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EPR STUDY OF RADIATION INDUCED PARAMAGNETIC
SPECIESIN ALUMINOSILICATE COMPOUNDS

EMILIA S. VANEA, V. SIMON’

ABSTRACT. Electron paramagnetic resonance (EPR) spectrossapyused to
characterize paramagnetic centres occurring in gamamirradiated aluminosilicate
systems containing rare earth and/or iron thatlmeaysed for biomedical applications.
The investigated samples were obtained followirey gbl-gel route. After drying at
110°C the samples were heat-treated at 500°C or 12005@Gally the sterilisation
of such biomedical compounds is realized with gamaye. For this reason the
samples were gamma irradiated and investigatedregibect to possible occurrence
of nocuous irradiation effects. The EPR studiesalestrate that various radiation-
induced defects, like surface defects and peromire® are present in the analysed
systems. A higher concentration of defects wasctietdor samples treated at 500°C,
as compared to samples treated at 1200°C.

Key words aluminosilicate compounds; gamma irradiation; pagmstic centres; EPR

1. Introduction

Glass systems are very often used as bone repairthgubstituting materials
in many dental and orthopedic applications dudéwd £xcellent biocompatibility and
osteointegration [1]. Aluminosilicate systems comitey radioactivable isotopes like
yttrium, dysprosium, samarium or rhenium are ofriest for in situ radiotherapy [2].
Aluminosilicate glass microspheres containing radiive yttrium are currently
employed with success to treat liver cand8@uminosilicate glasses containing
holmium were tested in human mammary carcinomaaf] glass microspheres
with praseodim are considered to treat kidney diseand save health tissues from
undesirable exposure to high dose radiation [4].

Moreover, the simultaneous application of radictpgrand hyperthermia
considerably enhances the therapeutic effectsediib cancer treatment methods [5].
The addition of iron oxides can introduce a fergmetic phase proper for local
heating by magnetic hysteresis. To reduce the ofskfections and associated
complications it is necessary to sterilize all neatlimplants after fabrication and
prior to their use t [6, 7]. Despite the availdlilof a wide range of sterilisation
techniques, it is generally agreed that no sintgglisation process is capable of
sterilising without adverse effects, all proceskasging their own advantages and
disadvantages [8-10]. Radiation sterilisation s#i ionising radiation, using either
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gamma rays from a cobalt-66°Co) isotope source or accelerated electrons.
Gamma irradiation is the most popular form of rédrasterilisation, the capability
of ionising radiation to kill microorganisms beirggtablished early in the past
century [11]. This method is a very easy, rapid effitient sterilization way, but
as every sterilization method, has its own incoresn

This article briefly describes the gamma irradiatsdfects on aluminosilicate
compounds of biomedical interest for sterilisagpurpose. In the present work we
report the studies of paramagnetic defect centreslica—based sol-gel materials
that were produced at room temperature contaiirgggarth (yttrium or dysprosium)
and iron. A promising technigue that can be usatesaribe and explain the radiation-
induced paramagnetic centres is the Electron Payaetia Resonance (EPR).

2. Materials and M ethods

The composition of the investigated aluminosilicaystems is given in
Table 1.

Tablel
Sample composition
Code Components (mol %)
Si O, Al 203 FQOg Dy203 Y203
S1 60 20 20
S2 60 20 10 10
S3 60 20 10 10

The compounds were synthesized by means of sabggbd using as starting
materials silica acid and aluminium, iron, yttritand dysprosium nitrates. After
the gel formation, the samples were filtrated, dird¢ 110°C for couple of hours
and then heat-treated at 500°C for one hour an@°Q@or 24 hours, respectively.
In order to check the bioactivity, an amount of keaample was immersed in
simulated body fluid (SBF) for forty days at 37 °Both unimmersed and SBF
immersed samples were exposed to gamma rays fewankeks, using &Co
source with a debit dose of 10 Gy/h. The irradiatdnse was close to 8 kGy.
Electron resonance spectra of the sol-gel matesiaie recorded by means of EPR
spectrometer, ADANI type, operating at 9.4 GHz @0d). The magnetic field was
modulated at 100 KHz and the spectra were displagethe first derivate of the
absorption curve. All spectra were recorded at reemperature.

3. Results and discussions

The EPR spectra of the examined aluminosilicatepoamds are presented
in Figure 1.

Various radiation-induced defects like surface dsfeand peroxy-centres
are present in the analysed systems [12]. The igésecr of radiation-induced
centres in amorphous silica based materials agugprdi notation given by lkeya
[13] will be used in our further considerations l&2).

4
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Table2
Possible defects observed by EPR in silica basé¢eriaiz [12, 13]

E' centres =SjeSi=

Electron trapped in the oxygen vacaréy= 2-00179; 2.00053;
2.00030

Oxygen hole centre (OHC) |=SI-O—(-0s)-SE

Interstitial oxygen ion Obonds whit &9 = 2.0014; 2.0074;
2.023

Nonbonding oxygen hole  |=Sj—Qs

centre (NBOHC) Proton is released from Si-OH and a|9 = 2.004; 2.008; 2.021
hole is trapped at the remaining oxygen

Beside the typical BEEPR lines (atg ~ 4.3 corresponding to the isolated

Fe3* ion and at g =~ 2 attributed to the If’é'species that participate to dipole-
dipole interactions), additional signals occurringm paramagnetic defects were
detected mainly for 1£Q dried and 500°C heat-treated samples (Fig. J.&dv
the crystallised samples resulted after the heatdd applied at 1200°C (Fig. 1 c, d)
the EPR spectra reveal a very weak signal.gtc2.01 due to a low number of
lattice defects associated with oxygen or caticzanaies, that denotes a very good
stability of the crystalline compounds. The anayisidicates that for the samples
treated at 500°C the defects concentration is meérli greater than for the
samples treated at 1200°C.

The most important and studied radiation-inducedntpalefects in
amorphous silicon dioxide (S¥D are the E’ centres [14], arising from the
hyperfine interaction of the unpaired electron wéth°Si nucleus (nuclear spin
I=1/2) [15]. Under irradiation the peroxy radicarcconvert to ai centre due to
irradiation-induced release of oxygen [16, 17].deéntres cannot be detected by
EPR because of saturation even at very low powerowaves (0.01 mw) [13].
Regarding the g factor (Fig.1 b, f) of the sampiteated at 500°Che presence of
peroxy-centres, OHC (g= 2.037) and NBOHC (g= 2.02; g = 2.0179; g~ 2.
009) can be assumed in good agreement with thégeditained before (Table 2).
For the samples treated at 1200°C the radiationced defects cannot be showed
by EPR, explaining the very good stability of thestalline compounds. The
immersion in SBF doesn't influence the presencéeadects in radiation-exposed
materials (Fig.1 e-h).
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Figure 1. The EPR spectra recorded, after gammadidtion, of the samples heat-treated
at 500°C before (a, b) and after SBF immersioff) @pd at 1200°C before (c, d)
and after SBF immersion (g, h).

4. Conclusions

The effect of gamma irradiation on new biomedi@atrgnosilicate compounds
was investigated. The exposure to gamma rays wastag on the basis of the
premise of using this technique for sterilisatiamgmse. The number of defects in
aluminosilicate compounds, which can be responddrleytotoxicity, depends on
the sample structure. The samples treated at 5@@8Qlefects concentration is
meaningful greater than for the samples treatd@@®°C, denoting that the greater
the crystallisation degree the better the stabditythe irradiated samples against
the occurrence of radiation defects. There is fferéince concerning the EPR line
shape for the samples category that was immersg&before gamma exposure.
The EPR spectroscopy was exploited as a suitalileoshéor searching the defects
responsible for cytotoxicity in the materials teste
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THERMAL INVESTIGATION OF NANOCRYSTALLINE
BONE PHASES

M. TAMASAN' S. SIMON', M. BACIUT? G. BACIUT?,
V.COMAN? V. SIMON*

ABSTRACT. The present study was carried out with the intenté thermally
analyse bone samples of different origins and w&fraéning heat treatment temperatures
proper for developing a methad obtain hydroxyapatite (HAP) powder usable for
biomedical applicationBones studied here were deer antler, human slattlec
pig, fish, hen and turkey. The results show thatémoval of the organic matrix can be
achieved by heat treatments applied abovéG0A8t the same time it was evidenced
that the organic matrix has sensibly different eabtin the investigated samples,
depending on the bone nature.

Keywords: DTA, DSC, natural hydroxyapatite.

I ntroduction

The study of the effect of heat treatment on diffietypes of bones has been a
constant preoccupation of many researchers, dieceaicined bone can be used as an
osteoreproductive biomaterial for filling osteafat#s [1-5]. The X-ray diffraction [1]
and electron microscopy data [3] reveal that bbthrhicrostructure (crystallite size
and microstrain) and the ultrastructure (inherisue architecture) are not altered by
heat treatment at 400-500°C. Heating a bone atdemyres above 500°C causes
complete destruction and removal of organic comptg3, 6-8]. Further heating,
over 600 to 700°C, leads to recrystallisation & blone mineral by a rapid growth
of bioapatite nanocrystals and disappearance wétstial distortions [1, 9].

Hydroxyapatite (HAP) is one of the inorganic comgrats of the hard tissues such
as bones and teeth. HAP is a calcium phosphate-baseeramic (Ca(PQy)s(OH),),
and has been used in medicine and dentistry becaitseexcellent biocompatibility
with human tissue [1]. HAP is known to be bioactiesteoconductive, non-toxic,
non-inflammatory and non-immunogenic agent [10, Cnsidering the numerous
application of HAP in biomedical fields, variousnslyesis techniques have been
developed [12].

! Babey Bolyai University, Faculty of Physics and Institute for Interdisciplinary Experimental Research,
400084 Cluj-Napoca, Romani

2 |uliu Harieganu University of Medicine and Pharmacy, Department of Cranio-Maxillofacial Surgery,
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M. TAMASAN, S. SIMON, M. BACIUT, G. BACIUT, V. COMAN, V. SIMON

Previous X-ray diffraction (XRD) analyses carriagt on untreated and heat-
treated powdered bones [14] indicate an appamgiiagty concerning the structure of
the non-treated bone samples; a weak narrowindl difetaction peaks for 500°C
treated samples was observed as an effect of siogeaf the crystallinity of the
samples. After 2 hours of heat treatment at 12@Be bone architecture was plenty
affected, the inorganic phase of the bones is noyaresed in a well-defined
crystalline structure similar to that of the purimenal hydroxyapatite

The surface morphology of the samples, previousiglyeed by scanning
electron microscopy [15], is different for the bensith different origins; the deer
antler shows high porosity and fibrousity, whicmdae easily correlated with its
properties of fast and complete regeneration. Tiseostructure of untreated bones
is characterized by large pores and seems to bmuSbHigh porosity is generally
accepted to influence faster resorption in bionmalsetransplanted in vital bone for
defect reconstruction. It is also a favourable petar of a biomaterial for promoting
osteoconduction in living bone.

As a complementary study, the present investigatsm made with the intention
to thermally analyse bone samples of different insigand to determine heat
treatment temperatures proper for developing a odetb obtain hydroxyapatite
using as primary material natural bones.

Experimental

The bone samples studied in this work originatenfrdeer antler, human
skull, cattle, pig, fish, hen and turkey. The stuslya part of a greater research
focused on the remarkable properties of the dadgramwhich has a unique natural
mode of rapid and complete bone regeneration.

The bones were deproteinated for use in osteoitapiam by a first degreasing
with acetone for 48 h and with ethylic ether forr8h and then by heating at 40°C
in the oven until the complete removal of the sotvd his was the initial batch of
samples analyzed.

Because differential thermal analysis (DTA) combivath thermogravim-
etry (TG) is a reliable technique in the study mihaterials and is often used in the
structural characterization of different nanostuoetl materials [13], in order to
establish the thermal stability of the bones westigate them by differential thermal
analyses DTA/TG and DSC methods. The measurementsoarried out on Shimadzu
type derivatographs DTG-60H (differential thermatidhermo gravimetric analyses)
and DSC-60 (differential scanning calorimeter). Tigating rate for DCS runs is
10°C/min on a temperature range of 25-500°, whil&DG analysis was performed
with a heating rate of 10°C/min for a temperatarge of 25-1200°C. Alumina open
crucibles were used for DTA/TG analysis and aluommiopen crucibles for the
DSC analyses. The measurements were made in a idymaogen and air atmosphere
at a flow rate of 70ml/min each.

10
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Results and discussion

The profile of the DSC plots of as prepared sam(#ag 1) reveal at ~70°C
a small endothermic peak and a major exothermi& pea-350°C, followed by a
smaller one at ~450°C (except for the fish bondckvidoes not present the small
exothermic peak). The first endothermic peak istesl with the dehydration
process (mostly water molecules removed from sasfat the samples), while the
exothermic events are related with the degradatioth the combustion of the
organic phase of the bones.

A
| B hen
E turkey
§ o deer antler
£ human skull
3.
- fish
w -
cattle
v L pig
A 1 A 1 A 1 A 1 A 1 A
0 100 200 300 400 500 600

Temp (°C)

Fig. 1. DSC curves of bone samples of different origirig, (pattle, fish,
human skull, deer antler, turkey, hen)

Complementary analyses DTA/TG (differential theranadlysis/thermogravim-
etry) are to be seen in Figures 2 — 8. With theohithermogravimetric plot we can
evaluate the content of the surface water and thanc content in each type of
bone, by means of mass loss analysis. The calonlafi the loss of mass which
accompanied each event — the evaporation of thelermation water and the
degradation of the organic phase of the bone (fatha samples except the fish
one being a two-step process, one of degradatidnoar of combustion) — was
represented in Table 1. These results are in ggoeement with the supposition
that around one third of bone is composed of oaompounds, of which 90 to
95% is collagen, the rest being non-collagenouseprs. Collagen is a fibrous
protein that provides the bone with strength amdilfiility. Due to its excellent
biocompatibility with human tissue, the natural hyd/apatite, resulting after heat

11
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treatments applied on bones at temperatures Higgnethose corresponding to organic
matrix removal, is a potential source for bone tiyngf already used in dental
implants, orthopaedics and maxilofacial surgery.
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B I
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Fig. 2. DTA/TG plots of hen bone
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Fig. 3. DTA/TG plots of turkey bone
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Tablel
Peak temperatures and mass losses evaluated frgoioT G

Sample Peak | Massloss| Peak 11 Massloss||
Type Tpeak (°C) 6) Type Tpeak (°C) 6)

deer antler 78.9 9.58 401 33.74
cattle 81 7.0t 35¢ 24.2¢
pig 71.2 6.2 38¢ 26.17
human sku [  €ndo 72.€ 5.2 exo 362 30.
fish 72.€ 6.5 36 30.1¢
turkey 79.€ 8.07 36C 27.1
hen 70 8.8 357 21
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Conclusions

Differential thermal analyses combined with therma@gnetry results obtained
for the investigated bone samples indicate that#mgdration of the surface attached
water molecules takes place around 70°C. The argavdse of the bones suffers
degradation and combustion processes in the tetopenrange of 300-500°C. The
DCS and DTA data apparently show that bone sanwleifferent origin have a
similar thermal behaviour, but complementary TQydins reveal differences with
respect to the content of organic matter. The @detler, human skull and fish
bones contain over 30 % organic matter, while i other bones this content is
about 21 - 27%.
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PHOSPHATE BUFFERED SALINE-INDUCED CHANGESIN RED
BLOOD CELLSMEMBRANE FLUCTUATIONS

LUIZA BUIMAGA-IARINCA®, VASILE V. MORARIU*

ABSTRACT. Phosphate Buffered Saline (PBS) is a buffer satutommonly
used in biological research because as it is segdptmsbe a normal environment
for the cells. We proved that red blood cells (RBGgtuations cease to be normal
fluctuations when RBCs are suspended in PBS. T¥esiigation was performed
by Detrended Fluctuation Analysis (DFA).
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I ntroduction

Membrane fluctuations are common for many cell® bést known example
is the, so called, flickering of human red blootisc& he simplest way to investigate it
is by recording RBC fluctuations. These cells argegsuitable for investigation of
the fluctuations as they are not nucleated celistevereasonable large diameters,
6—8 pm. Their fluctuation is a low frequency (03+z) phenomenon being easily
recorded with an optical microscope.

Cells preserve all their physiological characterssias long as they are
kept in their natural medium. However in biologieadperiments it is common to
use Phosphate Buffered Saline (PBS) as an artiicispension medium. This is
considered to be a reasonable substitute for saaguasma [1]lt consists of a
solution containing sodium chloride, sodium phosghand some times in addition,
potassium chloride and potassium phosphate.

We have shown that although the PBS is commonly isexperiments,
the cells properties do not remain unchanged. Thetuition parameters for
cellular membrane are drastically modified when RBC is suspended in PBS
compared to sanguine plasma. The method we hawkeinsgder to evidence the
cell membrane fluctuation changes is Detrendedtéaion Analysis.
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Detrended Fluctuation Analysis

The method of detrended fluctuation analysis hasvewr useful in
revealing the extent of long-range correlationsirime series [2]. Briefly, the time
series to be analyzed (witd data) is first integrated. Next, the integrateddi
series is divided into boxes of equal length,In each box of lengti, a least
squares line is fit to the data (representingttbed in that box). The/ coordinate
of the straight line segments is denotedykfik). Next, we detrend the integrated
time seriesy(k), by subtracting the local treng,(k), in each box. The root-mean-
square fluctuation of this integrated and detrended series is calculated by

JORNES SRR, @

This computation is repeated over all time scdlex Gizes) to characterize
the relationship betweefr(n), the average fluctuation, and the box sine,
Typically, F(n) will increase with box size. A linear relationgton a log-log plot
indicates the presence of power law (fractal) agaliUnder such conditions, the
fluctuations can be characterized by a scaling e&pp the slope of the line
relating logF(n) to logn.

