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UDC: 621.375.826
PHONON COOLING CORRELATING DYNAMICS

Carlig S.*
Institute of Applied Physics, Academy of Sciences of Moldova, Academiei str. 5, Chisinau,
MD-2028, Republic of Moldova
*e-mail: carligsergiu@gmail.com

We investigated the unsteady-state cooling dynamics of vibrational quanta related to a nanomechanical oscillator
coupled with a laser-pumped quantum dot in an optical resonator. Nanoresonator flexion modifies dot’s energy levels
and for a set of parameters absorption of laser photon and nanoresonator phonon is followed by photon emission in
cavity mode. Such scheme of photon/phonon absorption/emission allows detection of nanoresonator cooling due to
cavity photon emission.

Keywords: nanomechanical resonator, quantum dot, quantum cooling.

Am investigat dinamica nestationara a racirii cuantelor de vibratie ale unui oscilator nanomecanic cuplat cu un
punct cuantic pompat din exterior cu radiatie coerentd, plasat intr-o cavitate opticd. Flexiunile nanorezonatorului
modifica nivelel energetice ale punctului cuantic si pentru anumiti parametri absorbtia unui foton laser, Insotita de
absorbtia unui fonon al nanorezonatorului este urmatd de emisia unui foton in cavitate. O astfel de schema a

emisiei/absorbtiei fotonilor/fononului permite detectarea ricirii datorita fotonului emis in cavitatea optica.
Cuvinte-cheie: rezonator nanomecanic, punct cuantic, racire cuantica.

INTRODUCTION

The last years are marked by fulminant
developing of nanotechnologies based
particularly on mechanical structure like nano
mechanical resonators (NMR) [1-3].

They are more attractive because of
their capabilities to measure small and
ultrasmall forces or masses with order 10%* N
or10%g.

In addition, the “symbiosis”/coupling of
NMR and optical resonators leads to improve
the response to electromagnetic field with
numerous applications such as single electron
spin detection [1] or laser cooling [1, 4, 5].

Systems combining mechanical and
optical subsystems give the necessary
opportunities to quantum control mechanical
object and quantum information processing.

The paper is outlined as follows:
Section Il presents the model Hamiltonian
and approximation used to obtain master
equation. In Section Il the corresponding
equations of motion are provided and
obtaining results are analyzed, followed by a
conclusion.

MODEL

We consider the situation presented in
fig. 1, in which a semiconductor flexible
beam is suspended in an optical cavity.
Exteriorly laser pumped artificial two-level
atomic structure is attached to the beam. The
difference between ground and excited dot
level isw,, laser and cavity frequencies are o,

and @ , then nanoresonator one isw .
Model Hamiltonian is given:

H = hoa'a+ hab'b + ha,S, + hgla’S + aS') + rQ(S'e™ + S€*t)+ nas (" +b) (1)

where S* the first three terms describe the
free energies of the artificial two-level system
as well as of the optical and mechanical
modes. The fourth and the fifth terms
characterize the interaction of the quantum
dot with the laser field and optical resonator
mode, respectively. The last term takes into
account the interaction of the vibrational
degrees of freedom with the radiator [6].

Fig. 1. Studied model consisting of semiconductor
beam with attached quantum dot suspended in optical
cavity
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Correspondingly, g and A denote the

interaction strengths among the two-level
emitter and the involved optical and
mechanical modes, while Q is the
corresponding Rabi frequency due to external

laser pumping. Si, S, are the qubit operators
satisfying the standard commutation relations,

while {a’,a}and {b", b}are the generation and
annihilation operators for photon and phonon
subsystems, respectively, and obey the boson
commutation relations [7].

In the Born-Markov approximation,
then the whole system is rotated with laser
frequency master equation is giving:

%p(t)+%[H,p]=—y[s+,8'p]—n[sz,szp] ~x,[a',ap] -k, (L+ M bpl -, b pT + He,  (2)

where y and y, are the single-qubit

spontaneous decay and dephasing rates,
respectively, whereas «,(x,) is the photon
(phonon) resonator damping rate, and n is the
mean-phonon number corresponding to
temperature T and vibrational frequency .
A = @, — o, describes the detuning of the

laser frequency from the two-level transition
frequency, whileA, = @ — @. accordingly

is the detuning of the cavity frequency from
the laser one.

RESULTS

Using the master equation (2), in the
dressed states picture, the following equations
of motion can be obtained for the mean
photon and phonon numbers, respectively:

%<a*a> =(a'a)(A -B,+ A -B))+(a'h)(C; - D,) +«(b'a)(C, - D;)+ A + A,

%wm — (b'b)(A, ~B, + A —B])—(a'b)(C; —D,) <(b'a)(C, ~ ;) + A, + A,

%(a*m = <a*b>(A;‘ ~B,+A —-B, —i(A, + a))) —(a'a)(C, - D) +(b'b)(C, — D;) - C, - D;,

%<b*a> =(b'a)(A —B; + A, —B, +i(A, + w)) ~a'a)(C; - D,)+(b'b)(C; - D,)-C; - D,. (3)

where:
Afzi gzsinZZGJr g°P sin* @ . g°P, cos* @
4 T,—iA, T, +i(2Q,—A) T, —-i(2Q,+A,)’
(/12003 20 AP sin’ 26 A?P_sin* 26 ) .
[, +io r +i(2Q, + o) r —i(2Qy-w)’ "
Cr P gﬂst@cos 0 P gAsin26sin® 1 gAsin20cos26
. —i(2Q,+4,) 2T, +i(2Q,—A,) 4  T,—iA,
Cr o P gism20cos 0 P gAsin26sin’6 lgﬂsinzecosze_ (@)
2T 2, +i2Q-w) 2T, -i(2Q+w) 4 T—io
with:

QR=«/02+(A/2)2,

I'=y(1-cos’20) +y,sin’ 20,
U =4y, +y, +y.,

=y cos® 49+%sin2 26,
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y_=ysin* ¢9+%sin2 26,

2 :%(7sin2 20 +y_cos’ 26).

Dressed states population are:

p ="
V.47

In the system (3) coefficients B can be
obtained from A" by substitutionP, <> P,,
and adding x, to B or x, to B,. D, are
obtained from C’ by changing P, < P,,
where {i€1,2}.

Mean photon and phonon numbers are

drawn in fig. 2 for a set of parameters normed
to y (the single-qubit spontaneous decay).

and P =7+
Vet

After some oscillations a system can be
described in the steady states approximation
and the scheme of photon/phonon
absorption/emission are giving in fig. 3, with
steady states of the cavity mean-photon
number and the vibrational NMR mean-
phonon number, respectively in fig. 4.

A
v=1, ¥=03, g=2, A=4, Q=30, w=50, k=001, k=0.001, E=O.5, n=2

2.0t
= 15
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Fig. 2. Time dependence of the mean photon (dotted line) and phonon numbers (solid line)

(0

W,
W, ¢

Fig. 3. Collective absorptions of a laser photon 7@,

and a phonon 7@ are followed by cavity photon 7,
emission

The maximum photon detection
corresponds to the NMR phonon minimum
aroundA; + @ = 0.

Quantum cooling occurs for vibrational-
mean-phonon numbers below those values
imposed by the environmental incoherent
reservoir. Furthermore, the quantum cooling
is more efficient while increasing the
temperature.
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Fig. 4. The steady state mean-value of the photon <a*a>, phonon <b*b> numbers as a function of Al/j/

Vibrational-mean-phonon number <b*b> is less than n (the mean phonon number imposed by the environmental
incoherent reservoir)

CONCLUSION

We are obtained equations of motion for
the mean photon and phonon number and
showed their evolution. For steady states
approximation can used a scheme to detect
the vibrational phonon cooling of a
nanomechanical oscillator. Correlating the
vibrational degrees of freedom with those of a
laser-pumped quantum dot when fixed on a
nanomechanical beam while interacting with
an optical cavity and when the quantum dot
dynamics is faster than the corresponding
ones of other involved subsystems, one needs
to match the laser frequency such that both
photon laser and NMR phonon absorption
processes are accompanied by photon
emission in the resonator mode. Therefore,
detection of the cavity photons is followed by
cooling of the nanomechanical oscillator.
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CZU: 621.315.592

ABSORBTIA LUMINII iN MICROPARTICULE NEORGANICE INDIVIDUALE DEPUSE
PE SUPORT TRANSPARENT OPTIC $1 SUSPENDATE IN LICHID OMOGEN OPTIC

Evtodiev S.*
Didact Vega SRL, bd. Stefan cel Mare si Sfint, 200, MD-2004, Chisindu, Republica Moldova
*e-mail: silvicaidi@yahoo.com

S-a studiat indicatrisa imprastierii radiatiei monocromatice cu lungimea de unda 623,8 nm de la nanoparticule
din cuart i germaniu si spectrele de imprastiere difuza a luminii de la aceste particule in intervalul spectral 400-700 nm.

Tn calitate de difuzie etalon s-a folosit pulbere din BaF,.

Cuvinte-cheie: absorbtie, micro- si nanoparticule, indicatrisa, reflexie difuzd, imprastiere, refractant,

absorbanta.

In this work were studied the indicatrix of monochromatic radiation scattering with 623,8 nm wavelength from
quartz and germanium nanoparticles and the diffuse light scattering spectra from these particles, in 400-700 nm spectral

range. As diffusion etalon a BaF, bulk was used.

Keywords: absorption, micro- and nanoparticles, indicatrix, diffuse reflection, scattering, refraction, absorbance.

INTRODUCERE

Printre  varietatea  metodelor  de
identificare a substantelor cea mai raspandita
este metoda optica. Unda electromagnetica
interactioneaza cu materia in stare gazoasa,
lichidd sau solidid, prin intermediul
caracteristicilor optice n (indicele de refractie)
si k (indicele de absorbtie) [1]. Acesti doi
parametri caracterizeaza proprietatile optice
ale materialelor cu orice dimensiune, inclusiv
si de dimensiune moleculard. In esantioanele
cu dimensiuni mult mai mari decat lungimea
de unda sonda, n si k pot fi determinati
experimental din masuratori de absorbtie (A)
si de reflexie (R). Dimensiunile obiectelor
supuse indentificatiei, Tn ultimii ani s-a redus
la scala de nanometri (straturi subtiri,
particule aranjate haotic, particule
individuale). Aceste obiecte cu dimensiuni
nanometrice se indentificd preponderent prin
intermediul analizei intensitatii si polarizatiei
luminii difuzate. Una din problemele actuale
ale stiintei Tn domeniile mediului, biologiei,
medicinii  s.am.d. este identificarea si
caracterizarea microparticulelor disperse pe
suprafata si a particulelor micro si
nanometrice individuale.

In lucrare se analizeazi distributia
planard a luminii imprastiata de doua tipuri de
particule nanometrice (SiO; si Ge), cu indici
de refractie diferiti si spectrele de reflexie
difuza a acestor microparticule dispersate in
lichid transparent optic.

Imprastierea luminii de la particule
solide individuale. Informatie privitor la
proprietatile microparticulelor solide sau
lichide se contine Tn caracteristicile optice ale
acestora: coeficientul volumic de impristiere
o, coeficientul de atenuare a radiatiei
incidente ¢ (¢ = o+a) catre coeficientul de
absorbtie a (a = 4zk/Z, A — lungimea de unda a
radiatiei incidente), g, indicatrisa imprastierii
de recul (¢p=x) coeficientul de imprastiere de
recul o,.

Daca inregistrarea se face la frecventa
radiatiei incidente atunci caracteristicile
imprastierii radiatiei la microparticule sunt
descrise cu egalitatea [2]:

Gt 8p = Uglps T Oulpn T 0p8pr T Felpes (1)

unde o, este coeficientul de imprastiere a
clusterilor de microparticulelor individuale
ay; — coeficientul de imprastiere moleculara,
ar — coeficientul de imprastiere rezonanta, o,
- coeficientul de Tmprastiere a electronilor,
Gy Fomy Gop, Goe SUNt indicatrisele
imprastierii  de  recul  corespunzatoare
imprastierii  la frecventa ansamblului de
microparticule  (pentru  particulele  din
atmosfera acestea sunt aerozoli) a moleculelor
de aer, imprastierii rezonante si a imprastierii
la electronii liberi din mediu.

Aceste caracteristici optice depind de
lungimea de unda analogic ca pentru materia
macroomogena optic, iar valorile spectrale ale
acestor caracteristici sunt definite prin
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caracteristicile microfizice N, f(a), n si
factorii eficacitatii si se scriu sub forma [3]:

g(A)=N J,: K.(p.n)f(a)da;
a() = N [k, (o f(@da;  (2)
g(d)=N fl;E K. (p.n)f(a)da,

unde N este numdrul de particule care
imprastie lumina Tn unitate de volum, f{a) —
functia de distributie a particulelor dupa
dimensiune  (probabilitatea prezentei in
volumul dat a particulei cu raza ,,a” care
satisfac egalitatea:

N'(a')da = Nf(a)da, (3)

unde N'(a') este numirul de particule in
unitatea de volum.

METODICA CERCETARII S|
ESANTIOANELE

Cuartul  (SiO;) sub  forma de
nanoparticule cu dimensiuni de ordinul 1+10
nm au fost sintezate din faza de vapori, iar
micro si nanoparticulele de Ge au fost
obtinute prin despicare electrica in atmosfera
normala a condensatorului cu capacitatea 100
pF, incarcat la diferenta de potential de 30 kV
(scanteie) dintre electrodul de W cu diametrul
30 um si monocristalul de n-Ge cu
concentratia electronilor 3,8-10%° cm?®, Ia
temperatura camerei.

