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THEORETICAL PREDICTIONS OF NON-LINEAR 1NFRARED 
SPECTRUM FOR SF6 AT 30 K USING A SIMPLE MODEL

С. FALUB' aiul I. BEAU”

Kecdi ved. 15.06.1994

ABS TRACT. - We preseiited a theoieiical prédiction of collisioidess multiplioton absorbtion 
al low température in SF# aud used to interpret the recent experimental results. A computa- 
tionally simple model deseribes the excitation process on the first three vibrációnál levels of 
v, mode for SFtI molécules.

INTRODUCTION

Düring the last 15 yeara or so considérable efforts hâve been devoted to developing 

a comprehensive theory of infrared multiphoton absorbtion (IRMPA) and dissociation 

(IRMPD) in different types of polyatoinic molécules Many of these works emphasized a 

spectroscopically accurate description of excitation through the infrared modes Among the 

heavy spherical top molécules SF6 is probably the one which has recel ved the most attention 

to the date These System molecular paiametcrs den ved front high-resolution spectroscopy [I] 

allowed quantitative calculations to be pertormed [2-6] and the compari son with experimenta 

using gas dynamically cooled SFé [7] The refi nement of such calculations and experimente,and 

then îmercomparison.offer the posibility for gaining a fuit quantitative understanding of the 

initial stages of multiphoton absorbtion

In present paper we hâve explored a simple computațional ly convenant model and we

"Habef-Httfyai'' Univarxity, tucully oj Phyiics, 3400 Ciuj-Napoi-u, Romania

Inxiitute for IsMtopic ami irchaology, 3400 Ciuj-Napoca, P.O.Bax. 700, Romania
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have studied the infrared nonlinear absorbtion spectra of SF6 molécules vs. laser frequency 

taking into account the ro-vibrational structure of the lower discrete levels of the IR active 

v3 mode lt was assumed that the time averaged populations of the top most vibrational level 

of the v3 mode (taken to be 3v3 following the experimental résulta of Alimpiev et al [7]). 

established through the cohérent excitation of v3 states détermines the transition rate to the 

quasi continuum.

THEOHY

The basic theory describing the excitation of v3 mode vibration-rotation states by an 

intense infrared laser is developed elsewhere [2].The basic problem is to solve the time 

dependent Scrödinger équation:

(Я /Ь0/Ь/)ф-0 (1)

in the rotating wave approximation

The Hamiltonian H can be split into two parts:

(!) 

where Hu is diagonal in the | ni > basis.The eigenvectors are defined by:

(3) 

wheie n and J are the vibrational quantum and total angular momentum quantum numbers, 

lespectively íhe interaction V(t) between the molecule and the laser is written as:

(4) 

where E* is the classical electric tleld amplitude of íhe laser whloh is lakén to be polarized 

alorig a spaced-tlxed Z axis^ ta the component of the molecular dipol moment alorig this
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axis and ш is the angular frequency of the laser.

Using the effective Hamiltonian formalism [2] to solve multiphoton dynamics problem 

we hâve computed non-linear absorbtion spectrum of SF6 using several approximating 

conditions:

-the energy is given by the expression:

(5)

where the spectroscopie constants hâve their usual meanings and their values are the same as 

those used by Hodgkinson et o/[4]

-the non-diagonal elemente of the effective Hamiltonian are supposed to be 

independent of J: 

(6)

wheie д)( is the standard dipol matrix element for the fundamental transition,

-in relationship (5) the enharmonie Splittings of the n>l levels are neglecting;

-at low température (<100 K) the vibrational ground state | 0J) is completely 

popul ated

The population distribution vs. different values of rotational number levels has been corected 

taking into acount the nuclear spin corrections

DESCRIPTION OF COMPUTER PROGRAMME

The effective Hamiltonian formalism to solve the time-dependent équation has been 

tiansposed in Turbo Pascal

The computing algorithm of multiphoton spectrum include several procedures
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-the sequence of numerica! estimation for Maxwell-Boltzmann distribution on the 

ground vibrational state;

-the sequence of computing energies levels for v3 mode of SF6 molécules,and non- 

diagonai éléments of the effective Hamiltonian for a fixed value of laser intensity and the 

angular frequency of the laser radiation ,

The Symmetrie matrix of the effective Hamiltonian has been diagonalised by the 

Jacobi procedure With the eigenvalues and eigenvectors obtained we computed the time 

averaged populations for SF6 molécules excited on the first three vibrational levels In order 

to ob tain the ÍRMPA spectra.the above mentionod sequence» was repeated fot laser 

frequencies from 944 cm 1 to 949 cm*

RESULTS AND COMPARISON WITH EXPERIMENT

Alimpiev and coworkers {7] hâve measured multiphoton absorbtion spectra in £Fé at 

30 K by exciting gas-dynamically cooled SF„ with two lasers The initial excitation was 

provided by a high pressure CO3 laser (fluence 0,- 0 135 J/cm\pulse time 40 ns) which was 

tuned in V, absorption band.Excited molécules were dissociated by a second higher-power 

laser (Ф2“40 J/cm2) which was considérable detuned front v3 fondamental band (v“938 69 cm 

') The observed signal was the luminiscence from HF’ formed from liberated fluorine atoms 

and hydrogen carrier gas to having only three major peaks which are centred on 944 39 cm 

',945.62 cm 1 and 947 97 cm 1 (Fig I).

in the same figure also the numerically results obtained by Hodgkinson and Taylor [4] 

using an effective Hamiltonian which include the effects of first order Coriolis interaction and
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the octahedral splits for the vibrational levels with n>l are givenThey hâve estimated the 

average number of photons absorbed per molecule at 30 K and 10 MW/cm2 laser intensity

Fig. 1 Experimental and theorelical multiphoton abwtrblion spectra for SF, at 3ti K Tiie experimental spectrum 
(Alimpiev and coworkers [7|) was obtained by exciting tire supercooled SF„ molécules using two COa laser 
pulses.The HF’ lummiscence is a measure of the dissociation probabiJily The theorelical spectrum is a prédiction 
of the average number of photons absorbed by SFe for a laser intensity of 10 MW Am’.

Our theorelical prédiction of the time-averaged population at 30 K and 10 MW/cm2 

is shown in Fig 2. A» it can be seen it has the sanie overall shape as the experimental spectra 

and also the three prominent résonant peaks centred on 944.40 cm1, 946 13 cm’* and 947 86 

cm'1 These corespond very well to the experimental and Hodgkinson prédiction of resonaee 

positions.

The three obtained résonance corespund to two-photon excitation of the A^.E^and F^ 

sublevels of the 2 v, overtone state [4j These résonances can be obtained using the P(20), 

P(18) and P(16) laser lines for excitation.respectively
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Althogh we used a simplified model in comparison with the Hodgkinson and Taylor 

model,the fit between the experimental data and the teoretically predicted values is better Tins 

is true especially for the peaks at 946.39 cm’1 and 947.97 cm’1. Moreover, one can notice 

the presence of a peak at 945.31 cm'1 which can be found in the experimental spectrum at 

945.11 cm’.Our simple model would allow the assigment of this peak,if the excitation 

mechanism can be detalied on the each vi b rational level.

Laser FrequuriCW < 1/cn >

Flg.1 Our theoretical prédiction for the Urne averaged population by SF, at 30 K and a laser uacnsity of 10 
MW/cm2

CONCLUSIONS

ln conclusion,there is an excellent agreement between our theoretical prédictions and 

experimental data on multiphoton absorbtion in super-cooled SFàThis allows an improved
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quantitative understanding of the initial stages of multiphoton excitation in SF6 and similar

molécules
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IR STUDY OF THE COORDINATION MODE OF Cu(Il) ION 
IN METHAZOLAMIDE COMPOUND

1.DAMIT, VA UI!?', О.СООДА*, Ä.8KMKNIUC“, S.NEGURICT

Люе/илА 13.02.1993

AUSTRACT. - The assignment of lhe main absorption bands froin die IR spectra of 
methazolamide and its copper(ll) complex was achieved. The shifts of some bands and the 
appeaiance of the other new bands in the spectrum of the metal complex are explained by tiw 
participation of water, pyridine and methazolamide molecule« io tlie coordination.

I. Introduction lt ia known that sulphonamide causes an inhibition of the zinc 

metalloenzyme carbonic anhydrase [!}. The metal complexes having analogous 

methazolamide {[N(4-methyl-2-sulphamoxyl-A- l,3,4-thiadiazolin-5-ylidine)],acetamide) 

(Hmacm) as ligand were studied because in these substituted the N(thiadiazole) atom closesi 

to the acetamide groupa probably hampers the coordination via the nitrogen atoms of tlie ring, 

a similar way to that observed in the active site of metalloenzyme [2]

The Cu(macm)Xpy)XH2O)2 complex was prepared as previously repotled [3] and its 

structure determined by X-ray diffraction [3] is given in Fig 1. This provides a new example 

of the energetic preference of the elongated coordination in Jahn-Teller distorted octahedral 

copper complexes (4]. The structure consista of centrosymmetric complex units in which the 

metallic ion, occupiez the centre symmetry in an octahedral site with two pyridine nitrogen 

atoms [N(15) and N(15)*] and two sulphonamidato nitrogen [N(8) and N(8)*] of the

“Habey-iMyai“ (/niverxity, Facufty of Rhynics, 3400 Cfaj-Napoca, Romania

"Rebey-Bolyul“ University, Faculty of Chemistry, 3400 Cluj-Napoca, Romania
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Fig. 1 The structure of the Си(таст)г(ру)ДНаО)а complex.

methazolamidato aniona, coordinated in the équatorial plane Two oxygen atom* front two 

water molécules are placed in the axial positions (Oz)

1K absorption spectra were reeorded in K Br pellet form on a Perki n-El mer 843 

s pectrophotometer

2. Résulta and discussion The IR spectrum of methazolamide is shown in Fig 2a

The bands which appear at 3240cm 1 and 3192cm 1 may be assigned to the v„(N-H) 

vibration of the sulphonamide group, and the 3041cm * band to the v,(N-H) vibration of the 

saine group

The IR spectrum présents a strong band at 1600cm * attributed to v(C “O) vibration of 

the acetamide group |5]
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The strong band which appears at 1480cm'1, together with another two lower bands 

at 1458cm'1 and 1440cm'1 are 

attributed to a combination of 

v(C=N) vibration of the thiazole 

ring with the b(N-H) deformation 

vibration of the sulphonamide 

group The 1380cm'1 and 

1360cm1 bands are due to the 

Ö„(CH,) deforming vibrations 

from acetamide group and 

thiadiazol ring [6J

At 1309cm 1 and 1174cm 1 

the IR spectrum presente two 

strong bands which are typtcal
Hg.î IR spccira of the methazolamide (a) 
and CutmacmMpyMHiO)» complex (b)

for v^XSOj) and v,(SOi) vibrations.

The middle tntensity band from 1000cm'1 can be attributed to the v(N-N) vibration

The band at 933cm 1 may be assigned to the v(S-N) vibration

At 750cm 1 there is a band which is attributed to the y(CHt) vibration of the thiadiazol 

nng

At 700cm'1 there is a weak band which corresponds to the Ö(N-H) vibration besides 

the plane of the sulphonamide group

The bands at 637cm 1 and 609cm 1 are due to a combination of the v(C-S) vibration

13
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of the thiazole ring and the sulphonamide group

The doublet observed at 530-510cm’1 is attnbuted to the vibration of SO2 group

The IR spectrum of the Cu(macm)2(Py)2(H2O)2 complex (Fig 2b) présents two bands 

at 3550cm'1 and 3450cm’1, which are not observed in the fret methazolamide spectrum, 

assigned to the v(0-H) vibration of the coordination water molécules

The bands observed in the free ligand at 3240cm 1 and 3192cm’1 assigned to the 

vM(N-H) vibration of the sulphonamide group are replaced in the copper(Il) complex IR 

spectrum by only one band observed at 3230cm’1. This fact may be explained takrng into 

account the deprotonation of the SO2NH group interacting with metal ion

At 3057cm’1 is observed a little band due to tire characteristic vibrations of the 

pyridine ring [7].

The 3041cm’1 band which in the free ligand is attributed to the vs(N-H) vibration of 

the sulphonamide group is not observed in the spectrum of the complex suggcsting the loss 

of a proton of the SO2NH2 group

The band correspondiag to the v(C=O) vibration of the carbonyl of the acetamide 

group appears at the sarne frequency as in the methazolamide spectrum (1600cm ')

At 1450cm 1 in the spectrum of the complex appears a new band of a medium intensity 

which is assigned to the characteristic vibration of the pyridine ring [8]

The bands from the 1380cm 1 and 1360cm 1 attributed for methazolamide to the b(CHt) 

vibration of the acetamide group are not modtfied, in agreement whit the data obtained from 

the RX diffraction studios

The v„(SO2) vibration which in the spectrum of the ligand appears as a strong and 

14
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sharp band at 1309cm1, is present in the complex as a doublet at 1310-1280cm 1

The band assigned to the v,(SO2) vibration is shifted into the smaller frequencies 

(1150cm l) than those observed m the free ligand.

Two bands characteristic to the pyndine molécules coordinated at copper(II) ion 

nppear at 1214cm1 and 1080cm1 [9]

The band assigned to the v(N-N) vibration of a thiadiazol ring is not rnodified in the 

spectrum of the complex because the length of the N-N bond is not rnodified by coordination

At 970cm 1 is observed a strong and sharp band attributed to the v(S-N) vibration, 

shifted with 40cm 1 relative to the same band of the free ligand

fhe doublet observed for the Cu(ll) complex at 760-750cm ‘ is assigned to the y(CH,) 

and vibrations (10)

A new band assigned to the deformation vibration of the pyridine ring appears at 

oôOcin '. It is shifted at higher frequencies indicating the presence of interaction between 

pyridine and metal ion

The doublet from 530-5lOcm *, which in inethazolamide corresponds to the 

deformation vibration of the SO2 group appears fiere (Fig 2b) as a single band at 530cm 1

The spectrum of the complex shows also a band at 440cnf1 which not appears in the 

spectrum of the ligand Thts is characteristic for the deformation vibration of the pyridine ring 

outside of the plane (II).