The slope of the graph has been termedhe scaling exponent, which
vary from 0.5 (white noise or uncorrelated randaadito 1.5 (Brownian noise).
The behavior is regarded as ain ridise whern = 1 and it extends over at least
orderes of magnitude. The behavior is no longeerdéhed by a power law as
increase above 1 to 1.5. In our case the log-logiplnot linear and, instead, the
relationship betweelogF(n) andlog(n) appears to have two distinct linear segments,
the slopes of both lines are calculated separatedytermed:; anda,, respectively.
The value ofx; proved to be superior g in terms of prognostic ability [3].

Experimental

1 litre of Phosphate-buffered saline (PBS buffeaswwrepared from 8 g of
NacCl, 0.2 g of KClI, 1.44 g of NEIPO, and 0.24 g of KKPQ, dissolved in 800 m
of distilled HO. We adjusted the pH to 7.4 with HCIl and adde@ Itb 1 liter.

The fluctuations of the erythrocyte membrane waralyeed on diluted
cell suspension, obtained from human blood colte@e anticoagulant (sodium
citrate 3.8%). The blood was centrifuged 10 min@e8000 rot/min. The plasma
was isolated and ultra-centrifuged 5 minutes aDA@¥min in order to remove the
remaining blood platelets.

In the experiment in which we have used integrabt) the erythrocytes
were re-suspended in plasma. For the experimentengteosphate buffered serum
(PBS pH 7.4) was used, the RBCs were washed tiress twith PBS and re-
suspended in PBS.
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In order to avoid erythrocyte aggregation and talye single cells we
used cells suspensions at high dilution.

Experiments were performed on g0sample volumes, using Rosenthal
counting cell with 0.2 mm optical depth. The images(1000 images) were captured
sequentially at 0.2 sec interval using a CCD caifeis@lLINK A-741. CMOS sensor)
mounted on an optical microscope equipped withxaokfective.

The sequential images were processed using ImaQalffee soft offered by
the National Institutes of Health, Bethesda, ManglldJSA. Images were processed as
in Fig.1.

@ (b) ©

Fig. 1. The red cell image (a) and threshold (b) and ittngle form of the cell (c)

From the image represented in Fig. 1c, Smape Descriptor plugins
(ImageJ) extracts the value of the diameter.

Results

For each experiment we have used 30 red blood. Cetle correlation
analysis reveals that both RBCs suspended in plasmdBS presents two short
range correlation exponents (Fig. 2). Every coti@iasegment is shorter than one
order of magnitude and the correlation is weakéwvdéen closer terms than between
distant terms.

The correlation is quite strong for erythrocytespmnded in plasma. Between
closer terms, the Gaussian distribution has thaanedhlue at;; = 0.98 £ 0.02 and
the Gaussian width is 0.28®.05 (Fig. 3). The median valueos =1.14+0.01 while
the Gaussian has the same width for the secondlabon segment (Fig. 4). This
value denotes that correlation still exists. In #BS-suspended cells case, the
median for the Gaussian function is 0.79+0.01 Hierfirst correlation segment and
0.93+0.01 for the second correlation segment. Taas&ian width is smaller than
for cells suspended in plasma, being @02 for the first segment and 01602
for the second correlation segment. These resufigest that there are two short
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range correlations both for plasma and PBS, buctheslations are stronger for
plasma. The first correlation segment defines ¢atice between first and second
terms, the second and the third, and so on. Thensecorrelation segment report
on the correlation between the first terms in seaed the first term in the second
segment (for RBCs series in this experiment we r@ieut the 500terms).
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Fig. 2. The DFA plot of RBC diameter
when suspended in plasma
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Conclusions

For RBCs suspended in plasma, the correlation leetwedoser terms
seems to be has a value near 1, being strongerfah€&BCs suspended in PBS.
The correlation between distant terms remainssititing between distant terms for
RBCs suspended in PBS. These differnces of fluictigisuggests that the cellular
membrane for cells suspended in PBS has changete@Qaently the Phosphate
Buffered Saline solution should be regarded astamormal suspending medium
for red blood cells, at least from the point ofwief the flickering phenomenon.
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SPECTROSCOPIC INVESTIGATION OF SOME
UO,**-POLYOXOMETALATE COMPLEXES

N.L. MOGONEA, |. HAUER, D. COZMA, |. B. COZAR,
A. MARCU, L. DAVID’

ABSTRACT. The Nag(UO,),(H20):X,W,0070]-nH,O heteropolyoxometalates
(L: X =si", n = 28;2: X =Bi", n = 34) were synthesized and investigated by
thermal analysis, FT-IR and UV-Vis spectroscopydrder to determine the
coordination, the ordering of cation electronicdisvand his local symmetry. By
comparing FT-IR spectra of the uranyl complexeshlite corresponding ligand
(L1: N&z[szszOuf(OH)z] and L,= N&z[BiszzOu,(OH)z]) the coordination
UO,* ions to the POM lacunars unities have been estiinathe UV electronic
spectra of the Ug-POM complexes are similar to the ones of the liigdn and
L,. Each spectrum presents two bands assigned tohtirge transfer from the
ligand to the metal p~d, transitions in W=0O bonds and-gb—d, electronic
transitions between the W@V bonds energy levels.

The spectroscopic investigations of,M&JO,),(H,0)X W07, X = SB' (1),
Bi" (2) complexes indicate a sandwich-type structorméd by two B3-XWeOss
fragments binding by two uranyl ions and two YM@its.

Keywords: Thermal analysis, FT-IR and UV-vis spectroscopyer@ical complexes

I ntroduction

The structure of polyoxometalic species can beritiestas a 1:2 sandwich
type of structure: L#"** or An** ions with monovacant lacunars polyoxoanions
“ligands”, such as [LH(PWi;0s9),]"", where the metallic cations occupy an
antiprismatic coordinative position. Sometimes,retrmough V' can be stabilized
in these kinds of complexes, the chemistry of theery solutions of the first actinides
is dominated by trans-dioxo cations, from which tinest familiar is UG**. Pope [2]
reports the first example of heteropolyoxowolfrasnatich incorporates the™D,,
linear steric, as expected.

The {XW.4} (with X=Sb", Bi"") type of monolacunary polyoxocations and
their complexes with a division of 1:1 with the diRd trivalent cations of transitional
metals were published since 1970 [6,8]; recentdgedtspecies were revealed as dimmers
on the basis of the structure determined on thé¥salts [SPV,,074OH),]'%,
[szWzoFéHQOm(HQO)e]&, [szWZOCdI207O(H20)6] 10- and [BEWzoFéllzom(Hzo)e]e;.

" Faculty of Physics,Babes-Bolyai” University, 400084 Cluj-Napoca, Rotfiaan
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The polyoxotungstate anion structure consists af gnoups {Bf-XWg},
bonded by two additional tungsten centres weakadéd which can be replaced
with M"" cations in the substituted polyoxoanions.

The Krebs [XW,,074OH)),]"* type of polyoxoanions belong to the clusters
that incorporate different lacunary trivacant polymetalic fragments with the
formula [XWe033 > where X= A¢', sg", Bi".

The polyoxometalate Ne(UO,)(H:0)XW2007d, X = SB" (1), Bi" (2)
was prepared and investigated by thermal analy§isR and UV-Vis spectroscopy.

Experimental

Reagent grade chemicals were used and all syntlesgkstudies were
carried out in distilled water. The sodium salt tbe polyoxometalate ligand
Nay[ShW,,07,4(OH),] -42H,0 (L;) was prepared as previously reported [9] and the
sodium salt of the polyoxometalate ligandJ8&W,,0,4OH),]-42H,0 (L) was
prepared as previously reported [10].

SyntheSiS of N@{szW22074(OH)2] '42H20 (Ll) |Igand

The L; ligand was obtained according to the direct pahgtamsation
method of sodium tungstate around the Sh(lll) loateerm after an original recipe
which consists in the heat dissolvation of 33 gO(hdmol) of NaWO,2H,0 in
100 ml of water, to which was added 40 ml soluaeetic buffer with pH= 4.7 and
it was boiled, after that some drops were addeeusiitring of a solution obtained
from 0.9 g (4.5 mmis) of SB; dissolved in 13 ml of concentrated HN®iluted
at 50 ml with distilled water, the clear yellow stibn was refluxed at 80-90°C for
two hours, then it was concentrated on a hot wa#r until the halving of the initial
volume, then the solution was allowed to slowlystalize at room temperature. After
three days, 24.5 g of small acicular pearl whitestals were obtained (with a yield
of 86%) in 30 ml distilled water (pH = 4.5 obtaineg adjustment with HCI 1M) it
was strongly stirred at 70°C for 30 minutes. Tleaclyellow-orange solution was
kept for 20 minutes on a water bath, than was &btdom temperature for 48 hours,
while the compound begins to crystallize. The thaent/transparent crystals were
recrystallized three times from distilled water atpH of 4.5. 3.59g (58%) of
compound was obtained.

SyntheSiS of Nﬁ)[(UOz)z(HzO)4szW2007o] 28H20 (1) Complex

A solution formed by 0.47 g (2 mmol) of YBIOs),-4H,O in 15 ml of distilled
water was added to a solution formed by the disgima of 6.27g (1 mmol) of
Nag[SW2,074(0H),]-42H,0 in 30 ml of distilled water ( pH = 4.5 obtaineg b
adjustment with HCI 1M) was strongly stirred at €Ofor 30 minutes. The clear
yellow-orange solution was kept for 20 minutes amader bath, after it was hold at
room temperature for 48 hours, while the compouadirts to crystallize. The
translucent/transparent crystals were recrystalltheee times from distilled water
ata pH of 4.5. 4.15g (65%) of compound was olethin
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SyntheSiS of N@[(UOz)z(H20)4Bi2W20070] 34H20 (2) CompIeX

A solution formed by 0.47g (2 mmol) of YMNOs),-4H,0 in 15 ml of
distilled water was added to a solution formedHhgydissolution of 6.75 g (1 mmol) of
Nag[Bi,W2,074OH),] - 42H,0 (L) in 30 ml of distilled water (pH=4.5 obtained by
adjustment with HCI 1M) was strongly stirred at €Ofor 30 minutes. The clear
yellow-orange solution is kept for 20 minutes onater bath, after which it is hold
at room temperature for 48 hours, when the compdaegins to crystallize. The
translucent crystals were recrystallized three sifftem distilled water with a pH
of 4.5. 4.73g (71%) were obtained.

Physical measurements

The establishment of the optimum synthesis comiiti’vas made by the
molar ratios applied to spectrophotometkF00 nm). The thermal analysis was
performed using a METTLER-TGA/SDTA 85device, using a SOFT:STABoftware
program. The working parameters are: the workingsage, Ramp=15.1280 mg
for [Nay(UO,)2(H20)sSW2007q compound and mmp=14.8256 mg for
[Naz(UO2)2(H20)4BiW2007¢] compound (temperature range, T = 20-800 °C,
heating speed, dT/dt=10 °C/min, balance sensibitylug).

The FT-IR spectra were recorded with an EquinoBiafiker spectrophotometer
on KBr pellets, in the 408@00 cm' range. Electronic spectra were performed in agueou
solutions within a range df=200-800 nm using a JASCO 530 spectrophotometer.

Results and discussion

1. Elemental analysis

The reaction stereochemistry, once establishestdogophotometric titration,
the [(UQ)2(H:0).XW24074*% complexes synthesis was performed. Due to the
fact that the [XW»,0;4(OH),]** species where X= 8 Bi"" were not stable in
agueous solutions, the reaction was lead by adstiig sodium salts of the ligand
to the UQ(NOs), aqueous solution. The complex polyoxoanions obthimas stable
only in the presence of an excess of sodium iodstla® obtained complexes were
crystallized, with a good yield, after a few daysnfi a solution kept at 5 °C. The
results of the elementary chemical analysis areesply with the recommended
formulary (Table 1).

Table 1.
The chemical analysis data of the synthesized camgio
; Found (calc.) (%)
Yield
Complex Colour

P (9/%) Na X w U H,0
1 43774  Yellow- 3,72 3,86 57,70 7,48 8,98

Orange (3,60) (3,81) (57,57) (7,45) (9,02)
2 3.4/57  Yellow- 3,57 6,28 55,60 7,18 10,22

Orange (3,45) (6,27) (55,15)  (7,14)  (10,26)
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2. Thermogravimetric analysis

The thermogravimetric analysis show that betwe2825°C the mass lost
was 1.3491 mg (8.9185 %) and 1.5039 mg (10.14430%) and respectivelp
complexes.

The water loss process took place in two succesphases: the first
between 35-128C which corresponds to 28)(respectively 342) water molecules
lost (crystallization water), and the second betw&20-325°C which corresponds
to 4 water molecules lost ( coordinating water)loth complexes.

The DTA curves indicate two endothermic and twotlesrmic effects. The
endothermic effects with a maximum temperature 520°C and~ 325°C correspond
to the water loss processes. The exothermic effibt a maximum at 430 °C
corresponds to the crystallization process of thides from the mixture, and the
exothermic effect with a maximum temperature~a00 °C corresponds to the
phase transformation from oxides structures imtheure [11].

3. FT — IR spectra

By comparing the FT-IR spectra of the uranyl correge(l) and @) with
that of the corresponding ligand ;ENa [Sb,W,,074OH),]- 42H,0 and L,=
Nay[Bi W2,074(OH);] - 42H,0) and their shifts, we obtained information regagd
the UQ?" ions coordination to the lacunars POM unities, Itwal symmetry and
the bonds strength (Fig. 1).

The bands shifting.d As—Q, W), v( W-O—~W), vod W—O~W) in complexid
comparing to thé ; ligand is due to the substitution of the side y¥Otahedra by
UO,**0O5 octahedra and the Y® ions coordination to the Qtype of oxygen. The
FT-IR bands are larger in the complex, some of theing superposed. The
vadW=0Qy) vibration band is shifted in the complex to higfrequencies than the
ligand due to the substitution of the two ions aflfwam with two ions of uranyl
(Fig.1).

For the second complex, the most shifted bandsg®h—-Q ~W) and
Vad W-0, —~W). The vodW=0g4) band is unchanged according to the structural
establishment d8-B-SbWsO3s. Thev,dSb—Q) band is splitted being shifted in the
complex spectrum only the low frequency compondiiis suggests a small
influence of the U@ ions coordination to the Sb—O bonds and the poesefithe
& electron pair steric-inerta to each"Shtom [10]. The most shifted bands are
vad W-O—W) that involve the oxygen atoms of tricentric W—® bond of the
edge sharing WQoctahedra in the complexes spectra comparingddigiands.
The vodW-O—~W) band is splitted, in the both complexes beihited in the
complexes spectra toward higher or lower frequencidis is consistent with an
increase or decrease of the anions cohesion whadination of the uranyl ions in
the polyoxometalates frameworks takes place.
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Fig. 1. FT - IR spectra of the ligands and of the £JG POM complexes (1, 2)

The v{UO,*") bands are shifted in polyoxometallic complexedower
frequencies at ~835 ¢h comparing to the corresponding band from the
UO,(NO5),-4H,0 (965 cnt) [11] and in complex polyoxometalates with uranyl,
the IR spectra are compared similar to the onesaastate complexes like
UO,(CH;COO)[(CeHs)3AsO], [12] regarding the asymmetric stretching vibration
frequency of the uranyl UQunit. The presence of the different heteroatom in
ligands polyoxometalates doesn’t seem to affecatisorption frequency of uranyl
because the band assigned to this vibrational nsodeserved in the same position
(~835 cnt) in complexed, 2.

Generally, in polyoxometalate complexes, the ¥)@roup is linear and
normal to the equatorial plane formed by the oxygésms from the complex.
Therefore, the polyoxometalate ligands form strbogds with uranium by lowering
the order of the U=0 band and consistently lowetirey.{O=U=0) frequency.

4. UV - VIS spectra

The UV electronic spectra of the LGPOM complexes are similar to the
ones of thd.; andL , ligand (Fig. 2). Each spectrum presents two baisgdggned to
the charge transfer from the ligand to the metatgh transitions in W=0 bonds and
d.—p.—d; electronic transitions between the W-O-W bondsgnkevels [13-14].

The shifting of the bands maximums for the compt@amparing to the to
the ones of the ligand are due to the distortisnduced by the U8’ ions coordinated
to the neighbour Wg@octahedra. The bicentric W=0 band is more shiftad
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complexe2 comparing to thé , ligand (~ 440 cM) and for complexX comparing
to theL ; ligand (~ 254 ci). This band is only shifted by ~ 350 ¢rfor complexi
comparing to the_; ligand. The charge transfer band from the trigernond
d.—p,— d. presents a shoulder for the OGPOM complexes but not for the
ligands because of the inequivalent character @MhO-W bonds after the U&
complexion.

The W=0 bond is more shifted for complexes thanifg@nds. The charge
transfer band from the,€o—d, bond presents a shoulder for the Harom
complexes, but not for the ligands because ofrtbquiivalent feature of the W-O-W
bonds after the UE" complexion.