Particulele cu formd preponderent
sferica au fost depuse pe suport din sticla K-8.
Totodata, au fost studiate spectrele de reflexie
difuza a acestor particule suspendate Tn alcool
etilic.  Pentru finregistrarea indicatrisei
imprastierii  luminii de la nanoparticulele
disperse din SiO, si Ge acestea au fost
luminate cu radiatia laserului He-Ne cu 4 =
632,8 nm. Selectarea particulelor individuale
s-a facut prin focalizarea sondei laser cu o
lentila cu distanta focala de 25 cm.
Masuratorii au fost efectuati la o instalatie
asamblati pe baza goniometrului GS-5. Tn
calitate de receptor s-a folosit fotodioda de
siliciu de tipul FD-10KP cu ferestra de 0,5
mm.

Spectrele de imprastiere difuza a
luminii de la micro- si nanoparticule de SiO,
sl Ge au fost Tnregistrate cu spectrofotometrul
de tip Specord M-40 cu sfera integrata.

10

REZULTATE EXPERIMENTALE SI
INTERPRETARI

In Fig. 1 este prezentati distributia
intensitatii radiagiei monocromate cu A =
632,8 nm de la nanoparticule de SiO, (curba
1) si Ge (curba 2) in functie de unghiul ¢ de
imprastiere.

Indicele de refractie a cuartului (SiOy)
topit la lungimea de unda 632,8 nm este egal
cu 1,457. Indicele de refractie a placii de n-Ge
folosita 1n calitate de sursd de particule cu
dimensiuni submicrometrice a fost determinat
din masurdri a coeficientului de reflexie la
unghiul de incidenta de ~5°, care la lungimea
de unda corespunzatoare liniei de emisie a
laserului He-Ne (632,8 nm) este egal cu 0,39.

Intensitatea, u. r.
SN [e)}
T T
1 1

N
T
1

2
I I

/2 T

¢, rad

Fig. 1. Indicatrisa imprastierii radiatiei laser (A = 632,8
nm) de la nanoparticule de SiO; (curba 1) si Ge (curba
2)

ok

La incidenta normala indicele de refractie si
coeficientul de reflexie sunt legati prin
egalitatea

R= (=) @

nm a placilor din Ge folosite ca sursa de
microparticule este egal cu 4,3. Dupa cum se
vede din Figura 1 intensitatea imprastierii
difuze n intervalul unghiurilor 0+180° este
mai mare la materialul SiO, a carui indice de
refractie este de aproximativ 3 ori mai mic
decét la microparticulele de Ge. Caracteristic
pentru reflexia difuza a particulelor studiate
este intensitatea imprastierii mai mare in
directia de propagare a undei. Acest rezultat
bine coreleaza cu experimentele efectuate la
aerozoli din atmosfera [4].
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Intensitatea imprastierii pe directia
normali la propagarea radiatiei laser (¢ = =)
dupa cum se vede din Figura 1 capata valoare
minimd. Raportul intensitatii la @ =0 si
@ = — este egald cu 6,5 pentru particulele din

SiO; si 5 pentru particulele din Ge.

In cazul modelului  imprastierii
moleculare a luminii  coeficientul de
imprastiere moleculard o, (4) si indicatrisa
imprastierii  sunt functii de unghiul de
imprastiere si se prezinta prin formula [5]:

o nt—1)

— X ®)

3o

Cr.‘. I =

2(0) = = (1 + cos™ ) (6)
Dupa cum se vede din formula (6)

X [?l.] = ‘1;??
refractie a materialului particulei.

Tendinta de apropiere a intensitatii
radiatiei imprastiate de la particulele de SiO,
si Ge indicd despre faptul cd rezultatele
experimentale a Tmprastierii luminii de catre
particule solide disperse in spatiu pot fi
interpretate pe baza teoriei Imprastierii
moleculare.

Spectrele de reflexie difuzda de la
particule submicronice de SiO, si Ge
dispersate in alcool etilic sunt prezentate in
Fig. 2.

si nu depinde de indicele de

. ——— . 0,98

25 ]
10,96
10,94

o 20F :
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15 -
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L 0,00
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Fig. 2 Spectrele de reflexie difuzd de la particule
submicronice de SiO, (curba 1) si Ge (curba 2)
dispersate in alcool etilic. Dependenta spectralda a
absorbantei relative (/%) a particulelor de Ge
suspendate Tn alcool etilic (curba 3)

Micsorarea lentd a coeficientului de
reflexie difuza de la particule din SiO; cu
dimesiuni 1+10 nm este determinata de

R, u. a.

dispersia indicelui de refractie in regiunea de
transparentd optica a cuarfului. Dupa cum se
vede din comparatia curbelor 1 si 2
coeficientul de reflexie difuzd de Ia
nanoparticulele de Ge suspendate in lichid cu
indice de refractie de 1,320 este de cel putin
doud ori mai mic decat de la particulele de
SiO,;, pe cand densitatea volumica a
particulelor de Ge a fost de ~3,2 ori mai mare
decét a particulelor din SiO,.

Valoarea relativ micd a coeficientului
de reflexie difuza (Figura 2, curba 2), cat si
micsorarea lentd a coeficientului de reflexie
difuza la marirea lungimii de unda poate fi
determinatd de faptul ca o parte din radiatia
incidentad intens se absoarbe 1n particulele de
Ge.

Coeficientul de absorbtie a radiatiei in
nanoparticulele din Ge suspendate in alcool
etilic poate fi calculat folosind aproximatia
Kubelka-Munk. Pentru aceasta se considera
ca radiatia incidentd este difuza cu o
distributie izotropica, respectiv particulele 1n
proba sunt orientate haotic si au dimensiuni

mai mici decat stratul analizat. Reflexia
difuza se prezinta prin formula [6]:
5

e+5+, ala+25)

Functia de atenuare Kubelka-Munk este
definita de expresia:
E — ':1 _R:C ..'

F(R.)=<-= (8)

5 IR,

aici, @ este coeficientul de absorbtie,
S (em™1) — coeficientul de imprastiere.

Tn Figura 2, curba 3, este prezentata
dependenta spectrald a absorbantei relative
(cc/S) pentru particulele de Ge suspendate in
alcool etilic. Cresterea absorbantei relative

probabil este determinatd de factorul
dimensiunilor mici a particulelor de Ge.
CONCLUZII
Imprastierea  difuza a luminii
monocromate §i  polarizate  liniar  de
nanoparticule dielectrice (SiOy) si
semiconductoare  (Ge) cu  dimensiuni

nanometrice bine se descrie cu teoria reflexiei
difuze moleculare;
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Coeficientul de reflexie difuza de recul
depinde de indicele de refractie a
nanoparticulelor si este in crestere odatd cu
micsorarea  indicelui de refractie a
materialului  din care sunt preparate
microparticulele;

Coeficientul de reflexie difuza de la
nanoparticule dielectrice si semiconductoare
se micsoreazd odatd cu marirea lungimii de
unda.
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DISTRIBUTIA IMPURITATII DE Ga IN CRISTALELE PbTe CRESCUTE
PRIN METODA DE SUBLIMARE ZONALA
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In lucrarea dati sunt prezentate rezultatele cercetirilor fenomenelor de transport in calcogenidele de
plumb dopate cu Ga (Nga= 0,5 at. %) in procesul de crestere prin metoda sublimarii zonale. Esantioanele studiate spre
deosebire de cristalele PbTe nedopate aveau conductibilitate electrica de tip n. Lungimea cristalelor crescute a fost de 5-
6 cm, avind concentratia electronilor de la 2,7-10™ cm™ (segmentul initial) pina la 6,4-10' cm™ (segmentul final). Tn
esantionul cu Nggz= 0,5 at.% concentratia electronilor practic nu depinde de temperaturd, ceea ce este legat cu fixarea
nivelului Fermi. Cristalele au fost supuse tratamentului termic (la 540°C si la 650°C) cu cercetarea intermediard a
proprietitilor galvanomagnetice. Tratarea la 540°C duce la micsorarea concentratiei purtitorilor de sarcina cu 2-3 ordine
de marime (pina la 1,4-10% cm™) si cresterea mobilitatii lor pina la 3.10* cm?/V-s (la 80K). Tratarea la 650°C modifica

Cuvintele-cheie: cristalele PbTe cu banda interzisa ingusta, impuritatea de Ga, proprietatile galvanomagnetice,
tratarea termica.

The results of the investigations of charge flow phenomena in Ga doped lead chalcogenides (Ng,= 0.5 at. %)
during the growth process by zone sublimation are presented in the given paper. The studied samples unlike of undoped
PbTe crystals had the n-type electrical conductivity. The grown crystal length was of 5-6 c¢cm, at this the electron
concentration varied in the limits from 2.7-10" cm™ (the initial segment) to 6.4-10' cm™ (the final segment). In the
sample with Ng,= 0,5 at. % the electrons concentration practically does not depend on temperature (i.e. the pinning of
the Fermi level is observed). The crystals were subjected to thermal treating (at 540°C and 650°C) with the
intermediate investigation of galvano-magnetic properties. The annealing at 540°C decreases the charge carriers
concentration by 2-3 orders of magnitude and allows to decrease the electron concentration to 1,4-10' cm™ and to
increases their mobility to 3.10* cm?/V-s (at 80K). The annealing at 650°C changes electrical conductivity type from n-
to p-type and decreases the holes mobility (up to ~ 9000 cm?/V-s).

Keywords: narrow-gap PbTe crystals, impurity of Ga, galvanomagnetic properties, isothermal annealing.

INTRODUCERE

Compusii calcogenici de plumb (PbTe,
Pb1.xSnTe)  reprezinta  materialele  de
perspectiva  pentru  optoelectronica  din
domeniul infrarosu al spectrului [1]. Aceste
materiale cu banda interzisd ingustd pot
folosite cu succes ca corp de lucru a laserelor,
termogeneratoarelor, traductoarelor tenso-
metrice, termovizoarelor, detectoarelor sensi-
bile Tntr-un interval destul de larg al spectrului
de la lungimile de unda 1 pm pina la 40 pm.

Cristalele de PbTe nedopate ca regula
au conductibilitatea de tip-p cu concentratia
inalta a golurilor p~10"cm™ [2], ce este legat
cu existenta defectelor proprii, si anume,
vacantelor de plumb in reteaua cristalina.
Doparea semiconductoarelor de tip AVBY' cu
impuritatile din grupul III al Sistemului
Periodic [3] duce la aparitia anumitor
proprietati ce survin datoritd formarii
nivelelor impuritare adinci si rezonante ale
electronilor. Un efect comun se dovedeste a fi
stabilizarea potentialului chimic pe nivelele

impuritare. Insia proprietitile electrice ale
semiconductorului  dopat cu  diferite
elementele din grupul 111, se dovedesc a fi
diferite. Mai mult decit atit, introducerea
uneia si aceleiasi impuritati din grupul III in
diferite substante din acest grup nu dau
rezultate  analogice.  Diferenta  dintre
proprietati depinde de regiunea spectrului
energetic unde se afla nivelele impuritare.
Astfel, indiul in PbTe si alti compusi
calcogenici de plumb creeazd in apropierea
marginii benzii de conductie niste stari
energetice, potentialul chimic al cérora se
stabilizeazd in aceastd regiune al spectrului
energetic si de aceea indiul se considerd ca o
impuritate donoare in PbTe. Comportarea
impuritatii donoare de galiu In compusii
binari PbTe este studiata cu mult mai putin,
proprietatile cristalelor dopate in procesul de
crestere nu intotdeauna corespund cerintelor
necesare [4], ceea ce poate fi legat cu
distributia neomogena a galiului de-a lungul
cristalului crescut.
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PROCEDURI EXPERIMENTALE

Cristalele PbTe:Ga au fost crescute prin
metoda sublimarii zonale. Concentratia
galiului in lingoul sintezat constituia 0,5 % at.
Mai intii de-a lungul lingoului, care avea
lungimea 5 — 6 cm, in directia de crestere a
cristalului au fost tdiate plachete (grosimea
plachetelor ~ 2,5 mm), din care ulterior au
fost  obtinuteesantioane in forma de
paralelipiped. Numerotarea cristalelor
cercetate 1, 7 si 9 corespund numerelor
plachetelor taiate de-a lungul lingoului.
Pentru masurarea proprietatilor galvano-
magnetice (efectul Hall si conductibilitatea) a
fost folositda metoda cu 4 sonde. Coeficientul
Hall si concentratia purtatorilor de sarcind au

fost calculate conform expresiilor
corespunzatoare
o _ Und
 I1-B
si
1
n= ,
sRy

unde Uy — este diferenta de potential Hall, ce
apare Tn cristal la aplicarea cimpului magnetic
cu inductia B si trecerea curentului de-a
lungul probei cu intensitatea I, d este
grosimea probei in sensul de aplicare al
cimpului magnetic. Toate valorile marimilor
masurate au fost registrate la istalatia, care
este conectata la PC prin interfata.

REZULTATE EXPERIMENTALE SI
INTERPRETARI

Tn intervalul de temperaturi 80-400 K au
fost cercetate dependentele concentratiei,
sarcind de temperatura. Toate probele erau de
tip-n, ce este legat cu doparea cu impuritatea
donoare — galiu. Dependenta concentratiei
purtatorilor de sarcina de temperatura pentru
toate trei probe este reprezentata in fig. 1.

Se observd ca in cristalele studiate
concentratia  practic nu depinde de
temperaturd in tot intervalul de temperaturi
cercetat. Se observa, ca esantionul 1, tdiat de
la 1inceputul cristalului are concentratia
electronilor mai mare, decit in esantioanele
taiate de la capatul lui. Putem considera, ca
existd distributia galiului de-a lungul

14

cristalului, deci in timpul cresterii
monocristalelor  portiunile  initiale ale
lingoului sunt inbogatite cu galiu. Aceasta
indica, ca coeficientul de segregare a galiului
in PbTe k > 1. Deoarece probele sunt de tip-n,
rezultd cd anume impuritatea de Ga duce la
aparitia concentratiei inalte a electronilor.

