscopy, ammoniacan be quan-
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INTRODUCTION

Zeolitesarecrystdlineslico-auminateswithavery
preci se micro-porous structure and present somewel |-
known generd featuresresponsiblefor their extensive
applicationsin catalysis, adsorption andion exchange”.
Thesepropertiesarerd ated to thepossibility of generat-
ing and regulating the aci d-base and hydrophobi c-hy-
drophilic character, and strong selective adsorption af -
finities. The propertiesof the zeolite depend mainly on
the particular zeolitestructure, framework composition,
cation natureand porestructure, and can beeasily modi-
fied. Zeoliteparameterssuch asparticlesize, surface
area, pore diameter, mechanical strength, microbia re-

sgtance, therma stahility, chemica durability, hydropho-
bic/hydrophilic character, ease of regeneration, loading
cgpacity and cost, will influencethebehavior of thecata
lyst anditspractical and technica applicationg?.

Inthe somereaction, the water content of the sup-
port isanother important parameter!. For example,
from thed ectrochemica datawasfoundthat reduction
reaction between MB* and NH, isthermodynamically
allowed but dose not occur appreciably in water. A
“kinetic barrier” arising from a low encounter probabil-
ity dueto the solvated nature of thereactants may ex-
plain why thereduction reaction isnot observed onthe
experimental timescale. Toremovethisbarrier andto
increasetheencounter probability inthemethyleneblue
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reduction by ammoniadifferent micelles have been
used®. But, thereisproblem associated with the use of
micelle solutions. The dye molecul escan be entrapped
inthe hydrocarbon core of themicellesand therate of
reductionissow.,

Inthe past decade, anincreasing number of sudies
ontheoptical propertiesof dye-loaded zeoliteswere
published™. Thezeoliteframework representsahost
material exhibiting higher stability against organic sol-
vents, acids and basesaswell asahigh resistanceto
temperatureand radiation. Thezeolite structureenables
the access of dye moleculesinto the poresof themate-
rial host and aso may provideanchoring sitesto stabi-
lizethem™,

Hydrophobic zeoliteslike ded uminated zeolitesor
zeoliteswith high Si/Al can bedternative supportsfor
removing thisbarrier®, Hydrophobic zeolitesare non-
flammabl e, with stand temperature and can easily be
regenerated™>*4, Hydrophobic zeoliteshave been cho-
sen to incorporated reducible organic compounds
(MB"). Inthe next step, ammoniaencountersthein-
corporated molecule and has been observed for the
first timeto play theroleof areductant. Thisobserva-
tion hasgenerated interest in devel oping aquantifica-
tion techniquefor ammoniadetection.

In general, colorimetric methods™ areused for the
determination of ammoniain aqueous environments.
However, color or turbidity interfereswith these meth-
odsand therefore, atime-consuming preliminary distil-
lation step!*® isrequired beforeanalysis. Thus, afast
and highly sensitivemethod isdesired. At present, an
ammonia selective el ectrode method*"*® has been
widely used for determining ammoniain environmentd
samples. However, thismethod issusceptibleto inter-
ferences by aminesd®?. A few years ago, agas phase
molecul ar adsorption method has been reported but
thismethod isnot quite assensitive®,

Theammoniase ectivee ectrode method hasalso
been applied in combination with flow-injection sys-
tems. Apart from direct sensing of anmonia, theelec-
trodes have a so been used astransducersfor monitor-
ing enzymatic reactions during which ammoniaisre-
leased or consumed. The determination of urea, which
by cataytic action of urease, ishydrolyzed to giveam-
moniaand carbon dioxide, isarepresentative example
24, Ammonia€ ectrodes can also beexploited to moni-
tor thebinding of antigensto antibodies?. Despitethe
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utility of present day € ectrochemica ammoniasensors,
they have some disadvantages: (1) they do not lend
themselvesto miniaturization; (2) itisnot easy to seril-
izethem; (3) their performance can beaffected by sur-
facepotentids, resultingindriftingsignd; (4) asinother
potentiometric methods, areference electrodeisre-
quired, dongwithistroublesomeliquid-liquidjunction.

For thedetermination of theair vapor concentra-
tion (AV C) of anmoniaseverd methodsareavailable,
but noneisrapid, smpleand sensitivefor practical ap-
plications. The Berthd ot reaction®!istime consuming
and unsuitablefor AV C studies. TheAV C of ammonia
can be determined by other methods? but none of
themissuitablefor useasapersona dosmeter. Other
techniquesthat includemol ecular absorption, gaschro-
matography with chemiluminescencedetection and fluo-
rimetric methods??% are well-documented but require
sophisticated apparatus.