The VIS electronic absorption spectra of the comgdein water solutions
are very similar and present the bands due to O=luténal transitions (at 420
and~ 430 nm), charge transfer transitions%at68 and~ 481 nm) and U (-bf)
electronic transitions at~ 500 nm ( Fig. 3) [2].
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Fig. 2. The UV spectra of the ligands and $30complexes
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Fig. 3. The VIS electronic spectra of Y complexes in aqueous solution (1 (a), 2 (b))
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Conclusions

According to our studies, we propose for the uraoyhplexes polyoxometa-
lates a “sandwich” kind of structure, which consistwo B-$—XWgOs3 fragments
united by two uranyl ions and two W@agments (Fig. 4). Each uranium atom
adopts the bipyramidal pentagonal coordinationmnfog two equatorial bonds to
the terminal oxygen of a pair of two W®@ctahedra bonded by common edges
which belong to one of the B—XWgy0s; fragments and a bond to the terminal
oxygen of one of the Wgfragment, the other two equatorial coordinatingnfso
being satisfied by two molecules of water.

Fig. 4. The proposed structure of N&UO,),(H,0),XWo¢O7q], X = SB", Bi"" complexes

The spectroscopic investigations of &0 ,),(H.0)XWoiO+d, X = SH' (1),
Bi" (2) complexes indicate a sandwich-type structareéd by two B3-XWgOs3
fragments binding by two uranyl ions and two Y\Dits.
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STRUCTURAL STUDIES ON MESOPOROUSALUMINA

M. MAIER?Y V. PARVULESCU? M. TAMASAN®, M. VASILESCU?,
R.F.V. TURCU} H. MOCUTA?® S. SIMON*®

ABSTRACT. Mesoporous alumina offer the possibility of impruyithe catalytic
efficiency of many heterogeneous catalytic procgssech as automobile exhaust
control, petroleum refining and petrochemical pesteg. KF/ALO; catalysts with
different loadings from 1 till 20 wt.% were prepanesing aqueous solutions of the
alkaline fluoride compounds by wetness impregnatibhasic mesoporous alumina.
KF supported on mesoporous alumina was charaatebyeDifferential Thermal
Analysis (DTA), Magic-Angle-Spinning Nuclear MagiteResonance spectroscopy
(*’Al MAS NMR) and by X-Ray Diffraction (XRD) measuremts. XRD revealed
two different phases for the samples with diffet€Rtcontents, identified as AIO(OH)
and KAIFs. MAS NMR spectra show that three types of Al speare present:
hexa- and tetra-coordinated with oxygens and a-bhegedinated one with flour.

Keywords: mesoporous alumina, catalysts, XRD, NMR, Thermalyasis

I ntroduction

Aluminas are important industrial chemicals thatehBound wide application
as adsorbents, ceramics, abrasives, catalystsaaalyst supports [1]. Alumina is
widely used in catalysis as part of bifunctionatatgsts, largely because it is
inexpensive, reasonably stable, and can providé Bigrface area for many
catalytic applications. As a general rule, the ahamused in catalytic reactions
always requires a controlled pore size distributiBecause of this reason, the
demand for mesoporous materials (pore radius hitjtaer 1.0 nm and lower than
25 nm) has triggered major synthetic efforts irdacaic and industrial laboratories [2].
Mesoporous materials represent a class of molesidaes having a high potential
for commercial applications in adsorption and gaial Their regular pore arrangement
is responsible for their extraordinary propertisach as high surface area and
narrow pore size distributions [3]. Despite enormipaportance mesoporous alumina,
which exhibits narrow pore size distribution, higlserface areas and abundant of
surface hydroxyl groups compared to conventionainias, for catalyst supports
or adsorbents, the number of papers dealing wilchiaracterization of mesoporous
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alumina is still limited [4]. Mesoporous aluminapresents a very interesting
molecular sieve exhibiting a narrow pore size ttistion with higher surface areas
compared to conventional alumina, used as a sufiparatalytically active species a
large scale of industrial processes such as peatnoichl processing, petroleum
refining, the steam reforming of hydrocarbon feedktto produce hydrogen and
automobile exhaust control.

The aim of this research is to characterize patas$iuoride supported on
alumina (KF/ALOs), a typical base catalyst [5, 6], at different E&ncentrations.
The effect of potassium fluoride addition over thesoporous alumina is explored
and discussed in terms of structure change.

The catalysts were investigated using X-Ray Diffeer; 2’Al Magic-Angle-
Spinning Nuclear Magnetic Resonance and Differemti@rmal Analysis.

Experimental

KF/AI,O; catalysts with different loadings from 10 till 20t% were
prepared using aqueous solutions of the alkalinerifie compounds. KF was
supported onto AD; using wetness impregnation of basic mesoporousiau
synthesized according to literature data [7, 8leréhwere obtained four samples
with different potassium fluoride concentrationarying from 0 to 20 wt. % KF.

For this purpose, in 1.65 mL, which representsitingregnation capacity
of the 1.5 g support, 0.166 g (for 10 wt. % KR@y), 0.26 g (for 15 wt. % KF/AD3),
0.375 g (for 20 wt. % KF/ADs;), respectively, were dissolved. After that the
materials were dried over night at room temperatumcethen, for 12 h, at 393 K.

Thermogravimetric and differential thermal analysieasurements were
carried out using a Shimadzu DTG-60H analyzer, \aittate of 18C/min, up to
1400C in static air atmosphere, at a flow rate of 70min, using alumina crucibles.

The activation of the catalysts has been checkeXRE measurements
performed on a Shimadzu X-ray diffractometer XRM®@ising Ni-filtered Cu-k
radiation § = 1.54182\). The operation voltage and current were 40 kV ZhanA.
The measurements were performed at a scan speéthin in a scan range from
5°to 80°, D.

“’Al MAS NMR spectra were recorded at 15 kHz on akBruAVANCE
400 MHz NMR Spectrometer, operating at 9.4 Tesla.

Results and Discussion

1. Thermal analysis

TGA-DTA experiments were used to examine the thémmwalution and
the weight loss in order to understand the strattcihanges that take place in the
studied samples. The TGA-DTA trace of aluminiumdexfalumina) is reported in
Fig. 1 and shows one weight loss in the ran%e 2000°C corresponding to a broad
exothermic peak. This weight loss above 265is composed of hydroxyl group
OH and also at this temperature begins the structtaasformation of aluminum
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oxyh(}/droxides AIO(OH) intar-Al 05 [9]. At higher temperatures in the range 800 —
950 "C the transition fromy-Al,O; to the crystalline form of corundumAl,Os

take place.

TGA DTA
my uVv
Al203 1 40.00
8.00-
296.83C 4 20.00

6.00-
1 0.00

644.40C 1 -20.00

2.00- 1 -40.00

. I . 5 -60.00
0.00 500.00 1000.00 1500.00

Temp [C]

Fig. 1. TGA-DTA trace of alumina sample.

The TGA-DTA traces of KF-alumina are reported ig.F2 and Fig. 3. Beside
the weight loss of hydroxyl group Oletween 200 and 50T, there is another
weight loss at about 95¢C, with a concomitant structural change, due to the
transition fromy-alumina toa-alumina, the weight loss being assigned to the
vaporization of the KAIF¢ phase, confirmed by XRD analysis.

TGA DTA
w

m
10.00-

s1oasc KF10-Al203
4 40.00

8.00-

4 20.00
6.00-

1 0.00

/231988 36717¢

\/\49/55.3%
2.00- 440.40C
963.56C - -20.00
0.00 500.00 7000.00
Temp [C]

Fig. 2. TGA-DTA trace of xKF (100-x)AlO; system, x = 10 wt. %.
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TGA DTA

7 60.00

KF20-Al203
11.000

306.65C 7 40.00

10.00-
4 20.00
9.00-
4 0.00

N

491.51C

111M

8.00-
173.46C

1 -20.00
7.00-

6.00r | ) ) :
0.00 500.00 1000.00 1500.00
Temp [C]

Fig. 3. TGA-DTA trace of xKF (100-x)AlO; system, x = 20 wt. %.

2. XRD analysis

Through X-Ray diffraction on xKF (100-x)AD; system (Fig. 4), two phases
could be identified: AIO(OH) phase andAF¢ phase. Therefore, the XRD pattern
of the alumina sample without KF loading, showsyathle first phase, while in
case of the KF-alumina doped samples, beside AlQ(@tdse the second phase,
KsAlIFg, is present. It can be observed that for alumamapde the lines belonging
to AIO(OH) are quite sharp, while in the KF dopddnaina samples these lines
become broad and the narrow lines correspondikgAdl-¢ phase are evidenced.

20KFAIZO3

{au.)

- TOKFAIZOZ

Intensity

TOKFAIZO3

2theta (degrees)

Fig. 4. X-ray patterns recorded on xKF (100-x)@} system, x = 0,10, 15, 20 wt.%,
where:* - AIO(OH) phase and -K3AlFs phase.
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3.%’Al MAS NMR investigation

The nature of Al species was investigated by MAS RIM he spectra
obtained from alumina and KF-alumina samples aesqnted in Fig. 5a. Also one
example of spectrum deconvolution is showed inBig.The”’Al MAS NMR spectra
present a line at ~ 10 ppm [10-13], assigned t@a{mmordinated Al of the undoped
and doped alumina samples. In the doped aluminglsanith x = 20 wt.% KF a
narrow at ~ 0 ppm can be observed and it is assigméexa-coordinated Al with
6 ions of fluoride. Also, in the same doped alunmsaaple with x = 20 wt.% KF,
there is a broad resonance peak occurred at ~miShai prove the existence of some
tetra-coordinated positions probably due to the (BI8) phase network distortions.
The spectra deconvolution was made using the DMfEbGram [14] and th&Al
MAS NMR spectra parameters of the studied sampkeseported in Table 1.

b)

expesimental

0 ) 0 0 %0 ‘ : ‘ ,
(ppm) 80 40 {Bpm) 0 40 80

Fig. 5a)%’Al MAS NMR spectra for the samples of XKF (100-x)B4 system:;
b)?’Al MAS NMR deconvolution spectrum for the sampléhwk = 20.

Tablel
The?’Al MAS NMR spectra parameters of the studied sasiple

x(KF) (100-x)AI203

samplel | Apolitude | Position (ppm) | SMEWIAN | oo H) | etaQ | 1 (%)

x=0 (H2
Line 1 20559.44 75.33 3226.38 527.36 0.99 7.52
Line 2 252961.57 10.19 502.52 2389.22 0.96 92.48
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Sa)‘:;ﬁfz Amplitude | Position (ppm) '-'"(eH"gdth CQ (kH2)| etaQ | 1 (%)
Line 1 7171.68 75.60 702.08| 627952 099 1.0l
Line 2 61079.56 39.08 201043 771.95  0.99  8.68
Line 3 63595581 10.35 611.63] 251175 0/  89.48
Line 4 4127.75 031 56.55 82578 00  0.58

Sa)‘:;ﬁ'g” Amplitude | Position (ppm) '-'"(eH"gdth CQ (kH2)| etaQ | 1 (%)
Line 1 4025.29 75.52 5311 | 425170 099 019
Line 2 7949977 42.29 252004 990.05 0.9 3.80
Line 3 10443925 10.44 493.92| 252008 068 9281
Line 4 67024.24 20.26 250.61| 1454001 0.6 3.2

Sa)‘:;g'(f“ Amplitude | Pasition (ppm) '-'"(eH"gdth CQ(kH2) | etaQ | 1 (%)

Line 1 20619.94 80.46 568.95 59564 0|9 3.2

Line 2 47440862 10.78 706.3 273230 0j9  73.64

Line 3 149174.87 052 230.74| 118294 ol 23.16
Conclusions

The analysis performed with complementary techisigDéferential Thermal
Analysis, Magic-Angle-Spinning Nuclear Magnetic B&snce, and X-Ray Diffraction,
revealed essential structural data in order to rstaled the effect of KF addition
over the mesoporous alumina structure.

The thermal behaviour and XRD analysis were cowdittoy the characteriza-
tion of the aluminium coordination using tHéAl MAS NMR spectroscopy.
Differential Thermal Analysis revealed that the itidd of KF led to hydroxyls at
the surface of alumina and also, at higher tempegat to a structural change due
to the transition frony-alumina too-alumina.

By X-ray diffraction was identified the AIO(OH) pba and also a new phase
in the case of doped samples, th@\lks phase. This new phase was not detected
by X-ray diffraction at low loadings, while at highloadings it was present.

Comparing to the undoped sample’s spectr&’idAS NMR spectroscopy
of doped samples show that for the sample withhigker KF loading, beside the
presence of hexa-coordinated Al with six oxygeherd are some tetra-coordinated
positions and also hexa-coordinated one with sis if fluoride.

Therefore, the KF addition led to low coordinatdghsinium species and
also to a new phase consisting isAkK-e.
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PROPERTIES OF NOVEL Fe@Au CORE-SHELL
NANOPARTICLES

C.LEOSTEAN’, O. PANA*, R. TURCU*, M.L. SORAN*

ABSTRACT. Inthiswork we present the structural and magnetic properties of the
core-shell iron-gold (Fe@Au) nanoparticles obtained by inverse micelles method.
The properties of the composites were investigated by TEM, HRTEM, X-ray
diffraction (XRD), X-ray Photoelectron spectroscopy (XPS) and magnetization
measurements.

The experimenta results show that the majority of nanoparticles are super-
paramagnetic with mean diameters of 5 nm.

K eywor ds: nanoparticles, core-shell, superparamagnetism

1. Introduction

Superparamagnetic core-shell nanoparticles with appropriate surface coating
attracted much interest in the last few years owing to their fundamental interest and
applications [1-4]. These new materials are increasingly used for various biomedical
applications, such as magnetic resonance imaging, hyperthermia, drug ddivery, tissue
repair, cel and tissue targeting. All these biomedical and bioengineering applications
require that these nanoparticles have high magnetization values and size smaller
than 100nm with overall narrow particle size distribution, so that the particles have
uniform physical and chemical properties. In addition, these applications need special
surface coating of the magnetic particles, which has to be not only non-toxic and
biocompatible but also allow a targetable delivery with particle localization in a
specific area[5].

In this paper we present the structural magnetic properties of the core-shell
iron-gold (Fe@Au) nanoparticles. Our goal is to study the effects of the core-shell
structuralizing process onto the magnetic properties of these systems in order to
obtain the required characteristics for specific applications.

2. Experimental

Samples preparation

Gold-coated iron nanoparticles generally were obtained by reverse micelle
method [6]. We used FeSO, 7H,0 and HAuUCI, as precursors and NaBH, as reducing
agent; 4.8 ml FeSO, 0.5M (aqg.), 6 g cetyltrimethylammonium bromide (CTAB),

" National Ingtitute for R&D of Isotopic and Molecular Technologies, 75-103 Donath, Str., 400293, Cluj-
Napoca 5, P.O. Box 700, Cluj-Napoca, Romania
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12.48 ml 1-butanol, 42.8 ml octane were mixed up with 4.8 ml NaBH, 1M, 6 ¢
CTAB, 12.48 ml 1-butanol and 42.8 ml octane. This mixture was stirred 1 hour, at
the room temperature, under inert atmosphere. Anaother mixture containing: 3.6 ml
NaBH; 1.6 M + 3g CTAB + 6.2 ml 1-butanol + 28.6 ml octane and 3.6 ml HAuCl,
0.44M + 3gCTAB + 6.2 ml 1-butanol + 2.86 ml octane, was added at the solution,
after 1 hour. The new solution was gtirred 5 hours, at the room temperature, under inert
atmosphere. In this synthesis the CTAB was the surfactant and the 1-butanol was
the co-surfactant. After synthesis, the remaining surfactants were removed by thorough
washing with a 1:1 chloroformymethanol mixture.

Char acterization methods

The morphology of the Fe@Au core-shell nanostructures was determined
by TEM and HRTEM using 1010 JEOL and Hitachi HO0OOONAR transmission e ectron
Mi CrOSCopes.

Structural characterization of the samples was performed by X-ray diffraction
(XRD) using Bruker D8 Advance diffractometer.

X-ray photodectron spectroscopy (XPS) was carried out on a VG Scientific
ESCA-3 Mk-II spectrometer having as X-ray source the Al Ko radiation (1486.6
€V, non-monochromatic) of an anode operating at 14 kV and 20 mA.

The magnetic measurements were performed by using a Cryogenic Limited
Vibrating Sample Magnetometer (VSM).

3. Results and discussion

The analysis of TEM images shows the formation of nanoparticles (Fig. 1a)
having two types of particle sizes distributions. A rough approximation of 2.5 -.3.5 nm
for thethickness of the gold shell could be made by analyzing various HRTEM images.

The distribution upon diameters of the nanoparticles was determined for a
number of 452 nanoparticles. In Fig. 1b one can observe the existence of two
groups of nanoparticles with different sizes, one with alog-normal type distribution
below 10 nm (centered at 5 nm) and another one centered at 25 nm.

Fig. 2 shows the XRD pattern of the core-shell Fe@Au nanoparticles. One
can see the characteristic peaks for iron core and gold shell. From the X-Ray line
profile analysis the effective nanocrystallites resulted are <Da> = 24.5 nm for gold
and <Dge> = 14.6 nm for iron.