06 |
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Fig. 1. Dependenta concentratiei de temperaturd, n
(80K): 1-2,7-10* cm™®; 7-8,7-10% cm®; 9 — 6,4-10™
cm®; (a) — pozitia nivelului Fermi

Este  cunoscut, cd  concentrafia
purtatorilor de sarcind slab depinde de
temperaturd, daca gazul electronic este
degenerat. Pentru a analiza acest fapt a fost
calculata pozitia nivelului Fermi in toate trei
probe. Pentru calculele s-a folosit expresia

[6]:

_ 20mgkT) 23
= 3nthE U
unde m, —este masa efectiva a electronilor
(mp=0,06mo ); #n=F/koT — nivelul Fermi
raportat la temperaturd. Este cunoscut, ca
valoarea pozitiva a nivelului Fermi F (#>0)
indica ca gazul electronic este degenerat, ceea
ce inseamnd ca nivelul Fermi se aflda 1n
benzile fundamentale. Utilizind aceasta
expresie a fost calculata valoarea energiei
nivelului Fermi F in toate trei cristale studiate
(fig. 1 (a)), care la temperatura 80 K pentru
cristalele 1, 7 s1 9 este egald cu 0,54 eV, 0,25
eV si 0,20 eV, corespunzitor. Se poate
observa, ca nivelul Fermi se afla adinc ( >
10) in banda de conductie §i cu cresterea
temperaturii gradul de degenerare se mareste,
ce se explica prin deplasarea slaba a nivelului
Fermi in banda de conductie.



FIZICA SI TEHNICA: Procese, modele, experimente, nr. 2, 2015

Luind in consideratie; ca gazul
electronic este degenerat se poate astepta ca
aiba un caracter metalic. Intr-adevar (fig. 2)
cu cresterea temperaturii conductibilitatea o
scade.
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Fig. 2. Dependenta conductibilitatii de temperatura

Conform teoriei ¢ = e-nu, reese ca
asupra dependentei  conductibilitatii = de
temperaturda influenteaza sau dependenta
concentratiei n de temperatura sau dependenta
mobilitatii 4 de temperatura. Deoarece in
cristalele cercetate concentratia depinde foarte
slab de temperaturd, rezultd, cd asupra
in aceste probe influenteazd dependenta
mobilitdtii de temperaturd. Mentiondm, ca in
toate cristalele cercetate cu cresterea
temperaturii conductibilitatea scade slab si
forma curbelor este identicd. Se observa
in probele diferite, ce este legat cu existenta
distributiei galiului de-a lungul lingoului.

Valoarea mobilitatii Hall a electronilor
a fost calculatd reiesind din rezultatele
= Ry-o. In intervalul de temperaturi 80-200 K
cu cresterea temperaturii mobilitatea se
micsoreaza (fig. 3) si dependenta U(T) 1n
coordonatele logaritmice este aproape liniara,
ce ne vorbeste despre variatia mobilitatii
conform legii pu~T".

Pentru  toate probele  panta
dependentelor mobilitatii de temperatura este
practic aceeasi si coeficientul v este egal cu
—-1,8. Este cunoscut, ca in cazul Tmprastierii
purtatorilor de sarcind pe fononii acustici
acest coeficient este v = -1,5. In cazul dat
dependenta U(T) este mai puternica, ce este
legat cu suprapunerea dependentei masei
efective de temperatura in cristalele PbTe
conform expresiei m, ~T>?.

10*
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=
= 10°
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=
10?
100 200 300
T.K

Fig. 3. Dependenta mobilitatii purtatorilor de sarcind
de temperatura

Dupa masurari cristalele obtinute din
placheta 7 au fost supuse unei tratari termice
cu scopul micsorarii concentratiei
electronilor. Tratarea termica a fost efectuata
timp de o sutd de ore la temperatura de 540
°C, apoi cristalele au fost masurate si supuse
tratarii ulterioare in timp de 120 de ore la
temperatura de 650°C. Tratarea termicd a fost
efectuatd in atmosfera de hidrogen. Dupa
tratarea termicd la 650°C pe suprafata
cristalelor s-au format niste adincituri n
forma de piramide-figurile de corodare, ce a
fost observat la cercetarile metalografice.
Rezulta, ca in timpul tratdrii termice a avut
loc corodarea termica, care predomind 1in
punctele, unde au existat niste dislocatii sau
altele defecte. Forma piramidald a acestor
figuri formate la  suprafata probei sub
actiunea  temperaturii  demonstreaza ca
cristalele sunt taiate In directia cristalografica
[110]. Mentionam, ca cristalele PbTe au
structura cristalind cubica de tip NaCl.

Inainte de masurare probele au fost
prelucrate mecanic si chimic in acelasi mod
ca si la pregatirea probelor pentru masuratori
initiale.  S-a stabilit, ca in urma tratarii
termice la 650°C cristalele PbTe:Ga si-au
schimbat tipul de conductibilitatea din n-tip in
p-tip. Aceasta poate fi legat atit cu evaporarea
galiului, cit si plumbului in timpul tratarii
termice, ce depinde de presiunea vaporilor
saturati a acestor substante. Evaporarea
atomilor de Pb este mai pugin posibila,
deoarece presiunea vaporilor saturati a s-a
micsorat, ce corespunde presupunerii noastre
despre comportarea atomilor de galiu in
reteaua cristalind in timpul tratarii.

Tn domeniul de temperaturi joase n
dependenta concentratiei purtatorilor de
plumbului este cu mult mai mare decit cea de
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Ga. De aceea considerdm, ca pind la tratarea
termica galiul se afla intre nodurile retelei
cristaline si fiind electric activ elibereaza cite
3 electroni-donori. La tratarea termicd atomul
de galiu intrd in nodul retelei cristaline,
ocupind locul vacant de Pb si in rezultat se
micsoreaza activitatea lui donoare. Din fig. 4,
unde sunt prezentate dependentele
concentratiei de temperatura se observa, ca in
urma primii tratari termice concentragia brusc
sarcind de temperaturd existd o regiune
liniard, ce are un caracter activant. A fost
evaluatd energia de activare 1n aceasta
regiunea si obfinutd marimea 40 meV, iar in
regiunea temperaturilor ridicate energia de
activare este aproximativ 0,15 eV, ce indica
trecerea la  conductibilitatea intrinseca.
Tratarea la temperatura 650°C practic nu
schimba concentratia purtatorilor de sarcina,
insa dispare domeniul cu cresterea
concentratiei la temperaturi joase. Pentru
cristalele tratate termic la 650°C energia de
activare calculata are valori mari si este egala
cu 0,34 eV. Se poate considera, ca la tratarea
termicd la temperatura Tnaltd atomii de galiu
intrind 1n reteaua cristalind a compusului
binar PbTe formeaza un aliaj nou ternar Pby_

xGaxTe, ce are banda interzisa mai lata, decit
PbTe.
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Fig. 4. Dependenta concentratiei purtatorilor de sarcind

de temperatura in esantionul 7: 1 — Tnainte de tratare;

2 — dupd tratarea la T= 540°C; 3 — dupa tratarea la
T=550"C.

Dependenta conductibilitatii de
temperatura este reprezentata in fig. 5. de
nu numai au scazut In urma tratarii termice,
dar putin s-a schimbat si forma curbelor, si
anume a aparut regiune cu cresterea

.....
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Fig. 5. Dependenta conductibilitatii de temperatura in
esantionul 7: 1 — Tnainte de tratare; 2 — dup4 tratarea la
T= 5400C; 3 — dupa tratarea la T= 550°C.

Daca concentratia in urma a doua tratari
practic nu se schimbd, conductibilitatea dupa
fiecare tratare termica se micsoreaza cu
aproximativ 3 ordine de marime. Cea mai
mare valoare a mobilitatii, care constituie ~
3-10* em¥V's (80 K) a fost obtinutd dupa
tratare la temperatura de 540°C. Apoi, tratarea
la temperatura 650°C duce la micsorarea
mobilitatii pind la 9200 cm?/V-s (80 K), ce
de asemenea poate fi explicatd prin aparitia
unui aliaj nou.

CONCLUZII

- Esantioanele de Pb:Ga au conductibilitate de
n-tip, ce confirmd caracterul donor al
impuritatii de Ga.

- Dupa cresterea cristalelor prin metoda
sublimarii zonale se observa distributia
galiului de-a lungul lingoului, concentratiile
electronilor la portiunile initiale este mai mare
decit la cele finale aproape cu un ordin de
marime, ce indica ca coeficientul de segregare
k> 1.

- Se poate considera, cd pind la tratarea
termicad galiu se afld intre nodurile retelei
cristaline si fiind electric activ elibereaza cite
3 electroni-donori. La tratarea termica atomul
de galiu intra in nodul retelei, ocupind locul
vacant de Pb si in rezultat se micsoreaza
activitatea lui donoare.

- Tratarea la temperatura de 540°C permite de
a micsora concentratia electronilor pind la
1,4-1016 cm™ si de a mari mobilitatea pina la
~3-10*cm?V-s la temperatura de 80 K.
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QUANTUM DYNAMICS OF ACOUSTICAL PHONON STATISTICS
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We present a model of the quantum control via a laser light of the phonon statistics of an acoustical field and of
the population inversion of a qubit. The phonon field is created in an acoustical multilayered nanocavity with a single-
mode field being selected and it interacts with the thermal environment as well as with a qubit embedded in the cavity.
The considered qubit is made of a quantum dot (QD). The confinement of the acoustical fields' quantum statistics is
possible via driving the QD with an intense laser light, which for a proper detuning from the QD's transition frequency
and for a well-chosen intensity may lead to sub-Poissonian distributed steady-state phonon fields. Furthermore, we
show that for higher damping rates phonon assisted QD's population inversion occurs under the action of the created
phonon fields with quantum statistics.

Keywords: quantum statistics, cuantum coherence, phonon laser, population inversion, quantum dots.

Tn acest articol este prezentat studiul controlului cuantic al statisticii fononilor a unui cdmp acustic si al inversiei
de populatie a unui qubit, folosind lumina unui laser. Campul fononic este creat intr-o cavitate acustica multistrat, astfel
fiind selectat un singur mod al cAmpului ce interactioneaza atit cu o baie termala cat si cu un qubit incastrat in cavitate.
Qubitul considerat este format dintr-un punct cuantic. Obtinerea si controlul statisticii cuantice a cAmpului fononic este
posibila prin utilizarea unui laser intens, care pentru o frecventa corect defazata de cea de tranzitie a punctului cuantic si
o intensitate bine aleasd poate duce la obtinerea cAmpurilor fononice stationare cu distributii sub-poissoniene. Mai mult,
pentru rate de amortizare Inalte, este obtinuta inversia de populatie a punctului cuantic sub actiunea cadmpurilor
fononice, inversia fiind mai pronuntata pentru cAmpuri cu statistica sub-poissoniana.

Cuvinte-cheie: statistica cuantica, coerenta cuantica, laser fononic, inversie de populatie, puncte cuantice.

INTRODUCTION TO THE MODEL In this paper, we describe a theoretical

model of the generation of acoustical fields

The generation of coherent phonons
plays an important role in the quantum
electrodynamics’ (QEDs) research field, as
phonon assisted processes reveal new
quantum proprieties for QED setups, e.g.,
phonon assisted Mollow splitting [1],
population inversion [2] or quantum statistics

[3].

In the meantime, the study of the
quantum dynamics of the acoustical fields,
itself, leads to a new domain for QEDs, e.g.,
sub-Poissonian  distributed phonon fields
[4,5], phonon antibunching [6] and squeezing

[7].

Remarkable results recently have been
achieved in this domain for different
experimental setups acting as an acoustical
analog of the optical laser [8-10] and,
furthermore, theoretical studies propose more
new models [11-15] as well as new
improvements [15,16].

having sub-Poissonian distributions of quanta
and we show that the created phonon fields
may lead to the qubit's population inversion.
The qubit is made of a two level QD
with a transition frequency w_. between its

ground state |g } and its excited state |e } and
it is embedded in an acoustical multilayered
nanocavity [17] with a frequency «,; and a
damping rate x.

The single-mode phonon field is
obtained by driving the QD by an intense
laser with a frequency w; which interacts
with the qubit in a semi-classical way with the
Rabi oscillation 1.

The QD interaction with the cavity’s
phonons is given by the coupling constant g.

The system's Hamiltonian consists of
the free QD's and phonon field's terms and the
QD-laser and QD-phonon interaction terms,
given respectively as [18,19]:

H= hw,S. + hw,,bTh+ AO(S e ™t £ 571t} + hgSTS™(bT + b),
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where the QD’s operators are: 5~ = |e}{g],
ST =lgMel, 5. =1/2(lede| — lg}gl) and
the phonon creation and annihilation
operators are kTand respectively b. The
system’s dynamics are solved by using the
Lindblad form of the master equation [19]:

.I':Il = _hg [HJ.I':'] _"II:LL-!-L:'.I':| _"II:_~_1,5-;.IDJ

where o is the density matrix operator and
L4, L,, are the Liouville super-operators
describing the damping phenomena, with £_
corresponding to the QD’s spontaneous
emission and dephasing processes and L,
describing the phonon damping by a thermal
reservoir.