Theassay of anmoniahasfoundincreasingimpor-
tanceinthediagnosisof several disease states, suchas
hepatic coma, Eck's fistula and Rey's syndrome?’.
Higher dosages of ammoniamay causeiritis, bronchoc
onstriction and dyspnca?l. Hence the detection of
ammoniaisvery important not only for air quality sud-
iesbut asofor diagnostic purposes.

Inthispaper, itisreported for thefirst timeasimple
demonstration of the unusual reducing capability of
ammoniathat |eadsto acost effectiveand sengtive UV-
vis spectroscopy method for the determination of am-
moniaconcentration. Thismethod utilizesthequantita:
tive color bleaching of methylene blue by ammoniain
nanomordenite(Si/Al=15) and Na-mordenite(Si/
Al=6.5) zeolites. Thedecreasein color intensity of MB*
isadirect measure of theammoniaconcentration and
henceissuitablefor routine anaysis. Ammoniacon-
centration can bedetected at the parts-per-million (ppm)
levd. Possbleinterferenceshave been investigated and
thestandard deviation of themethod has been estimated
to be+2%. The results obtained with the zeolites were
aso comparedwith TX-100 micelle.

EXPERIMENTAL

Reagents

Ammonia solution(0.1M) was prepared from a
stock ammoniasol ution(17M) by proper dilution meth-
odsusing distilled water and standardized by standard
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HCI solution. MB* reagent wasof andytica gradefrom
Merck. Stock solution of MB*(1.0x107%) was prepared
inwater. Poly (oxyethylene) iso-octyl phenyl ether (Tri-
ton X-100 or TX-100) was purchased fromAldrich.
TheNa mordenite(Na-M OR) and nanomordenitezeo-
liteswere synthesized in our |aboratory based on the
described procedure in the literature, respectively
(2030 All other reagentswereof analytical gradefrom
Merck or Sigma.

Samplepreparation and treatments

Methyleneblueloaded samples(MB-NaMOR and
M B-nanomordenite) were prepared by ion exchange
method. To obtain MB-NaM OR and M B-nanomor
denite samples 3 gramsof zeoliteswerelightly ground
and immersed in 150ml of an agueoussolution of 1.0
x10°*M methylene blue and the solids were shaken.
Samples of MB-NaMOR and M B-nanomordenite
were synthesisafter 24h. The sampleswere carefully
washed with hot deionized water for severa timesto
removed occlude material sand surface-adsorbed spe-
cies. Samplesa so, were cleaned with using an ultra-
sonic cleaner. Thenthesolidswereovendried at 70°C
for 5 h. The quantity of the adsorbed MB* was esti-
mated to be 1.13x10°*mmol/g Na-MOR and 2.8 x
10*mmol/g nanomordenite.

Characterization

All UV-visibleabsorption spectrawererecorded
in a Shimadzu UV-1650 PC spectrophotometer
equipped with 1cm quartz cell.

Thecrystalinity of thesampleswaschecked by X-
ray diffractometer(Philips PW 1840) with Cu-
Karadiation at roomtemperature. XRD patternswere
recorded using an automatic divergencedlit system.

Chemical analysis of the mordenite and
nanomordenitewere done by energy dispersive X -ray
andysS(EDX) joined toaPhilips XL 30 scanning el ec-
tron microscopes. Thewater content of the samples
was determined by gravimetry. From EDX data unit
cell composition of the Na-M OR and nanomordenite
were Na, [(AlO,), (SI0,),,].23.7H,0 and Na,,

TEA, [(Al),(S),,(0),.,]. 10H,0, respectively.
RESULTSAND DISCUSSION

Absorption spectrawere measured with adouble-
beam spectrophotometer on both homogeneous solu-
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tionand dilute dispersions of zeolites. Because of the
small particlesizeand the high dilution good quality,
transmission spectracould be measured. When neces-
sary, adye- freediluted zeolites dispersion was used
to determinethe baseline. To measure the spectra of
zeolites contai ning methyl ene blue cation, about 1mg of
MB-Nazeolitesdispersed in 2mL of water. The UV-
visiblespectrum of MB-nanomordeniteshowsai _ a
655nm(Figure 1) and similar result was obtained for
MB-NaMOR zeolite. Theother spectraweretaken as
follows: 1mgM B-zeoliteswasmixed 2mL of distilled
water and different amounts 1-800uL of an aqueous
ammoniasolution(0.1M) wereadded. UV-visspectra
of M B-zeolites show the decrease in the absorbance
vaueat 655 nmwithincreas ngammoniasolution(0.1M)
intherange 1-800uL (Figure 1).
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Figurel: UV-visspectraof thereduction of M B by varing
amountsof ammoniain nanomor denitezeolite. I nset shows
theabsor bancevs. concentration of ammonia (ppm) plot
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Figure2: UV-visblespectrathereduction of M B by vary-
ing amountsof ammoniain TX-100 micelle
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In an other stoppered cuvette 2mL of TX-100
(0.2M) and 50uL methylene blue(9.0x103M) were
placed. The solutionshowed a2 __ at 655nm. Then
this solution wasmixed with 1-800uL of an agueous
ammoniasolution(0.1M). After 2min(thetimerequired
for manipulation) the decreasein theabsorbance vaue
of themicelle-stabilized dye(MB*) was monitored at
655nm (Figure 2). The bleaching of MB* color givesa
guantitative measure of the ammoniaconcentration
present inthezeolites.