The distribution shown in Fig. 3 results from the distribution upon grain sizes
in Fig. 1b by multiplying the diameter d at power 3 with the corresponding number
of particles and normalizing to the total volume of the particles. From Fig. 3 one can
see that most of the Au atoms (and by consequence the inner Fe atoms) arein large
diameter grains, having a peak around 25 nm, in accordance with the mean diameter
resulted from XRD line profile analysis. It should be noticed that as it concerns the
number of nanoparticles having diameters below 8-10 nm are by far the dominant
ones in number.

40



PROPERTIES OF NOVEL Fe@Au CORE-SHELL NANOPARTICLES

0.30+ — log-norm fit of
the distribution

]

0.25+
0.20+

0.15+ b

N/N,

0.10+

0.05+

0.00 T T T T T = T T
5 10 15 20 25 30 35
D (nm)

Fig. 1. () TEM image of the core-shell Fe@Au nanoparticles.
Insert: HRTEM image of the core-shell Fe@Au nanoparticles
(b) The size digtribution of the Fe@Au nanoparticles
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Fig. 2. XRD pattern of the core-shell Fe@Au nanoparticles
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Fig. 3. Volume fraction distribution upon size of the nanoparticles

Fig. 4 shows the Fe 2p XPS spectra for the as-introduced sample (spectrum 1)
and after 1, 2 and 3 sputtering cycles (spectra ll, 111 and 1V respectively). Each of the
spectra |1, 111 and IV corresponds to around 2 nm of corrosion starting from the
surface.
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Fig. 4. The Fe 2p XPS spectra for the as prepared sample (spectrum I) and after 1, 2 or 3

sputtering cycles (spectralll, 111 and 1V respectively). Each of the spectrall - 1V
corresponds to around 2 nm corrosion starting from the surface.

The parameters of the XPS spectra of the iron are summarized in Table 1.
Analyzing the lines positions as shown in Table 1, one observe that the lines of
XPS spectrum | have a chemical shift towards higher binding energies compared to
the other spectra. This shift can be an indication for the presence of iron in the
Fe""' oxidation state. Thus, at the very surface of the sample, we infer the
presence of Fe oxides, whose contribution disappears immediately after sputtering.
As soon as the surface layer is eiminated by sputtering, even for the lowest
amounts of corroded layers, the position of the Fe 2p levels approach very quickly
the values of the corresponding lines in bulk clean Fe’.

Table 1.

Char acteristics of XPS spectra for iron in the core-shell Fe@Au nanoparticles

Recorded Corrosion depth | Position of Fe 2ps); line
spectrum (nm) (eV)

I 0 712.6

] 2 710.5

Il 4 710.3

v 6 710.0
bulk Fe° - 710.0
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Since, after corrosion, the oxidized Fe quickly disappears from the spectra
it seems to be located on the surface or into the cracks of the surface of the gold
shell [7]. Thisis a proof that the chemical synthesis procedure leads to no oxidized
core Fe atoms inside the Au nanoparticles.

From the variation of the Fe” 2p line intensities before and after various
corrosions one can estimate the thickness of the Au shell, 4., asbeing 2 nm < 8,
< 4 nmin accordance with the estimation made from HRTEM images.

The magnetization curve vs. the applied magnetic field at room temperature
for the Fe@Au system is shown in Fig. 5. It does not show hysteresis loop, being
typical for fine particles with superparamagnetic behavior. For such a system, above
the blocking temperature the magnetic moment of the particle is free to rotate in

response to the applied magnetic field.
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Fig. 5. The hysteresis curve measured at the room temperature for the Fe@Au system.

Thefield-cooled (FC) and zero-field cooled (ZFC) curves given in the Fig.
6 for the Fe@Au systems show that the blocking process for the majority of the
superparamagnetic particles takes place at the temperature of 70K.
Generally, the blocking temperatureis related to the particles mean volume,
V by therelation [9]
_ KV

° 25k,

HereK isthe anisotropy coefficient (K=4.2x10" Jm?® for Fe[10]) and kg is the
Boltzmann constant. Accordingly, at the room temperature, the nanoparticles with
the diameter of the magnetic iron cores D>15 nm should be blocked. Therefore
only the fraction of nanaoparticles having diameters smaller than 15 nm (10 nm diameter
of iron cares) will contribute to the superparamagnetic behavior of the magnetization.
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Fig. 6. Magnetization vs. temperature under field cooled (FC)
and zero field cooled (ZFC) at 0.01T magnetic field for Fe@Au nanoparticles.

4. Conclusions

Core-shdl Fe@Au nanoparticles were obtained by the inverse micdles method.
We established that two digtributions exist concerning the diameters of nanoparticles:
one centered around 5 nm and ancther one centered at 25 nm, respectivey. The majority
of the nanoparticles are in the low diameters size distribution. As a conseguence only
large particles with diameters above 15 nm could be evidenced from the analysis of
the XRD line profiles, because the majority of Au atoms (and probably of the Fe
atoms) are within these large diameter particles. On the other hand, the magnetic
properties of the system are determined only by low dimension particles which are
dominant as a number.

XPS studies show that the inner cores of the nanoparticles are formed by
Fe’. Besides F€° into the core the core-shell Fe@Au nanoparticles contain small
amounts of FeO, and Fe,Os; which could appear on the gold nanoparticles surface
inside the cracks and by contamination.

The missing hysteresis loop in the magnetization vs. applied magnetic filed
represents a clear evidence for the superparamagnetic behavior for the core-shell
Fe@Au nanoparticles. The superparamagnetic behavior is also evidenced from FC
and ZFC dependences of the magnetization vs. temperature.
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GC/MSANALYSISOF WINES

ANDREEA IORDACHE, MONICA CULEA,
CAMELIA LEHENE, ONUC COZAR’

ABSTRACT. The analysis of organic compounds and some pedicn different
Romanian wines by gas chromatography-mass spettsof@-MS) was performed
in scan and selected ion monitoring (SIM) modeguid-liquid extraction (LLE) and
solid phase micro extraction (SPME) methods weeel.LiShe incorporated Rtx-5MS
capillary column, 30mx 0.32mm, 0.25um film thicknesas used in a temperature
program from: 50 C for 2 min, then increased to 31Q with a rate of 16C /min.
The required level for pesticides in drinking wagerd food, specified in EEC
Directive explains the need for straightforwardec@/e and sensitive methods for
trace level determination of these compounds imkalry water or beverages and the
recent development of techniques in this area.

Keywords. Gas chromatography-mass spectrometry, Liquid-liguid solid phase
micro extraction method, wines, pesticides

I ntroduction

The fingerprint chromatograms could be used for gamson of wines and
require simple extraction methods. Trace pollutdantshe environment involve
pretreatment: the extraction and concentration gaoe for analysis at these
concentrations, to increase the analyte concestrédi within instrument sensitivity.
Residual determination of pesticides at the levetpiired a preconcentration step
before chromatography analysis. The preconcentraiep could be: (1) solvent
extraction, (2) headspace analysis, (3) purge eaql (4) solid phase extraction
(column and discs) (5) solid phase microextract®irME).

A typical pre-treatment would be as follows: (1)tiextion of the organic
components into a suitable solvent; (2) Dryinggblrent using a column containing
5g of sodium sulphate; (3) further concentratiorihaf extract to 1 ml by partially
evaporation by bubbling dry nitrogen or argon tlylouhe sample; (4) clean-up of
the extract by column chromatography.

80/778/EEC Directive [1, 2] sets a maximum admissiboncentration
(MAC) of 0.1 pg/l* for individual pesticides and of 0.5 pfor total pesticides in
drinking water [1] and of 1-3 pdflin surface water [3-6]. The majority of pesticides
discharged in aquatic environment of the Commuisityd in the 76/464/EEC Council
Directive (so-called black list) are organophospisopesticides [3,6]. A continue
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revision of the methods for the determination ajamic components in water or
food is necessary. GC-MS is the most widely cordition technique. EPA and UK
Standing Committee of Analysis (SCA) methods haveaay implemented GC-
MS in some of their protocols (EPA Method 525) @#-1

Materials and method

The wine (Jidvei white wine) samples were fromiferket. Pesticides
were obtaine from Merck (Germany).

Extraction procedures

Liquid-liquid extraction. Liquid-liquid extraction (LLE) followed some
steps: the sample was shaken with an immisciblanicgsolvent in which the
components are soluble as light petroleum/ dicimhathhane(3:1) [9]. The organic
layer was separated and after concentration wasteg in the chromatograph. By
altering the pH of the aqueous layer the extractianm be made selective towards
acidic and basic components. The aliquot of sampkeshaken with an equal volume
of the light petroleum in a capped vial, three 8@y using three portions of solvent.
LLE was laborious, time consuming, subjected tolsification and contamination.
For polar pesticides polar solvents like acetdajtnethanol, nitromethane, dimethyl-
acetamide, dimethylformamide, dichloromethane/etivgtate(1:0) were used.

Solid-phase extraction Solid-phase extraction (SPE) is an alternativeli.L

(1) Adsorption: The most commonly used containadetylsilane (C18),
a column in the form of a packed cartridge contgjrsuitable sorbent (200 mg) to
trap the analyte, a plastic syringe and a filte®,df um to avoid impurities to stop
the flux of sample by cartridge. The sample andesdl flowed through the sorbent
by gravity or by positive (syringe) pressure.

The SPE sequence involved the following stepsagtiyation (conditioning)
of the sorbent (wetting with the appropriate sdygB) sample introduction, (3) washing
of the bonded phases, (4) elution of the retairedigides, (5) regeneration of the
column. Ethyl acetate was used as solvent for pésier The sorbent ethylvinylbenzene-
divinylbenzene copolymer LiChrolute EN, a copolymeéth a specific surface area
of cca 1200 rfig, due to its microporous structure was also uRedovery values
obtained for pesticides were of 85-100% .

Solid phase microextraction. Pawliszyn and co-workers [14] have introduced
the solid phase microextraction (SPME). The SPMisists of a Hamilton syringe. A
fused silica fiber coated with stationary phaserfl is glued into a stainless steel
tubing which enters in the syringe needle. Ther fibas kept for 10 minutes into the
headspace volume of the sample heated 1 houf@t Stationary phases investigated:
polydimethylsiloxane (PDMS), thickness 100 um. Dpon was made by direct
injection into the injector port for 2 minutes.
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Apparatus

Gas chromatograph-mass spectrometry (GC-MS) isgh &énsitive and
specific technique for use in the environmentalaoig analysis to identify
compounds. GC is used for separation of the mixtiate the MS the compound is
ionized under high vacuum, often using electronaatpinducing fragmentation of
molecules. The ions produced are focused into anpeacelerated and then
separated according to their mass to charge ratio, The method of identification
is to compare the mass spectrum of the samplethdtihfrom a reference NIST or
Willey library. In the selective ion monitoring (8) mode, using a few selected
ions, the sensitivity is increased by one or twaeos of magnitude.

Results and Discussion

A Trace DSQ ThermoFinnigan quadrupole mass speetesrin the ElI mode
coupled with a Trace GC was used. The capillarymmol Rtx-5MS had 30 m in
length, 0.25 mm as diameter and a film thicknesa 26 m. The experiments were
performed by using a temperature program frof€ %@ min) to 318C with 10C/min,
kept 15 minutes at final temperature. Helium (=&jrier gas had a flow rate of
1 ml/min. The qualitative analysis was carried iouthe 50-500 a.m.u. mass range.
The following conditions were ensured: transfee liemperature 25Q, injector
temperature 200C, ion source temperature 280, splitter 10:1 electron energy
70eV and emission current 100pA.

In the SIM mode, the typical fragment ions obtairiedEl mode for
pesticides have been used. (Table 1).

Tablel
Fragment ions and relative abundances(% ) in mass spectra
of pesticides by GC/M Sanalysis
Compounds MW [ m/z relative intensity (%) of the miains
El NCI
Azinphos-ethyl | 345 | 104(19),132(100),160(82) 185§100
Chlorpyryfos 349 | 97(59),125(22),197(100),258(372(3B) 169(23),212(40),
313(100)
Coumaphos 362 | 89(310,97(94),109(100),210(56),236(49 |169(6),362(100)
362(79)
Demeton 258 | 109(47),125(39),169(100) 169(15),18710
Diazinon 304 | 93(29),137(100),152(74),179(98),199(59 |169(100)
304(22)
Dichlorvos 220 | 79(18),109(100),185(30) 125(100) (%58,
170(80)
Disulfoton 274 | 88(100),97(31),125(26),147(27),153(2 185(100)
185(25)
Ethoprophos 242 | 97(57),126(48),139(46),158(100)2D0 199(100)
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Compounds MW [ m/z relative intensity (%) of the miains
El NCI
Fenamiphos 303 122(29),154(100),217(54),260(30§3A98  (153(100)
303(97)
Fenchlorphos 340 | 79(17),109(28),125(65),285(100) 1(2@),211(100),
270(54)
Fenitrooxon 261 | 109(97),127(20),244(100),261(12) 1(260)
Fenitrothion 308 95(58),109(48),125(81),139(39)(82Y, 169(100),293(8)
141(64),153(34),156(100),293(84)
Fensulfothion 308 97(58),109(48),125(81),139(39)(82), 169(100),293(8)
141(64),156(100),293(84)
Fenthion 278 | 125(78),278(100)
Fonofos 246 109(100),137(57),246(36) 109(39),169(10
Isofenphos 345 232(88)
Malaoxon 314 | 99(23),109(19),125(25),127(100),14R(16 [141(100)
173(12),195(17)
Malathion 330 93(40),125(85),127(93),158(43),178)10  |157(100)
Mevinphos 224 192(23),224(4)
Monocrotophos 223 127(100),223(3)
Paraoxon-ethyl 275 81(38),109(100),127(27),13913D)66), 275(100)
220(26), 247(25),275(27)
Paraoxon-methyl | 247 | 79(15),96(41),109(100),230036)25) 247(100)
Parathion-ethyl 291 97(83),109(100),125(49),139(05(54), 154(100)
186(29)
Phorate 260 75(100),97(27),121(58),260(20) 185(100)
Phosmet 317 | 77(4),93(4),160(100),317(2) 157(100)
Pyridafenthion 340 77(30),97(68),125(47),188(89(190), 169(40),340(100)
204(58),349(79)
RPA-400629 368 97(25),109(24),121(31),153(14),100) 1 169(49),185(100)
215(30),233(11)
Stirofos 366 79(11),109(100),331(66), 125(100)
Vamidothion 287 58(13),60(15),87(100),109(39),125(2 141(100)
142(39),145(74),169(26)
Penconazole 283 159(100), 248(70), 161(65), 250(24)
chlorothalonil 264 266 (100), 264 (73), 268 (49)
folpet 295 260 (100),262 (71),104(57),76(55),298) (2
propargite 350 135(100), 81(18), 173(15), 350 (2)
iprodione 329 | 56(100), 43(92), 314(41), 187(26)

A comparison of the compounds identified in the LévEracts of the studied
white wines of Jidvei vineyard: Sauvignon Blanctidasca Regala and Riesling is

presented in Table 2 and Fig. 3.

The pollutants preliminary study was applied foMSletection from wine
for some pesticides as penconazole (1), chloratigl®), folpet (3), propargite (4)
and iprodione (5), dimethoate (6), having the imfation thet they are used in Jidvey
vineyard. The molecular mases and the importarg foom the mass spectra are
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presented in Table 1. The SIM mode was used bytigeions from the mass
spectra for residual determination of differenttjpédes. The baze peak ions were
especially used for SIM mode measurements, as stownhe base peak of
dimethoate, m/z 87, in Fig.1 and for some otheiSign 2.