MODEL’S SOLUTIONS

The system dynamics, i.e.,, the
previously mentioned master equation, are
solved as follows. As a first step the system’s
Hamiltonian is transformed to a form which
would give a solvable master equation. Then,
the master equation is projected into QD’s

H= HE:D'.-.'
sin (26)
Hfl!l?'.'u' = _ﬁgT
H_."t.'sr
sin (268)
g
| 975
where R™ = [+){—],
R™ = |-H+L Ry = [+MH+LR__ = |-}~

are the new QD’s operators in the dressed-
state basis. Instead of applying a usual secular

+H

basis and, after some transformations in the
phonon basis, leads to a system of infinite
coupled equation. The transformations on the
equations are made in order to obtain a
system of equations that can be truncated.
Once truncated it can be numerically solved
and the parameters of interest can be deduced.

As a first step, we apply an unitary
transformation to go in a frame rotating at the
laser’s frequency «; and then we use the
dressed-state transformation defined by

| +y=13sinf| g )+ cosf|e}

| +)=sinf| g}+cosf|e},
where @ = 1/2arctan(20/4A) and

A= w_ s —w;. After one more unitary

transformation U(t) =e~*# * corresponding
to H' = hA0OR_+ hw_, bT™h, the system’s
Hamiltonian may be written as a sum of two
terms corresponding to their rotation
frequency, i.e., a slow rotating term and a fast
rotating one by  considering  that
g = {mu.’:i Wyp T Eﬁ}:

fast

{b*R—Eflm;h—:ﬁ_lf N H. c. }_;
= hg(sin’ @ R__ + cos*fH R__]{b;ef“”:-'"-* + H.c. }

[bTR™eflwpm™20lr L g ¢ ]

approximation by simply canceling the fast
rotating terms, we consider their main
contribution as follows:

Hsff - _;HJ‘csr[f) J dt’ Hfﬂsr[r:j =Hy— ﬁERz B ﬁﬁb;sz !

fost h

‘cos(28)

sin®(28)

3=£’—[
2

with H; being a constant term which can be
dropped as it does not contributes to the
system’s dynamics. The new obtained

Hamiltonian, ie., H = H,, +H. may
be resumed to the secular approximation case
if {4, 5] * 0, which is not always the case. In

our previous works we have already shown

H = h(w,, —20)bTh — hER_ + hFLTHR_— hg

Wy ﬂl-l:cr_:-_,_,.,: —Qﬁ}

sin” (28)

AT o)

that the main contribution of the fast rotating
terms is essential to describe the quantum
proprieties of the phonon statistics [20]. A
final unitary transformation is applied
according to the slow rotating terms, so that
the final system’s Hamiltonian is:

sin (26)

BTR™+ bR™).
——(b"R™+ bR")
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In order to introduce the final
Hamiltonian in the master equation, similar
transformation has to be applied to the

damping terms. The phonon damping term
rests unchanged and is given by:

Lp=—k(1+7) [bT,bp] —k#i [bbTp] + H.c. |

where the first term represents the damping
and the last one the pumping processes of the
interaction of the cavity’s phonons with a

thermal bath. The QD’s damping term is
given in the bare state basis as:

Logp =—v[ST.57p]l - 1.[S..5.0] + Hee |

where ¥ and ¥. are, respectively, the QD’s
spontaneous emission and the dephasing
rates. The dressed-state transformation leads

to a new expression of £ . after a secular

approximation applied on the QD’s counter-
rotative terms:

L.p=—v.[R7,R™p]—v_[R",R7p] — v, [R_,R_p] + H.c. |

expressed by the QD’s dressed-state decay
rates:

y. = ycos-@ —12;;5 sin®(28),

v =ysin* @ —%;fc sin®(28),

and v, = = |y sin?(28) + 2y, cos*(28)|.

After all the terms of the master
equation are determined, one can solve the
system dynamics by projecting the equation
in the QD-phonon system’s basis. The
projection in the system’s state basis in the
steady-state regime leads to a set of infinite
linear coupled equation. Once truncated by
considering the asymptotic behavior of the
phonon distribution, the system of equations
can be numerically solved (the complete
method is given in [20]).

RESULTS AND DISCUSSIONS

The focus of this study is made on the
statistics of the created steady-state phonon
fields in the acoustical nanocavity and,
furthermore, we investigate how the created
phonon field influences the quantum dot state
in the steady-state regime. The entire process
is controlled by the laser’s parameters and
different nanocavities with different damping
rates are used. In order to characterize the
phonon field, we investigate the behavior of
the second-order correlation function g"* (0),
which equals unity for coherent phonons,
goes below unity for quantum fields with sub-
Poissonian distribution and goes above unity
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for classical fields with g'¥(0)=2 for
thermal fields. The QD’s behavior is
described by the population inversion W term,
which has negative values when the QD is
more likely to be in the ground state and
positive values for the QD more probably to
be found in the excited state.

Two different damping regimes are
observed  for the  studied  model,
corresponding to high and low damping rates.
The first case shown in fig. 1(b),
corresponding to high damping rates of the
order of x/v * 10, is described, for a well-
chosen detuning, by weak phonon fields with
a prominent sub-Poissonian distribution.
Under the phonon field’s action, the QD’s
population is inverted in the region where the
field is more intense and reaches the
maximum level in the region of sub-
Poissonian fields. Thus, the information about
the QD’s state can be obtained by monitoring
the phonon fields’ statistics and vice versa.

In the second case shown in fig. 1(a),
for low damping rates of the order of
Ky l'D_S, the acoustical field’s statistics
are modified to a less prominent sub-
Poissonian behavior but a higher mean
phonon number in the cavity. The population
inversion is always negative, so that this
regime is of no interest for monitoring the
QD’s state. However, for the studies of the
phonon fields’ statistics only, we show that
quite strong fields with quantum statistics
may be obtained in an enough realistic case.
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Fig. 1. The second-order correlation function g"* {0} (continuous curve), the mean phonon number (=} (dotted curve)
and the QD’s population inversion I (dashed curve) as functions of the laser’s detuning & /212,

(a) For a low damping regime with =/ = 3 x 107 and (b) for a high damping regime with = /¥ = 15, The vertical
axis are representing, from left to right: g (0J, W and {n}. The other model’s parameters are: @ = 0.01,20/y = 23,
Ve!/¥ = U1, g f¥ =35, 9/¥ = 25

As about the control parameters, i.e., the
drive laser’s parameters, beyond a well-
chosen detuning, a moderate laser’s intensity
is required, corresponding to 1/A % 10— 20
in our case. For higher intensities, the phonon
statistics does not manifest quantum
proprieties and the population inversion’s
values decrease.

CONCLUSIONS

The proposed model showed that
phonon fields showing pure quantum features
as sub-Poissonian distributed quanta might be
obtained for different damping regimes. First
regime is related to low damping rates where
quite intense sub-Poissonian  distributed
phonon fields are obtained. The second
regime, related to high damping rates,
corresponds to the case where the QD’s
population is inverted by the created phonon
fields. Moreover, we show that for this regime
the maximum of the population inversion is
located in the region were the phonons have
are  more  prominent  sub-Poissonian
distributions and a more intense field.
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FOTOLUMINESCENTA IONILOR Eu®*" TN STRUCTURI NANOLAMELARE DE GaSe
INTERCALAT CU Cd
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Universitatea de Stat din Moldova, str. A. Mateevici, 60, MD-2009, Chisinau, Republica Moldova
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n prezenta lucrare s-a studiat structura cristalina si fotoluminescenta (PL) la temperatura 78K a compozitului
obtinut prin intercalarea lamelor monocristaline de GaSe:Eu, cu Cd din faza de vapori, la temperaturi de 753K.
Compozitul studiat este alcatuit din monocristalite de CdSe si GaSe microstructurat, si centre de I_Eu3+. Spectrul de PL al
lamelor monocristaline de GaSe dopat cu Eu este compus din benzile de emisie a ionului Eu°~ Tn GaSe (tranzitiile
5D0—>7F0'214, 5D1—>7F2, 5D2—>7F6), banda de emisie a excitonilor indirecti in cristalitele GaSe si banda de emisie a
cristalitelor de CdSe din compozit.

Cuvinte-cheie: GaSe, Eu, Cd, intercalare, structura cristalina, fotoluminescenta.

In this work were studied the crystalline structure and photoluminescence (PL) at 78K of the composite obtained
by Cd intercalation of GaSe:Eu single crystalline lamella, at 753K temperature. The studied composite consist of
microstructured CdSe and GaSe, and Eu_3+ centers. The PL specter of Eu doped GaSe single crystalline lamella

intercalated with Cd is composed from Eu”" ion emission bands in GaSe (transitions 5D0—>7F0,2,4, D, —'F,, *D—F),

emission band of indirect excitons in GaSe crystallites and emission band of CdSe crystallites from compound.
Keywords: GaSe, Eu, Cd, intercalation, crystalline structure, photoluminescence.

INTRODUCERE

Compusii din clasa semiconductorilor
lamelari A B (GaS, GaSe, InSe) reprezinti
materiale de perspectivd pentru dispozitive
optoelectronice. ~ Monocristalele  acestor
compusi reprezintd structuri atomare planare
de tipul B-A-A-B. GaSe, 1in stare
monocristalind, este un material transparent
optic ntr-un interval larg de lungimi de unda
(0,628 um) [1, 2], cu conductibilitate
electrica prin goluri [3] si banda interzisa de ~
2,0 eV [4].

Aceste proprietati, odatd cu anizotropia
inalta  structurald, determina  directiile
prioritare de aplicare, care odatda cu
dispozitivele fotoelectrice [5], includ diverse
aplicatii in optica liniard §i neliniara,
modulatori electrooptici s1  generatori de
oscilatii  electromagnetice in  domeniul
frecventelor de ordinul THz [6].

Domeniul proprietatilor compusilor
stratificati, si in particular al compusului
GaSe, poate fi largit prin dopare [7] si
intercalare [8].

In aceasta lucrare sunt studiate structura
cristalind si luminescenta microcompozitului
obtinut prin intercalarea monocristalelor de
GaSe:Eu, cu Cd din faza de vapori.

PROCEDURI EXPERIMENTALE

In calitate de material primar pentru
intercalare s-au luat placi monocristaline de
GaSe:Eu (0,49% at. si 1,0% at.) crescute prin
metoda Bridgman-Stockbarger.

Doparea cu Eu a compusului GaSe s-a
efectuat la etapa sintezei materialului. Din
lingouri monocristaline de GaSe:Eu au fost
despicate placi plan-paralele, cu aria
suprafetei de 05+ 2em*, Placile
monocristaline cu grosimea de la 15 wm pana
la 600 pm, au fost introduse in fiole din cuart
impreuna cu cantitatea de 2,5 mg/ em? de Cd

metalic. Dupa evacuarea atmosferei pana la
~5-107° Torr, fiolele au fost ermetizate si

apoi introduse ntr-un cuptor cu temperatura
stabilizata. Tratamentul termic al fiolelor s-a
petrecut la temperaturi de la 753K pana la
830K, cu durata de 12 ore si 24 ore.

Compozitia esantioanelor primare si a
materialului obtinut prin intercalare s-a studiat
prin metoda XRD, cu un difractometru
DRON-4, cu lungimea de unda a radiatiei
emise Cig de 0,154182 nm.
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REZULTATE EXPERIMENTALE SI
INTERPRETARI

Tn Fig. 1 sunt prezentate diagramele
XRD, in intervalul de unghiuri 20 de la 10°
pana la 80°, ale compusilor GaSe neintercalat
(a) si GaSe dopat cu 0,49% at. de Eu (b) si
GaSe intercalat cu Cd din faza de vapori, la
temperatura 753K, timp de 24 ore (c).

Identificarea liniilor de difractie a
razelor X din Fig. 1, c, este prezentata in
tabelul 1.

10 20 30 40 50 60 70 80

Intensity

N
|

8

123/ "6 940 11

hnh ”L e
] M " A

10 20 30 40 50 60 70 80
20()
Fig. 1. Diagramele XRD ale compusilor GaSe
neintercalat (a), GaSe dopat cu 0,49% at. de Eu (b) si
GaSe intercalat cu Cd din fazd de vapori la temperatura
753K, timp de 24 ore (c)

Tabelul 1. Identificarea liniilor de difractie a razelor X
de la compusul GaSe intercalat cu Cd din faza de
vapori la temperatura 753K, timp de 24 ore

NIr. Valori Carduri ICDD-JCPDS
experimentale

20 (°)| Int. |Proba| PDF |20 (° |Int.| hkl
20,99(14,45
22,35/10,42| GaSe | 81-1971|22,338(99,3| 00 6
24,05/10,66
25,56(69,34| CdSe | 65-2891|25,480(99,9| 111
27,35|24,22| GaSe | 78-1740|27,442|88,1| 100
29,52| 5,97 | CdSe | 65-2891|29,505| 40 | 220
39,45| 7,63 | GaSe | 29-0628 | 39,479| 20 {1010
42,17(49,98| CdSe | 19-0191 {42,044 | 55 | 220
66,50| 9,78 | CdSe | 08-0459|66,386| 8 | 210
1068,16| 6,51
11]73,50| 4,99 | GaSe |81-1971|73,511| 26 |01 17
12|76,95| 4,67 | CdSe | 19-0191|76,851| 4 | 422

OO |NO|OTAIWIN| -

Spectrele de FL la temperatura 78K, a
cristalelor GaSe dopate cu 0,49% at. (curba 1)
si 1,0% at. de Eu (curba 2) sunt prezentate in
Fig. 2. Dupa cum se vede din aceastd

24

prezentare spectrele de FL ale acestor doua
esantioane  sunt identice dupd forma.
Majorarea de ~2 ori a concentratiei dopantului
duce la o amplificare neproportionald a
intensitatii benzilor de luminescenta A si B.
Intensitatea relativa a benzii A creste mai
mult de 2,5 ori, pe cand pentru banda B acest
raport este mai mic.

60

50 |

40

30 |

20 |

Intensitatea FL, u. a.