As a trial, the bands from 470, 380 and 2801 may be assigned to Cu-N 

(sulphonamide), Cu-OH and Cu-N (pyridine) vibrations respecțively (12)

3. Concluskms IR spectra of the methazolamide and îts Cu(ll) complex allowed us 

to establish the vibrations whoee frequencies are rnodified by coordination and also the new 

Stretching vibrations in which the copper ion is involved

Ona of the N-H Stretching vibrations of the NH2 sulphonamide group prêtant in the 

spectrum of the fiee ligand has disappeared in the spectrum of the metal complex due to the

15
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deprotonation by the coordination of the nitrogen atom

The carbonyl v(C=O) band is not changed comparatively with that of the 

methazolamide indicating the absence of the interaction between the acetamide group and the 

metál ions

The most signifícant modifications in the ÍR spectrum of the complex are the Splitting 

and shifting to lower frequenctes of the v,(SOj) and v„(SOj) bands. The change to higher 

frequencies of the v(S-N) vibration is consistent with the coordination through the 

sulphonamide nitrogen atom.

The characteristic absorption bands of the coordinated pyridme molécules appear at 

3057, 1450, 1215, 1080, öóO and

440cm These résulta confirm the presence of CuN2N2‘O2 chromophore in agreement with 

X-ray data
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ESR STUDY OF FREE RAD1CALS OBTAINED IN 
SOMÉ GAMMA-1RRAD1ATED AM1NOACIDS

V.CHIȘ", O.COZAR', G.DAMIAN’, L.DAV C.COSMA’, R.SEMENIUC", T.DRĂGO1U*

HMWVtl- 13.02.1У94

ABSTRACT. - The ESR spectra of four powdered a-aminoacids (Glycine, L-Gkrtamic Acid, 
DL-Serine and DL-Asparagme) ganuna irradiaied at room température are examinated. The 
samples were inadiated with radiation doses ranging front l.SKGy to 16 5KGy

The dependence of the concentration of the free radicals with the irradiation dose is 
almost linear for DL-Serine and L-Glutamic Acid white it becomes constant for Glycine and 
DL-Asparagine in the range of S-lOKGy In the case of DL-Serine and DL-Asparagine the 
ESR spectra were recorded for two levels of the microwave power, in Order to identify the 
type of the dominant free radical which appears in these samples.

The carbon centied free tadic ds appeai in these samples as a restik of the 
deammation or by the hy drogén abstraction.

Introduction. Sonie of the most important résulta of the ESR spectroscopy hâve been 

obtamed from the analysis of the hyperfine Splitting in the spectra of the free radicals

The free radicals produced in irradiated aminoacids hâve been studied extensively [ 1 j

Although the most precise ESR informations about radicals in solids are obtained from 

measurements on single crystals, however such measurements aie possible for only a limited 

number of substances The information which can be obtained from the ESR spectra of the 

free radicals in solids dépends on the nature of the g and nuclear coupling (A) tensors

Oenerally, the free radicals are not kinetically stable entities It is usual to asaociate

stability with the délocalisation afforded by an extensive conjugated System Indeed, many of

“Habcy-Holyai" (fniversity, Ь'асмОу of t hyttlcs, 3400 €iuj-Nupoca, Hoomnlo

“Habef-IMyai" UniyeraUy, Facully af Chemistry, 3400 Cfaj-Napoca, Ноомпм
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the studied free radical» have been л radical» in which the singly occupied orbital bas л- 

symmetry [2]. The g values for ail free radicals are close to that for the free electron 

indicating a weak spin-orbit coupling

In order to obtain iùrther information about the gamma radiation induced free 

radicals in biontolecules four different a-aminoacids (Glycine, L-Glutamic Acid, DL-Senne 

and DL-Asparagtne) have been irradiated and investigated by ESR spectroscopy at room 

température

Hyperflne coupling» provides the key to identiiy the occurred free radicals, which 

usually appear as a resuit of the breaking of a C-N bond being removed an amino group or 

by loss oi' a hydrogen atom, leading to the carbon centred radicals [3.4J

Experimental. The powdered atninoacids investigated were purchased front FLUKA 

(DL-Asparagine), CHEMAPOL (DL-Senne) and SIGMA (Glycine arid L-CHutamic Acid) and 

used without further purification They were inadiated al room température, using а “Со 

gamma source of 31Gy/hour, with radiation dose ranging from 1 5KGy to 16 5KGy

ESR measurements were peifonned at room temperatura with a JEOL JES 3B 

spectrometer operating at 9 5GHz and with a ESP 300 E BRUKER spectrometer operating 

at 9 65GHz .

Résulta and discussion. The eftect of the dose on the radical yield is shown in Fig 1 

in which is plotted the maximum height of the ESR signal per Img of sample The lines are 

guide fot eye

IM
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• DL-Serine A DL-Asparagine

Hg.1 ESR signal intensity versus irradiation dose

As shown in this figure the number of the generatei! free radicals mcreases rapidly in 

the dose lange up to 4KGy for ail the irradiated aminoacids (especiaily for Glycine).

The curves for DL-Serine and L-Glutamic Acid present an almost linear dependente in the 

whole range of the irradiation dose while for Glycine and DL-Asparagine they present a 

saturation in the range of 8-lOKGy These last curves can be explained taking inlo account 

the fact ihat by increasing the concentration of the free radicals the distance between them 

decreases and the radical-radical réactions compete with radical yielding (5J and so the 

concentration of the free radicals remains constant

Glycine. The spectrum of the irradiated powdered glycine is shown in Fig.2 and 

consista of a triplet with a hyperflne Splitting of 2IG. The Imewidth of the componenta is of 

about 9G and their intensity ratios is 1 2.1 fins spectrum is assigned to the CH2C'OO ladical 

which is obtamed by breakmg of the C-N bond in neutral molecule of the glycine.

I he hypothesis of the existence of the othei radicals such as CH/NHj oi N1 1, is not
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entertained In the case of CH/NH, radical it 

would exhibit hyperfine interactions with five 

protons Inexistence of the NH2 radical is 

confirm ed by IR Morton [6] He has 

evidenced the C“ hyperfine interaction in a 

glycine sample in which the central carbon 

atom was substituted by C” isotope

The three fines of the spectrum are 

accompanied by two satellite fines having the 

overall spread of about 8OG, being separated 

by main fines by an interval of 37G These 

outer satellite fines which appear especially at 

high i iradiat ion dose are assigned to a second 

radical NH/T^COO PI

q-21 G

Иц.1 ESR spertnmi of the gamma irmdhued 
Hfydne (I SKGy)

L-Ghttamk Acid. Figure 3 shows the ESR spectrum of DL-Oiutamic Acid which constats 

of six fines, a triplet with each component subsequently splitted in two componenta, attributed

to the interaction of the unpaired electron on the « carbon with the «-proton (a„“28G) and 

two fl magnetically unequivalent protons (a^“5IG and a^lOG) The «-proton coup ling is 

close to that of the Iarger p-proton coupling likewtse with X-irradiated L-«-Amino-n- 

butyric Acid Hydrochloride (8]

The obtained spectrum is assigned to the COOCHCHjCHjCOO radical

OL-Serlne. The spectrum of the inradiated DL-Serine is given in Fig 4 and it was

20
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plotted for two power level in order to 

establish the radicals which are present in the 

sample

The spectrum for a power level of 2.78pW 

(Fig 4 a) exhibits a doublet due to an a- 

proton (a^^óOG), each component being 

splttted in four component» ari sing from the 

interaction of the odd electron with two 

unequai coupied ß-protons (^,“220, 

a^-120)

The proposed radical is HOCHjCHCOO'

ESR spectrum of the gamma irradiaicd 
DL-őlutanúc Acid (l.SKGy).

By increasing of the power level one of the two paramagnetic species is saturated and

U.-40Ü

Hg.4 ESR spodrutti of the gamma irrudiated 1)L-Senne 
(IJKGy) for two dtfferent power level: a) 2 7«pW and b) 27 HmW

the obtained spectrum (Fig 4 b) consista only of a doublet due to the interaction of the
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paramagnetic electron with a proton. The radical responsible for this spectrum and thus the 

dominant radical in DL-Senne is HOCHC(’NH3)HCOO

These résulta are in good agreement with the others previously reported [9.10J

DIL-Asparagine. For the analysis of the ESR spectrum of the gamma irradiated DL- 

Asparagine we have used the same procedure as for DL-Serine The obtained spectru for two 

power levels are given in Fig 5.

a,» 40.56

Hg.S ESR spectrum of the gamma nmdiiawi DL-Asparagine 
(LSKGy) for »wo different power iovei: a) M.63pW and b) 2 73mW

I hc ESR spectrum obtained for a lower power levei (Fig.S.a) consista of a doublet due 

■c au o proton (а„=40 50) with euch component splitted in a triplet by two équivalent ß- 

prutotis with a coupling constant а₽=“6 50 This spectrum can be attributed to the 

íiCH/HCOO radical which appears as a fésült of the deamination

f igure 5 b shows the ESR spectrum of DL-Asparagine for a power levei of 2 73 mW 

which consiste of a doublet due to an а-proton with a,/-40 5O, each comportent being 

.mbscquenlly splitted in two componenta by a ß-proton with <^“150 Tht* spectrum is
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attributed to the (NH2)COCHCH(*NH3)COC)’ radical which results from hydrogen abstraction, 

not from deamination A similar conclusion is supported by Close et al [11] from ESR and 

ENDOR investigation of the L-Asparagine-H2O and L-Asparagine-DjO.

Conclusions. The number of the freo radicals generated by gamma irradiation in the 

investigated aminoacids increases rapidly with the irradiation dose up to 4KOy

The ESR signal intensity of the Glycine and DL-Asparagine radicals shows a 

saturation in the range of 8-lOKGy while țhe signal charactenstic of the DL-Serine and L- 

Glutamic Acid radicals exhibits an almost linear dependence aven for large values of the 

irradiation dose

The occurred free radicals are the resuit of the breaking of a C-N bond or of the 

loosing of a hydrogen atom, leadmg to the carbon centred radicals in ail the investigated 

»amples The hyperflne structure of the obtained spectre is due to the interaction of the 

paramagnetic electron with hydrogen or nitrogen nudei.
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SüRFACE-ENHANCED RAMAN SCATTERING OF
9, (ЮН) Acridone on sil ver sols

S. CÂNTĂ'. T. HJU4'’”" S. CRĂCIUN

ABSTRACT. - Surface Вайной Raman Scattering (SERS) of 9, (10H) Acridone |9,(10H)A|
was studted I« different type» et colloids with different values of the surface potentiel 
Orditwy Ramaa spectrum of solid IOM>AJ was obtained and eotnpared to SERS spectra.
The orientation of the (9XIOH)A| motoeute and the poribility of bonding ou the «river surface
W6fß iwStütb t

1. Introduethm. Surface-Enhanced Raman Scattering (SERS) is used to be a very 

high sensitive technique in order to get infönnatioaa about the nature of molecular adsorbate 

and the adsorbate-metol interaction nwchanism. The electromagnetic and the chetnical théories 

can explain the mechanism of the ©nhancement (1,2]

As an active surfaces are prtferred «аИеЙЫ sllver hydrosots which present some 

advantages over silver électrodes. Silvei sols are es sel y to prépaie and the potential of tire 

si 1 ver surface can be verted by clianging the molar ratio of the sol’s componente (3].

In thts paper we present our preliminary studies of SERS of [9,(1 OH)A] The 

dependenc© of the ©nhancement mechanism on the surface potentiel and the orientation of the 

adsorbate on the silve» surface wer© investigated

"C.V.O." High Sckaol, Phya. Otpt., ii-dui Muncii 99-101, 3400 Chtf-Napoca, faunáitól

"tiabaf-Bofyai“ UtóvursHy, af Phynicn, 3400 Cty-Napooa, famwnia
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2. Experimental. Silver colloids hâve been obtained by réduction of AgNO3 with

NaBH4

Three types of Ag colloids deooted as Cb C2 and C3 with different values of the 

NaBH4:AgNOj molar ratio have been prepared, according to the classic procedure [4]

NaBH4 aqueous solution was cooled at ice-water température. AgNO, solution was 

added dropwise upon Strong slirring

The amount used for the mentionod types of colloids are given in Table 1.

The resulting colloids were bright yellow in different tintes with the of visible 

absorption spectra arround 400 nm Fig 1 présents the absorption spectrum of freshly 

prepared silver sol and after addition of [9,(10H)A] and BaCl2 solution. The BaCl2 was added 

in order to obtain the agrégation of the soi which is a condition to obtain SERS »pectra [I]

Fig. 1. УМЫ» absorption spectrum of aqueous silver colloid Cț (0.5cm ceH palhiengto): a) freshly prepared, b) after adition 
of acridone-ethanol solution and BaCț,

26
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Table 1 The amounts used for prepanng the silver sois.

Ag 
colloid

NaBH

£

AgNO

ä

Molar 
ratio

m
(«n«)

V 
(ml)

c*10J 
(mol/l)

1»* 
imB)

V
(ml)

c*10’ 
(mol/l)

NaBH4:AgNO

......... i

c. 3.9 50 2 06 4.5 15 1 76 3 89

C, 3.78 50 2 2.5 15 1 6.8

c, 3.5 50 1.85 9 15 3 5 1 74

Triply distilled water was used to prepare the sois

[9;(iOH)AJ, with structural formula presented in Fig 2, is a fluorescence compound.

In order to eliminate this disadvantage for Raman investigation [9,(IOH)A] was boiled with 

active eoal to decreases the fluorescence. Puri fi ed p a éthanol was used to prepare the 

[9,(1 OH)A] solution.

oio
0

Fig. 1 Structural formula of в, (10Н) Acridone

A »mall amount (20gl) of 1.5*10’ mol/l [9,(10H)A] in ethanol was mixed with 1 ml 

silver soi С,, then 10 gl, 2.3*1O2 mold BaCI, solution was added to obtain the final 

[9,(IOH)Aj concentration of 2.9*10"’ mol/l.