100 87
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9

143 172

47 58
63
42 B
14 38 | ‘ 3 1'|'l ‘ 157
B N 1 1 oL s 198

a B 38 40 58 60 78 8@ 98 100 118 128 130 140 150 168 178 188 198 200 216 220 230
C(M>Dimethoate

Fig. 1. The mass spectrum of dimethoate

Table 2.
Comparison of LLE extraction of white wines: (SB)Sauvignon Blanc,
Feteasca Regala (FR) s Rieding de Jidvei

RT Name M Area% | Area% | Area %
(SB) (R) (FR)
3.15 Benzene 78 9.47 9.63
3.23 Propanamide, 2-hydroxy- 89 1.06 0.03 0.4
3.32 2-butanone, 4-hydroxy- 88 0.09 0.09
3.44 2-butanone, 4-hydroxy- 88 0.38 0.47
3.63 Acetic acid 60 2.18 0.06 2.68
3.82 Ciclohexane, methyl 98 2.60
4.02 1-Butanol, 3-methyl- 88 3.74 30.85 34.0p
4.49 1,2-Propanediol, 3-methoxy- 106 0.07 0.28 0.¢
4.74 toluene 92 1.47 1.57
5.18 Propylene Glycol 76 0.53 1.37 2.34
5.57 Ethyl butyrate 116 0.12 0.23
5.90 Propanoic acid, 2-hydroxy-, ethyl ester, ($)- 118 4.48 2.60 3.36
6.10 2,3-Butanediol, [R-(R*,R*¥)]- 90 2.60
6.47 Furfural 96 2.07
7.51 1-hexanol 102 0.93 0.97
7.66 2-Furanmethanol 98 0.41
7.77 Amyl acetate 130 0.18 0.20
8.18 Pentyl acetate 130 0.05 1.06
8.92 Methyltartronic acid 134 4.63 0.29 0.3
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RT Name M Area% | Area% | Area %
(SB) (R) (FR)
9.47 Butanoic acid, 4-hydroxy- 104 0.16
9.47 Butyrolactone 86 0.16
9.82 Butanoic acid, 3-hydroxy-,ethyl ester 13p 0.02
10.14 2,3-Dehydro-4-oxo-&-ionol 206 0.05
10.35 4-ethylbenzoic acid,2-pentyl ester? 220 0.92 0.09
10.35 1,3-Dioxolane, 2-cyclohexyl-4,5-dimethyl- 184 0.92
10.35 2-Oxopentanedioic acid 144 0.92
10.66 2-Furancarboxaldehyde, 5-methyl- 110 0.74
10.83 Disiloxane, 1,3-diethoxy-1,1,3,3-tetramethyi-222 0.29
10.95 Guanosine 283 0.03
11.21 Hexanoic acid 116 2.16 0.85 0.9¢
11.50 Hexanoic acid, ethyl ester 144 0.26 0.76 0.91
11.64 2H-Pyran-2,6(3H)-dione 112 0.16
11.77 a-D-Glucopyranose, 4-O-a-D-galactopyrangsyi342 0.02
12.16 Benzyl alcohol 108 0.04 0.03
12.67 benzenacetaldehyde 12p 0.97 0.05 0.05
12.95 Ethyl 2-hydroxycaproate 160 0.17 0.4
13.23 2-furancarboxylic acid 112 0.18 0.16
13.60 Furyl hydroxymethyl ketone 126 1.32
14.15 Phenetyl alcohol 122 20.43 14.8b
14.47 Glycerin 92 39.65 0.15
14.61 methylbutylacetamide 129 0.35 0.24
14.82 4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-144 10.17
methyl-
15.29 Butanedioic acid, diethyl ester 184 11.5 67.2
15.69 Octanoic acid ethyl ester 172 0.08 0.86 0.54
15.76 Amino-pentanedioic acid 175 0.53
15.95 Butanedioic acid (succinic acid) 118 4.03 001. 1.59
16.19 2-Furancarboxaldehyde, 5-(hydroxymethyi)- 126 1.49
16.44 2,3-Dihydroxy-2-methylpentanoic acid 148 0.62 0.03
16.58 Phenylethyl hexanote 22( 0.17 0.1
16.72 Butanedioic acid, hydroxy-, diethyl estef 019 251 2.00 3.37
16.99 malic acid mono ethyl ester? 134 4.2% 2896 214
17.29 5-Hydroxymethyldihydrofuran-2-one 114 0.31 590.
17.63 Malic Acid 134 4.25
18.09 n-decanoic acid 172 2.07 0.97 1.1y
18.30 Succinoic acid, 2-hydroxy, 3-methyl-, 204 0.04 0.34 0.31
diethyl ester
18.48 Ethyl decanoate 200 0.05 0.1¢ 0.11
18.49 5-Oxotetrahydrofuran-2-carboxylic acid{ 158 2.38
ethyl ester
19.19 alpha-D-Glucopyranose, 4-O-alpha-D- | 342 1.33
galactopyranosyl-
19.32 Benzeneethanol, 4-hydroxy- 138 1.13 3.54 3.98
19.55 Benzenepropanoic acid, hydroxy ethyl 194 0.59 0.35
19.81 Phenol, 3-methoxy-2,4,6-trimethyl- 166 0.07 .020 .37
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Fig. 3. The chromatograms of liquid-liquid extracts (LLEauvignon Blanc is different,
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Fig. 4. SPME-GC-MS chromatogram of the Traminer Roz wilidwgi).
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The solid phase micoextraction (SPME) of a JidvieieyTraminer Roz, in
the SIM mode, is presented in Fig. 4. The basegebakhe fungicides of interest
were selected in the analytical method and analySledion order was dimethoate
(13.9 min), chlorothalonil (15.1 min), cyprodinyl4.2 min), penconazole (17.35
min), folpet (17.65 min), propargite (20.31 minjaprodione (20.75 min).

Our preliminary results showed lower values thafudg@l for the tested
pesticides in some wight wines of Jidvei vignargsted from the market, the limit
of detection being 10 pg/l.

Conclusions

The extraction methods described are useful foidraparacterization of
wines (GC fingerprint) but also for their detaileldaracterization. GC-MS method
is the best for volatile organic compounds charaatgon and active principles of
wines. The samples of wines have different compdbnd especially are quantitatively
different.

The compounds of high toxicity are needed to bdyaed at very low
concentrations by using SIM mode. Ultra-trace asiglincludes concentration ranges
of pollutants of ng/kg or pg/kg. The analysis notyarequires highly sensitive and
selective instrumentation but also a large degfesnalytical skill and expertise.
Such low concentration is important to be measbehuse the concentration can
be easily increased in an organism compared wihettvironment in which it is
living.
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STATISTICS FOR CIRRHOSISDIAGNOSISBY GC/MS

ANDREEA IORDACHE, CORNELIA MESAROS,
MONICA CULEA, ONUC COZAR’

ABSTRACT. Gas chromatographic-mass spectrometry (GC/MS) ésafrthe best
methods used for measuring drugs in biologicatlluiThe selected ion monitoring
(SIM) mode was used in caffeine test measuremanégiting known amounts of
5N-theophylline as internal standard. A single dotsé mg.kg* p.o. of caffeine
was followed by blood concentrations measurementsv@ points, 1h and 9 h.
Caffeine clearance, measured in patients with @gihand chronic hepatitis, was
reduced and half live time was increased in childeh liver disease as compared
with control. Different statistical methods havemeised to study the pharmacokinetic
data for cirrhosis diagnosis.

Keywords: Gas chromatographic-mass spectrometry, statistiediods, diagnosis

I ntroduction

Caffeine is used for measuring the metabolic capatithe liver. Because
caffeine is metabolized by the hepatic P-450 cytmtie oxidase system, clearance
of caffeine is an excellent quantitative test opdttéec function in human beings.
Caffeine test consists in caffeine oral intakedwakd by measurements of blood
caffeine concentration. Gas chromatographic-maastremetric (GC/MS) applications
for measuring drugs are very important for pharrkaegic studies, metabolic
studies, clinical applications for treatment arabiosis [1-3, 5-8].

The aim of this work was the statistical study afadobtained by GC-MS
measurements of caffeine concentration and somempalcakinetic parameters.
The pharmacokinetic parameters as plasma cleaeanttbalf-life time of caffeine
in children with hepatic dysfunctions and contral/é been compared

Materials and methods

Equi pment:
A Hewlett Packard mass spectrometer (Palo Alto, @24) HP 5989B couplet
with a gas chromatograph HP 5890 was used in thditans: electron energy of

70 eV, electron emission of 300pA and ion sourcaperature of 250C, selected

: Babes-Bolyai University, Biomedical Physics Dept., 1 Kogalniceanu str, 3400 Cluj-Napoca, Romania,
email: mculea@phys.ubbcluj.ro
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ion monitoring (SIM) mode. The gas chromatograplssnspectrometer (GC/MS)
assay used a HP-5MS fused silica capillary colus3om x 0.25 mm, 0.25um film-
thickness, programmed from 200 to 250°C at a rate of 16C/min, the flow rate
1ml.mir*, with helium 5.5 as carrier gas. Injector tempemtvas 206C. Retention
time for caffeine anéN-theophylline, the internal standard, were 3.5 amid 2.8 min.

3 pl of sample were injected. The molecular ion 194 for caffeine and the molecular
ion m/z 181 for the internal standard were monddi@ quantitative analyses in
the selected ion monitoring (SIM) mode.

Extraction procedure:

0.5 ml of plasma containing caffeine was placed a6 ml screw-cap vial
and 5ul of internal standartiN-theophylline, 1 ml of the extraction solvent,
chloroform: isopropanol 20:1 v/v and 0.2 g NaCl svadded. After mechanical
mixing for 1 min, the sample was centrifuged fan. 3 pl were injected into the
GC from the lower layer.

The method was validated in the range 0-20itpitaffeine. The regression
curve, plottechs peak-area ratio of m/z 194 to m/z181 versugioaffconcentration,
gave the following linearity parameters: slope 0AB2ntercept 0.1058, and regression
coefficient r = 0.97.

Precision gave R.S.D. values lower than 5% for Blif(n=7) and lower
than 3% for 3ug.mil (n=5). Accuracy showed values lower than 10%. lithi¢ of
detection was 0.1pg.thtaffeine in blood sample, signal to noise ratia 4:1

Caffeine concentration measurements were perforime2® hospitalized
children suffering of hepatic dysfunctions and oalst Three different groups were
studied: one formed by 16 children with hepatitigé 3-19 years old, the other
consisting from 5 children with cirrhosis, agedwsstn 5-12 years old, and 8 children
as control aged between 5-15 years old. The mase das 4 mg.Kyp.o. for all
groups. Blood samples were taken at 0, 30 min, 6, 9 and 12 h. Blood samples
were drawn into heparinzed plastic tubes and imatelyi centrifuged. Plasma was
stored at - 20°C. Written informed consents were obtained fromhesagbject
parent prior to this study.

Calculation:

Regression curves obtain by the GC/MS method irSive mode was used
for pharmacokinetic parameters study. Caffeineieéition constant was calculated as
follows:

ke|= (InCl-InCz)/At
Where
C,=higher caffeine blood concentration
C=lower caffeine blood concentration
At= the time elapsed between venous blood samples
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Two points caffeine clearance was calculated as Kl X V4 and caffeine
half-life as 1, = In2/k,, using a constant volume of distributiong\6f 0.6 liters
per kg body weight. Clearance values calculatedas®&/area under curve (AUC)
were compared with the two-points calculation value

Statistical Assessment:

A limit may have to be set for the confidence lefal the experimental
mean within which there is a known confidence dedwaining the true mean. For
a large number of samples determined, the expetaherean will follow a normal
distribution. For small number of samples (n<3@g, ¢xperimental mean will follow a
t-distribution; hence the t-distribution can be dider calculating a confidence
interval for an experimental mean using the refesiop:

xS (1)

Jn

where X is the experimental mean, t is the statisticatdiaclerived from the
normal error at various confidence levels, s is ¢hkeulated standard deviation,
and n is the number of results. The t-distributidso offers a means of comparing
the experimental mean with a specified standarchroestandard value.

When it has been established that the standardté@viof the two sets of
data agree to a reasonable level of confidenceapipeopriate t-test can then be
used for comparison of the experimental means otitler means using any of the
appropriate equations relating t to the standavéhtden s.

The t-test will indicate whether the numerical elifnce between the
experimental mean and the set standard valuenisicagt or not. This could be done
using the following equation, in which the valueta$ calculated and compared
with those of t-critical tabulated in Tables atigas confidence levels:

t :w (2)

In this case  is the true mean or the acceptadastdFor a given number of
degrees of freedom, if the calculated valu¢ ekceedd-critical derived from the
tabulated values in the distribution table, théedénce between the experimental
mean and the accepted standard is consideredisagnif Comparison of two sets
of data obtained for the same type of parameteiwordifferent groups of patients
can be carried out to see if there is any signiticdifference between the two
experimental means. This is important if one ofghsup samples was used as the
control while a set of data was also obtained liier dther. The following equation
can be used for the purpose of comparison:
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X =X

t=— 3)
S LS
nl n2
[ )
: 2 2 2
Degree of freedom & (251 /n12+52/2n2) ~t=2 (4)
"Sin)”, (Sin)’.
1T m+1 n,+1 ]

t=(x-%)/s/@/n +1/n,) (5)

Results and discussion

Caffeine clearance (Fig. 1) measured in patientls @ifrhosis and chronic
hepatitis was reduced and half live time was irgedain children with liver
disease compared with control.

The clearance was calculated in two ways, by usinty two blood
collection at overnight distance or by using ses@liections of blood.

Caffeine clearance

2.0

1.8 / '_./-—=
8 1‘21 / . —e— Control
5 1.0+ —a— Patients
8 0.8 ’?jr- —a— Cirrhosis

0.6 A/

0.4 /

0.2 +&

oo T T T T T T T T T T T T T T T T T T

1 3 5 7 9 11 13 15 17 19
Samples

Fig. 1. Caffeine clearance values in control and patients
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Clearance calculation

1.80 y=12811x=043

1.70 R = Uy/v
1.60 / *
1.50
1.40
*
1.30 //
1.20 .
1.10 v
100 T /\ T T T T T
1.00 1.10 1.20 1.30 1.40 1.50 1.60 1.70 1.80

Two points

Seven points

Fig. 2. Correlation between two and seven points clearaaloelation (r=0.96)

25

20

ol N\

10

—e—105

—u—ClI

Fig. 3. The mean values of clearance and half tijpintthe three groups of cases studied.
Caffeine clearance measured in patients with csignl) and chronic hepatitis (2),
was reduced and half live time was increased ildin with liver disease
compared with control (3)
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Fig. 4. Comparative mean value of caffeine concentratfter dose,
two point case, at the first hour and overnight

The data for caffeine clearance obtained by usigand seven points were
compared. The data showed good correlation, aggigrecoefficient of 0.96. Fig. 2
presents the regression curve obtained by usingvtheray of clearance calculation.

Fig. 3 presents the mean value for the two pharkiaetic parameters in
disease compared with control. Interesting valu@shthe mean value for caffeine
concentration in blood at the first hour after eafé administration which is very
high in hepatitis in comparison with control andloosis (Fig.4).

By using Pearson test for the comparison of thalteesf caffeine clearance
obtained by calculation of data for two points aeglen points for plasma samples
we have obtained no difference between the twodetalues. GraphPad showed also
the same results demonstrating that two point ciddie of blood are sufficient.

The statistical calculation of Student t-test vahrel probability value p
were compared with the theoretical values. Simitsults for all the statistical
method used were obtained.

The comparison of means of two samples [4] wagdeshe patient groups
and control. Clearance, half-life values for caféeeand t-test values calculated in
the three groups of children are presented in Thble

The t-test values were calculated by using the @itenf5) and gave the
values in the last two columns of Table 1. Complaraésults were obtained by
using formula (2): 5.11 and 0.57 for clearancediorhosis and hepatitis and 2.58
and 1.19 for half life in the two diseases. The#igance of the calculated t values
was obtained by comparison with the theoreticaleslfrom Table 2 and 3.
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Table 1.
Student t-test values calculated in the case of caffeinetest
( ng=control, n,=cirrhosis, n=hepatitis)
Clearance | ib S S It/ It/
n| 8] x1,s1 1.36 5.23 0.28 0.85 CI t1/2
n| 5| x2,s2 0.60 1558 0.30 11.63 5.1 2|58
n; | 16| x2,s2 1.26 6.16 0.45 212 057 1/19
Table 2.
The p valuesfor clearance and half time
p=0.1 p=0.05 | p=0.02 p=0.01
Ny +ny-2 11| cirrhosis 1.81 2.28 2.16 3.17
Ny +ny-2 22| hepatitis 1.73 2.00 2.33 2.85
Cl ti2
11| cirrhosis p<0.01 p<0.05 | Significant difference
22 | hepatitis p>0.1 p>0.1 | Not significant difference
Table 3.
t-critical at various confidence levels
The number of Confidence Confidence Confidence | Confidenc
degree of level level level e level
freedom k=n-1 90% 95% 99% 99.5%
1 6.317 12.706 63.657 127.32
2 2.920 4.303 9.925 14.089
3 2.353 3.182 5.841 7.453
4 2.132 2.776 4.604 5.598
5 2.015 2571 4.032 4.773
6 1.943 2.447 3.707 4.317
7 1.895 2.365 3.500 1.029
8 1.86 2.306 3.355 3.832
9 1.833 2.262 3.250 3.690
10 1.812 2.228 3.169 3.581
15 1.753 2.131 2.947 3.252
20 1.725 2.086 2.845 3.153
25 1.707 2.060 2.787 3.078
1.645 1.960 2.576 2.807

The results obtained by using the GraphPad soft geite similar.

The GraphPad soft was applied for the same congradtdata. We have
obtained t=5.088 for 11 degrees of freedom and)@84d. for clearance in cirrhosis, an
extremely significant difference and t=2.577 fordebrees of freedom and p=0.0257
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for ty,, a significant result. For hepatitis, t=0.5677 f@ @egrees of freedom and
p=0.576, is considered not significant for cleamrand for 1, t=1.187 and
p=0.248, also not significant differences.

Conclusions

The study showed significant difference of pharrkaegics for two points
sample collection for cirrhosis diagnosis. The eimtion half-life (t,,) of caffeine
was significantly longer in cirrhotic patients than the other two groups and
clearance was substantially reduced in these patighese findings suggest that
caffeine pharmacokinetic parameters can be estimatng two-point blood
sampling procedure and GC/MS determination, folimya single load. Further
studies are intended for adults where the numbeasds of cirrhosis is greater.
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X-RAY PHOTOELECTRON SPECTROSCOPY
OF M n%l.xBiX

L. REDNICY, M. COLDEA!, V. REDNIC! M. NEUMANN?, D. BENEA!

ABSTRACT. X-ray Diffraction (XRD) and X-ray Photoelectron Sp@®scopy
(XPS) of MnSk-,Biy (x= 0, 0.2, 0.5 and 0.95) system are reportedh BdhBi
and MnSb crystallize into two different phaseseadgonal ferromagnetic nickel-
arsenide (NiAs) structure type and an orthorhorpBi@amagnetic zinc-blende (ZB)
phase. The zinc-blende structure of MnSb and MaBaéchanically unstable and
would transform spontaneously into a metastablesefetetragonal phase. The
substitution of Sb by Bi in MnSb generates new ammg which preserve the same
hexagonal nickel-arsenide (NiAs) crystallographifacture type. The formation of
MnSh.,Bix phase is confirmed by X-ray diffraction measuretaemalence band
and core level XPS spectra.