10 |

1,90 2,00 2,10 2,20 2,30
hv, eV

Fig. 2 Spectrul de FL de la GaSe:Eu (0,49 at.%) (curba
1) si GaSe:Eu (1,00 at.%) (curba 2), la T = 78K. Linia
intreruptd — suma benzilor elementare

Banda A cu maxim la ~2,16 eV pentru
GaSe:Eu 1,0% at., la T= 78K (curba 2), are un
contur slab asimetric Tn regiunea energiilor
mari. Mult mai clar se evidentiaza o structura
compusd din cel putin doud subbenzi in
spectrul de FL al cristalelor dopate cu 0,49%
at. de Eu (curba 1). De asemenea, o structura
complexa are si banda B cu maxim la ~ 2,04
eV. Pentru a determina structura spectrului de
FL a compusului GaSe:0,49% at. Eu, la
temperatura 78K, acesta s-a descompus 1n
curbe elementare. Dupa cum se vede din Fig.
2, benzile A si B (curba 1) pot fi prezentate
prin doua si, respectiv, trei curbe de tip Gauss,
cu maxim la energia 2,218 eV si 2,156 eV
(banda A) s1 2,055 eV, 2,032 eV si 2,004 eV
(banda B). O structurd analogica, dar de
intensitate mai mare se obtine si pentru
spectrul de FL la concentratia de 1,0% at. de
Eu in GaSe.

In  conformitate cu  diagrama
energetica a nivelelor ionului Eu®* [9, 10],
subbanda de FL descrisa cu curba a;, se
obtine in rezultatul tranzitiei °D;—'F,, iar
subbanda a,, se obtine in rezultatul tranzitiei
*Dy—'Fo. De asemenea, in rezultatul tranzitiei
dipol a ionului Eu®*" de pe nivelul °Dy pe
nivelul 'F, se obtine o structura din doua
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subbenzi b, si bs, cu maxime la 2,032 eV si
2,004 eV. Energia corespunzatoare
maximului curbei by, egala cu 2,055 eV bine
coreleaza cu banda de emisie a excitonilor
indirecti in cristalitele de GaSe la temperatura
78K [11].

Spectrul de FL a compozitului
GaSe:Eu-CdSe, la  temperatura 78K,
reprezintd o bandd slab conturata, care
acopera un interval larg de energii de la ~1,4
eV pana la ~ 2,55 eV (Fig. 3).

140 160 180 200 220 240 280

Photoluminescence

140 160 1.80 200 220 240 280

hv(eV)
Fig. 3. Spectrul de FL a compozitului GaSe:Eu — CdSe,
la temperatura 78K si derivata a doua.

Dacd comparam spectrele de FL ale
compozitului obtinut pe baza compusului
GaSe [12], cu spectrele compozitului
GaSe:Eu-CdSe (Fig. 3) se vede deplasarea
maximului benzii de FL de la 1,85 eV pana la
2,1 eV si, totodatd, o largire a benzii in
domeniul energiilor mari pana la ~2,9 eV.
Pentru a evidentia particularitatile de baza ale
spectrului de FL, in Fig. 3 este prezentat si
spectrul derivatei secunde in intervalul de
energii de la 1,5 eV pana la 2,6 eV. Maximele
bine pronuntate din acest spectru reprezinta
benzile componente de emisie FL. Aici bine
se evidentiaza maximele c; (2,210 eV), C;
(2,150 eV), c3 (2,045 eV), ¢4 (2,026 eV) si cs
(1,790 eV). Interpretarea acestor benzi
efectuatd in urma calculelor ce au la baza
valorile energetice ale nivelelor ionului Eu®*
[10] este prezentata in Tabelul 2.

Tabelul 2. Interpretarea benzilor componente ale
emisiei FL a compozitului GaSe:Eu-CdSe.

Energia tranzitiei, eV | Tranzitia

Banda 2 - L
experimental | teoretic | electronica

C1 2,210 2,220 | °D;—'F,
C, 2,150 2,154 | °Do—"Fo
C3 2,045 2,044 | °D,—'Fg
Ca 2,026 2,026 | °Do—'F,
Cs 1,790 1,798 | *Dy—'F4

Prezenta acestor particularitati 1in
spectrul de FL a compozitului de GaSe:Eu-
CdSe poate fi explicata daca se admite ca in
procesul de FL au loc tranzitii radiative a
ionului Eu** 1n cristalitele de GaSe si tranzitii
donor-acceptor n cristalitele de CdSe a
compozitului.

CONCLUZII

- prin intercalarea cu Cd din faza de vapori a
placilor de GaSe dopat cu 0,49% at. de Eu, s-
a obtinut compozit microcristalin GaSe:Eu-
CdSe. In calitate de centre de formare a
cristalitelor de CdSe servesc defectele de pe
suprafata exterioard si cele de pe interfata
impachetarilor elementare a monocristalelor
GaSe:Eu.

- Europiul ca dopant in concentratie de 0,49%
at. si 1,0% at., formeaza in cristalele de GaSe
centre de luminescenta de tipul Eu®". Spectrul
de FL a cristalelor GaSe:Eu contine benzile
de emisie FL a ionului Eu*” si banda de

emisie a excitonilor indirecti in GaSe.

- Compozitul GaSe:Eu-CdSe este un material
fotoluminescent Tn regiunea energiilor 1,45-
2,55 eV. Spectrul de FL a acestui material
contine benzile de emisie a ionului Eu®~
(tranzitiile °Do—'Fo24, *Di—'Fs, °Do—'Fe)
in GaSe si banda de emisie a cristalitelor de
CdSe din compozit.
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INTERDISCIPLINARY TEACHING OF A LIGHT-BASED BIOLOGICAL PROCESS:
PHOTOSYNTHESIS

Brinza C.C.*
Theoretical High School “Alexandru Ioan Cuza”, lon Creanga Str. 37, 700317, lasi, Romania
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The interdisciplinary study of light propagation and interaction with different environments can be performed to
Physics classes and also in related disciplines such as Science discipline classes. The interdisciplinary approach ask the
teacher to have knowledge of both specialized disciplines and related fields, very well mastered, to observe and explain
complex phenomena of nature that lends itself to such studies.

Keywords: light, interdisciplinary, photosynthesis, physics, sciences

Studiul interdisciplinar al propagarii luminii si interactiunii acesteia cu diverse medii poate fi realizat la orele de
fizica, dar si la discipline inrudite din liceu, cum ar fi disciplina Stiinte. Abordarea interdisciplinara a subiectului solicita
profesorului sd aiba cunostinte din aria mai multor discipline si domenii inrudite, pe care sa le stapaneasca foarte bine

pentru a observa si explica fenomenele complexe ale naturii ce se preteaza la acest mod de abordare.
Cuvinte-cheie: lumina, interdisciplinar, fotosinteza, fizica, stiinte

INTRODUCTION

In middle school, in biology classes,
only a a few simple concepts about
photosynthesis are introduced because
students do not have chemistry concepts
necessary to address this complex process.

In high school, also to Biology
discipline, students meet the concept of
photosynthesis in the X" class, chapter
"fundamental structure and functions of living
organisms", when to the Autotrophic nutrition
section they study the following aspects of
photosynthesis process: chemical equation,
the stages of photosynthesis (without the
intimate  mechanism of photosynthesis);
highlighting  photosynthesis  (by  CO;
absorbed, by organic matter produced and by
O, produced); importance; role of
assimilating pigments (chlorophyll a and
chlorophyll b) [1].

From the analysis of contents related to
photosynthesis taught in the classroom at
Biology, is noted that at the X™ classroom
level does not enter into details on the
mechanism of this process and is only
specified stages of process progress and main
issues, the photosynthesis taking place in two
phases, interdependent: one to light and
another in the dark.

THEORETICAL AND
METHODOLOGICAL ASPECTS ON
INTERDISCIPLINARY STUDY OF
PHOTOSYNTHESIS

Under the action of light, plants convert
minerals from water and carbon dioxide from
atmosphere into organic matter and the
oxygen is released. In the process of
photosynthesis is used only 1% of incident
light on the leaves (Fig. 1).

mreflectata 20%

Utilizarea luminii incidente pe frunza
N transmisa 10%

transpiratie 49% J
Hfotosinteza 1%

B cresterea
tem peraturii
20%
Fig. 1. Percentage of using of incident light on the
leaves

In order to approach in the
interdisciplinary manner the photosynthesis
mechanism, should be examined in more
detail the light and dark phases of process and
the teacher should state that:

- the light phase — called Hill phase, is
the process where reactions take place under
the incident light and assimilating pigments,
processes taking place in the chloroplast
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granum and assuming: entering CO, into
chloroplasts; absorption of light energy;
converting light energy into chemical energy;
- the dark phase - Blakman phase, is
the phase that occurs in the absence of light,
depending on the temperature and a number
of enzymes involved in chloroplast stroma.
The interdisciplinary study class of
XII™ requires only describing the processes
occurring in the light phase. For this, based on
the literature, it is considered that there are
two photosystem inside of thylakoid
membranes, | and Il, which operate in series
connection, each containing about 300
pigment molecules called photoreceptors
antennas that are designed to receive
electromagnetic  radiation and transmit
incident photon energy to the reaction center
represented by the chlorophyll molecule a,,,

so called because it has absorption maximum
radiation in the wavelength range of 700 nm
and respectivelly chlorophyll molecule a,

that absorbs radiation in the wavelength range
of 680 nm [2, 3].

The processes suffered by the
chlorophyll molecules from the photosystems
I and Il are:

= After absorption of a single photon
energy, chlorophyll molecule a,, of

photosystem | reaction center passes in
excited state;

= Chlorophyll molecule a,,, of the

photosystem | reaction center undergoes an
oxidation process, releasing the electron from
the excited state, the electron finally reach
ferredoxin molecule that reduced.

= Ferredoxin releasing the electron to
the NADP”, which, in the presence of protons
resulting from photolysis of water, forms a
strong reducing substance (nicotinamide
adenine dinucleotide diphosphate):

2H* +2e” + NADP" — NADPH+H*.

= Chlorophyll ag, from photosystem I,

absorbing one incident photon energy, passes
in the excited state, then gives up the electron
in the excited state out of the chlorophyll
molecule a,,, via a chain of -electron-

transporting substance and finally recover an
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electron from the water which is decomposed
by photolysis [4, 5].

It should be made clear that at the high
school, can not analyze in detail such a
complex process as is photosynthesis. From
the analysis of the mechanism of
photosynthesis process is observed that it can
be easily explained and understood at the
XII™ class, after students have assimilated a
series of physics notions (hypothesis of
Planck, Bohr's model, energy levels and
excitation-relaxation  processes, emission
spectra and absorption) and a series of
Chemistry knowledges about the processes of
oxidation and reduction. To facilitate the
understanding of the mechanism of light
phase of photosynthesis process described
above, can use a series of sketches and
drawings in which suggestive images, shown
the steps described above (fig. 2).

HADFH +H*

photosystem |

L ) oty g

at @< photosystem Il
L I Yol Sy UL —
e % —

This mechanism can be implemented in a
specific schematic diagrams of XI1I™ Physics
course, the transitions experienced by
different systems or molecules are
represented by with energy levels [6] (Fig. 3).

hv

E, E E,
$1i411¢1 +1i4" 41 $10¢ 141 + 1411t
T¥ T Y[ ¥ T[T [T ¥ T[T [T ¥ T (T ¥[T¥
D M. A D M. A D M. A Dt M. A
Basic state Chlerophyll Electron transfer Electron transfer
pass into the
D - donor .
excited state
M,. - chicrophyl -chlorophyll is -chlorophyll
© oxidised return to basic
A - acceptor . state
-acceptor is
reduced - the donor is

oxidized
Fig. 3. Explication of photosynthesis using energy
level schematic diagrams
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As regards the the intimate mechanism
of the process of photosynthesis, it consists of
a series of reactions that occur under the
action of light, which are called
photochemical reactions, molecules passing
from the ground state to higher energy states,
called excited states, naming the activation
process. Such reactions can be described by
the following diagram (fig. 4) [7].

Ml+}/—)Ml*

2
Mi* > MY + e % oxidation
{
M+ e oM reduction
My, + 7y = My* f
\
Mp* — M3 + e * oxidation
{
M3 + e —M, reduction
)
)
compound with Mn
)

2H,0 —» 0, T + 4H' + 4e”

Fig. 4. Mechanism of photochemical reactions

In fig. 4:
M is the ground state;
M * is the activated chlorophyll molecule, in
excited state;
e~ * is an electron with high energy potential;
y is the photon producing excitation of

molecule, photon energy calculated with
relation: ¢ =hv,
where h=6,6-10"*1J -s - Planck constant,

v - the frequency of the incident
electromagnetic radiation.

The above scheme is also found in the
XIlI-th classroom manual, below shows the
interaction of electrons with atoms (

Fig. 5) or photon-atom interaction (fig.

6) [8].

e +A > e+ A elastic collision
e +A o> e+ A* excitation

\

A*  — A+ photons spontaneous deexcitation
e +A - AT+ e +e” ionisation

A"+ e — A+ photons capture of an e~

Fig. 5. The interaction of electrons with atoms

y+A —> y+ A elastic collision
y+A > y+ A* excitation

{

A* — A+ fotoni fluorescent deexcitation

A* —> A+y resonant  fluorescent deexcitation
y+A> AT+ e ionisation

A" + e — A+ fotons capture of an electron

Fig. 6. The interaction of photons with atoms

After absorption of a photon, an
electron from the molecule of chlorophyll
moves on a higher energy level.

In the study of chlorophyll molecule
excitation are taken into account two
excitation energy levels, which determine the
presence of two main lines of absorption.