Addition of BaClj solution drives to a colour change to mov At the experiment time 

the colloids were aged for about 5 weeks The Raman spectra were recorded on a GDM-1000 
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double monochromator using excitation with 488 nm radiation from an argon-ion laser

The spectral slit-width and the laser power are indicated in the figure legends. The scattered 

light front the sample placed in a 3mm glass tube, was collected at 90° geometry. Ail spectra 

were obtained at room température and within 5 min after adding the [9,(10H)A] and BaCI, 

solution.

Э. Résulta and Discussion. The ordinary Kaman spectrum (ORS) of [9,(10H)A] in the 

solid state and the SERS spectra are presented in Fig 3. as follows

a) in silver sol C\ wtthout BaC’lj, b) in silver sol C, with BaCl2, c) in silver sol C, with BaCla, 

d) in silver sol C3 with ВаС1г

('hanging the NaBH4 to AgNO, molar ratio, in the préparation protocol of Ag colloid 

we have got a control over the potential of the Ag surface.

Aceordmg to Cennáková et al [3], the concentration of BH4 anion in the System 

decreases with the âge of the colloid and this is équivalent with more positive potential of the 

Ag surface

Admitting that the hydrolytrc processes are the same in ail of colioids, the most 

negative is C2 and the most positive is C,.

No une of C|, Сг and C3 colloids one day aged did not give good SERS spectra 

Two-three weeks aged colloids in dark storage, relates that the concentration of BH4 can be 

directly tuned toward more positive and stable potential of Ag surface and permit to obtain 

good SERS spectra

The adsorption of [9,(lOH)Aj is promoted by a roean of oui value of colloid potential 
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At a more positive value of the surface potential, the enhancement mechanism is reduced 

(Fig 3d).

At a more negative potential (Fig 3c) the bands of SERS spectrum are larger then that 

presented in Fig 3b. The spectral data given m fable 2, a, b and c columns are correspond 

to a, b and c SERS spectra, respectiveiy (Fig 3).

Ftg. 1. Ordinary Raman spectrum (o) and SERS tpedra al 8,(10H) асгИоле (a.b.c.d) Excitation with 488 nm (140 mW) 
Spectral «lif-widih 4 cm ' Astoriák» indicele the éthanol band.
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ORS* SERS

Table 2. Raman vibrational data for 9, (10H) Acridone (relative intensities in bracket). 
Spectral data for solid Acridine are given for comparison

Solid 
[9,(10H)A]

Solid 
Acridine

a b C

240 252 (w) 272 (w)
314 (w-m)’* 292 (w) 307 (w)
386 (m) 392 (w) 396 (m) 392 (w)

400
416

Out-of
442 (s) plane 440 (w) 436 (w)

474 ring 472 (w) 468 (w) 477 (w)
517 bending

532 (w-m) modes 528 (w) 528 (w-m) 532 (w)
550 (vs) 580 552 (w) 554 (w)

613
620 (w) 620 (w) 612 (w)

Out-of 642 (w) 642 (w)
656 (vs) plane 652 (w) 652 (w) 652 (w)
707 (m) CH

744 bending
modes 794 (w)

874 (w-m) 880 (w-m)

958 963 (w) 990 (w)
1027 (m) 1009

In-plane 1097 (w)
CH 1154 (wO

1168 (w) 1163 bending 1166 (w-m) 1165 (w)
1176 modes 1177 (w-m)

1204 (m) 1209 1194 (w-m)

Ordinary Raman specfrum;

Abbreviations: w=weak, m^medium, s=strong, vs^very slrong
a - on C, sol without BaCl2, b - on C, and e- on C2, both with BaCI2

to
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1245 (w)
1270

1262 (m) 1265 (s) 1267 (w)

1287 (m) 1277 1289 (m) 1285 (w)

1347 (vs) 1355 (m-s) 135 » (s) 1354 (m-s)

1382 (w-m) 137?, (m) 1372 (in)
1401 H ji: (m) 1407 (vs) 1406 (m-s)

1440 (w) 1415 144: (w)
1452 (w) 1452 (w)

1464 (m) 1463 Ring-stret-
1480 (s) 1478 ching

1514 modes 1520 (w) 1520 (w)
1539 (m)

1556 1558 (m-s)
1560 (s) 1564 (s) 1564 (s) 1564 (m)

1573
1600 (m) 1608 (m) 1608 (m)

1612 (m) 1612 (m)
1642 (m-s)
1700 (w) 1702 (w) 1702 (w) 1702 (w)
1712 (w)

In the limit of the experimental errors, the peaks position arc roughly the same (±4 

cm1) at all values of the potential (see also Fig 3 b, c, d).

Comparing a and b SERS spectra (Fig 3) obtained using the same colloid C, without 

(a) and with (b) BaCI2 solution in SERS active System the presence of BaCI2 contnbutes to 

the enhancement mechanism without shift the peaks position

Moreover, the other advantage of the presence of CT in solution is the prévention of 

the photoreactions on the silver surface [5}

The peaks position in the ordinary Raman spectrum of (9,(1 OH)A] and in the SERS spectra 

on Ct and C2 colloids are listed in the Table 2 There are also given spectral data of acridine, 

for comparison

For the vibrational study of (9,(10H)AJ, we assumed the b SERS spectrum (Fig 3) 

obtained using the C, colloid is the beat Futher discussions will refer to this one
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[9,(10H)A] is a plane molecule belonging to C2v symmetry (like acndine and pyndme 

- the most studied molecule m this field).

According to Brigodiot and Lebas [6], from the 63 vibrations of acndine (22Ab 9A>, 

llBj and 2lBj) denoted in terme of Wilson’s notation, compared to the 66 vibrations of 

acridinium ion (23At, 9А2, 12B, and 22B2), three of those are vNH At, ÖNH B2 and yNH B,

As a derivative of acndine [7,8], 9,(10H) Acridone présents a different Infrared (IR) 

and Raman (R) spectrum These différences can resuit from the interaction between vibrations 

of the sarne and different symmetry, hke interactions between the ring Stretching modes and 

bendmg modes (N-H, C“O).

Out of plane deformation modes of C-H bending’ of [9,(10H)A] 750 and 855 from IR (our 

measurements) are not active in Raman.

in plane C-H bending modes: 1025, 1107. 1123, 1168, 1183 and 1263 from IR are 

founded in Raman as 1027, and 1168. The last one appears in SERS spectrum as 1166, 1177 

doublet.

Ring Stretching modes (IR: 1356, 1371, 1476, 1561 and 1602) appear in Raman at 

1347 (as the strongest peak), 1480, 1560 and 1600 In SERS spectrum these modes appear 

at 1354, 1564 and 1608

Around 1600 in IR spectrum of [9,(10H)A] there is an overlapping between the ring 

Stretching, C“O and N-H modes. Specific for IR at 1636, the C~O bending mode, appears 

in ordinary Raman at 1642. In SERS spectra in this region a large band is present

As 6NH bending modes there are 1554 and 1600±10 in IR. In ordinary Raman they

* All frequencies in cm'1
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appear at 1560 and 1600, which have correspondents in SERS at 1564 (an overlapping with 

the ring Stretching mode), 1608 and 1612. [9,( 10H)A] may be adsorbed on the silver surface, 

via nitrogen lőne pair electron», via its ring л System or via oxygen lone pairs électrons.

It is known that frequencies of nng-stretching vibrations decrease by more than 10 cm

1 and their bandwidth increase when molécules adsorb on the silver surface via their я System

15].

Conceming this supposition, the 1560 vibration from ordinary Raman spectrum might 

be assigned as bNH mode which appears in ail SERS spectra constantly blue-shifted to 1564.

This confirma the supposition that [9,(10H)A] is bounded to the silver surface via 

nitrogén lőne pair électrons and also we have the indication that the surface-ring я orbital 

overlap does not occur significantly when [9,(10H)A] adsorb» on the silver surface According 

to the sélection rides proposed by Moskovitz (9] and Cretghton [10] the vibration»! mode with 

ils normal mode component to the metal surface is much more enhanced than the parallel one 

In particular, from the SERS spectrum and Table 2 we observe that the ring Stretching modes 

of [9,(10H)A] are more enhanced than the others.

This idea sugests that the plane of the [9,(10H)A] molecule is perpendicular or hited 

on the Ag surface.

At a mor© negative potential of the Ag surface, where SERS spectrum présents large 

bands (Fig 3c), we suppose that the я ring électrons have an important role in the adsorption 

of [9,(10H)A] molecule on the silver surface.
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4. Conclusions. The best SERS spectrum was obtained on (lie Ct colloid, comparing 

to that obtained on C2 and C3.

The [9,(10H)A] molecule is bounded on the Ag surface via its nitrogen lőne pan 

élections and orienied with its plane perpendicular or tilted on the surface

At a more negative potential of the surface, probably the n ring électrons are more 

involved in the adsorption of the molecule
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OPTICAL ABSORPTION STUDY ON SODIUM-PHOSPHATE GLASSES 

CONTAINING URANIUM IONS

, V.Simon" I.Ank-leau" О.Сомг", T.Fiat”, 1..ВалкЬая", V.Mih", ».Bac*«"

AB8TÄACT. Optica! absorption spectra were investigated on xUOj (l-x)(2PjOj N«2O| 

glass System (0 < x * 0.2), et room température, in order to identify the valence siales of 

uranium in these samptee. The resutts evidenced the presence of U3+- U4+ and U6 < ions The 

content of U4+ ions dépends ou UO3 concentration in glasses.

INTRODUCTION The uranium is a major component of the nuclear wastes, whose 

stotage implies its immobilization in adéquate host materiala Among the materiala 

îecommended as proper host for radioactive nuclides the glass matrices are of great interest 

The ideal glass would be that itt which all the amount of radioactive waste would be ready 

soi ved during the glase préparation procese and that would assure a good immobilization of 

the atored ions in a large range of physical and chemical environment conditions

The possible valence states of uranium 10ns take values between 2 and 6 According to 

the valence states the uranium ions are differently soluble in a glass matrix but on the other 

bánd the most soluble ion» are not the easiest to be highly stabilized in the same matrix in 

order to avoid the appearance of a uranium reach surface layer [1-5] The redox reaction 

producte during the glass melting are allways depending on the glass microstructure The 

local order characterizing the oxide glasses is influeneed by the nature and share of glass 

former, glass modifier componenta and their ratio in the glass matrix AU these aspects 

impose a large investigation of the glass système used as radioactive waste storage materiale

Technical UniverMty of Cluf Napoca, 3400 Chij-Napoca, Rermutia
"Hatte ^Bolyai" Uoiversity, FaoiltyofPbysic*, 3400 Cluj-Napoca, Hotactriki
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EXPERIMENTAI.

The investigated samples belong to the XUO3 (l-x)[2₽2O5 Na2Û] glass System with 0 

< X 2 0.2 mol. The glasses were obtained by melting of UO3 (NH4)2HPÛ4 and 

Na2CÛ3 IOH2O powder mixtures of desired concentration in the investigated composition 

range, in sintered corundum crucibles, at 125O°C for 15 minutes, followed by quickly 

undercooling at room température on stainless steel pl.des The crucibles were introduced 

directly at the préparation température in an electncal furnace with superkanthal bars Ail 

samples were light green coloured and the colour was intensified with UO3 concentration

Gamma spectrometiy data were used to analyse the uranium content in the prepared 

glasses l'he linear dependence of the decay rate (-^^U) on UO3 concentration, for the saine 

ainount of samples, indicates that the uranium introduced in the powdei mixtures was 

incorporated in the glass samples without losses during the melting process (Fig I)

0 0.05 0.10 0.15 0.20

Figure I The dependente of'gamma decay rate 011 Mmtplee composition for xUOy (t-xipR/Oj Na^O)

I he optical absorption spectra wert; rotor ded on a Specord UV-V1S specti ometei in 

lhe wavenumbei range 10000 - 30000 cin'l, at 100m température
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RESULTS AND DISCUSSION

As can be seen in figure 2 the optical absorption spectra of the investigated glasses

show absorption bands centered on 13800, 15000, 16060, 18200, 20810, 23200 and 27000

Figure 3 The composition dependente ofthe relative iateosities of 13000 cm'1, 20810 cm'1

and 23200 cm'1 absoiptwn bands for xUOj (l-x)(2l*2O$ Ы»2<>| glasses.

a cm'1 The relative intensities of 15000 cm'1 band assigned to U4+ ions (curve a, Fig 3) 

nd of 20810 cm' * band attnbuted to ions (curve b, Fig 3) are incteasing wtth UOj 

concentration in glasses These dependences are pronounced up to x - 0 I and they are 

followed by a smooth shoulder when UOj content increases to x = 0.2 The similar 
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dependences of these U4+ and U6+ bands may be explained by an increase of U4+ and U6+ 

ions number in proportion to UO3 concentration in the melt samples as a part of high valence 

state 10ns are reduced to a lower valence state The higher intensity of U4+ band than that of 

U6+ band dénotés a greater number of ions in the lower valence state The absorption band at 

Ц200 cm'1 is assigned [6,7J both to U3+ and U4+ ions and absorption band of 13800 cm"1 

is assigned to U3+ ions. Curve c in figure 3 illustrâtes the relative mtensity dependence of 

23000 cm'1 band attributed to eightfold coordinated U4+ ions on UO3 concentration In this 

case the dependence is appréciable also in the concentration range 0 10 1 x 4)20 The 

absorption bánd from 16060 cm'1 anses from U4+ ions too (1, 8J, whde the bands around 

27000 cm"1 could be probably associated with U64 ions This behaviour could be correlated 

boih with the increase of UO3 content in sampies and with the structural changes induced by 

higher uranium concentration in the phosphate glass malrtx {9}

One also remarks that the position of 23200 cm'1 absorption band ia shghtiy shtfted 