Keywords: XPS spectra, nickel-arsenide structure type, ydiffraction

I ntroduction

The intermetallic compound MnBi received considéatitention since its
favorable magneto-optical properties were recognizg The high uniaxial magnetic
anisotropy [2] at room temperature and the magogtioal properties have attracted
the interest of scientific community because opitssible applications in permanent
magnets [3] and erasable magneto-optical memorigeaiej4]. The binary compound
MnBi crystallizes into two phases: the lower-tengtere hexagonal ferromagnetic
phase (LTP) and the high temperature orthorhombi@rpagnetic phase (HTP)
with a structural phase transition at 628 K [5].eTélectronic structure of MnBi
indicates that the Mn atom possesses a magneticentash 36 x4z, and that the Bi
atom has a magnetic moment of.2® us which is due to the s—d and p-d
hybridization between Bi and Mn atoms [5]. Numerattempts have been made
for the purpose of obtaining single-phase MnBi,hsas arc melting and rapid
solidification methods [6,7], but formation of Mmrgeipitations and Bi matrix
could not be avoided [8]. At present, no singleggh¥MnBi has been prepared. In
order to oversee this impediment many efforts Haeen made to stabilize MnBi
by varying its stoichiometry or by alloying it with third element like Cu, Al, Nb,
Si, etc., without any success [9, 10, 11].

! Babes-Bolyai University, Faculty of Physics, 400084j-Napoca, Romania
* E-mail: Irednic@phys.ubbcluj.ro
2 University of Osnabrick, Fachbereich Physik, 490&9abriick, Germany
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On the other hand, the ferromagnetic compound Min&ban electronic
structure similar to MnBi and also crystallizestivo different structures: nickel-
arsenide (NiAs) and zinc-blende (ZB). MnSb preseng3° configuration on the
Mn atom, with a magnetic moment of 35on the Mn sites, and —0.0& on the
Sb sites and a Curie temperature well above rompérature (F587 K) [12]. Since
both MnBi and MnSb have a hexagonal structure 8&Nype, it is possible that new
ternary Mn-Bi-Sb system with an appropriate comstit is able to form a hexagonal
structure too. The purpose of the present worloighitain a new material with
improved qualities by studying the structural algtteonic changes induced by the
substitution of Sb with Bi in MnShBiy (x=0, 0.2, 0.5, and x=0.95) system.

Experimental

Four samples belonging to MnSBix (x= 0, 0.2, 0.5 and 0.95) system
were prepared by argon arc melting method. In otdegnsure homogeneity the
samples were melted several times in the same ptraos The purity of the
starting materials was 99.99% for Mn and Sb an@%%or Bi. The weight loss of
the final samples was found out to be less thanTi8é.quality of the samples was
checked by conventional X-ray powder diffractionthwCu K, radiation using a
Bruker D8 Advance diffractometer.

The XPS spectra were recorded using a PHI 5600€AESpectrometer
with monochromatized Al Kradiation at room temperature. The pressure in the
ultra-high vacuum chamber was in the*d@nbar range during the measurements.
In order to prevent surface contamination the samplere scratched in situ and
the surface cleanness was checked by monitorin@ttie and C 1s core levels in
the survey spectra.

Results and discussions

The XRD patterns for the investigated samples aesgmted in Fig. 1,
together with the corresponding theoretical speatrd theoretical pure Bi pattern.
The PowderCell 2.3 [13] program was used for treuation of XRD patterns.

The alloys obtained by the substitution of Sb wBihin MnSb have the
same hexagonal crystallographic NiAs structure pipeese (MnSpBi,) corresponding
to the parent compound MnSb and also observed foBiMOne can see the
presence of some pure Bi peaks in all patternsespanding to the investigated
samples. The presence of these peaks is due teegregation of Bi during the
preparation process. The pure Bi phase is smallpeomy to MnSh,Bix phase,
except for x=0.95 where it succeeds the nickelradgestructure type phase.

XPS core level and valence band spectra can pravigertant information
regarding the electronic structure. To illustrdte guality of the samples in Fig. 2
is shown the survey spectrum of Mp@Bio s with the identification of the core
levels and Auger lines.
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Fig. 1. Experimental and generated X-ray diffraction pateof MnSh.,Biy
(x=0, 0.2, 0.5 and 0.95) alloys and theoreticakmi spectra
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Fig. 2. XPS survey spectrum of Mn&iBig s alloy

One can observe that contamination is absent @itle df C 1s and O 1s
levels), thus the XPS spectra are representatitieedbulk.

The valence band spectra of MaSBi, (x= 0, 0.2, 0.5 and 0.95) alloys are
shown in Fig. 3.
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Fig. 3. XPS valence band spectra of Mpgi, (x= 0, 0.2, 0.5 and 0.95) alloys

Since the photoionization cross section of Mn, Bl &b are comparable;
the valence band spectra of MpSBiy alloys are dominated by three main
contributions: one given by Sb 5p, another one fMm3d and finally the Bi 6p.
One can observe that the substitution of Sb withirBiMnSb leads to the
appearance of a new feature at higher binding gnevgich is characteristic for
the MnBi phase. The intensity of this feature iases with the increasement of Bi
concentration. The spectral feature situated attah0-11 eV is assigned to the
Sb 5s and Bi 6s states [14]. The displacement isffdature is generated by the
contribution brought by Bi 6s levels (10.5 eV).

A better understanding of the main characterisiicshe valence band
requires a comparison with the XPS valence bandtspef MnSb calculated with
the Munich SPR-KKR package (Fig. 4).

total

S Mn
----5Sb
o MnSb experimental

Intensity (arb. units)

14 ' 12 ' 10 ' 8 ' [} 4
Binding energy (eV)
Fig. 4. Calculated (lines) and experimental (circles) X@&nce band spectra of MnSb
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The computed XPS valence band spectrum of MnSi good agreement
with the experimental results, indicating that theasured spectrum is representative
of the bulk. Taking into account the similaritielstioe MnSb and MnBi electronic
structures, one may suppose that the calculated vehce band spectrum of
MnSb is also representative for the Magi, solid solutions.

Mn 2p XPS spectra of Mn3IBix (x= 0, 0.2, 0.5 and 0.95) system (Fig. 5
present a spin—orbit splitting of ~11 eV, which daa identified in the distance
between the centers of energy of the.2md 2p,,states. The substitution of Sb by
Bi in MnSb brings no significant changes in the Bfmband.

In case of atomic Mn, experimental and theoretieallts revealed a fine
structure of the 2p photoelectron spectrum caugeithds Coulomb interactions of
the 2p hole and 3d valence electrons [15]. Fihds the fitting of Mn 2p, XPS
spectra for the investigated alloys. The fittingultss were obtained considering four
components and a satellite line. The full widtthalf maximum (HWHM) of each
multiplet peak was considered between 1 eV ancke¥,5with a 0.4eV Lorentian
contribution (accounting the Mn 2p hole statestilite [16]) and a 0.6-0.8 eV
Gaussian contribution (accounting for the instruraebroadering). The relative
intensities of these states vary depending on theatdmic environment, reflecting
the changes induced to the properties of Mn 3@stat

Mn 2p

2”3&

Intensity (arb. units)

660 655 650 645 640 635

Binding energy (eV)

Fig. 5. XPS Mn 2p core level spectra of MnSBiy (x= 0, 0.2, 0.5 and 0.95) alloys

The binding energies of the fitted multiplet sjritt components and the
mean energy separation between the four componehish corresponds to the
exchange splitting of the Mn 2p core-hole statesJiated in Table 1.
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Fig. 6. Curve fitting results (solid lines) of Mn Zpcore level spectra of MngBi,
(x=0, 0.2, 0.5 and 0.95) alloys superposed onrtbasured spectra (circles)

Table 1.

Fitting parametersfor M n 2pz, XPS spectra of MnSb,,Biy (x= 0, 0.2, 0.5 and 0.95)
alloys. Ae denotes the mean exchange splitting between the sublevels

Binding energy (eV)

X Component 1 Component z Component : Component ¢ Ag (eV)

0 638.5 639.3 640.3 641.5 1.01
0.2 638.6 639.6 640.7 641.8 1.07
0.5 638.4 639.4 640.5 641.8 1.12
0.95 638.6 639.3 640.1 641.7 1.06
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The mean energy separation between the four compoimas a value
between 1.01 eV and 1.12 eV in the investigatecpgssnThese values confirm the
formation of MnSh,Biy solid solution by the substitution of Sb with Bi MnSb
compound. Since the exchange splittiggs approximately the same in all alloys
one may suppose that the Mn 3d states in Mgiibare not affected by alloying.

The Sb 3d XPS core level spectra of Ma®i, (x= 0, 0.2, and 0.5)
system are shown in Fig. 7.

Sb 3d 3d

Intensity (arb. units)
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Fig. 6. XPS Sb 3d core level spectra of Masi, (x= 0, 0.2 and 0.5) alloys

The lack of O 1s at 531eV binding energy in the38kcore level spectra
indicates that contamination is absent and prdwegidod quality of the investigated
sample. The small chemical shifts observed in the38 core level spectra of
MnSh,..Bix may be explained by the changed induced in that&ks vicinity.

Conclusions

Until now no single-phase MnBi has been preparedortler to oversee
this impediment we have tried to stabilize MnBi pady alloying it with Sh. The
substitution of Sb by Bi in MnSb leads to the fotima of new and improved
compounds which preserve the same crystallographicture as the parent compound.
The X-ray diffraction measurements indicate therfation of MnSh,Bi, solid
solution. For higher Bi concentration (x=0.95) arem observe that a mixture of
pure metallic Bi and MnShBi,phase appears. The presence of unreacted Bi is due
to the segregation during the preparation proed3S. valence band, Mn 2p and Sb 3d
core level spectra have confirmed the formatiomMofSh, ,Bix solid solution. The
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computed XPS valence band spectrum of MnSb is d gagreement with the
experimental results, indicating that the measspattrum is representative of the
bulk. The Mn 2p,core levels exhibit a multiplet structure arisimgnfi the exchange
interactions between the core hole and the opeshedl. The Mn 3d states in
MnSh,..Bix do not change appreciable by alloying.
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3%C CPMAS NMR STUDY OF CHLORTHALIDONE AND
FUROSEMIDE INCLUSION IN B-CYCLODEXTRINS

BOGDAN FRENTIU*, CODRUTA SOICA? CRISTINA DEHELEAN 2,
ARPAD GYERSESF, MIHAELA ALUA §*, SIMION SIMON *

ABSTRACT. The nuclear magnetic resonance (NMR) spectroscosolids using
cross-polarization magic angle spinning experirhewe been used to study insertion
of drugs chlorthalidone in hydroxypropgdeyclodextrin (HPBCD) and furosemide in
randomly methylatefl-cyclodextrin (RAMEB) to see if exist any interactibetween
substances in each case, and if they will shapesion complexes. Both drugs are
practically in water insoluble diuretic, used foe treatment of edema and hypertension.
The preparations have been done in 1:1 and 1.2 matilas using specifically methods
like kneading product and ultrasonication.

The study demonstrate that HPBCD and RAMEB hieeta include in their cavities
chlorthalidone and furosemide respectively, follpnformation of inclusion complexes
with a high bioavailability, offering possibilitp tproduce new improved pharmaceutical
products.

Key-words: NMR spectroscopy, furosemide, chlorthalidone, RAMERBCD

Introduction

The nuclear magnetic resonance (NMR) spectroscomyne of most used
methods to investigate and characterize differefitl samples, and using cross-
polarization magic angle spinning experiment caolained improved signals for
nuclei which have low gyromagnetic ratio or poartural abundance IiK&C nuclei.
The method was used by us to investigate insestichlorthalidone in hydroxypropyl-
B-cyclodextrin (HPBCD) and furosemide in randomlythydated g-cyclodextrin
(RAMEB) respectively, to see if exist any interaotibetween substances in each
case, and if they will shape inclusion complexes.

Chlorthalidone (2-chloro-5[(1RS)-1-hydroxy-oxo-2dBydro-1H-isoinodol-
1-yl]) and furosemide (4-chloro-2[(furan-2-ylmethymino]-5-sulphamoylbenzoic
acid) are practically in water insoluble diuretised for the treatment of edema and
hypertension [1]; they are yellowish-white powdeamsluble in ethanol, methanol and
acetone and photosensitive. The drugs presentrebjmavailability because they have
a low solubility in water. This aspect can be immad if we will obtain inclusion

! Faculty of Physics, ,BahkeBolyai” University, Cluj-Napoca, Romania
2 Faculty of Pharmacy, University of Medicine andaRhacy ,Victor Babg” Timi soara, Romania
3 Faculty of Pharmacy, University of Medicine andaRhacy Targu-Mure Romania
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complexes between chlorthalidone and HPBCD, andskmide and RAMEB
respectively, that means we optimized the solybdlitd chemical-physical stability,
which leads to higher bioavailability [2].

Cyclodextrins are torus-shaped oligosaccharideschMtontain a number
of glucose monomers ranging from 6 to 13 units iing, built up froma-1,4-D-
glucopyranose units, creating a cone shape. Theipals and most synthesized and
analyzed cyclodextrins are that which contains gasuing units @-cyclodextrin),

7 sugar ring unitspécyclodextrin), 8 sugar ring unitg-€yclodextrin) (fig.1) [3].
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Fig. 1. The principal cyclodextrins

The theoretical calculations of conformational gyellemonstrate that can
not create rings with less than six units, becafigxisting stearic barrier [3, 4]. The
cyclodextrins can be obtained using an approactablaology like fermentation
of starch reaction. They have truncated cone saaggosed a hydrophobic cavity
with size of 6-10 A, which is able to host hydroplworganics molecules. Most
suitable cyclodextrin for insertion fiscyclodextrin; this is actually most facile and dse
among cyclodextrins can be able to form inclusiomplexes with 1:1 molar ratio.

Exterior
Hldl ofilic

H OH
CH
Cavitate
Hidr ofoblca

CH,OH

Fig. 2. Schematically process of drug insertiorginyclodextrin.
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When a substance less soluble in water interadts avicyclodextrin, the
hydrophobic part of that substance is totally atiglinclude in cyclodextrin cavity
and in same time it will form inclusion complex. dénesis of inclusion complexes,
the forces which permit the isolation of complexsalid state and in the same time,
the discharge of active substance in special comdiare Van der Waals forces,
hydrogen links and dipole-dipole interactions [R, 6

The aim of this study is to investigate insertidncblorthalidone and
furosemide in cyclodextrins using solid state rarcteagnetic resonance spectroscopy,
and to confirm the results which have been obtaorethsertion of chlorthalidone
in HPBCD and insertion of furosemide in RAMEB, ugithe others investigation
methods like differential scanning calorimetry (DSK-ray diffraction (XRD), in vitro
dissolution tests. The results obtained with theséhods have been demonstrated
that there is an interaction between used drugsgeiddextrins, and leads to form
inclusion complexes.

During the afore-mentioned measurements, was obskmv each case
which is the most applicable preparation methodwhidh is the better molar ratio
to prepare inclusion complexes of both drugs. Saglior furosemide, the better
method to prepare inclusion complex is ultrasomcain 1:1 and 1:2 molar ratio;
and for chlorthalidone is kneading product methrod:2 molar ratio [2].

Methods and materials

Chlorthalidone and furosemide was received ast aaifple from SC Terapia
SA (Cluj-Napoca); Cyclodextrins RAMEB and HPBCDg(8 a&b) were purchased
from Cyclolab R&D Ltd. (Budapest, Hungary).

OR OoR
OR R——H
oR RO
OH ro- b OR
RO
ORO OR 0

\\%, /
RO RO

a b
Fig. 3. Chemical structure of HPBCD (a) and RAMEB (b)

Chlorthalidone and HPBCD was prepared using knegpgdinduct method
obtained an inclusion complex between this substrc 1:2 molar ratio: the
physical mixtures were kneaded with 50% ethanaltgoi until the bulk of solvent
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evaporated and then dried at room temperaturedféroRrs and then was put in the
oven at 105°C by the constant mass. The sampl@ubasrized in mortar and after
that passed through sieve no V [5].

The inclusion complex of furosemide and RAMEB waspared using
ultrasonication method: the physical mixtures wdissolved in 50% ethanol, placed
in the ultrasonic apparatus Dataphysics OCA 20gfatsics, Germany) for 1 hour,
dried in oven at 105°C and after that pulverizethortar and passed through sieve
no V [5].

The solid statd®C NMR spectra were recorded at 100 MB2 Larmor
frequency with a Bruker Avance-400 spectrometet. MVIR experiments were
performed at room temperature and the sample watsecepacked in zirconium
rotors to minimize the effect of rf field inhomogsty. Standard cross-polarization
magic angle spinning (CP/MAS) (fig.4) [7, 8] expeents were performed at a
spinning frequencyg=8 kHz, using &H 90° pulse length of 3.6s.

IH Cross-polarisation | Dipolar decoupling
(CP) (DD)

’C CP

Fig. 4. Pulse sequence of CPMAS NMR experiment

The ¥®C NMR spectra were acquired under two-pulse phasdutated
(TTPM) *H decoupling at 70 kHz by averaging 512 scans avitecycle delay of 3 s.
The CP transfer was optimized for the first Hartm&lahn matching condition
(vic= vig=vRr), wWere the rf fields on the 1H and 13C channelgehzeen calibrated
to 42 and 50 kHz, respectively and the CP contawt was set to 1 ms for all the
experiments. Chemical shift 8iC nuclei are expressed in parts per million (ppm)
and calibrated with respect to tetramethylsiland$) as described in literature [9].