Ground state is the state denoted
s,where the e molecule is in thermal
equilibrium with the environment, and pairs
of electrons into occupy the lowest energy
orbitals in its atoms.

Under the influence of radiation in the
red area of the visible spectrum, electrons can
pass onto the level S, and under the influence
of higher energy blue radiation can pass on
S, level, or otherwise chlorophyll molecule

passes into excited states (Fig. 7).

A A
S3 83
Tranzitii
neradiative
S2 Sz
51 - Sy
emisia
radiatiei de
fluorescenta
So S, o A 4 \ A 4

Fig. 7. Processes of excitation and relaxation

After expiring time in the excited state,
the molecule of chlorophyll is relaxated and
go in the ground state, a process that may or
may not be accompanied by emission of light:
= transition s, —»s; is followed by

fluorescence radiation emission;
= in ftransitions s, » s or S, S, given
energy disperses off as heat, or is
transferred to another molecule of
chlorophyll.
It should be noted that if the transition
S, — S,occur, some of the transferred energy
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is wasted as heat and the rest by fluorescence
emission, photon is emitted with less energy
than that of the absorbed photon, and
therefore, the fluorescent light has a
wavelength higher.

At Physics discipline, of the particular
interest, the experiences underline the
absorption  spectrum  of  chlorophyll
fluorescence phenomenon, so the laboratory
experiments can be made at the X11™" grades,
to the study of the Atom and Molecule
concepts.

In the XII™ class, Chapter Atomic
physics, in addition to observing continuous
spectrum and discrete spectrum (of lines)
which are typically studied, could be studied
also the absorption spectrum of chlorophyll,
so students becomme familiar with the
practice.

As regards the phenomenon of
chlorophyll fluorescence, it can be revealed
by a simple experiment, observing in light
from the Sun a test tube containing an extract
of chlorophyll (fig. 8).

Fig. 8. Observing fluorescence in solar light. The entire
sample tube is red, excepting area observed by
transparency which is green

Looking chlorophyll solution, it was
found that through transparency it appears
green because it absorbs blue and red
radiation, leaving to pass the yellow and
green if the tube is observed from the side -
reflection - appear colored red, because of red
light emission - fluorescence phenomenon
[9]. This phenomenon becomes more
pronounced in the dark, if the tube is
illuminated with an ultraviolet light source or
a continuous emission spectrum (Fig. 9, Fig.
10).
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Fig. 9. Experimental setup for fluorescence observation

Fig. 10. Observing transmitted light and fluorescence
(tube is red, image on the screen is green)

It should be noted that chlorophyll
pigments exhibit powerful fluorescence when
the extraction of chlorophyll is made with
polar organic solvents.

The non-polar organic solvents, such as
benzene, do not show the phenomenon of
chlorophyll fluorescence, this occurring if
trace quantities of water or polar solvent are
added [10]. The explanation for this
phenomenon is related to the presence of
magnesium atom in the molecule of
chlorophyill.

CONCLUSIONS

The interdisciplinary approach of
complex topics such as is photosynthesis,
request form teacher training, additional depth
study of materials comprising theoretical
concepts related to phenomena addressed,
specific language acquisition and handling,
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formation of specific work skills, subject to
certain rules and norms.

These additional efforts are aimed by a
better understanding of the concepts taught
and studied phenomenon by students.

Studiul experimental al fenomenelor
abordate interdisciplinar  contribuie la
cresterea  interesului  elevilor  pentru
disciplinele cu caracter stiintific, la trezirea
dorintei de cunoastere a lumii Inconjuratoare
si de explicare a fenomenelor obsevate, doar
pe baze stiintifice.

Experimental study of phenomena
approached interdisciplinary helps to increase
pupils' interest in scientific disciplines, to
instill the desire for knowledge of the
surrounding world and to explain the
observed phenomena  based only
scientifically tools.
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In recent years different types of titanium alloys have been investigated with the aim of utilizing materials in
biomaterials field, and Ti—Zr system alloys are very promising materials. In this paper, microstructure and morphology
of ZrO,-CaO coating deposited on Ti-55Zr alloy is investigated. Zirconia ceramic coating was deposited using Sulzer
Metco 9MCE atmospheric plasma spraying, in order to improve corrosion resistance and biocompatibility.
Microstructure and phase analysis of based material and ceramic coating were investigated using scanning electron
microscopy, X-ray diffractometry (XRD). The coated layer presents a homogenous aspect with an average thickness
layer of 120 microns and some small cracks and splats.

Keywords: ZrO,-CaO coating, Ti-Zr alloy, SEM, XRD.

Tn ultimii ani diferite tipuri de aliaje de titan au fost analizate in scopul utilizarii lor in aplicatiile biomedicale,
sub diverse forme de proteze si implanturi. In aceasta lucrare au fost analziate microstructura si morfologia stratului de
Zr0,-Ca0 depus pe un aliaj Ti-55Zr. Acoperirea ceramica de zirconiu a fost realizata utilizand o instalatie de depunere
in jet de plasmad Sulzer Metco IMCE, in scopul imbunatatirii rezistentei la coroziune si a biocompatibilitatii.
Microstructura i analiza de faze a materialului de baza si stratului ceramic depus au fost efectuate utilizand
microscopia cu scanare de electroni si difractia de raze X. Stratul depus a prezentat un aspect omogen cu o grosime
medie a stratului de 120 microni si cu prezenta unor “splat-uri” si mici fisuri.

Cuvinte-cheie: strat de ZrO,-CaO, aliaj Ti-Zr, SEM, XRD.

INTRODUCTION

Titanium and its alloys are especially
used as biomaterials, for orthopedic field and
dental implants. Titanium alloys are the second
generation biomaterials and replaced Co-Cr
alloys and 316L stainless steel due improving
corrosion resistan Young modulus, tensile
strenght, and biocompatibility. The most
important fact of these alloys is to obtain
materials with better properties for implants for
a long time [1]. In order to improve
characteristics of material it is necessary
alloying with several elements like Nb, Mo, Ta,
and Zr, elements that do not present
cytotoxicity in the human body. Several authors
reveal that Ti has hexagonal metastable phases
o’ and orthorhombic o and orthorhombic a” [2].

Li et al. [3] showed the shape memory
aspect of Ti—Zr alloys and revealed that these
alloys are suitable for dental implants in
medical field.

Zr is known to be as an element with
identical allotropic transformation with Ti. «
and B phases of zirconium, exhibts hardening
and decreases the phase transformation velocity
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[4, 5]. Zr is non-toxic element and it is in the
class of allergy-free element [6]. It has strong
corrosion resistance alloying with Ti [7]. Ti
alloys with 25%Zr prevent calcium phosphate
formation, which is an important aspect of the
human bones [8]. Ti alloys up to 56%Zr It is
also reported that the tensile strength maintains
fairly high, however, elongation decreases
when Zr content exceeds 56 wt.% [9].

APS (atmospheric plasma spraying)
technique is shown in fig. 3a having as main
components: plasma gun, powder feeder and
control unit. The equimpent must contain four
types of gases: Hy Ar, He N,. Between anode
and cathode, by high voltage discharge a
continuous current arc is established that
ionizes Plasma gas, leading to good electrical
conductivity. At the exit of the nozzle gas ions
recombines, yielding the energy absorbed in a
very short time, leading to the formation of a
plasma jet with a temperature of 210000-
16000°C. The powder is injected directly into
the plasma jet which accelerates to surface area
[10].

Commercial ZrO, oxide ceramics are
basically known as partial stabilized zirconia
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and tetragonal zirconia crystals. The addition of
,stabilizing” oxide, like CaO, to pure ZrO,
allows forming multiphase materials, but in last
period of time authors keep their focus on
Zr0,-CaO ceramics [11]. Ceramic coatings
generated by plasma spraying have been used
layers  for

as  anti-corrosion metallic

components [11].

S50um

Fig. 1. SEM images of Ti-Zr alloys: a) Ti-30Zr;
b) Ti-40Zr [12]

Kim et al. [12] reveals in fig. 1 the
microstructures of the Ti-Zr alloy with Zr
content of 30% (wt.), respectively 40% (wt.).
The microstructures of the Ti-30Zr and Ti-
40Zr alloys have two constituents compose of a
lamellar structure and a needle-like structure.

Cao et al. studied ZrO, stabilized by
Ca0 and MgO as thermal barrier coatings [13]
and could be a reasonable phase for obtaining a
protective coating and promoting adhesion in
Ti-ceramic dental restorations. The purpose of
this paper is to observe the morphology and
phase analysis of a ZrO,-CaO ceramic layer
deposited with APS technique on Ti-55Zr
based material.

MATERIALS AND METHODS

A binary Ti-Zr alloy was prepared in a
high frequency induction furnace, followed by
a process of rolling to a thickness of 600
microns. Authors used raw materials of high

purity.

Table 1. Deposition parameters for plasma-sprayed
coating

Coating Zr0,Ca0 95-5
Powder Supplier MTS 8013
Feeding mode Internal

Arc current(A) 500

Arc voltage(V) 50

Working gases Ar, H,

Torch traverse layer-6 passes
Spray distance (mm) 150

Final chemical composition was obtained
by repeted melting with the following chemical
composition, presented in fig. 7b).

ZrO, - CaO coating was deposited using
atmospheric plasma spraying system SULZER
METCO 9MCE — SPRAYWIZARD. Spraying
parameters are shown in table 1.

800 1600 1200 1400 1600  18.00
Energy -

c)
Fig. 2. SEM images of ZrO,Ca0O powder (a-b) and
EDAX analysis (c)

Fig. 3. a) Sulzer Metco 9MCE facility; b) SEM
QUANTA 2003D; XRD X’Pert PRO MPD

Samples of Ti-55Zr were investigated by
scanning electron microscopy — FEI SEM
Quanta 200 3D with EDS detector for chemical
composition and X —ray diffraction using an
X’Pert Pro MPD diffractometer with the
following parameters: continous scan, 20 —
(10°-909), Step size: 0.0131303, Time per step:
61.20, Scan speed: 0.05471, 45 KV and 40 mA
using a copper anode X-ray tube. The
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equipments used for coating process and
materials characterization are shown in fig. 3
[14]. ZrO,CaO powder morphology and
chemical composition is presented in fig. 2
having a grain range between: 5um-60um.

RESULTS AND DISCUSSIONS

Structural analysis. The surface SEM
images of the ZrO,-CaO are shown in fig. 4 (a-
d). The metallic surface covered by ZrO,-CaO
exhibited pores and splats. Coating presents
some unmelted particles of ZrO, and CaO,
which are revelead by their aspects and
chemical compostion (fig. 4d and fig. 5b).

0 d)
Fig. 4. SEM images of ZrO2-CaO surface coating

The surface SEM images of the ZrO,-
CaO are shown in fig. 6 (a-d). Thickness of the
deposited layer is in the range of approximately
120um. Plasma deposition led to a compact
layer with small cracks and specific
morphology of a ceramic layer called “splats”
(fig. 6). In fig. 7 are shown cross section EDAX
analysis for the coating and the base material.
Fig. 8 reveals a uniform distribution of
elements in the deposited layer.
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€)
Fig. 9. X-ray diffraction of sample and Miller
parameters: a), b) — Ti-55Zr alloy; ¢) ,d) ZrO,-CaO
coating; e) comparative results

XRD analysis. XRD results, phase
analysis, respectively Miller parameters of as
cast Ti-55Zr and ZrO,-CaO coating alloys are
shown in fig. 9 (a, b, c, d).

Fig. 9 and table 2 presents XRD pattern
with typically peaks of Ti-Zr alloy and ZrO,-
CaO layer. Ti-Zr alloy consists two compounds
(Ti-Zr and Ti) in hexagonal crystal system.
Zirconia coating presents four phases: ZrO;
(tetragonal form), B-Zr (cubic form) and two o-
Ca phases in cubic crystal system.

Table 2. Compound parameters

Com- Crystal a b c o B Y Cell
pound system (A) A) A) ©) ©) ©) volume
(10° pm?)
Ti-Zr Ti-Zr Hexagonal 3,1100 | 3,1100 | 4,9010 90 90 120 41,05
uncoated Ti Hexagonal 2,9064 | 2,9064 | 4,6667 90 90 120 34,14
Zr0,Ca0O | ZrO, Tetragonal 3,5961 | 3,5961 | 5,1770 90 90 90 66,95
coated Ti- | B-Zr Cubic 3,6162 | 3,6162 | 3,6162 90 90 90 47,29
Zr a-Ca Cubic 5,5884 | 5,5884 | 5,5884 90 90 90 174,53
a-Ca Cubic 5,6120 | 5,6120 | 5,6120 90 90 90 176,75

CONCLUSIONS

In this paper authors used a modern
plasma deposition technique of a ZrO,-CaO
ceramic layer on a Ti-55Zr substrate. SEM,
EDAX, XRD analysis showed the uniformity of
the deposited layer and also the morphology
and chemical composition.

Structural analysis revealed the presence
of some CaO unmelted particles, segregated
during the spraying process with a negative
effect on the structural uniformity. “Splat” type
morphology of a specific ceramic layer has
been highlighted.

The analysis of the deposited thickness
layer showed an irregular thickness layer with a
possible negative effect (flaking effect). It is
needed an automatic deposition process with
control over the plasma jet deposition.

It was noticed a large surface roughness
of the coated layer, aspect which can be useful
for bone implants, because it accelerates the
phenomenon of osteosynthesis
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THE INFLUENCE OF SOLVENT NATURE ON THE ELECTRONIC ABSORPTION
SPECTRA OF SOME ORGANIC COMPOUNDS
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“Al.L.Cuza” University, Faculty of Physics, 11, Carol I Bvd. 700506, lasi, Romania
*e-mail: antoninagritco@yahoo.com

The study of solvent influence on the molecular electronic spectra of biologically active compounds is crucial for
the explanation of chemical and physical properties of studied compounds, in establishing of solute-solvent interaction
nature, in obtaining information on the nature of energetic transitions underlying the generation of electronic spectral
bands as well as for the understanding of reaction mechanisms. The main purpose of this study was the application of
spectral method for revealing the rifampicinei interaction ability with various organic solvents. From the accomplished
study it was found that to the increase of the solvent refractive index the red shift also increased, as proof of the
dominancy of dispersive interactions in the rifampicin diluted solutions.