Methylene blueisawater-soluble non-toxic cat-
ionic dye, whichisbluein color and upon reduction, it
become colorless. Theopticad spectrum of MB* inwater
showstwo 665 and 610 nm bands which correspond
to the monomeric and dimeric form of MB inwater,
respectively(Figure 3). In zeolite sampl es (Nanomor
deniteand NaMOR) and TX-100micelleitsi __ shifts
to 655 and 605nm.

Inwater, therate of reduction of MB* by NH_ has
been observed to be negligibly small andit takesalong
timeto observean appreciable changein color of the
dye. A similar observation wasnoted in thecase of the
M B*-ascorbic acid reaction in water in the absence of
any surfactantY. In alikewisefashion, the dow reac-
tionof NH, with MB* inwater isthought to be dueto
low encounter probability. For increasethe encounter
probability intheMB* reduction by NH,, nanomordenite
and Na-MOR zeolites with different Si/Al ratio
(nanomordenite Si/Al=26.5and Na-M OR Si/Al=6.5)
wereused. Theresults obtained withthe zeoliteswere
also compared with TX-100 micelle. Theorder of re-
action, reduction of MB*with NH, in zeolitesand TX-
100is(Figure4):

Rate M B-nanomordenite>Rate MB-NaM OR>
Rate TX-100 and the rate constant values are 8.6 x
102, 5.28x102and 2.63x10°min?, respectively. That
is, therate of color bleaching of MB* wasfoundto be
fastest inthenanomordeniteand Na-M OR zeolites. The
siteof incorporation of dyemoleculesdependson their
relative hydrophobic and hydrophilic tendenciesand
electrogdicinteractions.

Thecationic form of methyleneblue hasthe structure
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Figure3: Electronic spectraof MB in: (a) water and (b)
hydrochloricacid
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Figure4: Absorbancevs.timeplot for thereduction of MB
by ammoniain (a) TX-100, (b) Na-M OR and (c) Nanomo
rdenite

and the minimum effective kinetic sizeis ca. 0.7x
1.6nm™2, On the other hand, in aprevious study, we
observed that intercal ation or encapsulation MB* into
channel mordenite(channd diamer 0.65-0.7nm) took
about after 3-4 days®34. Therefore, MB cationisex-
changed on the surface of the nanomordeniteand Na-
MOR zeolites after 24h. Onewould therefore expect
the M B cation to be unableto enter the channel struc-
ture of nanomordenite.

The study have been shown that methyleneblueis
exchangeon the surface of the zeolitesby both el ectro-
static and hydrophobicinteractiong®!, wheressMB* is
bound to near the surface of the non-ionic TX-100
micelle(short penetration) by hydrophobicforced®%37,
Then, inggnificant color bleaching of the dyewas ob-
served in TX-100 with respect to zeolites. Thismight
be dueto short penetration of the dyein the TX-100
micelledueto hydrophobicinteractions. Thismight be
thereasonsfor thelow collision probability between
MB* and NH,.

Zeoliteframework composition
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Theresult showsthat, therate of reaction MB* re-
duction by NH, in nanomordenitezeoliteisfaster than
Na-MOR. One of the most important parametersin
thezeoliteframework compogtionisitsSi/Al ratio. In
fact, theauminum content of the crystalline network
will determinetheglobal framework charge, aswell as
theamount of cationsin the structure, and will drasti-
caly influence the hydrophobic/hydrophilic character
of thestructure.