(Fig.4) to (arger wavonumbers when UO3 content increases, due to the vecimties deformation 

of eightfold coordinated U4+ ions in the giess matrix We consider that ia the investigated 

glass »ystem the uranium ions could also bebave as glass formera and not oniy м network 

modifiera

Figure 4 The соафшШоп dependence ef ~23 Wem'1 buml рмШм ia exUOj Na2Oi glasses

In borate glasses [1} the U6+ 10ns appear in uranyl radicals, ions are

eightfold coordinated and U3+ ions are sixfold coordinated Among the valence states of
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uranium ions in glasses lH+ is the best stabilized [ 1J in the mell structure front the point of 

view of the structural sites. The optical absorption results obtained in this study indicate thal a 

great number of uranium ions introduced in the investigated soda-phosphate matrix was 

reduced to this valence state

CONCLUSIONS

In the xUOj (1-х)[2₽2О5 Na2O] System, prepared at 125O°C, were obtained glass 

samples of hght green colour in the concentration range 0 < x 2 0.20 The optical absorption 

spectra indicate the presence of uranium ions in 3, 4 and 6 valence state The majority of 

uranium iops are in the valence state 4. The absorption band corresponding to octahedrally 

coordinated U^+ ions is shifted to higher wavenumbers when UOj content increases in 

glasses These results may be corrclated with the redox reactions dunng the sample melting 

proces», with the UO3 concentration change in samples and with the investigated glass

malrix
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RAMAN STUDY OF SOMÉ ALKALI PHOSPHATE CLASSES

T.IHeKU,' I.Ardekaa, V.Simon, B.Laxar

Hfcene.l. 15 06.№H

Ab«! ml. The structure of xNaîOtl-xtPjOj glass System with 01 x ‘ 0.3 was iuvestigated by

Ранно specttwscopy i< was evídeiiced Ihat the addition of N»20 deiennines the breiddng of 

the phosphate chain aitd the арреапнке of more pyropbosphatc and end muls These 

structural modifications (пенам as the N»20 cordent inervase»

Introductien. The most commun glasses are forrnod by nuxing glaset forming 

substances (typically Si(>2, Ö2O3, P2O5) with modifier metal oxide* [I] Pure vitreou» P2O5 

is an oxtremely hygroscopic colourkss glass It was used as an inhibitor of ionic diffusum in 

oxide layeis of silicon devices (2] New applications in optical fibers seem likely (3] 

Sodium-calcium oligophosphate glasses are of special interest both as biomatenals for bone- 

hke proiheses with high biological tolérance, their chei. :al composition being very close to 

that of bone, and as biomaterials for metallic prothèses (4] It is very interestmg to study the 

structural changea of glasses with their composition and to reiate these modifications with 

their properties Raman spectroscopy is the tool most widely applied to these structural 

studie«

Galeener and Mikkehon [5] hâve used this technique to study the structure of pure 

vitreous P2O5 Short range order in the network of the boro-phosphate glasses determtned 

from Raman spectra was investigated by Scagliotti et al [6] Re ently Raman study on

" l/wÁw.v/í'y, Ffwnlty oj PkyaicM, 34<Ю ( 'faj-Nwpowi, Ro/win/ti
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Fig I Raman spectra of xNa2O(l-x)P2Ö5 glasses, (a) x = 0, (b) x - 0 5, (c) x

0 33; (d) x = 0 25; (e) x = 0.2, (f) x - 0 16
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rapidly quenchcd lithium pyrophosphate glass at various températures [7] and structural 

studies on some boro-phosphate glasses [8] have been carried out In this paper we present the 

Raman spectra of xNa2<XI-x)P2O5 ldass System with 0 2 x 2 0 5 in order to understand the 

structural changes induced in these glasses by different concentrations of N»20

Experimental. The samples were nrepared by mixing of N»2CO3 ЮН2О and 

(NH4)2HPO4 of reagent grade punty and meitrng the coiresponding mixtures (0 * x 10 5) in 

sintered corundum erucibles at 1123 K for 10 minutes For x * 0.57 we could rot obiamé 

vitreous sample. The mette were poured in paralielipipedic stainless steel forma et room 

temperatul«

The Raman spectra have been rocorded on a ODM 1000 double monocromelor 

instrument equipped with 1LA 120-1 argon-ion laser. The émission line at 488 nm was used 

for excitation with power of about 0.6 W A 90° geometry and spectral width of 2 - 3 «m*1 

weiu chose« for collecting the scattered light. The spectra were recorded without polariser in 

the gathering optic». The measurements were carried out at room température

ЛшЛ е41д jf sa STWíMi tl ílit átlttCLQ GVCtáMl» műa ПГГМШГаН itt dJlA Д)4ш»АДRCeiilr« 1геЯ№е w6wBIwCf<» . Ж txw 13 » «A» 311|г игехШ» Wtij |/lw|/ttivM «O elMC «txt/vx?

mentionod condition» because we observed that at lower melting températures (723-973K) 

P2O5 glas» samples present a strong yellow fluorescence which perturb» the registration of 

Raman spectre. At higher melting températures the fluorescence is quenched. fhe same 

fluorescence effeets were also observed for P2O5 glass samples prepared a. different melting 

températures by other authora [5]

Fig.1 show» the Raman spectra of xNa3O(l-x)P2O5 glasses with 08x20.5. Our 

Raman spectrum of pure vitreous P2O3 i» the same as that recorded by Gaieener and 

Mikkelsen [3]. This spectrum indicate» that the pure phosphate glass is a continuo» 

random network (linear polymètre structure) of quasi-tetrahedrai PO4 unite (phosphorous is 

four coordinated) in which only three of the oxygen atoms of each unit bridge to neigbouring 

umts, while the fourth is doubly bounded to the central phosphorous atom
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The presence of the modifier decreases the number of bridging oxygens in PO4 umts, 

while îts negative charge increases. In connection with increasing negative charge [6J the 

phosphate units are:

- the neutral "branching unit" with three bridging oxygen and one double P = 0 bond

% x‘r,‘
P- (Iх ^o- P

- the "middle unit", often called the metaphosphate unit (- O - PO2-O):

% Xc-M-
P-d^^o- p

- the "end unit"
(-O - PO? )

(M ™ modifier atom)

% - M*
p-(<'4c-M

the monomer or ortophosphate unit, with four non bridging oxygens

% xc - M" 

c X O - M ■

Raman spectra ot phosphate glasses are deternuned by vibration of these units Figure 2 

présents some of vibrațional modes in the phosphate units
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The peaks position and assignment of Raman lines obtained fot the investigated 

glasses are presented in fable 1. The assignments were made by comparison with other 

phosphate glasses [3-8].

As we can see from figure 1 a and Table I in Raman spectrum of pure P2O5 glass the 

dominant bands are centered at 667 and 1365 cm'1 and they were ascribed to Symmetrie P-O- 

P Stretching and P = О Stretching vibrations, respectively. With increastng of Na2Ö 

concentration the band at 1365 cm'1 decreases in mtensity and changes its position to lower 

wave number (Fig 3). This indicates, on the one hand, the decrease of branching units with 

three bridging

Fig. 2. Vibration^ modes in phosphate unite (a) Symmetrie P-O-P stretch, (b)

asymmetric P-O-P stretch; (c) Symmetrie -O-P-O- stretch, (d) asymmetric -O-P-O- stretch.

oxygéna ami, on the other hand, the increase of the strength of P ~ O bond with increasing 

of Na2O concentration The band centered at 667 cm'1 in pure P2O5 glass (x - 0) slowly 

shifts tc higher wave numbera with increasing Na2O content and for the sample with x = 0.5 

ít is centered at 720 cm'1

At the same time the intensity of the band centered at -1160 cm'1 is amplified with 

rising Na2O concentration and its position remains practically unchanged in the investigated 

composition range However one observes a weak shift to 1135 cm'1 for x 0 5
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Fig 3 The composition dependente of Raman peak position of P “ O Stretching vibration 

The line is only a guide for eye

Fig 4 présents the ratio between the intensities of the bands centered at 670 cm** 

and 1165 cm** versus natrium oxide content A decrease of the ratio 1670/11165 with 

increasing N»20 concentration was observed and this can be explained by the growth of 

metaphosphate units number In this way the number of rionbridging oxygens is rising in the 

glasses whereas the Na2O content increases In the sample with the highest content of N»20 

(x “ 0 5) the intense bands are developed at 1012 - 1032 cm*1 and H 14 - 1135 cm** and ihey 

are related to P-0 Stretching vibration within the end groupa and within the middle units 

respectively This means that for x » 0 5 the polyphosphate chains are further brooken and a 

greater number of middle and end units appears

A very weak band around 950 cm*1 is observed in the Raman spectra of ail 

investigated «amples We assign this band to PO Stretching vibration in monomer unit; which 

are present in a very small amount even in the pure P2O5 glass In the "free" ion the total 

Symmetrie vibration is expected at 980 cm*1 [6] A very intense band at 1062 cm*1 observed
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X

Hg 4 Í670/I1165 dependence on Na2O content in xNa2<>0x)f>2O5 glasses The line in 

only a guide for eye
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in the sample with x - 0.5 can be assigned to PO Stretching vibration in pyrophosphate units 

' 2 7 Л In lithium phosphate glasses this vibration is observed at 1050 cm'* [7]

The comparison of Raman spectra of lithium phosphate glasses [6] with the Raman 

spectra of our natrium phosphate glasses indicates that the breaking of polymerization chain 

is produced at a iower Na2Û than U2O concentration Approximately the same bands were 

observed in lithium phosphate glasses for x -• 0.62 and in our glasses for x = 0.5. This resuit 

is probably due to the différence in the dimensions of lithium and natrium ions.

In the Raman spectrum of Na2O P2O5 glass sample an intense band in the range 512- 

ô27 cm * occurs which we can not yet attribute to a certaine vibration and also occurs an 

...> ml“lise band at 347 cm"* which could be ascribed to O-P-O rocking units (Table 1).

I unher sludies are necessary in this case

Conclusions. The Raman study that we carried out in this work leads to the 

( inclusion that the addition of O N*2 modifier to P2O5 glass former détermines a 

polymerization of the three dimensional P2O5 vitreous network and the appearance of a 

I nunibers of pyrophosphate, middle and end umts. The breaking of polymerization 

>. produced at a lower N»20 than LÍ2O concentration in phosphate glasses containing 

natrium oxide and lithium oxide, respectively
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LOW TEMPERATURES MAGNETIC PROPERTIES 
OF GdxYl.KCo12B(J COMPOUNDS

1. LUFȘA' and К. lAK.’ACT

facet ved: J IÁ 0 J 1994

ABSTRACT. - The magnetic properties of Cid.Y, ,CouB, compounds were stúdiód in the 
température range 4.2-JOO К and fields up to 70 kOe. The compound YCouöá is 
fenomagneíically erdeied In Od.Y, х<'о1гВ„ an arniparaliel coupiing of gadolinium and cobalt 
mugitetiztilKms is evidenced.

1. Introduction. In order to aearch new permanent magnetic material» several studie» 

on the magnetic behaviour of RCoMB* Systems were performed (R is a rare earth or yttrium) 

[1-3] The crystal structure for diese compounds is reported [I] as a rhombohedral one, of 

SrNiuB4 1УР* (space group R3m) The magnetic measurements releaved that Со moments 

couple antiferromagnetically with Gd moment» The compensation température for GdCo^B, 

is 48 K The Curie températures are 178 and 162 K for compounds with Y and Gd 

respecți vely (1,2]

2. Eaperimentul. The GdMY(41Col/B4 sample» were melted in an aie fut пасе in a 

puntied argon atmosphère They were thermally treated in vacuum for 3 weeks at 800 “C

Magnetic measurements were performed in the température range 4 2-300 K and fields 

up to 70 kOe The spontaneous manetizations M, were determined from the magnetization 

isotherme according to the approach-to-saturation lawAÏ“A7(l H where a is the

Tn/iniiMl Univtrsity, 341Ю Cfaj-Napoca, Kommiln
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coefficient of magnetic hardness and x„ is the tieid independent susceptibility

3, Résulte and discussion. The results of magnetization measurements perforined at

4 2 K are presented in figure 1 It is seen a tendency towards saturation in fields of 20 k()e 

for ail compounds

Fig 1. The 4.2 K magnetizruion isotherme of Gd„Y,.,Co(JBé gyaerus

Front the magnetization isotherme performed at several températures the spontaneous

magnettzations were determined We present in figure 2 the thermal dependente of

magnetizations for Gd,Y1MCouBé compound»
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Fif.2. The thermal variations of spontaneaw laegiietizatioiis for GdxYl „СЧЛС compound»

íhe compound ¥Со)гН6 ia ferromagnetically ordered having the Curie température at

178 К in good agreement with previously determined values (J-3J The magnetic behavioui 

of OdCojjBs system indicatos an anlipwallel coupling between Со momeeta and Gd 

respectively, with the compensation température of 48 K and a Curie température of 162 К 

These results are close to those previously reported

AII intermediate système present a ferrimagnetic ordering with compensation 

température« increasing from 15 K for x-0 2 to 48 K corresponding to GdCojJB*. The 

composition dependente of compensation températures plotted in figure 3 shows an almost 

linear increasing when gadolinium content is greater.

51



I LUPȘA, P. LUCAC1

The Curie températures of these compounds 

are situated between 162 K and 178 K These Tt 

values of GdxYl.xConB* Systems are relalively low 

as compared with R(o4B Systems [4].

The spontaneous magnețization in YCowBe 

is due to cobalt magnetic lattice (5 9pe/f.u ). As 

yttrium is substituted by gadolinium an antiparallel

coupling of Gd magnétisation with the cobalt
Fig.3. The composition dependente of com­

pensation leinpemtuies for Gif, Y, „Co^B,, alloys

moments is developed. The increasing Gd content détermines the dccieasiag of spontaneous 

magnétisation and an increasing of the compensation températures from 15 K to 48 K
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INTRA- AND INTERGRAIN EFFECTS OF THE PARTIAL 
SUBSTITUTION OF Cu BY SOME 3d ELEMENTS

IN THE ”2223’’ SUPERCONDUCTOR

A.V.FOP’, LLGERU“, V.G.KANTSE?'", '».CllIRCHEA’, L.PAVE1.*, GKILONGA*

tarnt 7.92./WM

ABSTRACT. - Electricei resietivity and d.c. susceptibilii* mesuremenU were performeri on
the "2223" superconductor after a 2 at % partial substitution of Cu by Cr and Мл The 
changes ia residual resistivny p((i) and in dp/dT aie in agreeineirt with tlie decrease of T, The 
linear Korrelation between the decoupHng tcnipemture Гй and the magnetic tieid (H«l5Oe) 
characterircs the inwigmifl junstioas.