Results and discussion

The *C NMR spectra were recorded for two sets of sarapld for each
sample in case:

1) Chlorthalidone (CLT), hydroxypropy-cyclodextrin (HPBCD) and
inclusion complex of CLT with HPBCD (fig.5);

2) Furosemide (FS), randomly methylatgdyclodextrin (RAMEB) and
inclusion complex of FS with RAMEB (fig.7).
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In the table | we can see the chemical shiftpéaks of°C CP/MAS NMR
spectra of chlorthalidone, hydroxypromAeyclodextrin and inclusion complex of
CLT with HPBCD.

) WWULMW

ST N
CLT& HBPCD /kj\jk\/\‘w

T T T T T T T
240 220 200 180 160 140 120 100 80 60

(ppm)

Fig. 5. The CPMAS"*C NMR spectrum of CLT, HPBCD, HPBCD&CLT

Table I.

No. peak | CLT HPBCD CLT+HPBCD

(ppm)  |(ppm) (ppm)
1 17.2 18.1
2 53.4
3 58.1 58.9
4 64.6 65.1
5 70.3 70.9
6 79.3 80.3
7 86.4 85.5
8 99.7 100.5
9 120.9
10 123.1 122.7
11 124.3
12 126.2
13 128.2 129
14 132.9
15 135
16 136.7
17 139.1
18 145.9
19 171.1
20 2125
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-
;tfg“:;i:mmwmmmj U W\\MM/\M

T T T T T
240 220 200 180 160 140 120 100 80
(ppm)

Fig. 6. The CPMAS™C NMR spectrum of CLT&HPBCD

After the insertion of chlorthalidone into the dgvof HPBCD, we can
observe the appearance of four new peaks of lcangitly at 85.5 ppm, 122.7 ppm,
129 ppm and 139.1 ppm (fig.6) and the others cheniatic peaks of HPBCD have
a short shift (0.6-1 ppm). The shifting down-filetithe cyclodextrin peaks in the
spectrum of the complex and the appearance of #we peaks which are not
characteristic to the host molecule prove thereldgssn an interaction between the
two substances probably with the formation of auision complex.

In the table Il we can see peaks & CP/MAS NMR spectra of furosemide,
randomly methylate@-cyclodextrin (RAMEB) and inclusion complex of FSthv

RAMEB.
| |
MW«AWJW L‘UUM\J“J\WMMWJM
|

A W
RaveR WMMJU ﬂk _—

A
FS&RAMEB /U /\‘/ \ / UL/U
O JO— U L
240 220 200 180 160 140 120 100 80 60 40 20 0

{ppm)

Fig. 7. The CPMAS"C NMR spectrum of FS, RAMEB, FS&RAMEB
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Table II.

No. peak | FS (ppm) RAMEB |FS+RAMEB

(ppm) (ppm)
1 16.4
2 29.6
3 36.8
4 41
5 57.3 58
6 69.5 70.3
7 79.7 80.5
8 98.6 99.4
9 103.5
10 106.7
11 108 108.3
12 109.5
13 1145
14 122.6
15 124.5
16 132.8
17 138.9
18 141.7
19 148.1
20 151.2 150.6
21 169.7 166.8
22 174.2

T T T T T
240 220 200 180 160 141
(ppm)

Fig. 8. The CPMAS™C NMR spectrum of FS&RAMEB (FS-US)

Pt A AN UM /
T T T T T
0 120 100 80 60 40
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After the insertion of furosemide into cavity of REB we can observe
the appearance of five new peaks at 16.4 ppm; @%@ 41 ppm; 150.6 ppm and
174.2 ppm (fig.8); and the others peaks which &eaacteristic for RAMEB are
shifted ~ 0.8 ppm.

The appearance of the new five peaks which arelmatacteristic for the
guest molecule as well as the shift down field le# tyclodextrin peaks proves
there has been a quite strong interaction betweedrtig and cyclodextrin suggesting
the formation of an inclusion complex. These resalte in good correlation with
information obtained by methods like differentiahaning calorimetry (DSC), X-
ray diffraction (XRD), in vitro dissolution testg][

Conclusions

The results by*C CP/MAS NMR spectroscopy confirm the results of
complex analyzes which have been obtained usirgyXliffraction (XRD), differential
scanning calorimetry (DSC) and in vitro dissoluttests, attesting that experimental
method by itself it is adequate for suchlike ofigta and it exist an interaction between
chlorthalidone and HPBCD and furosemide and RAMEBpectively, both with
really chance to form inclusion complexes.

The information obtained by NMR spectroscopy catexd with results of
complementary experiments (XRD, DSC) demonstrateaise of chlorthalidone
and HPBCD the most adequate method is kneadinguprad 1:2 molar ratio,
while for furosemide and RAMEB the most efficienethod is ultrasonication in
1:1 and 1:2 molar ratio to obtain inclusion comekex

The presence of HPBCD and RAMEB for each drug sigoimfluences
different parameters of chlorthalidone and furosEmisolubility, dissolution,
leading to the possibility of obtaining new pharematical preparation, with a
greater bioavailability.
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INFRARED SPECTROSCOPY OF SMALL WATER CLUSTERS
TITUSA. BEU  AND GABRIEL CABAU

ABSTRACT. We report calculated infrared spectra for water clusters composed
of up to twenty molecules, using a formalism based on second order perturbation
theory. We have investigated the frequency domain between 3000 and 4000 cm™,
which includes the two stretching modes and the first overtone of the angle
bending mode. The stretching modes are found to be red shifted, while the bending
mode is blue shifted. For both modes the line shifts increase with the cluster size
and appear to be strongly correlated with the average number of hydrogen bonds
per cluster. The spectra lines corresponding to the stretching of free OH bonds
(not participating in hydrogen bonds) have been found to be amost independent
on the cluster sizes. For larger clusters the spectra tend to form broad bands which
can be identified in the experimental spectra of bulk water.

Keywords: molecular clusters, vibrational spectra, water.

1. Introduction

Water is one of the most intensively studied substances, due to its special
properties, the presence of hydrogen bonds being responsible for many of them. A
water molecule can form four hydrogen bonds: two of them involving the oxygen
atom and the other two, the hydrogen atoms, acting as donors.

One of the most sensitive methods of probing the hydrogen bond network
is vibrational spectroscopy. The presence of the hydrogen bonds causes the spectral
lines of the monomer to be either red shifted (the stretching modes) or blue shifted
(the bending mode). We have investigated the frequency domain between 3000 and
4000 cm™, containing beside the symmetric and asymmetric stretch modes also the
first overtone of the angle bending mode (all three modes being non-degenerate).
There are only few experimental studies of water cluster spectra in this frequency
range, among which the most accurate are those published by Buck et al. [1]-[4]
and Huisken et al. [5]. Other experiments were carried out using less effective size-
selection techniques. For example, Huang and Miller [6] have measured spectra
only for the dimer, while Cocker et al. [7] have reported spectra for larger clusters,
however without any size selection.

2. Theor etical methods

Our investigations comprise two main areas. cal culations of the geometrical
equilibrium structures of the clusters (using a compound deterministic-stochastic
strategy) and quantum mechanical calculations of the infrared spectra employing a
well tested formalism based on second order perturbation theory [8],[9].
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One of the goals of the present study was also to distinguish the relevance
of molecular polarization in simulations of water clusters, and consequently we have
comparatively studied a potential modd implying a fully rigid monomer, TIP4P [10],
and a model featuring along with the fixed sites also one movable polarization site,
COS/B2 [11].

The TIP4P modd consists of four fixed sites: three corresponding to real
atoms and one supplementary site that is positioned on the bond angle bisector. The
supplementary site carries the dectric charge corresponding to the lone-pair el ectrons,
while the sites corresponding to the actual O atoms interact with each other only
through a Lennard-Jones potential.

In the COS/B2 model, eectrostatic interactions operate between all sites of
different molecules and, again, the O atoms feature supplementary L ennard-Jones
interactions. The molecular polarization is accounted for by an additional pair of
opposite charges, placed on the O atom and on an additional movable site, respectively.
The equilibrium separation between the two charges results in response to the
instantaneous dectric field acting on the O atom.

The formalism for the frequency shifts of molecular clusters[8] is based on
the idea of treating the anharmonic contributions to the intramolecular force field and
the intermolecular potential as a perturbation of the uncoupled harmonic vibrations of
the monomer's, described in the normal mode approach. This formalism was successfully
applied to several systems, including ammonia clusters up to N=100 [13].

Since the method used in this study is well tested and we have used it
successfully in several other studies [9], in order to get more realistic results, we
have adjusted a few of the cubic force constants @+ . These originally stem from
the anharmonic normal mode analysis of the monomer vibrations performed according
to the L-tensor method of Hoy ¢ al. [16], but they are known to be rather susceptible
to the transformation process from valence to normal coordinates. From the total of
ten most significant cubic force constants, three have been adjusted. For example,
the &4, constant was increased by a factor of 1.5.

Another aspect worth mentioning is that the line spectra obtained for the
isomers of a given size was averaged over the whole ensemble of the lowest 500
configurations, assuming a Boltzmann-type distribution of the isomers with respect
to the binding energy and an equilibrium temperature of 150 K, which is consistent
with typical experimental conditions [3].

3. Results and discussion

The equilibrium structures of the water clusters (N=2-20) have been determined
by stochastic minimization of the total interaction energy. Specificaly, the energy
minima have been determined by optimizing the center of mass positions and
orientations of the molecules, starting from random initial configurations. Several
hundreds of thousands (up to millions) of minimizations have been necessary to
obtain the global minimum for each cluster size and, with aview to calculating average
IR-spectra, we have considered the lowest 500 configurations.
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The energies obtained for the equilibrium structures with both potential
modds agree with those published by Wales e al. [17]. Even though for small clusters,
the energies obtained with the TIP4P mode are slightly lower than those obtained
with the COS/B2 model, the structures optimized with the latter showing generally
higher symmetry. As an example, Figure 1 shows comparatively the structures of the
lowest energy hexamer isomers obtained with the two potentials. As can be easily
noticed, the COS/B2 equilibrium structure shows higher symmetry, even though
the corresponding binding energy (-197.22 kJ/mol) is a bit higher than the TI1P4P

value (-197.78 kJ/mal).

- }J )J?
3 Jo
& }Jq’ .

J

Figure 1. Geometric structures of the lowest energy hexamer isomer obtained with the non-
polarizable potentia TIP5P (1eft panel) and the polarizable COS/B2 potential (right panel).

For clusters composed of up to five molecules, the spectra obtained with
the two potentials are comparable. However, when going to larger cluster sizes, the
difference between them becomes more significant. Even with adjusted cubic force
constants, for clusters larger than the pentamer the TIP4AP modd produces unrealistic
spectra, while the spectra computed with the COS/B2 model follow fairly the
experimental ones. It appears that the lack of polarizability renders the TIP4P
model ineffective for IR spectroscopy studies. Therefore we will discuss further on
only results obtained with the COS/B2 potential mode.

The frequency shifts obtained for the asymmetric stretch mode v3 are the
smallest ones and this can be explained by the fact that the vibrations of the free
OH bonds, which are not involved in hydrogen bonds but which are mainly involved
in this mode, are aimost independent of the number of hydrogen bonds and of the
cluster size The symmdric stretch lines (vq) are less intense than the asymmetric
stretch lines because of the hydrogen bonds being hindered by the intermolecular
forcefield, but the v1 lines show a larger shift, proving a strong dependence of the
number of hydrogen bonds. As expected, the intensity of the overtone of the bending
mode (2v2) lines is about for times smaller than that of the stretch lines. This result,
too, comes to confirm the appropriateness of our perturbative approach.
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Figure 2. IR spectrafor (H,O)y clusters. The solid drop-linesin the lowest pand (N=2)
represent the monomer frequencies, while the dotted drop lines are the experimentd
frequencies of Huisken et a. [5]. Theintensty of lines corresponding to the bending

mode, 2v,, wasincreased by afactor of 4. The datafor liquid water reported
by Buck et d. [3] was depicted in the upper most pand (N=20).

Our infrared spectra are compared with the experimental results for size-
selected water clusters obtained by Huisken et al. (N=2-5) [5] and Buck et a. (N =
6-10) [1]-[4]. For clusters larger than the decamer there is no accurate size-
selective study in literature. For dimer and trimer our results are in good agreement
with the experiments. From trimer to pentamer the experimental lines assigned to
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the asymmetric stretch mode are less redshifted than the values predicted by our
calculations while from the octamer thetendency isinverse, arriving to the comparable
shift for clusters around N = 20.

Thereis an obvious tendency of the clusters lines to reach the central positions
of the three main bands present in the experimental liquid phase spectrum [3].

4. Conclusions

We have computed structures and infrared line shifts for water clusters formed
of up to 20 molecules, investigating two model potentials (T1P4P and COS/B2) and
several prescriptions for the motions of the supplementary interaction sites as part
of the molecular vibrations. The best results were obtained with the polarizable
COS/B2 model, the TIP4P model rendering unrealistic spectra due to its rigidity
and the lack of polarizability. The line shifts appear to be strongly dependent on the
number of hydrogen bonds in the clusters. The most significant shifts appear for the
symmetric stretich mode v1, while the asymmetric streich mode v3 remains almost
unshifted with increasing cluster size, being less affected by the intermolecular
force field. The lines corresponding to the overtone of the bending mode are much
less intense. The line shifts increase with cluster size, but for larger clusters they
tend to saturate, reproducing in the investigated frequency range the three distinct
bands found in the experimental liquid-state spectra.
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SUPPORTED NICKEL CATALYSTS INVESTIGATED BY
TEMPERATURE PROGRAMMED REDUCTION METHOD

STELIAN PINTEA > PETRU MARGINEAN? STEFAN GERGELY ?
VASILE REDNIC ®°, NICOLAE ALDEA @

ABSTRACT. A method for obtaining supported nickel catalysta ichemical one
that involves four steps described in the followpages. Reduction is one of these
steps and it can be analyzed by temperature progegimeduction technique. In
this paper we investigate the reduction behaviaghefNiO in different cases. For
data acquisition we used a home-made setup alswiltes in the paper. The
temperature for reduction of NiO depends on thegee and the chemical nature
of the support. The first case discussed is thahefpure NiO reduction as a
function of temperature. The present paper alsoribes the reduction of NiO in
the presence of AD;, Cr,O; and MgO as supports. Different values for the
temperatures corresponding to the maximum hydragersumption during the
reduction of NiO are discussed.

Keywords: supported nickel catalysts, TPR, NiO reductiotivaanetal — oxide
support interaction

Introduction

Temperature programmed reduction (TPR) is a tecieniijat describes the
reduction behavior of different oxides as a funcid temperature [1, 2].

The applications of the catalysts make them vesgful in industrial
activities like: production of ammonia, sulfuricid@nd petroleum reforming. If
we are speaking about nickel catalysts, we haveduotion its applications in the
field of isotopic exchange reactions and hydrogenatf the CO [3]. The catalysts
act by decreasing the activation energy of thetimacselecting one from many ways
that reaction can occur, making possible some imactthat cannot take place
without catalysts. So, we can see that these raitaie very important and they
are very helpful in environmental protection andgaving energy in the industrial
processes.
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Preparation method of the supported nickel catalyst

Supported nickel catalysts were obtained usingdpeecipitation method that
involves four important steps: coprecipitationceadtion, reduction and passivation.

Coprecipitation is used for the mixing of the comeots, the metal with
the supports. For preparing NiA8k;, the solution of the mixture of nickel nitrate
and aluminium nitrate, in the expected Ni/Al rdito the catalyst, was precipitated
with a sodium carbonate solution. The coprecipitais leaded to a neutral pH. In
these conditions the components are totally prietipg, thus, the Ni/Al ratio does
not change. The precipitate is filtered many timés double distilled water until
the disappearance of the Nand (NQ) ions. Sodium ions in the catalyst are acting
like a poison for many catalytic reactions. Afteistoperation, the product is dried
in stove at 105°C.

By calcination at 340°C, the mixture obtained byrecipitation and drying is
decomposed, leading to the formation of a mixtdraickel oxide with aluminum
oxide. During calcination, a huge amount of gasegdr vapors and carbon dioxide)
are emitted, producing a very porous material Witgh specific surface area.

The reduction of the nickel oxide from the oxidegtore obtained by
calcination was done by thermal treatment in strioydrogen flow. The reduction
of NiO is an autocatalytic process. It needs amdtidn period. It was shown that
the energy used for removing oxygen from the freéase of nickel oxide is bigger
than the energy needed for removing oxygen fromsdtrsurfaces of nickel oxide
that are in contact with metallic nickel [4,5]. Thehavior of the reduction was
studied by TPR and the results of this study aseutised in the following sections.

In the same way, the Ni/@; and Ni/MgO catalysts were prepared. In these
cases we used chromium nitrate and, respectiveignesium nitrate instead of
aluminum nitrate. The procedure for obtaining therthe same like that described
for Ni/Al ;O catalysts.