Two sodiumformsof zeolites, with different frame-
work compositions, weretested. The Si/Al ratio for
as-synthesized nanomordenite and Na-M OR deter-
mined by EDX/SEM were 15 and 6.5 respectively.
Nanomordenitezeolitewith highslicacarrieslessframe-
work charge and is commonly referred to as hydro-
phobic support and with high surface areaisagood
median for adsorption ammonia. The opposite holds
truefor highauminazeolitessuchasNaMORthat is
labeled hydrophilic character’*®. Hence nanomordenite
zeolite hashigh hydrophilic character with respect to
Na-MOR zeolite and therate of reaction M B* reduc-
tion by NH, increase on the surface of the hydrophobic
nanomordenite. Serralheet.a reported similar obser-
vation for some zeolites (such as Na-mordenite and
nanomordeniteNaY and NaZSM-5...) as supports
for anenzymatic dcoholys sreaction. They resulted thet
the Si/Al ratio of theframework revea ed to beimpor-
tant parameters. They showed that, zeoliteswithahigh
Si/Al ratio present higher hydrophobic character™,

Thenaureof thecationinthezeolitestructure, which
will affect thewater bindingto thezeolite, will influence
theamount of water that must be presentin thereaction
media. Meininghaus et.a has been reported™¥ that,
stronger interactionswere observed between thewa-
ter and charge ba ancing sodiumionsascompared with
Bronsted acid sites. They showed that, higher tempera:
ture were necessary for the regeneration of a
nanomordenite zeolite. Furthermore, its capacity for
water wasgreater, resulting in stronger hydrophilicity.
However, the proton form resulted in chemica conver-
sion during thermal regeneration then itscapacity for
water wassmadller, resulting in stronger hydrophobicity.
Serralhe and et.al has been reported® that, zeolites
containing cationswith ahigher chargedengty will bind
water moretightly and they arestronger hydrophilicity.
These reports are similar to the results obtained by
Adlercreutz!¥, inthisstudy of thewater effect onthe
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acoholysisactivity of chymotrypsin on different sup-
ports.

Calibration graph and other statistical parameters

Theanayticd utility of thisstudy wasinvestigated
using thecdibration curvefor variableamountsof am-
moniaaddition. Theammoniadependent decreasein
absorbance of the dye(due to the reduction MB* by
NH.,) givesaquantitative measure of ammoniacon-
centrationin solution. Theplotislinear intherange of
0.049-2.8 x10*M of ammonia(dueto the addition of
1-800uL of 0.1M ammoniato 1mg of MB-zeolitein2
mL water). Themethylene blue content inthe nanomor
denite zeoliteis 2.8 x103. The absorbancevalues, A,
arerelated totheconcentrationammonia, C, (mg/mL)
by the equation:

A =-9.0x 10*C,,,,+0.3345

with acorré ation coefficient to 0.9809. The estimated
for thestandard deviation from 9 blank measurements
is4.8x 10-°absorbance units. Thelimit of detection
(LOD) is0.16 ppm and calculated as LOD=3S,/m
where S, isstandard deviation of theblank and misthe
dop of thecalibration graph.

Interference by other species

Interferencesdueto various cationsand anionswere
studied indetail. Large excesses of urea, boric acid,
EDTA, nitrate, sulfate, chloride, carbonate, iodideion,
sodiumion, potassumion and pyridinedo not interfere
at al in the determination. NH,NO,, NH Br, NH,
OOCH, did not react with the MB* incorporated in
zeolites(nanomordeniteand Na-M OR). However, a
mixture of ammonium satsaong with NaOH at room
temperature reduced the blue col or of the MB* incor-
porated in abovezeolitesquantitatively asinthe case of
NH,. Hydrazin, aniling, dimethyl amineandtriethyl amine
interferestrongly.

CONCLUSION

Thispaper not only describesamethod for ammo-
niadetermination viathecol or bleaching of thecationic
dyeMB* incorporatedin nanomordenitezeolitebut dso
explainsthe “zeolite catalyzed redox reaction”. The
cation of structureand framework composition of the
zeoliteshasamarkedinfluenceonthecatalytic reaction
them. Theresultsshow that, reduction methyleneblue
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by ammoniafor zeoliteswith high Si/Al ratio isfaster
than zeoliteswith low Si/Al ratio. On the other hand,
thenature of thecationinthe zeolitewill affect thewa-
ter binding tothe zeolite. Therate of color bleaching of
methylene blue dyewasfound to befastest in zeolites
with respect to non-ionic micelles. Because cationic
dyesdiffuseinto hydrocarbon corenon-ionic micelles
and encounter probability decreases between methyl-
eneblueand ammonia. But zeolitescontainingmultiple
adsorption sites, strong interaction with cationic
dyes(MB*) (hydrophobic and electrostatic force) and
itsorganized structure are better than micellesfor re-
duction reaction methyleneblueby anmonia
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