1. INTRODUCTION. The superconductivity in the high-T, cuprales is usually 

supressed by the substitutional element» in the CuO2 plane» The ort gin of the decrease in T, 

by point defecta created by replacing the Cu atom» by other 3d elemente is noi vety clear yet 

Candidates for the supression of T, are an indirect magnetic proces» of the Abrikosov-Gorkov 

type on the magnetic Cu moments induced by the dopants [I] or a nonmagnetic elastic 

scattering proces» [2] The systematic variation of the fundamental propeilies for as many 

high T, superconductor» as possible i» désirable in order to separate the corrélations common 

to all oxide supereonduetors The change of the normal electric resistivity when the point 

defects are introduced into the CuO2 planes сап yieid informations on the interaction of the 

charge carriers with the impurity in the granulär HTS superconductor with weak links 

between the graine, the intergram supercurrent can be partially supressed undei such

"tíakef-JMyal“ (/HlverMIy, /'acu/ty of Phyeicii, 3400 ClujNapoca. Homaaiu

Moldova Stafx IMivertily, Faculty of Phy»icn, 277014 (’hifindu, «.Moldova 

♦♦♦
htxHIiM of AppUod Phyaies. 277020 Chlfitulu, H.MMuva
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conditions as high transport current» or externai magnetic tieid. The decoupling température 

T4 when the intergrain supercurrent ceases to flow shifts to lower température on increasing 

the aplied magnetic field [3,4].

In this paper we report an investigation of the effect of the partial substitution of Cu 

by Cr and Mn in the "2223" superconducting System on the electrical resistivity and the 

decoupling température

2. EXPERIMENTAL. The bulk samples of nominal composition 

(Bi16PbtK4XSr18BaO2)Ca3(CuO98Mfte2X)y where M=Cr,Mn were prepared by the convențional 

solid state reaction [5]. The qualitative X-Ray diffraction analysis perfbrmed with a DRON-2 

equipment confirmed the predominant "2223" phase, i.e. 95% and 90% in the Cr and Mn 

samples respecți vely. The presence of about 5% "2212" phase was detected in both samples 

along with a little amount of Ca2PbO4 in the Mn doped sample.

The electrical résistance was measured by the standard four lead technique between 

77 and 290 K [6].

A SQUlD-based magnetometer provtded the magnétisation as a fünction of the applied 

magnetic field and of the température T.

3. RESULTS AND DISCUSSION. Above the paraconductive region, in the 170-290 

K température range, the samples are characterized by a linear température dependence of the 

electrical resistivity :

p - p(0) + a T
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Table l.The values of p(0) and a=do/dT obtained from the linear fit, and the 
criticai températures Tcm obtained from the excess conductivity analysis [5,6]

Sample P(0) dp/dT T«
M [10* Q'cm] [Ю"6 Q-cm/K] И

0.02 Cr 2.48 4 86 107.6

0.02 Mn 3.99 9.8 105 8

The change of dp/dT (Table 1.) may be due to the changes in the charge-carrier 

concentration [7]. The increase of p(0) can be explained in ternis of the increasing scattering 

of the charge carriers on the 3d impurities In Anderson’s model of the linear reaistivity [8] 

a dopant in the CuO, planes is expected to induce a température independent magnetic- 

scattering rate. In this model, the change in dp/dT can be interpreted as a change of the 

magnetic fluctuations yielded by the point defects in the CuO3 planes.

Another effect of the magnetic 3d impurities on the superconductivity is the réduction 

of T, from 108 K in the undoped sample [6] to 107.6 and 105.8 in Cr and Mn doped samples 

respectively.

In the first set of the magnetic measurements, the sample was cooled from 140 K 

down to 5 K in zero field (ZFC), when a magnetic field in the range 6 5-13 Oe was applied. 

The corresponding ZFC susceptibility is x “ , if the induced supercurrent density J is
4x

smaller than the intergrain criticai current density The susceptibility corrected for

demagnetizing efiècts is x ” where M=m/V is the magnetization, V is the

geometrical volume and D is the demagnetizing factor An approximate value D=0.195 was 

taken into account for ail samples, which hâve the same elongated shape and the same mass 

PI
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Figure I . The magnetic susccptibility date «t the "2221" sainptos for là© 2 at % M» (a) and 2 at % Cr (b) in 
He kl cooled FC) and zéro field cooled (ZFC).

Fig La and Fig 1 b show the résulte of the ZFC measurements vs. température in 

the x 0.02 Mn and Cr samples respectively. Two succesive tranutions at Ts and a 'ahouldcr' 

at the decoupling température Td are observed. The tatter i» strongly dependent on the 

magnetic tieid value This behaviour ts attributed te the weak links at the grain boundarie» 

With increasing température, the intergrain supercurrent decreases and the externai field 

pénétrâtes the intergrain weak links. As a conséquence of tfi» rapid decrease of with 

increasing the magnetic fiaid, the position of the ’shoulder’ moves to lower températures

In Fig 2 we show the dcpcudence of the decouplii g température T4 vs H for the 

"2223" with x“0.02 Cr and Mn respectively The decoupling température T4 apparently 

linearly increases as H decreases with the slopes dT/dH“-1.43 К/G for Mn and -OU K/ü 

Im Cr Uns indicates tirât the partial substitution of Cu by Cr and Mn differeiifly influences 

the intergrain criticai current dosit y of the Josephson jimctions The presence of the magnetic
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Figure î. The depeu&mce of the decoupling lerapeutture Td vs. the applied magnetic field for the “222J“ 
saiwptes 2 at % doped with Mn (®) and Cr (x).

moment of Cr or Mn at these junclions yields a variation of the effective value of the 

magnetic fiald

The Meissner effect was measured in an externa! field of 6.5Oe by coding the sample 

from 140 К (PCX In these measurements ( Fig. La and b) the absence of the ’sboulder’ is 

obvious The bulk Meissner eft’ect was incomplete, yielding 4ях“-0.29 and -0.45 in the Cr 

and Mn doped samples respectively These résulte suggest that in the Cr doped sample the 

flux pinntng by the defects within the grains is larger comparativei y to the Mn doped sample 

The significant différence between the magnetic susceptibilités measured in field cooled and 

zero field cooled is typical for the porous multiconnected superconductors with a large 

quantity of pinning center».
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4. CONCLUSIONS. The température dependence of the electrica! resistivity is linear 

above the paraconductive region. The partial substitution of Cu by Cr and Mn differently 

affects the residual resistivity p(0), the slope dp/dT and Tc

The magnetization measurements indicate that the grains of the "2223" doped sample 

are weakly linked. The decoupling température of the grains Tl(, shows a linear dependence 

on slight magnetic ftelds ( H<150e ) The slope of this dependence is smaller in the Cr doped 

sample comparatively to the Mn doped sample.
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DIFFEOMORPHISM COHOMOLOGY IN 2D CONFORMAL GRAVITY

!.. TATARU", IV. VANCEA’ and A. Bl.AGA”
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ABSTRACT. - We calculate ail éléments ef the BRST cohomology group for the two 
dimensional conformaily invariant gravlty. Then, using tlie operator & , introduceri by Sorella
[1],  we can solve the descent équation and find out all classical local actions and all candidate 
anomalies.

1. INTRODUCTION. The most efficient way to study the quantization and 

renormalizatioB of die gauge (local) théories is given by the BRST transformation and the 

ÖRST cohomology [2,3,4]. The gravúy can be also introduceri as a gauge theory associated 

with local Lorentz invariance [5] but its action has a different structure which when is put 

into the shape of a Yang-Mills theory lises the topological quantum field theory [6]. However, 

in the BRST quantization frarnework the structure of the invariant action, the anomalies and 

the Schwinger terma can be obtained in a purei у algebraié way by solving the BRST 

consistency conditions in the space of the inlegrated local tleld polynomial». This tact has 

been known since the work of Wess and Zumino and for a general gauge theory the general 

form of these сап be elegantly forrnulated in the BV formalism [3,4]. In this frarnework the 

Wess-Zumino consistency condition сап be written as:

*A-(S,A) (D

where S is the proper solution of the master équation, A are integrated local funcțională. The

“fíabef-ifofyai“ Unívemity, Faculfy of Phynics, 3400 Ctuj-Nupoca, Romania

"Bobeș-bofyti“ Univemity, Faculty of'Mathematic* am! Computer Science, 3400 Cfaj-Napoca, Romania
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solution of H) modulo the exact forms can be organized as an Abelian group the BRST 

cohomology group. We can introduce a degree in this group by the ghost number and we can 

décomposé it in a direct sum of subspaces with a definite ghost number:

(2) 

Anomalies are represented by cohomology classes of Hl(s) but offen it is usetul to compute 

H “(s) for other values of g as well since Ha contains the BRST invariant action and//2 

contams the Schwinger temu Besides, the whole cohomology group could play an important 

role in solying and understatiding the descent équations and in the study of structure of the 

field configurations.

1. THE MODEL. The fields of our theory are the componentă of the two 

dimensional metnc and the set of bosomc »calar matter fields (Л-Ж4, A*l, ,D) It

is convenient to replace the metnc by the zweibein fields e “и such that

(3) 
7 Vu

where pv - 0,1, a,b » 0,1, “(+,-) or by the moving frame

(4) 

The conformai properties of the two dimensional space-time are most convemently described 

60

In this paper we investigate the structure of tho entirely cohomology group for a dass of 

two dimensional model s which are conformally invariant at the classical level and which shall 

be characterized throughout of this paper by the field content and the gauge invariance of the 

theory Since we try to obtain for a general frameworic independent on the local classtctd 

action no anu-field structure is introduced.



(5)
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in ternis of light-coordinates

г*»—L_(xe±x ')

and the differential operators

(6)

in the light-cone Coordinates the 2D metric can be expressed as a function of the gauge fields

(8)

(’) 

with g’Idetfg^l. The gauge fields are inert under the Weyl transformation g~*<* end 

they aie very convenient when we want to find out different quantifies in the framework of 

a conformai invariant theory.

The BRST transformations of the X and h fields hâve been obtained in [7](see also 

[8,9,10]) and they hâve the form

.s7i^=d+o -filtdc '+e

sh-dc *~h.dtc **e 4*.

'DX+c DX

where

W.A-
One can easily obtain the BRST transformations of the ghosts c‘ imposing the condition of 

nilpotency of the BRST differential and taking into account the fact that it commutes with the 

operators defined in Eq.(6) After a simple algebraical calcules one gets

(9)

(10)

In the framework of the BRST transformations, the search for invariant Lagrangian
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anomalies and Schwinger terms can be done in a purely algebraié manner, by solving the 

ÖRST consistency condition in the space of integrated local polynomials [4,11,12] Uns 

amounts to study the nontrivial solutions of the équation

лЛ-0 (■•)

where A is an integrated local funcțional. The condition (11) translates into the local descent 

équation [l 1]:

лч1>2 +du>l “О
suij+t/uiy-O (12)

where u>2 is a 2-form with A*= pnp uipUi,, being local 1-forms, respectively O-forms 1t is well 

known [12,13,14,15,16] that the descent ©quations terminate in the bosonic string or the 

superstring in Beitrami of super-Beltrami parametiization always with a non-tnvial О-form and 

that their intégration is trivial

(13)

where ö is the operator introduced by Soteila [1] and it allows to express the exterior 

derivative d as a BRST commutator.i e,

d—[a.6] (»4)

and is a solution of the last équation of (12)

A(Oe“0 (15)

The main purpose of the present paper is to solve the descent équations (12) in the 

algebra of the local polynomials of all ftekls and their derivatives £ A basis of this algebra 

can be chosen to consist of

(16)

(>2



DÍFFEOMORPHISM COHOMOLOGYГ
where i|,=(X/i,,A), />,</-0,1,2,. However the BRST transformations of this basis are quite 

complicated and contain many terms which can be eliminated in the cohomology group. In 

the next section we shall eliminate a part of this basis and introduce a new basis in which the 

action of the BRST differential is quite simp*'

3. THE ALGEBRA. The calculation of the cohomology group can be considerably 

simplified if we take intő account the fact that E is a free differential algebra and make use 

of a very strong theorem due to Sullivan. A free differential algebra is an algebra generated 

by a basis and endowed with a differential The Sullivan’s theorem states the following:

The most general free differential algebra E is a lensor product of a contractible algebra 

and a minimal one

A minimal differential algebra M with a differential s îs one for which.*AAZA/*,A/* 

being the part of the minimal algebra in positive degree, i e. M-C&M* and a contractible 

differentiable algebra C is one isomorphic to a tensor product of algebras of the form 

A(x^or)

Ou the other hand, due to Kunneth’s theorem the cohomology of a free differentiable 

algebra is given by the coliomology of its minimal part and we can say that the contractible 

part can be neglected in the calculation of the cohomology group

In our case, the construction of contractible and minimal part is straightforward and we 

do not need any general method to accomplis!) that In fact, it is easy to see from the BRST 

transformations of b^,X,c * that the generator s
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d^d'c '.iP/Tc ' (17)

with />«0,1,2,.. »-1,2,... can be replaced by

(а>'.0*_А',д*_д*.ф,ла/'.0*_ф,^сх) (18)

The Sullivan décomposition can be easily obtained from (18) Indeed, the contractible 

subalgebra generated by

(19)

and the minimal subalgebra is generated by:

(20)

This basis is nőt convenient sin ce the BRST differential has a complicate action on it The 

investigation of the BRST cohomology is considerably simpllfied by using an appropriate new 

basis which substitutes the fields (X,c‘) and their derivatives. The construction of this new

basis représenta a crucial step towards the calculation of the cohomology group This new

basis has been proposed by Brandt, Troost and Van Proyen in [14] and it is basically intended 

to substitute on« by one the éléments of the basis (20) by:

1
(р+1)!