Experimental

1. TPR measurements

The TPR measurements were carried out on a home-aguhratus. This
device is built up from more pieces. One of thenthis gas source that gives a
mixture of Ar and Hwith 94.5 % volume of Ar and 5.5 % volume of. Hhe gas
flow is divided in two parts. A part of the gas\ilos conducted through the
reaction chamber, is dried (using a molecular iafter leaving the reactor and is
leaded to the thermal conductivity detector (cataer). The second part of the
gas flow is connected directly with the catarometéor data acquisition, the
catarometer is connected with a computer. The icmachamber is connected to a
temperature programmer. The limit temperature feasarements was 650°C. The
measurements were carried out starting at roomesayre.
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2. Data acquisition system

The hardware part of the acquisition system, coose signal preconditioning
module and a National Instruments NI-DAQ 6220 medilihe NI module is an M
series, PCI type of board. This board is simplgtitesd in a desktop PC without any
other necessary adaptation. The unit as a whoke ardlg two channels, which are
set as analog inputs. One measuring channel isatedito the acquisition of the
differential voltage supplied by the catarometdre Dther one does the acquisition
of the oven’'s temperature, having the readings loeerected by a software linear
regression. The block diagram of the preconditigmimodule is shown in fig.1.

Amplificator Interfata izolata
E/ 200V Amplificator izolatie
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termocuplu

GS-2007

Fig. 1.Block diagram of the preconditioning module

Now, the main issue in using an acquisition boardainy industrial or in
laboratory application, is that the usually eleatigrounding points are situated
sometimes at a different voltage level. A much éigisk of damaging the acquisition
board can be avoided, if the presence of the commmute level at the input is limited
to a max. 10V; unfortunately the catarometer briggeerates a differential voltage
which has a very high common mode voltage situagdgeen 60 and 100V. All these
issues are resolved by using a specially desigiggglspreconditioning module.
This module guarantees that the acquisition bodidegord all signals at the same
grounding potential and also adapts the high commode signal to an appropriate
input level.

The input of the preconditioning module which measuhe catarometer
bridge, acts as an impedance buffer and becausie special design, the INA117
unity-gain operational amplifier does withstand tiigh common mode voltage
which might be up to 200V. A second operational ifiapis wired as an inverting
amplifier which is set to a (J*5V voltage gain at the output. The temperature of
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the oven is measured using a K type thermocoupliaéoentire 2% to 800C range.
Using a proprietary AD595 thermocouple amplifieprioved to be the best way of
adapting the small signal provided by the thermptmto the input of the acquisition
board.

After the signal conditioning, both channels aregishe 1SO124 insulation
amplifiers by means of separating the differentsugag electrical groundings from
the common ground of the acquisition NI-DAQ board.

Two second order unity-gain Sallen-Key type lowspfilsers, one for each
channel are filtering out the switching noise gaiwsl by the insulation amplifiers.
Another benefit of using these filters can be otmdiif the cutting frequency is set
to 5Hz. In that case the rejection of the maingescy is about 40db at 50Hz.
This is achievable mainly because the measuredilsigare having a very slow
variation rate.

The preconditioning module is powered by the comip&V power supply
which is present on the NI-DAQ connector. Furthererbie galvanic separation is
completed by using three separate +/-15V miniafiié switching mode power
supplies for powering all the above mentioned discu

We used the LabView8 platform mostly because ig figed to our
National Instruments acquisition board. Also theessary developing time for a
given application is greatly reduced because of uke of the “in software
implemented modules”.

Results and discussion

For data analysis we used dedicated software desgland implemented
by our research team. We were looking for the nicatibns in the temperatures
specific for the maximum hydrogen consumption ffedent cases [6]. So, we collect
data representing the reduction behavior of nickédle in the presence of some
oxide supports. In fig.2a is represented the redndiehavior of pure nickel oxide
without any other oxide used as support. Fromitisé derivative of this spectrum,
the value of the temperature where the hydrogeswuoption has a maximum, at
about 255°C, was obtained. For the other samphesyalues for the maximum
hydrogen consumption are increased, as a sigreahtluence of the support oxide
on the reduction behavior of the nickel oxide.

The reduction behavior of nickel oxide in the preseof CpOs, Al,O; and
MgO are represented in fig.2b-d. The values fomthgimum hydrogen consumption
for the investigated samples are given in the ThbWe can see that for reducing the
NiO using MgO support we need higher temperatupeut373.3°C, than in the
case of pure NiO. This effect is caused by thegres of the MgO that interacts
with the nickel oxide making NiO more stable arflailt to reduce. If we are looking
at the temperature corresponding to the NiO redndti the presence of chromium
oxide, a higher value, of 385.5°C, will be fountlisSTmeans that the reduction of NiO
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in this case occurs with higher energy consumgiath the chromium oxide makes
the NiO more stable than the MgO. In this case somnemites are formed during
the calcination process and make the complete tieduaf the NiO more difficult. A
really significant difference in the temperatureresponding to the highest hydrogen
consumption can be observed in the NiO deposetlionira as support. The value for
this case was 487.3°C. In this case some alumicaielse produced. The reduction of
the NiO involved in aluminates is difficult duett@e high stability of these aluminates.
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Fig. 2. The reduction behavior of NiO (a), NiOACx; (b), NiO/Al,O; (c) and NiO/MgO (d)
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Table 1
The temperatures corresponding to the maximum hydrgen consumption (Thax)

Sample Tmax (°C)
NiO 255
NiO/Cr ,03 387.5
NiO/Al .03 487.3
NiO/MgO 373.3

All the samples, excepting the pure NiO, have aeatration of 60 at% of
nickel and 40 at% of the metal present in the suppespectively Cr, Al and Mg.
We can see that it will be easier, from energetimpof view, to obtain nickel
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catalysts supported on magnesium oxide and chrorokide than to obtain nickel
catalysts supported on alumina due to the factttieatemperatures needed for the
reduction of the NiO in the presence of alumineigh higher than in the first two
cases. This is a proof of oxide support influenoetlee reduction behavior. This
influence is explained by interaction between nickede and support oxide. This
phenomenon was also evidenced in literature [7, 8].

0,015 st derivative of NiO/Cr203 with 60 at% Ni and 40 at% Cr —— |

o
o
=

First derivative [a.u.]

100 200 300 400 500
Temperature [Celsius degrees]

Fig. 3. The first derivative for the TPR spectra of NiO/Qy

In fig.3 the first derivatives of the TPR spectcarresponding to the NiO
reduction using GOs as support, is represented. The zero value ofi¢hieative
corresponds to the maximum hydrogen consumptiothfsrsupport.

Conclusions

The TPR spectra give important information regagdihe reduction
behavior of the NiO with different oxides used apmort for the catalysts.

The difference in the temperatures correspondirtgegamaximum hydrogen
consumption is a proof of the support influenceéhia reduction behavior and also
in the catalytic activity of the samples. This irghce is proved by the increasing
of the temperature for maximum hydrogen consumgtidhe case of MgO, @D
and AbOs; used as support. The increased temperaturessar@amlevidence of the
nickel oxide —support oxide interaction.
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THE EFFECT OF ZrO; AND Zr0O,-SiO, NANOSTRUCTURED
FILLER PARTICLESON POLYMERIC COMPOSITES FOR
THIN DENTAL COATINGS

CAMELIA ALB!, MARIOARA MOLDOVAN?, CRISTINA PREJMEREAN?,
DOINA PRODAN?, MARCELA TRIF?2, CODRUTA SAROSI?,
LAURA SILAGHI-DUMITRESCU? VIOLETA PASCALAU?

ABSTRACT. Polymeric composite films for dental applicatiorre aynthesized
and characterized with respect to their structpraperties. The composite samples
consist of polymers including as reinforcement phasrganic nanostructured
particles. The key to realize dental compositesnttgaadequate properties is the
homogenous dispersion in the polymer matrix of & lontent of inorganic
nanoparticles. Dental fillers based on resin coritg®seinforced with Zr@and
SiO, were obtained by hydrothermal methods. The cry@ts identified in the
ZrO, and SiQ — ZrG, inorganic phases are ranging from 4 nm to 50 nyn. B
introducing different ratios of the synthesizedastructured fillers into a dimethacrylic
organic matrix we have realized films using UV afglble initiatory system. The
adherence of these films on dental device subskegiend on their structural properties.

Keywords: Polymeric composite films, nanostructured fillatental coatings

I ntroduction

Many of the actual researches are centered up@e thmain directions:
modification of the nature of the filling materiatievelopment of the polymerization
systems; improvement of mechanical properties ef ¢hmposite materials by
increasing the quantity of filler involved in congi@ following the advantages of
an adequate distribution of the particles’ sized ah some proper form of the
filling particles [1-4]. Two of these research ditens aim the filling systemsyhich
enter in the composite material. The choice of s@mer inorganic materials
aims, by their chemical nature (composition, stuitestand properties) to suit to the
requirements of the composite and, in the same itinseenforced the knowledge
of the form and the size of the particles, of tlgggnulometric distribution, of the
physical-chemical state of the inorganic partickige, their variations influencing
in an obvious way the composites’ properties [SFBie results of the literature studies
traced the new tendencies in the domain, namedyddtreasing of the particles’
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size in the same time with the increasing of tteduiding degree in the composite
mixture, in the view of reaching the best perforoem The obtaining key of some
superior properties at the inorganic low includeshomogenous dispersion of
nanometric sizes of inorganic phase in polymer, amétion of some favorable

interactions at the organic/inorganic interfacee Tavorable interfacial chemistry

leads to dispersion of organic and inorganic phasesnanometric stage. The use
of a low inorganic content leads to significant adkages. In case of a much lower
inorganic content, as compared with that of ionopwymers with glass, there are
obtained high degrees of hardness, propertiesroéfand barrier. Thus there are
obtained significant reductions of the weight.

Materials and methods

The inorganic phase of the investigated samples consists of Zb@sed
nanostructured particles. The most utilized mefiooabtaining this type of particles
is the sol-gel method. ZeQiller particles with a granulation up topm and with
specific weightp = 2,45 g/ci have been obtained from ZrQ@H,O (Aldrich)
and bidistilled water, using for neutralization 2B%d; solution. The thermal treatment
was performed up to 900°C. Nanostructured partiofeSiO, — ZrQ, type, with
p=2,87g/cm}, were obtained from a combination of an organiagqueous dispersion
(sol of colloidal silica) with an aqueous or orgadispersion (sol of microparticles
of zirconium oxide) with thermal treatment up t@00C.

The organic matrix comprises Bis-GMA; HEMA (2-hydroxi-methacrylate),
TEGDMA (triethyleneglycol dimethacrylate) and 1,3y@dopropyl-thetramethyl-
disiloxan Different percents from these monomersewesed, and two initiation
systems: photoinitiatory in visible domain andiatibry in UV domain. In case of
photopolymerization in visible domain, it was usieel system CQ (camphorquinone)/
DMAEM (dimethylamine methylmethacrylate). In theseaof photopolymerization
in UV domain it was used p-methoxybenzoil diphehglgphynoxide as initiator
with DMAEM. The representation of the monomers usethe organic matrix of
the investigated compaosites is given bellow.

GHs GHa CHa
CH;=C—COO0O— CHsz‘HfC Hzfo—Q‘C—@fOf CHzf?chHszOCf C=CH
OH CHs OH

Bis-GMA
CHs i i
CH2=C—C—O— CHz—CHg—OH CH2= ?—C—O_(CHZ_CHZ_O)n_C—?: CHZ
! CHs CHs
HEMA TEGDMA
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The films were prepared with the synthesized nanciired fillers added
in different proportions to an organic dimethaaymatrix with UV and visible
initiatory system. In Table 1 is given the compiositof these films.

Table 1.
Compoasition of the obtained films.
ORGANIC MATRIX FILLERS
COD |HEMA |BisGMA TEGDM |1,3-Glicidopropyl- Initiatio
A thetrametyldi n
siloxan system
F1 35 65 - - Visible|ZrO~1%
F2 - 45 35 20 UV | Zr@-5%
F3 25 65 - 10 UV | Zre-10%
F4 - 50 50 - Visible|ZrO,-Si0,—15%
C5 65 35 - Visible|ZrO,-Si0,—50%
C6 45 55 - 10 UV | Zr@Sio,—25%
F7 35 65 - 5 UV | ZrQ- 5%
Cc8 - 65 35 - Visible|ZrO,-Si0,—55%

The Brunauer, Emmett and Teller (BET) method waslus determine the
specific surface area of the inorganic oxide filleFor identification of the oxide
materials structure we used the technique of Xdifiyaction on crystalline fillers.
Diffractograms of the oxide compounds synthesizedewegistered on standard X
ray equipment, BURUKERAdvance type. Gathering of diffraction information
was accomplished by “step by step” method, in aargsieps of 0.02 degrees. We
used Cu K (1c,=1.5406 A) radiation with a Ni filter for eliminating theamnponent
Cu K. The experimental registrations were carried mtiié angular diffraction domain
20 = 15 - 60 degrees. The morphological examinatfdhe microparticles, as well
as the of the composite films was made by scangiegron microscopy (SEM) on
a TESCAN equipment.

Results and discussion

The experimental diffractograms for Zr@ample thermal treated at £@0
and at 908C are shown in Figure 1. After the thermal treatiapplied at 11%C
are evidenced diffraction lines occurring from zZi@@nd ZrOC}-8H,O crystals
[10, 11] which are still present from the precuresed in the sol-gel synthesis of
the fillers. By applying the thermal treatment 0%, the structure of the filler is
modified and in this case lines typical for Zr@minate the diffraction pattern, but
also déffraction peaks typical for ZrO crystals Jk#e recorded close to 34d
and 56.
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Fig. 1. Diffractograms of ZrQ@filler thermal treated at 131G (a) and at 90 (b).
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Fig. 2. Diffractogram for Si@-ZrOfiller thermal treated at 100tT.

The diffractogram of the SKk¥rO, compound (Fig. 2) presents a main
maximum at 26.3 in accordance with a crystalline matrix of &i0The thermal
treatment at the temperature of 1000°C determimedppearance of Zs@rystallites
(PDF 7-337). For the Sigxrystalline compound (PDF 11-695) the main diffiat
maxima are at 26.25with interplanar distance of 4.04 A, at 33,86ith interplanar
distance of 2.84 A, and at 42°7r interplanar distance of 2.45 A. The sizes of
crystallites estimated from the diffraction maximalth are in the range 4-50 nm.
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BET measurements show for the Zn@anostructured particles the specific
surface area of 58 #y and for Si@ — ZrO, nanostructured particles a specific
surface area of 78¥g.
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Fig. 3. Electron micrographsf F3 and F4 composite films containing 2r@),
SiO,-ZrO, (b) fillers.

The SEM images presented in Figure 3 forad ZrO — SiO fillers indicate
an irregular morphology on the surface of the saspl'he crystalline forms are
most pronounced for the Zg@ontaining filler, in agreement with the X ray
diffraction results.

(b)

Fig. 4. Optic microscopies of the F3 and F4 polymeric cosites with ZrQ (a) and
SiO,-ZrO, (b) fillers
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Due to these irregular forms, the approaching efpiérticles at the dispersal
of the inorganic filler in the organic matrix is@mbered and between particles
will occur uneven spaces which can be filled witlcimsmaller size particles (Fig. 4),
that will lead to a better package of the fillanghe polymer matrix.

The ZrQ-SiO, based films show a better adherence than the I$3Ged
films on the dental device substrates. This behawidirectly related to the structure,
porosity and specific surface area of the polymedmposite films used in thin
dental coatings.

Conclusions

According to the results obtained by X-ray diffiantanalysis, both Zr©
and ZrQ-SiO; inorganic phase introduced into the investigatedtal composite
films are nanostructured The electron microsco@meén point out that the composite
films with ZrQ, fillers present large micropores, while by addiofgZrO.-SiO,
fillers, with higher specific surface area, thenmpores are much finer. The adherence
tests of these films on dental device substrategephat the Zr@SiO, fillers ensure
an increased adherence compared to the thin fém$orced with ZrQfillers.

REFERENCES

1. F. Kaeble, ed., Handbook of X-Rays, Ed. EmmdttGraw-Hill Book Company, New
York,1967

2. P. Behrens, Trends Anal. Chem., 11, 237 (1992)
3. M. Vallet—Regi, J. Mater. Chem., 7, 1017 (1997)

4. P.D. Batista, M. Mulato, C. F. de O. GraeffJFR. Fernandez, F. das C. Marques, Braz.
J. Phys., 36, 478, (2006)

5. W. Huang, J. Shi, J. Sol-Gel Sci. Techn., 26, (2001)

. AK. Tyagi, G. Mangamma, M. Kamruddin, S. DaBhRaj, J. Nanosci. Nanotechnol.,
7, 2005 (2007)

7. J.D. Woodward, J.M. Pickel, L.M. Anovitz, W.Tehr, A.J. Rondinone, J. Phys. Chem.
B, 110, 19456 (2006)

8. 0.V. Sakhno, L.M. Goldenberg, J. Stumpe, T.NirBava, Nanotechnology, 18, 105704
(2007)

9.Y. Yang, M. Guo, M. Yang. Z. Wang, G. Shen, R, Yu. J. Environ. An. Chem., 85,
163 (2005)

10. L.M. Seaverson, J.D. Corbett, Inorg. Chem. 32D2 (1983)
11. T.C.W. Mak, Can. J. Chem., 46, 3491 (1968)
12. N. Schoenberg, Acta Chem. Scand., 8, 627 (1954)

(o]

10z



	00cuprins
	01ev
	02mt
	03lbi
	04nlm
	05mm
	06cl
	07ai1
	08ai2
	09lr
	10bf
	11
	12sp
	13ca