Keywords: solvent influence, rifampicin, nonpolar solvent.

Studiul influentei solventului asupra spectrelor electronice moleculare ale compusilor biologic activi este
important pentru explicarea proprietatilor chimice si fizice ale compusilor studiati, n stabilirea naturii de interactiune
dintre substantd dizolvata si solventul, in obtinerea informatiilor cu privire la natura tranzitiei energetice care stau la
baza n generarea benzilor spectrale electronice, precum si pentru Tntelegerea mecanismelor de reactie. Scopul principal
al acestui studiu a fost aplicarea metodei spectrale pentru dezvaluirea capacitatii de interactiune a rifampicinei cu
diversi solventi organici. Din studiul realizat s-a constatat ca la cresterea indicelui de refractie al solventului de
asemenea a crescut si deplasarea spre rosu, ca rezultat al predominarii interactiuniilor dispersive in solutiile diluate de
rifampicina.

Cuvinte-cheie: influenta solventului, rifampicind, solventul nepolar.

INTRODUCTION

The solid powder solvation in adequate
solvents induces changes on the absorption
spectra. The study of solvent influence on the
molecular electronic spectra of biologically
active compounds is crucial for the explanation
of chemical and physical properties of studied
compounds, in establishing of solute-solvent
interaction nature, in obtaining information on
the nature of energetic transitions underlying
the generation of electronic spectral bands as
well as for the understanding of reaction
mechanisms. In the theory of liquid state the
spectral changes have been correlated with
solvent electro-optical parameters so at the
present time it is possible both describing of
local order in liquid solutions and estimating of
electro-optical parameters of spectrally active

Since the begining of spectroscopy, the
comparison of spectra recorded in isolated,
gaseous state and in liquid solution has
evidenced that solvent causes changes in
position, intensity and shape of electronic
absorption bands. This phenomenon was
named “solvatochromism” by Hantzsch [1]
than while Scheibe [2] showed that solvent
influence  on reaction rate, chemical
equilibirum or absorption bands is due to the
solvent capacity of solvation.

ELECTROMAGNETIC RADIATION —
OPTICAL SPECTRUM

The mechanism of absorption energy is
different in the ultraviolet, visible or infrared
regions of electromagnetic spectrum (fig. 1) —
optical radiations although the fundamental
process is the absorption of certain amount of
energy (quantum).

molecules.
Ultraviolet -

Visible

Fig. 1. Optical radiation spectrum
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The energy required for the transition
from a lower energy state to a higher energy
one is directly related to the frequency of
electromagnetic radiation that causes the
transition and to the molecular structure of
absorbing molecule. While energy absorption
in IR domain results in nuclei vibrations and
rotations (energy absorption in far IR) the
absorption of UV-VIS range energy results in
atoms or molecules excitation (and sometimes
molecular dissociation in free radicals=
photolysis); this occurs when the absorbed
energy is sufficiently high to exceed the energy
of formation of certain bonds among molecular
atoms.

When the white light, (which contains a
whole spectrum of wavelengths in visible
region), interacts with an object, only some of
the component radiations/wavelengths will be
absorbed, while the unabsorbed
radiations/wavelengths are transmitted or re-
emitted (reflected); those visible radiations
give the object color.

Ultraviolet and visible radiations have
sufficient energy to cause transitions of the
outermost or valence electrons.

THE MAIN DOMAINS OF OPTICAL
ELECTROMAGNETIC SPECTRUM AND
OPTICAL SPECTROSCOPY

The ultraviolet region (UV) extends
from about 10 to 380 nm (fig. 2).

The most useful region for analytical
applications is ranging from 200 to 380 nm -
named the near- ultraviolet region or quartz
UV region.

The visible (VIS) region extends from
about 380 to 780 nm.

The infrared (IR) region extends from
about 0.78 um to 300 um.

The near-infrared (IR) region extends
from about 0.80pm to 2.5 pm.

The far-infrared (IR) region extends from
about 2.5um to 16 pm.

Vielet: 400 - 420 nm
Indigo: 420 - 440 nm
Blue: 440 - 490 nm

Lower
Frequency

570 - 585 nm

Higher Visible Spectrum
Freguency
I I I I I
400 s00 600 700 &00
YWavelength in nanometers

585 - 620 nn

« Green: 490-570 nm
« Red: 620-780nm

Fig. 2. Visible spectrum of electromagnetic radiation

In the electromagnetic radiation spectrum
the ultraviolet domain is placed between the X-
ray region and visible radiation domain,
ranging between 10 and 400 nm wavelength.

There are also three sub-domain of UV
spectral domain: UV-A (400-320 nm), UV-B
(320-280 nm) and UV-C (280-10 nm),
established in concordance with differentiated
biological effects in living bodies.

Electromagnetic optical radiation used to
investigate biological compounds by spectral
techniques is the so called near UV radiation
(with characteristic wavelenghts between 200-
400 nm) or visible radiation (from the spectral
domain between 400-800 nm).

Absorption  spectrum of certain
material is a plot/graph of the absorbed light
by a studied material sample as a function of
wavelength or energy or wavenumber.

Molecule total energy. The total energy
of a molecule is given by:

EtotaI=Eelectronic+EvibrationaI +Erotati0nal

At room temperature most substances are
in their lowest energy or ground state
(E%ectronic).  When an atom, molecule (or

molecular chromophore) or ion absorbs
electromagnetic radiation, it is promoted to
higher energy states or excited states
(E¥electronic) (Where “ex” and “g” are for

excited and ground state nomination).

E® etectronic-Eelectronic= hv -the energy of
the absorbed photon [3]; v is the frequency of
the absorbed radiation. When a molecule
interacts with photons of UV or VIS radiation
then electron excitation takes place to higher
electronic energy level at any of its vibrational
level. Pure rotational transitions can be caused
by microwave radiation absorption.
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Wave properties. The wave is described
either in terms of its wavelength (A), the
distance between successive maxima or
minima of a wave (nm), or in terms of the

frequency (v), the number of oscillation of the
field per second (fig. 3).

The velocity of light, c, is given by the

. v _1

equation: c=vA ,v=—=—.

c A

el avelangth

Nm%litudn&/‘\

VARVARY

LY
o

Fig. 3. Light wave physical parameters

TYPES OF ELECTRON ORBITALS:
BONDING, NONBONDING,
ANTIBONDING AND CORRESPONDING
ELECTRON TRANSITIONS

In the ultraviolet range the highest energy
transitions occur at generating spectral
electronic bands: c—c* and m—>n* types.
Excited (short life time) orbitals are denoted
with “*”. In the visible range some lower
energy transitions of t—=n* type could be also

found; nonbonding electronic states can be
found only in some molecular structures so that
n—n* transitions are rather rare (as well as
n—c* type); they can be recorded in the
visible range of electromagnetic spectrum.
Electronic transitions in the UV-Vis spectral
range are given by an electron excitation from
a valence bonding molecular orbital (MO) of
or 7 type, to a non-bonding orbital of type n or
to an antibonding molecular orbital (MO) of c*
or * type (fig. 4).

N Antibonding
(o)
* Antibonding
> -kb .kl;’ -kb -kl:
3 S
Sl on © c = Nonbonding
Bonding
T
Bonding
(e}

Fig. 4. Usual notations for the molecular orbitals

In the case of UV-Vis spectra of organic
compounds with complex structure, the most
probable is the m—n* transition which
determines the promotion of an electron from
Highest Occupied Molecular Orbital (HOMO)
to the vacant Lowest Unoccupied Molecular
Orbital (LUMO).

However other transitions can be also
observed from other occupied MO to some
unoccupied MO if the selection criteria for
electronic transitions are fulfilled. Most general
classification of electronic transitions allowed

40

between organic compounds MOs is given
bellow [4]:

— o6—¢* transitions for electron promotion
from a o type bonding MO to antibonding c*
MO. Since there are relatively high energy
difference  between o and o* MO
(=185kcal/mol) the occurence of such bands
involves UV radiations with short wavelengths
(A=150 nm), being situated outside of spectral
recording domain. They are characteristic to
alkan molecules that, due to this fact, can be
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used as “transparent” solvents to record UV-
Vis specta of absorbing compounds.

— n—oc™* transitions of an n type electron
from an electron pair non-participant to
heteroatom system bonds that can be promoted
from an atomic orbital to an antibonding MO
type o*. Selection rules allow such molecular
transitions so that corresponding intense bands
appear in the UV spectrum at short wavelenght

(A=150-250 nm). Molecular  substances
characterized by n—o*spectral bands are
saturated organic compounds containing

functional groups formed by atoms having
electrons not involved in molecular bonds
(halogen derivatives like ethers, alcohols,
amines and thiols). These compounds are often
used as solvents to record spectral bands in UV
range for other molecules with intense
absorption at longer wavelengths.

M sitiaE

00 -

ooe— T
. —
ot o

SR H ¢

L4 lI!
Fig. 5. Formation of molecular orbitals from atomic
orbitals (according to [5])

Mkl aitigt

o an

E 2o

— m—m* transitions with promotion of
bonding = MO to an non-bonding n* MO.
These transitions occure at wavelengths
situated at usual measure domain (near UV and
visible); they are the most studied from
experimental view point. The n=—=x* bands are
the most intense from UV  domian,

characterizing organic compounds containing
nonsaturated groups like alkines, alkenes
aldehydes, cetones etc).

— n—a* transitions involving an n electron
from non-participating electrons to molecular
bands that can be promoted from atomic orbital
to antibonding ©* type MO. These transitions
are forbiden by selection rules based on
symmetry properties, so that the probability of
their occurence is rather small (low), while the
intensity of corresponding bands from UV-Vis
spectra is also rather small (law). The main
categories of electron orbitals are presented in

(fig. 5).

QUANTITATIVE ASPECTS IN
MOLECULAR ELECTRONIC
SPECTROSCOPY

The nature of molecular electronic
transitions related to the main types of
energetic  states provides the general,
qualitative features of molecule electronic
spectra (absorption and emission ones, fig. 6).
Absorption (a) represents a transition from a
lower level to a higher level with transfer of
energy from the radiation field to an absorber
molecule; and emission (b); it is a transition
from a higher level to a lower level with
transfer of energy from the emitter to the
radiation field. If no radiation is emitted, the
transition from higher to lower energy levels is
called non radiative decay.

(a) (®)

i
o5

Fig. 6. Absorption (a) and emission (b) diagrams

The qualitative description of molecular
spectra contains the positions (in the frequency
scale) of the recorded spectral bands with no
precise values of band intensity.

When band intensity is measured then we have
to do with quantitative approach based on some
parameter definitions.

41



FIZICA SI TEHNICA: Procese, modele, experimente, nr. 2, 2015

BEER-LAMBERT LAW

Radiation parameters (fig. 7):
« Light transmittance: T = 11/lo;
* Iy —and I - light intensity at the issue from
the absorbent sample and respectively at the
entrance in the molecular sample;
» Absorbance: A =-logig T = logig lo/l1.

Fig. 7. lllustration of Beer-Lambert spectral law [5]

Molecular sample parameters:

—  The sample layer width (transverse to the
radiation light beam direction) —d;

— Sample concentration — the concentration
of absorbing chemical species in the diluting
non-absorbent solvent — ¢ (expressed in mol L™
(or M, molarity).

The spectral extinction coefficient (or
molar absorptivity with units of L mol™ cm™),
that characterizes the absorbent molecule
capacity of absorb differently light radiations
with different wavelengths -g;.

Beer-Lambert Law can be given
through the mathematical relations:
l1=lpexp(-g,dc)

A= 8de
where the absorbance A has no units, since
A= IoglO lo /|1
Linear absorbance dependence on

concentration - directly proportionality -makes
UV spectroscopy useful for quantitative
analysis and in HPLC detectors.
NOTE: Above a certain concentration the
linearity curves is no more observed, because
of molecular associations of dissolved
molecular substance at higher concentrations. It
must be demonstrated the linearity in validating
response in an analytical procedure.
Interactions solute-solvent. The main
types of interactions that may occur between
solute and solvent molecules are:
- electrical interaction between permanent
dipoles (if both species are characterised by
nenule molecular dipole moments) which are
named the orientation interactions;
- interactions between permanent dipole
moments of solvent molecules and the dipole
moments induced by them in solute molecules:
the polarization - induction interactions;
- interactions that may occur even when both
molecular species brought into contact are non-
polar but because of Brownian motion,
temporary deformation of electronic molecular
clouds are induced in form of small electric
dipolare moments-the dispersion interactions;

\

—

/

V12
El’
El

V12

E1”

Fig. 7. Electronic transition frequency shift toward lower values

- when the molecular structures allowed,
interactions of the hydrogen bond type may
appear, but no longer have universal character;
- since do not involve all molecules in a
considered volume - but are so-called specific
or local interactions. The main effect of
dispersion environment consists in shifing of
electronic bands in the electronic spectrum of
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solute molecule, so moving energy levels
between which are placed these transitions.If
the level of the original absorption transition is
even the fundamental/ground level then it can
only be moved toward lower energy values
while final level can be moved in both
directions.
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PROPOSED QUANTITATIVE
RELATIONSHIPS
In the case of dispersive interactions, theory
shows that the wavenumbers vys,in  the

maximum of electronic absorption band of

hCAVdiSp. = hc(vdisp — 170)2 (a

where wavenumber of isolated molecule is vy,
molecule volume is a® and molecule
polarizability in ground and excited states is
og and ok .