(21)

(22)

where

A -G,JL}-sJL+JLs 
дс* дс* дс*

(23)

The remai kable property of the new basis is the fact ihat its BRST transformation is given

by the Virasoro algebra with associated ghosts just c*. Indeed, The last two équations (22)

and (23) can be rewritten as:
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(24)

where the Z’s are given by the following équations

L 'X'-**

L\XM-A "lrX^-“

where A ~k(k-\y{k-p+\). structure constants of the Virasoro

(25)

algebra. In fact Z‘À represent on X™ two copies of the Virasoro algebra since their définition

yields

(26)

In this new basis the operators

A\4v,_l_)
de®,

aie diagonal on ail X’s and c’a on which they hâve a very simple action

(27)

(2Í)

A/M-çfN Ду- \=0

1 he eigen values of the pair (A'^A^) on tins basis is cai led the Mal weight. For instance Jf**

hâve the total weight (p,q) while c \, c hâve the total weight (n,0) and (0,n) respective! y

The operators A*H are differential s, so the total weight of a monomial formed from lie

new basis is the sum of ail total weights of the element» from the basis which enter in it.

I.eto>0 be a monomtal of total weight (p,q) with /*/*0 and vwH4). If риО then we can wnte

—«»J
de

(29)

or

(30)
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i.e., u>0 is zero in the cohomology group.

Thus ail solutions of the équation süio«0 which are not trivial must have the total weight 

equal to (0,0).

We can build up the solutions of the équation su>o»0 in a smaller space generated by the 

new basis with the total weight (0,0). We have analyzed ail monomials with the total weight 

(0,0) and we have found that for ghœO there is only one such of monomial, for gh=4 there 

are 4, for gh=2 there are 9, for gh“3 there are 12, for gh=4 there are 9, for gh=5 there are 

4 and finally for gh~6 there is one monomial. A detailed version of this analysis is given 

elsewhere [7] Moreover, we have found out, in the space of these monomials, the solutions 

of the above équation which are not trivial. In fact we have obtained 10 independent and 

nontrivial solutions of the équation muö“0 with gh^Z,3,4,3 and Ő The cohomology group 

H "(s) at ghost number greater than six vanishes in the space of local ftmctionals

4. RESULTS AND DISCUSSION. Now we are going to spell out our résulta for the 

solutions of the descent équations for ail ghost numben». Once we have all nontrivial éléments 

of the cohomology group we have to integrate them and to obtain the solutions of the descent 

équations We shall make use of an operator introduced in [1} denoted by Ö and which can 

be written in our case as

(3i) 
Ьф“О

where <j> ~(АД±) and it obeys the commutation relation

ф,0]-ч/ (32)

With this operator al hand we deduce the following expressions of one-form respecțively two-
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form that appear in the descent équations:

%-öw() (33)

The complete résulte of our analys's can be summarized in the following discussion:

a) For gh=O we have only one solution of the form

ю2-(1 -y)X ^X^Fdx (34)

If we add the indices for X-X*, F“F and take into considération the form of we

get eventually the classical action for the bosonic string

S^f^x^g^d^X^B^JOd^dX'') (35)

with (î^,B arbitrary fonctions of X satisfying

G -6’ B —B
pv V|i’ fiv V|1

b) For gh“l we have obtained four solutions of the descent équations which represent the 

coordinate anomalies This integra! forms can be written, after some partial intégration, in the 

form

A”^</гх[ау 'д3 hw+aс

where at,a are constants are arbitrary fonctions of the matter fields and

(36)

»/■(ДдИ
(37)

c) For gh=2 we have got two independent solutions which have the following integral form 

where
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МЧА? (39)

1\-<32Л±+2(й±А„Х0Л’)

and /1,2Н(А), y^,(A) are some arbitrary funcționa of X

d) Far gh=3 we have also obtained two independent solutions with the intégral given by

A,-^Х5‘Л,Л,ЛЛУ‘/Л)*§‘Д‘-ГлЛУа^] (40)

e) For gh“4 we give the last solution of the descent équations It has the following form

r (41)

with F(À) an arbitrary scalar fonction of X.

5. CONCLUSIONS. In this paper we have given ail nontnvial local solutions of the équation 

vtuu-O, i.e., ail members of the BRST cohomology group and ail members of it in the space 

of /оса/ junctionals, i.e., ail solutions of the descent équations for the 2D conformai gravity 

It is remarkable to point out that this case is the unique case in literature, to our knowledge, 

except the Yang-Mills case where ail the problem reducea to the cohomology of the Lie 

algebra, where all the BRST cohomology has been calculated

The same method have been applied by the present authors for other modele [7] and the 

résulta will be published elsewhere
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HYDROMAGNETIC CONVECTIVE FLOW THROUGH A 
HORIZONTAL CHANNEL IN THE PRESENCE OF HALL EFFECT

A. MARCII and M. VASll'

Receiwd: 2O.I2.1W3

ABSTRACT. - The Hail cffcct on hydromagnetic free and forced convection flow of an 

clectrically conducting fluid, through an horizontal channel with porous walle penneated by 

a uniform transverse magnetic fleld , has been considered. Comidering tire wall température 

to vary iiueariy with distance, and the Miction paraméter zero, we hâve been obtained the 

solution for velocity and induced magnetic field. This paper is an response to the mistake in 

non-dlmensional quanüties used in [ 1J.

I. INTRODUCTION. The problem of free convective flow of an electncally

conducting fluid, penneated by uniform magnetic field, assuming the axial température 

variation along the wall hâve been studied by many authors [ 1 ], [ 2 ] Such studies are of 

a great importance in the magnetohydrodynamic generátora design, in the cooling of nuclear 

reactor etc.

The purpoae of thia paper is to consider the problem of Hali ellett in free and forced 

convection flow of a conducting fluid through an horizontal channel, the walls beeing potous 

and the auction paraméter zero The behavior of the velocity and the magnetic field are shown 

graphically

II. FORMULATION OF THE PROBLEM. We suppose that an electncally 

conducting fluid flow» between two horizontal porous wails at the distance 21 apart We shell

"Habef-dotyoi" University, ï'aculty of Phyeics. 3400 Cluf Napoca, Homania
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assume that the x and y axes are along and perpendicular to the walls with the origin midway 

between them The fluid is permeated by an uniform magnetic field applied paralel to the 

y-axts and dp/dx is constant [ 3 ]

For steady motion of a viscous, incompressible and conducting fluid all phisical 

quantifies except température and pressure are functions of y atone [ 4 J. The équations for 

motion, magnetic induction, energy and continuity are

p(W)F— V/>+j^+qV2?+p£ (I)

V V25+Vx(0<íf)-£vx[(Vxjy)x^J-O (2)

H

(3)

(4)a
V-H (5)

where p is the density, F the velocity, B the induced magnetic fteld, p the pressure, p 

magnetic permeabihty, q the kinemutic viscosity, vm the magnetic viscosity. ß the Hall corist, 

H the temperatura, a the thermal difu&ivity, Ф the viscous dissipation fonction, JT the curent 

density and и the electrical conductivity

Negleeting the suction paraméter we take the velocity, magnetic ftdd, and the curent intensity 

as:

The governing équation of
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др
дх

laking in account (2) and (3) we get:

db

db dbX __ 2

«r iix

*

(6)

(7)

(8)

(9)

(Ю)

(11)

From (II) and (6)

Эх g dy

introduci ng (11) in (9) we get

1Ъе équations (9) and (11) together yield:

H db ,1 A*,
_í
ц ‘iy dy1

я! 0

(12)

(13)

(14)

we get front (10) for (ст ” 0):

А,(*’"Й(.)"*.(МЧР)

and adding eq (7) we obtain:

-^4k»+PV*)M(’ «1-pm

Introducing (11) and (9) in (17) résulta:

(15)

(16)

(17)
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( i«)
ду 2 ц dy

Equation (11) with (13) yield

(19)

d1b d2b Jw
____2+un___ i+цоД — =0
ily2 dy2 ° dy

where <>» is lhe electron Larmor fréi$ency and т the niean interval between the succesive

collision of an electron with ions .

In tins paper we hâve neglected the slip effects between ions and neutral particules and also 

the élection pressure gradient

Iniroducing (11) in (15) we get;

d2b d2b
-___ 2 ouï___

dy2 dy2 “dy

flic goveining équation of motion and for magnetic field are:
/

(20)

dp d2u._L_ =_______11 !____
dx p dy dy2
~ “ (-LlÉ)^i(Â 2 +b 2) -н А +ub pe 
dy 2p y * ‘ A ‘

z. db jiw
0“------- - +n--------

Ц <Л' dy2
d2b dlb
------- +<i»r-----2+prr/i ,_=0
dy2 dy2 'dy

d‘b d2b du
un _i-___2 yoH __.=0

dy2 dy2 " dy

We assume a limai uniform température vanation along the lower

(22)

(23)

(24)

(25)

71 » 7 + Ax + 71 (y) ; A **cuHst (20)



HYDROMAGNETIC CONVECTIVE FLOW

Equation of state becomes:

p-po-pecdx-poaF(>) (27)

Taking account of (10), eq.(22) becomes:

^=-_L_£
dy 2ц dy

(V42)“PA’ (28)

Equations (28) and (27) by intégration yield:

1
2g

( V + Ä?) " P«®!1 ' РЛ^У - РЛ^ЬМУ +Ăx) (29)

We have introduced the folowing non-dimenional quantities:

у^У u-- ul Л ■ - P ^x)
Г vA ’ dx ÖPov2 dx ’

(30)

Pov

From (29) result:

dx
--рЛ^У*

dfa) 
dx

and together with (21) yield:

dl u dt>
TI_____  +_______

dy1 V dy
+РЛ^у~

dAx) 
dx

Taking in account (30) and (23) we obtain:

dlu‘
~d^

(31)
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</2И' *

dy“2
(32}

Considering V=u*+iw’ , b-=b*/ib'„ froin (31) and (32) resuit

Froer (24) and (25) with (30)

dV +„>db

dy'2 “ dy*
+()y ’ • 1

d2b ' d2b •
____ L +u4____ L
Jv‘2 dy'2

d2b ’ d2b * 
art____ 1- “___ i-

dy'1 dy'2

(33)

(34)

(35)

and consideri ng (33) we get:

d2b
~dP

1 JF

1 +/urt dy *
(36)

Integrau«g (36) we get

JÔ . 1
dy * 1 I +*wt

- COHSt. (37)

and together with (33) yield:

d2V
~b^-J(y-)-0

(38)

Ay')-H+Oy'; W-Z/4,-1
1 =/ri»T

The boundary conditions [ 5 ] are:

dy" H2
(39)
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(40)

, r-K, , <j +Й-0 
‘A'

y * « -1 ; И “К , a - b =0
2 1(Jy-

V " io 'c'hkj> ’+ J« '*hk.y * - -shky ’ •лЛА1

where
H+r2 , VrVl 

Considering wt“l, V^i Wnd ’VJHU We 'flbtâthÀi

where «i,<J2 are the electric conductance ratio of the walls

Taking into account (38)-(39) and (40) we obtain:

and

Й-2. •[*,(«,-«,)

(41)

(42)

(43)

/73
(44)

III. SOLUTIONS OF THE PROBLEM. The solution of the (38) is

(45)

(46)

sh га+н1пгЬ
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(47)

where
H l

\2 » + -■--=

- /Tÿr
-TL^-d^-o

2 2-Vl+V^

The graphically results for velocity field distribution in the case of Ha “ 5, 10 are presentated

in figure 1-4

Me lue ily fiald u<y>

f igure l

Ou luci tu field w<y>

Figure 4figure <
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The decreasing values for velocity field with the increasing of induced magnetic field 

is clear for large value of Ha number but the behavior of velocity becomes arbitrary for small 

values of Ha number, these will be the subject of an other paper
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SUR UN MODELE MAGNETOHIDRODINAMIQUE D’UN PLASMA 
COSMIQUE COMPOSE EN MOUVEMENT DE ROTATION 
SOUS L’ACTION DE SON PROPRE CHAMP GRAVIFIQUE

M.

Hece i ved: 1.12. J 993

ABS TRACT. - In the present paper we shall examine the niagneto-graviiational stability of 
a composite rotating plasma, The plasma consista of an ionized component and a neutral 
component in uniform rotatioual motion with angular velocity й„ И„ respectively. The 
ionized component is coinpresible, nonviecous, with finite resistivity , it js undor the influence 
of a uniform vertical magnetic Meld. The neutral component is compressible and nonviscous.At 
the same time die plasma is assumed to be found under the influence of a proper gravitațional 
fleld.

Introduction. Dans le present article nous voulons déduire l’équation de dispersion 

et le critère de stabilité magnéto- gravitationelle d’un modèle de plasma cosmique. Le plasma 

est constitué d’un composant ionique, compressible, nonvisqueux, doué d’une conductivité 

électrique finie, en mouvement de rotation uniforme avec une vitesse angulaire Ц (0,0, ÛJ et 

d’un composant neutre, compressible, nonvisqueux, en mouvement de rotation avec une vitese 

angulaire QB (0,0,Qj (Û, ■= Qn). Ce problème est analysé pour la première fois en littérature 

de spécialité Le composant ionique et le composant neutre se trouvent sous l’action du même 

champ gravifique. En même temps le composant ionique est soumis sous l’action d’un champ 

magnétique uniforme Bo(B„,0,0) Nous utilisons les résultats obtenus par Bhatia [1], Hans [2}, 

Mattéi [3], Herrnegger [4], Vasiu [5],[6], Chandrasekhar [7] et en même temps nous 

généralisons ces résultats pour le modèle adopté.

"Hiihef-Hvlyai" University, Eucully ofPhysics, 3400 ( 'luj-Napucu,, Hoimmui
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Equations fondamentales донг l’état perturbé du ulasma, Le système d’équations 

magnétohydrodynamiques рог l’état perturbé du plasma s’écrit de la manière suivante:

' - -±V(ö/r,)-V(öK)+2»7,xQ
dt Pü,

H«P»

dl Рж,

(1)

(2)

(3)

(4)

» У*(0*Я) + V„A(ôtf) , (5)

А(бГ) = K(öp, + ÖpJ , (6)

Ap, » Op,. P)

(8)

1*

où ц, u„ ÖB, ftpi, öpB, öp„ öp„, ÖV sont les perturbations pour: la vitesse, le champ 

magnétique, la pression, la densité, le potentiel gravifique du plasma; VB, VM sont les vitesses 

du son dans le composant ionique respectivement dans le composant neutre,
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ve est la fréquence des collisions entre les ions et les atomes; ßv-pio/p„.> ,vm est le coefficient

de viscosité magnétique du plasma; K est la constante gravitationelle

les indice i, n marquent le composant ionique et respectivement le composant neutre

Admettons que des petites perturbât: •••« b<p(z,t) se propagent dans le plasma sous la 

tonne

biptz.r) » cp"exp(/(fc-w/)] (9)

où <p* est l’amplitude, к est le nombre d’onde, tu est la pulsation de la perturbation, t est le 

temps

Admetons que les petites perturbations se propagent le long de l’axe Oz

Introduisant les vecteurs de déplacement infinitésimal et pour

les composants du plasma

и' . ' = -/«»g a » " - -nug et aussi les constantes
' <3/ ' ’ ” <7/

/IUÁV2
A » u? + «uv ; B » -2/uiiJ , C “ u»2 + /wv + Ар -k2V 1 + ....,, . A ■<■' 3 i » a > ití &i O *

ni

L) - 2/u>Qm , E « (iuxvu - Ap^p) , E = - nnfiv , G = w2+ni»ßvt ; (10)

H » ■ 2n»Qi ; ! »-(iwßv - ^P„,) . J “ <*>2 + iwßv - + Apwp >

H2 , P 1
où У 2 « __ L_ est la vitesse Alfvén, Q “-runv k1 , p* "°- ,

KP«, P,„ ß

из
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faisant les calculs, en tenant compte des équations (3)-(6) et des relations (7)-(8), les

équations (l)-(2), en projections sur les axes Ox, Oy, Oz, s’écrivent sous la forme

+ ‘ 0 ( 11 )

-iț.r^r^-0 (12)

(4)

- Ü (14)

(15)

- 0 (16)

Léamitoa de dispersion 1 équation de dispersion s'obtient par l’annulation du

déterminant formé par les coefficients îles grandeurs țj^, §1U

A H 0 1) 0 0

H a 0 0 /) 0

0 0 (’ 0 0 A'

/< 0 0 (i H 0

0 /' 0 0 a -//

0 0 ! 0 0 J

» 0
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Faisant les calculs on obtient les équations de dispersion

CJ - JE » 0 (18)

G 2(A *+Е2)-2ADFG+UD2EH ~ 0 (19)

Limitons maintenant l’annalyse seulement pour l’équation (18), qui, en tenant compte de (10), 

s’écrit sous la forme

♦ o(v, + + + + ~
« + VM* (20)

-(oßv + + ^PJ») * 0 ,

ou , «-te

Cas particulier Supposant que les collisions entre les ions et les atomes et aussi la 

conductivité electnque du plasma sont négligeables (v^O, vm=4)), l'équation (20) prend la 

foi me

«* + b^r1 + b2 - 0 (21)

*. - *V,’ ♦ FJ + FJ) - Дрю + p J

(22) 

b « Q.4IJ + A'F/ti 1 - Cp ü л .л Jn A Jn • te» /te

Dans ce cas particulier le mouvement de rotation ne joue pas aucun rôle sur la stabilité 

magnetogravitatlonelle du système Introduisant les notations utilisées par Heimegger [4j, 

mais adaptées pour le modèle analysé
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(23)

(24)

l’équation (21) s’écrit de la manière suivante

ïf* + + bt = 0 , (25)

°ù b{ - 1г(1 + â2 + A2) - (1 + p) ,

(26)

Ьг - l’ftd’JF2 - pXi * A2) - d2] 

l’équation (25) est identique avec l’équation obtenue par Hermegger, mais en l’absence de

"Finite Lamior Radius" (la gyroviscosité v « 0)

Prenant en considération l’équation (25) il en résulte que nous pouvons écrire, pour ba < 0, 

l’inégalité

ci'/'-n/ • Ä2 - - pXl + A2) - d1] < 0 , (27)

de sorte que 3/ o el a2 > 0, ou ci* < 0 et ci/ > 0

Introduisant maintenent la fonction ftffî

- ^[(d1!2 - pXl + A2) d2] (28)

Si nous considérons « y on peut déterminer la valeur critique kt du nonibred’onde Jf

Faisant les calcules on obtient
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k e *< p(i^2) *

‘ Г<р(1+л3)
(29)

Si les peiturbations ont le nombre d’onde к > ks le système est stable, au contraire si 

к < kc le système est instable, sous l’aspect magnéto-gravitationnelle

Les graphiques de la fonction HX) pour les valeurs: A=-5, p-=10, â-Ч, А-Ч0, p“10, â-1, 

A=50, p-10, â“l;I »(0,4) est présenté dans les figures 1-3

F <k >

Ligure I

Pour le cas d’un modèle de plasma constitué par un seul composant ionisé, donc p4), la 

formule (29) prend la forme
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F <k >

Figure 2

Si nous admettons que p-0 et aussi VA -0 (l’absence du champ magnétique) la formule (29)

se réduH à

Jff

(Al)

qui est le nombie d'onde établi pai Jeans [7|
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Г • <k >

Figure 3
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ABSTRACT. - Considernig the aiialnically well-understood problem of orie quantum partide 
in an infinite deep potential valley and in thermal contact with a heat-bath, we continent on 
die applicability of quantum Monte Carlo metliods. We sludy sitaemalicly the influence of 
différera paraimiers on the relative error of the method and a phenomenological criteria for 
Ilie maximal relative errer is established

1. Introduction. l.attice modela proved to be a useful tool in studying tnany-body

Systems We mention in this sense probléma related with strongly correlaled electron Systems

11,2], degenerate electron gas in the periodic potential of a lattice |3], quanlum-spins [4,5] and 

quantuin-chromodinamical (QCD) Systems [6]

Discretizing the space and considertng the hamiltonian in a second quanttzed

formalism, it ts possible to study quantum-statistical Systems in analogy with the well-known

Ising model The computer simulation method considered fot discretized quantum-Statistical 

problema in canontcal ensambleis known in the literature [7-11] as the Quantum Monte Carlo 

(QMC) method

The atm of our paper is to dtscuss on the aplicability of this method. In this sense we 

consider the simple well-studted problem of orte partide in an infinite deep potential valley 

in thermal contact with a heat-bath, and compare our simulation résulta with the exact 

analitical ones For simplicity, we will focus on the one-dtmensional case

"HobeyHolyai" Univarsity, Eiwulty of Physic», 3400 Cfaj-Napoca, Montanta
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Our work is justified by the importance of the QMC method in many-body physics, 

by the hopes that computațional results could improve the understanding of exactly 

non-solvable quantum-siatistical models, and by the great importance of the tractable 

probléma This study is only a first step, and for further investigations we will consider somé 

exactly non-solvable problema, which are presented in the next section For performing the 

proposed studies on the practically important models we must hâve a level of confidence in 

the résulta ofered by the QMC niethod Our paper is intended to give contributions in these 

sense, testing the program elaborat ed by us and the computațional resources necessary for 

aclueving the equilibriurn values of the interesting physical quantities We are also mterested 

in fimte-size effects, in the errors introduced by the space discretization and by the used 

Trottet-Suzuki [12] approximation

We will try to present the problem in a pedagogica! männer, emphasizing also on the 

ertbctive reahzation of the QMC simulations

2. Lattke model« for quantum-itatiatlcal probleme

2.1. Quantum »pln model« In the study of magnetic ordering we are faced with 

quantum mechanical problema on discretized lattices The most known among these is the 

quantum spin model [4,5], wtdely used to describe the magnetic ordering in insul alors The 

hamiltonian of the model is:

with .$" the componenta of the spins, and the sutn refering usually just to nearest spin 

neighbours As special cases of the quantum spin model we have:
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- for the Heisenberg model

- for JJ, “0 the Ising model

- for /,»0 the XY model

By using the well-known "raising" A* and "lowering" $ =AÎA-ÔŸ ‘ operators

the hamiltoman of the system can be written in a similar form with a second quantized 

hamiltonian:

X IJ ij
In a one dimensional model (Heisenberg chain), this will become:

й-4г[«^Х]ч£«' <’>
■* i I

2.2. The Hubbard model When the valence électrons of a cristaline lattice are 

parii ail y itinerant (metale, alloys etc ..) the physical properties are studied by considenng a 

many-body hamiltonian in a second quantized form The most used model in this sens is the 

Hubbard [13] one In this model the many-body hamiltonian is obtained by considering 

Wannier states: Ф^а(Г-Яо) This states descnbe quasi-localized électrons on the н orbital and 

spin «, situated at the ion with the Ru position

Presuming that all the itinerant électrons are on the same undegenerated orbital, the 

Hubbard hamiltonian can be written as:

0)
a, d a ы,а

We denoted by the création operator of a state with spin и at the Ru lattice point àu a 

and are the corresponding annihilation and partide number operators respectively The 

first term in (4) is the cinetic energy with f calculable as:

9,3
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u-4Ev^['*(*-*)] <5>
1 n

The second terni in the hamiltonian represents the interaction between the électrons

This interaction is considered strongly screened by the conduction electron gas, and thus 

approximated in the form of a 6 fonction

Consideri ng a one dimensional case, and allowing for the valence électrons to jump 

only at nearest lattice sites, the hamiltonian of the System becomes:

Æ-'E +<C. A J+^E (6)
a,a

2 J, Lattice modela fur itinérant électrons A more visual way to study interactive 

electron Systems is possible by the second quanti fi cation of the many-body hamiltonian in a 

discretized coordinate space [7,11] We will illustrate this in a one-dimensional case for 

quantum parti clés considered in a V(x) potential

The time independent Schrödinger équation for a single partide with mass m will be:

Ну— _Д1_Аф+К(х)=£1(> (7)

Яя2т

Discretizing the problem on a lattice with sites of length a, the differential équation

(7) can b« written in the form of L (Lui with / the length of the considered space) coupled

linear équations

(“-г-?—. (8)

кл ma '■

where ф( and F. dénotés the medium values tn box i of the lattice for the fonctions i|>(r)

and T(x) respecți vely lntroducing the notations

W, ■_______ ,
' 4nW

équation (8) becomes:
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-'•(‘Р,и+Ч,,-1) + И/,Ч’,“£Ч|, (11)

We can write now this System of équations in a second quantized form, using as state 

vectors the«, occupation number of the cells: ,«,, ,/0. Considenng the création, ê/

The second quantized form of the hamiltonian in the considered discretized space will be;

annihilation ci and the occupation number op«r»tors, d., defined by

<]«,,«,, ./0-Д+1 |«P«2. 1 ■ >«i) (12)

d|«,,«2,..,«,.. ,«£)"^|»р«2,...,«-i, ,«£) (13)

(14)

the wave fonction of the System becomes

4»-E^/>1°-°> .°).
M

(15)

and équations (11) can be written as:

£ [-/«:14.,+d,>/4)^,<?,>,]|0,0, . ,o)-£ £<p, < |o,o, ,o) 

z-l 1 1-1
(16)

<l?)
I I

Considenng more then one non-interactive particles in the sanie lattice, the hamiltonian 

remains unchanged Interaction between the particles will be introduced via extra ter ms like 

tf.-’VE'W-D. (»•>

or:

Ч-^.Е^А. d’)
i

fenn (18) represent an on-site repulsion, and (19) the interaction between particles in 

neighbounng cells. Depending on the sign of И, this interaction can be attractive or repulsive

Taking into account the spins of the particles, beside the box in which the partide is, 

we will have an additional discret paraméter characterizing the projection of the spin
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3. The Quantum Monte Carlo method

We will sketch in the following how the standard Metropolis algorithrn can be used 

for quantum-statistical Systems with hamiltoniens of the form (3), (6), and (17)

The partition fonction of a one dimensional system considered on a lattice with l. cells, 

and which is in thermal equilibrium with a heat-bath of température T is given by

Z-7r(exp(-ß7?))-J  ̂^1,ri1,.,nt|exp(-ß-/?)|n1,»1,.MA, (20)
W

whete die sum is over ail the posible combination of the n, ocupation numbers and ß"___
Ae-7

A possibility of performing the Monte Carlo simulation would be to diagonaiize the 

hamiltonian, and considenng a Metropolis algorithm for the resulted states. If we considm jusl 

possible partíciós in each of the L possible cells, we would hâve to diagonaiize a matrix of2'x 2L 

■•hieb is practically impossible for L>>1 If we don’t make this diagonalization the 

■iculation of the necessary matrix éléments becontes very time-consuming, and a classical 

Mo:<îo Carlo simulation would hâve the following steps:

- we consider an (н,и) initial configuration

- we consider a possible {»/} new configuration

■ we accept the change of configuration (и/) in («/) with the probability:

„ (|B/i|.»p(-M)|(»,/>) (21)

we continue this algorithm untii the thermodinamic equilibrum is reached

we collect periodicully the important and relevant data

I he problem with this algorithm is that the calculation of the matrix éléments in (2) )

< , time-consuming, and it is not clear at ail which changes will leave to reasonable 
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transition probabilities.

For a practically succesful realization of the MC simulation we have to rewnte the Z 

partition function in a form in which the calculation of the P transition probabilities are easy 

when only a few n, occupation numbers have heen changed. We will sketch how is possible 

to performe this.

3.1. The Trotter-Suauki approximation. We will consider the interaction ternis of 

our inany-body hamillonian (17) in the form (18) and (19). This case will include the 

quantum spins and the Hubbard model too

Denoting by V, the interaction ternis of the forms ТДД-1) and ГДйн1, we separate 

our hamiltonian in two commuting parts Йа and Йь

97

(22) 

with:

(23) 

ín a similar way Н^Й^Й^.. лЙ1 One can observ immediately that the terma insideЙа 

and Йь comute between them, and so:

0nj|exp(-ß^)|(« |^{u)|exp(-ßÄ1)|{«}^

^{л>|вхр(-пЧ)|<«Л>- О <22 23 24)

l'he same affirmation is also valid for Йк

Ideal it would be to write the partition function as product of exponențiale, each of 

them containing just one Й temi. In this way the calculation of the transition probabilities 

when just a few occupation numbers are changed would be much easier To achive this we
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need to write exp[—p</?j+/76)j as: ехр(-р/?й)-ехр(-р/)6) Unfortunately this équation is not 

valid anymore, because Йа and Йь do not commute. However in the case of two Â and/î 

sufficiently small operators one can use the approximation:

e ли» (25)

Considering now M a large integer, so that ~тг to be small enough, we

are able to use the (25) approximation in the form proposed by Trotter and Suzuki [12,14]

Z“E CM(eK₽[--—(/L+tíj]) |{н, ()~
<0,1 M

To be able of writing Z as a product which in a Monte Carlo simulation can be 

considered as transition probabilities, we insert between each exponențiala in (26) a complet

set of states

Because each of these 2 Af-l sete represent an independent sum over ail the possible 

states, they will be indexed with a new labei, a, which is different from the spatial one, i The 

initial trace contribuie too to the independent set of states, so the a index can take 2 M 

values Taking account of (22), and remembering that Й, acts only on the states n, and w„, 

we can write:

(28)

(29)

z-E n n/V
*•*

For the case when « and i are both even or odd the /<„ factors are calculable as

P -{n ,n ie n ,),

for ali other choices (we used the notation At=Jl) Because both of the / and <t indices label 

occupation numbers, by using the Trotter-Suzuki (T-S) approximation we created in fact a

ЧН
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two-dimensional lattice írom our real one-dimensional one Every box of the original lattice 

is muitiplied by 2Л/ times, and ail the «, u occupation numbers are independent variables Due 

to the original trace the a index must satisfy the periodicei boundary conditions: «, t

We are able now to consider our “"tum-statistical problem as a classical one, 

chaiacterized by the 

(30)

partition fonction. In équation (30) we used the -ße M-lnP.a notation, every being 

calculable from the four nlur nnlu, nial/ and n,,Au,; occupation numbers

We transformed in this way our quantum-statisticai problem in a classical one, 

considered in a spate with increased dimensionality The dimension indexed by i is cailed 

spatial, and the one indexed by a is the Trotter or nnaginary time direction h can be shown 

that the presented method is totally équivalent with the Path Intégral [15,16] formulation of 

the quantum-mechanical problem (Euch two Unes in the Trotter direction corresponding to 

a time Intervall of Ar in the Path Integra! formalism )

4. Performing the Monte Carlo simulation

The Monte Carlo simulation will follow now the known Metropolis algorithm ln the 

transformed, (30), problem we hâve four-site interactions between the neighbouring sites nlu> 

nllluf ni.a4 with the values of i and a both even or odd (otherwise e^Q). lu the

space of i and u this interaction can be represented by a check-boaid pattern (Fig 1), with 

interactions around the dark plaquets
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>t8.l The Caracteristic checkboard pattern considered in

the QMC simulations

In many cases the transition probabilty /* ,, given by équation (29) can be zero, and 

о the ctnresponding state will be reaiized with zero probability The condition for /\ан0, is 

to satisfy around the dark piaquets the condition

w +л (31)

One will realize immediately that not all the possible changes in the occupation 

numbers will lead to nonzero transition probabilities, and in fact the changes Icadiny to 

acceptable configurations are quite limited То savé pretious computer tune and calculations, 

we must know nght from the beginning which changes will give nonzero transition 

piobabilities The acceptable changes considered by us (leading to nonzero transition 

piobabilities) will be:

(he occupation numbers from the left side of a white plaquet are increased by unity, 

and the values from the right side decreased by unity

dm occupation numbers from the left side of a white plaquet are decreased by unity, 

and lhe values from the right site increased by unity

< lhese changes can be lealized only if the occupation numbers will not become negative!)
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lt is obvious that by satisfying in the beginning the (31) conditions for the whole 

System, and by considenng only the above mentioned changes in the occupation numbers, the 

algorithm will lead to configurations respecting the (31) conditions The Metropolis MC 

algorithm will be now as follows:

- we consider an initial configuration so that condition (31) holds for the whole lattice

- we change the values of the occupation numbers around a white plaquet in the way 

descnbed earlter

- we calculate the change in the total energy of the System as AA“AJ2 ч,и, the suin 

beeing done on the neighbouring dark piaquets

- we accept this change with a probability

P- exp(-ßAA) 
exp(ßÄ£)+l

- we continue the algorithm until thermodynamic equilibriurn is reached

- aftei obtaining the thennodynamical equilibriurn we collect penodically the relevant 

datas

We deține one MC step as 1M.L trials of changmg the configuration of the System

4.1. Calculation of the «7,, factors Usually the calculation of the "énergies" are 

not possible analytically, and to obtam them we have to calculate nunierically the values of 

/*,„ by expanding in Taylor sériés the exponențial from (29) ( this is possible because the 

sériés converge lapidly foi /г-/.Лт<<1)

Fo« the model (1.3) of spinless fermions with interactions between nearest neighbours, 

we can calculate the eneigies annlitically, and we obtaui

(33)
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e(0,0,0,0)-0

e(0,1,0,l)-e(IД ! >°)“ jln C0Sh(P)

e(0,1, J ,0)»e( 1,0,0,1 s*nh(p)

in the above formulas we used the notation,

(34)

(35)

(36)

4.2 Determination of relevant physical quantifies The relevant phystcal quantifies 

are determined after the thermodynaniic equilibrium was reached. The energy and the specific

beat can be obtained fiom the well-known relations

(37)

(38)

Аз> dlnZ 

dß

These équations leads to more complicated formulas than we would expect at the first

(39)

sight. Performing for example the différentiation in (37) one would get:

Z(",J ''P <,« 4«

in this way foi the average energy we must calculate two averages <е(и>, and 

de
<ß__»ü>. The second terni is usually zero in classicai Systems beeause the effective 

dß

hamiltonian is température independent, but beconies non-zéro in our formalism after the T-S 

approximation

(40)

As resuit, the energy of the System will be calculable as: 

de
« <e > +< h y* >

aß
The mathematical formulas for A and ( ’ in the case of spins are given in [5] The

formulas for the magnetization and susceptibility measured in the z axis directions are the 

sanie as the classicai ones!

The 2Л/ replicas ol our real space can be also interpreted as illustrating the quantum évolution 
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of the many-body System (or quantum fluctuations). In tins way beside the possibility of 

studying the proposed many-body problem we also obtain a visual image inside the specific 

quantum phenomenas

4.3. Two and three-dimensional v. '■‘'••ns. Due to the fact, that the physically 

interesting problema are mostly the two or three dimensional ones we will sketch shortly the 

possibilittes of studying these Systems by QMC méthode. The T-S approximation will be 

applicable in these cases two, and the problem will be transformed again in a classicai one 

with increased dimensionality [17,18]

The main problem in performing QMC simulations for solid-state physics problema 

is, that for the validity of the T-S approximation we have to increase extraordinally the 

frotter dimension (usually Ai>500), and this complicates technically the simulation. In this 

way for solid-state physics problème until the present days only one or two-dimensionai 

Problems were studied by QMC. The real three-dimensional Systems began to be accesible 

nowadays by the use of performant supercomputers

For a review article concerning the most important résulta in QMC we propose [8]

5. I lie considered simulations

The problem considered by us is the analitically simple case of one quantum partide 

in an infinite deep potential valley and in Statistical equilibrium with a heat-bath of 

temperatura T As it is well-known, the eigen-vaiues of the energy are given by

.. hlnl
b. »_____ ,

" 8/n/2
(41)

where l is the thickness of the potential valley, m the mass of the partide and h the Planck
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constant The time-average value of the energy, < E >„ in the canonical ensemble is exactly

calculable as:

<£>,- (42)
E e*p(-ß£.)

We propose«! to obtain by QMC simulations the value of </>, and to compare tt with

the real <t>t value

The computer code was elaborated by us in the PASCAL programing language, and 

tt is based on the aigorithm presented in section 4. The simulations were performed on a 486 

DX 1BM-PC (66 MHz) computer.

We considered électrons (w“9,0L10'ä‘ kg) and the thickness of the potential valley 

/ 3 ï(ï'‘m The infinite barrière in our QMC simulations were realized by interdicting for the 

partide to ocupy the first and the last spatial celle

Different values for the i nutnber of spacial ce|ls, for the 2M Trotter dimension, and 

for the / température of the heat-bath were chosen In accord with this the p parameters value 

was also changed, and thus the validtly of the Trotter-Suzuki approximation We proposed

io investigate the influence of ail these factors on the relative error 

k£>-<£>|
Í? «B ’
“ —•

» 
of the QMC method.

(43)

By a very simple argument, based on the fact that the error in Z is mostly due to the 

considered Trotter-Suzuki approximation, (25), we might expect that in the first approximation 

t (, to be of the order:

p Jn[e''",5'')-ln[e',]~/> 
Md *2

We also proposed to verify this hypothesis

(44)
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6. Res uit s

Our results are présenter! on Figs 2-5 In Fig.2 considenng different z-L, p and /

values we illustrated how the thermodynamic equilibnum is reached during the QMC method

Hl

CM

10

16

«
!

1=8 ; p=0.31 ; T=300
I. ■■■■■■■■*■- ...Il

1000 2000 3000

1=14 î p=0.68 ; T=160

О

*
Л
H
V

6

2

9

2

*

А

0

IST (MC steps)

Fig.2 Chamcierwtic variations tor the linie aveiaged energy value during simulations.

(As we aheady mentionod one MC step is considered to be équivalent with 2Л/х/ trials of 

changing the occupation numbers ar round randornly chosen white plaquets ) The dashed 

Straight line is for the theoretical value We must mention here, that althoiigh the 

problem is very simple, for realizing 1000 MC steps hours of computer time were necessary 

(on a PC-type computer) As it is observable from the figures, the inital large fluctuations in
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□ T=300 0T=-15O

и«.з Relative error of our simulation considering two different températures and various values for the p 
paraméter The continuons line représente the p/2 argued maximal relative errer.

the value of <A> becomes reduced after more than 1000 MC steps

Fig 3 shows the relative error in the détermination of <£> for TM 50 K and 7M00 

K and various values of the p paraméter The continuous Straight line corresponds to the 

mentioned pH value Each resuit was obtained after 3000 MC steps, and considering 

spatial cells As tt is expected the relative error in the détermination of the energy is tending 

to zero as the p paraméter becomes smaller and smaller The p/2 value seems to be pretty 

good estimate for the maximal value of the relative error

Considenng /~8, the same /М) 228 paraméter and the same 3000 MC steps, in Fig 

4 we present résulta concerning the effect of the température It is important for us to be sure 

that the model works both in the low température, quanturn-mechamcal limit, and in the high 

température, classical limit as well The résulte presented here, and the ones from the previous 

figure suggest that the QMC method works for al! the considered température, but the relative 

errors are usually smaller for higher températures The dashed Straight line from the figure

1<к>
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îllustrate the p/2 limit One can observe that although ail the relative error» are smaller than 

this limit, in reality a dependence from the température must also exist

The influence of the number of considered spatia! cells, i, were also investigated

i=8
0.12

0.10

0.08

o.oa
0.04

0.02
100 200 300 400 500 600

Temperatura (K)

Hg.4 Relative error of tlie QMC data obiained after 3000 MC step* and different températures. Ilie same p and 
i values are considered and the daslied line corespunde to tlie p/2 limit

Considering 7u15O К, /л-0 574 and 3000 MC steps the résulta in this sense are 

presented on Fig 5 (dashed line représenta the p/2 limit) One would expert that increasing 

/ the error introduced by the space discretization should decrease l'his simple argument is 

proved by our simulations, although the improvements in the result with increasing / are quite 

small
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b

Ф

á

p=0.5743 ; T=150
0.30

0.28

0.26

0.24

0.22
5 13 20 28 36
L (number of oella)

g

Мц-S Relative error of the QMC data oblained after 3000 MC «tops veisus the tnimber l. the ooiwidered spatial 
cells l'Ite data points arc oblained for die sanie p paraméter and T température

7. Conclusion«

Ute résulta presented in the previous section convince on the applicability of the QMC 

method Front Figs 2-5 we learn thal in the limit /--»«>, and for a large number of MC

steps the résulta oblained by the QMC méthode are ton verging to the exact ones Generally 

the résulta oblained foi p~0.2 are giving a fairly good estimate for the exact one

The statistica! equilibnum values are reachcd usually considering more lhan 2000-3000 

MC steps Performing the simulation« on PC-type computers and considering large number 

of spatial cells the applicability of the method becomes technically limited by the necessary 

computing time, and thus for more complex problema performant Workstations aie needed

As a general iule, whcn the statistica! equilibrium is reached we got that pH is a good 

estimate for the maximai relative error of the method

KIK



ON THE APPLICABILITY OF TUE QUANTUM MONTI' CARLO МЕНЮ!)

The method works well both in the low and high température limita, but for the same 

value of the p paraméter the relative errors are smaller for higher températures As a

general conclusion we can affirm that the QMC methods offei nice perspectives in studying 

many-body Systems In the specific probien. <»f Condensed malter physics QMC simulations 

could complete mcely the analiticul approximations Considering interactive electron Systems 

in different potentiale, the one- or two-dimensional Hubbard model, or quantum-spin système 

many new interesting résulte were or will be oblained by this method In the future we plan 

to contnbute in the studies of such theoretically important modela
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