This proposed relationship is based on

hCAVpOL = hC( ‘7p0|. - l70 ) =-—

where m is the molecule solute mass and f is
the strength of the oscillator associated to the
studied absorption transition - linked to the full

_2n2+1

(ﬂg -

molecule disolved in - a non-polar solvent
characterized by the refractive index n and the
ionizing potential | - in comparison with the
same molecule in isolated state can be written
as a function of the refractive index:

Y3 I n?-1
Xe ) 3 )
2a° 1 +1"'n“+2

g

some simplifying hypotheses or some
approximations: both molecules are non-polar
while solute is a polar molecule.

In the case of polarization interactions
the next relationship has been deduced:

hc?f n?-1
8zmvga® n? +2

3

surface of the absorption band in spectral
recording.
Interactions of orientation-induction type

hcAVoring. =hc(Vorind, = Vo ) = >
n°+2

where ¢ is solvent electric permittivity and g
and p. are electric dipolar moments in ground
state (before absorption) and excited (after
absorption) of the solute molecule.

31 helf

hcdv = (ag —ae)

a3

lead to the relationship:
R
£+2 n?+2 a

uecosco) e-1 n?-1
- T3 7
n®+2

In more general case when all of these
types of interactions coexist one could write
simply:

hca = helATgisp, + AV pot. + AVorind.)

that is:

. M +1 Z,Ug (ﬂg ~He COS(P)_ (,Ug ‘ﬂe)z n?-1 ~

223 1+1' gmipa® n?+2 a’ a® n%+2
_2n2+12ﬂg(ﬂg‘ﬂe003(/’)8—1
n%+2 a’ £+2
It can be written also:
2
_ n“-1 -1
heAv = A= +B(n)<
n°+2 £+2
where:
Vs nt an?a| (- i)
A=lag —ap) g —— - 37 2 3|
2a° I +1'" 8mmipma® n°+2 a

B(n)=

B 2n% +1 2,Ug (,ug — He COS(D)

nZ 42

a3
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Practically the researcher should proceed
to the recording of electronic absorption of the
solute substance in different solvents and verify
dependencies which exist between wavelengths
numbers and functions of nor ¢ - or of nand ¢
- referred to the solvatochromic theory.
Interpretation of these dependences makes it
possible to assess major types of interactions
that exist between solute and solvent.

EXPERIMENTAL PART

Rifampicin is is a semi-synthetic
compound derived from the rifamycin B
family, produced by strains of Nocardia
(Streptomyces) mediterranei which focused not
only the microbiologist attention, but also the
interest of several multidisciplinary research

groups (fig. 8).

Fig. 8. Rifampicin chemical structure

The main purpose of this study was the
application of spectral method for revealing the
rifampicin interaction ability with various
organic solvents. Pure crystalline powders of
rifampicin (from SIGMA) was solved in an
array of non-polar solvents (Table 1) resulting
in highly diluted (about 10° M) solutions.

Table 1. Solvent macroscopic parameters

No. Solvent n €
1 n-Hexane 1.3749 1.89
2 Petroleum ether 1.3650 2.20
3 Carbon tetrachloride 1.4602 2.24
4 Toluene 1.4969 2.38
5 Diethyl ether 1.3524 4.33
6 Chloroform 1.4459 4.81
The electronic absorption spectra (EAS)
of the rifampicin diluted solutions were

recorded by a Shimadzu UV-1700 double beam
UV/Visible spectrophotometer (quartz cells of
1 cm width versus the reference corresponding
solvent) with data acquisition software.
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Ultraviolet EAB
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Fig. 9. The rifampicin ultraviolet EAB recorded in

various solvents emphasizing the solvatochromic shift

THE RESULTS

In order to evidence the solute
interactions with nonpolar solvents based on
the theory of solvent influence on the
electronic transitions energy two bands of
rifampicin  EAS, from ultraviolet and
respectively visible domains, were analyzed.
The nature of the studied electronic transitions
was discussed according to the literature data
[7-8], so that the band at about 340 nm was
assigned to the m-m* transition of the
naphthohydroquinone chromophore, while the
band at about 474 nm was assigned to a n-r*
transition.

In the next figures (Fig. 9), the EAB
taken into the study is presented, aiming to
evidence the solvatochromic shift of the
spectral maxima in some non-polar solvents.

We can assume that the coefficient
corresponding to the theoretical term that
depends on the solvent dielectric constant
becomes non-significant (as in the case on non-
polar solvents, fig. 10 a-b), where linear
regression line was fitting the dependence of
experimental wavenumbers on the function
f(n). The statistical significance of the
correlation coefficient was found to be
p < 0.0005 [9].

This red shift is in concordance with
aromatic chromophores behavior due to the
dispersive solute-(nonpolar) solvent
interactions, the shift being usually larger, for
larger refractive index of the solvent. The
interpretation of the bathochromic shift may be
understood based on the stabilization of the
excited state more than that of the ground state.
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Fig. 10. The linear dependence on the function f(n) of the wavenumbers from a) UV and b) VIS range, in the case of
non-polar solvents

CONCLUSIONS

Linear dependences between the
frequencies in the absorption band maxima and
distinct functions on the solvent macroscopic
parameters (n - the refractive index of non-
polar solvents, and both n and ¢ - the dielectric
constant - in the case of polar solvents) were
studied.

From the accomplished study it was
found that to the increase of the solvent
refractive index the red shift also increased, as
proof of the dominancy of dispersive
interactions in the rifampicin diluted solutions.

One may conclude that the dispersive
interaction dominancy in nonpolar solvents
stabilized the excited state electronic level
relatively to the ground state one for both
analyzed bands, while the role of orientation-
induction interactions is lower as well as that of
possible specific interactions.
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IJIEKTPUYECKASA HECTABUJIBHOCTD B HAHO-CJIOUCTBIX CTPYKTYPAX GaSe,
HNHTEPKAJIMPOBAHHBIX U3 PACTBOPA CdCl;
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In lucrarea de fata sunt prezentate rezultatele cercetdrilor a proprietatilor electrice ale monocristalelor laminare
GaSe intercalate din solutia CdCl,. In procesul de intercalare au fost observate schimbari radicale ale rezistivitatii
electrice si a caracteristicilor curent-tensiune. In primul rdnd remarcam faptul aparitiei in dependentile curent-tensiune a
domeniilor cu conductibilitate diferentiald negativa de tip N si S, care se manifestd la ambele polaritati ale tensiunii
aplicate. In al doilea rand, se evidentiaza o histereza larga a curentului in prosesul de ridicare si micsorare a tensiunii
externe. Tn al treilea rand, la toate caracteristicile curent-tensiune ridicate se observa instabilitati ale curentului electric,
care se manifesta printr-o schimbare brusci si haotica a curentului odati cu schimbari neesentiale a tensiunii aplicate. n
sféarsit, au fost detectate caracteristicile curent-tensiune cu efect de memristor. Dispozitivele Tn baza memristorului sunt
componente de perspectivd cu aplicatii in nanoelectronica, pentru crearea memoriei si circuitelor logice nevolatile
superdense, inclusiv pentru computerele neuromorphice.
Cuvinte-cheie: monocristale laminare GaSe, intercalare, caracteristica curent-tensiune, conductibilitate
diferentiald negativa, instabilitati ale curentului, histereza, memristor.

In this work, we report the results of our researches concerning the electrical properties of GaSe single crystals
intercalated from CdCl, solution. In the process of intercalation a radical change of the resistance and I-U
characteristics were observed. First, we note the appearance of regions with N- and S-types negative differential
conductivity which was manifested at both polarities of the external bias voltage. Secondly, attention is drawn to
existence on I-U curves of the broad current hysteresis at increasing and decreasing of applied voltage. Thirdly, on all I-
U curves were observed current instabilities, which appear as sharp chaotic current changes at a slight change of applied
voltage. And finally, the memristor effect in this study was detected. Memristive devices are promising components for
nanoelectronics with applications in nonvolatile memory and storage, defect-tolerant circuitry, and neuromorphic
computing.

Keywords: GaSe single crystals, intercalation, 1-U characteristics, negative differential conductivity, current
instabilities, hysteresis, memristor.

BBEJEHUNE noJynpoBogHukoB kak Si, GaAs, CdTe,

MPaKTUYECKH HEBO3MOXHBIM [3]. OmHuM u3

Monocenenun rammms GaSe, sBIseTCS 3¢ (HeKTUBHBIX METOJIOB U3MCHEHUS
MPEICTaBUTENIEM IIUPOKOTO KJIACCa CIIOMCTHIX ANEKTPUIECKUX CBOWCTB CJIOMICTBIX

MoTyIpoBoAHKKOBEIX coemuuernii A''BY' u
UCTIONB3yeTCsT B KadecTBe  0a30BOTO
MaTepuana i CO3JaHUs Ha €ro OCHOBE
pasnTu4HOTO  THMA  (POTOYYBCTBHTEIHHBIX
cTtpyktyp. Ha ocnoBe GaSe coznansl
COJIHEYHBIE 3JIEMEHTHI, BHICOKO3(DPEKTUBHBIE
doTtoanoapl, JATYUKH  TOJSPU3OBAHHOTO
manyaennss u T.4. [l]. U3BectHo, dTO
JIETHPOBAHKE CIOMCTBIX coemuuermii A''BY'
npumecsmu AU, Ag, Cu, Zn, Fe u np.
OPUBOIUT  JUIIb K  HE3HAYUTEIHHBIM
U3MEHEHUSIM WX DJIEKTPOMPOBOIHOCTH [2].
OT0  OOCTOATENBCTBO  JI€JaeT  IMPOLECC
yIIpaBJICHUS MEKTPOPUINICCKUMHU
napaMeTpamMH CIOHUCTHIX MOJYIPOBOJIHUKOB
JIOCTaTOYHO MPOOJIEMATHIHBIM, & IMOTYICHHE

IMOAJIOXKEK, YACIBHOC COIIPOTUBJICHHUC
KOTOPBIX COITIOCTaBUMO (¢ YACIbHBIM
COIIPOTUBJICHUEM TaKuX KIIaCCHUYCCKHX
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MaTepuajoB SBISETCS WX HAHOCTPYKTypHas
Mou(HUKAIUS — WHTEPKAISIIIHS, B TPOIECCe
KOTOpPO MEXKCI0eBOe MPOCTPAHCTBO (BaH-
JIep-BaajJbCOBBl IEIH) MOXHO 3arlOJHHUTH
WHOPOIHBIMH aToMaMH, NOHAMHU u
Mosiekynamu [3]. OmHaKo, UHTEPKASAIUS HE
BCEr/ia MPUBOJIUT K YMEHBIICHUIO YAETHHOTO
conpotubnenus. Hampumep, B [4] mokazaHo,
yto BHeApeHue B INSe u GaSe nonos Na*, K*,
Ca** u Ba MPUBOUT K YMEHBIICHHUIO
ANEKTPOMPOBOIHOCTH G (MEPIEHIUKYISIPHO
CIIOSIM), 3a CUET YMEHBIICHUS TEePEKPBITHS
BOJIHOBBIX (pyHKUIMH HOcHTenell  3apsaa
pasHbIX  CcJoeB. Bmomb  cloeB  Takke
HaO0II0/1a710Ch HE3HAUYUTEIHHOE YMEHBIIICHHE
o (mapanienbHo CJIOSIM), KOTOpOE
MPUITHCAHO  YBEIUYCHUIO JIOJIM  WOHHBIX
CBs3eil B ciosx. B wurore, B pe3ynbTare
WHTEPKAJIMPOBAHUS, CTEIICHb aHU3O0TPOIHH
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3IEKTPOIPOBOAHOCTH G (/G| YBEINYUBACTCSL.
[Ipu wHTEepKaNsAMKM MOHOKpHcTauioB GaSe
U3 mapora3oBoi ¢a3pl MOJEKyJamMHu OeH30Ja
u HadrammHa HAOMIOAACTCS  YBEIIMYEHUE
yAeNIbHOU 3nekTporpoBoaHoctu G, [3]. [pu
nazepHod  uHTepkamsmuu  GaSe  menpro
HaAOJI0/IaeTCsl 3HAYUTENIbHOE YBEIUYEHHUE G
(10 2-10* pa3), a npu MHTEpKANALMN TAILTHEM
ymenblieHue 6 (~ B 145 pas) [5].

Eciu crnoco® BHeapeHUs WHOPOAHOTO
BemecTBa (M3 mapoBoil (hasbl, AIEKTPOIIUTA,
KUAKOCTH WM M3 pacijiaBa) B 00JacTb
KpUCTaia, TAe JACHCTBYIOT MOJICKYJISPHbIC
CHUJIBI MTO3BOJISIET OCYLIECTBUTH ATOT MPOIIECC
0e3 MpPOTEKaHUs XUMHUYECKOTO u
neOpMaIMOHHOTO B3aHUMOJCHCTBUS MEXIY
BBOJMMBIM BEIIECTBOM W MaTpPUIEH, TO
TaKUM CIOCOOOM (MHTEPKAIALMEH) MOXHO
chopmMupoBaTh MHOTOCJIOMHYIO
HAHOCTPYKTYpy. B aT0olf  cTpykType
JIBYMEPHBIC  CIIOM  MAaTPHIBI  CIOUCTOTO
KpucTaia OyAyT pacloiOXKeHbl MEeXAY
CI0SIMHU HaHOMETPOBOU TOJIIUHBL
UHTEPKANIIHTA.  DJEKTPOHHBIE  CBOICTBA
TaKMX  HWHTEPKATMPOBAHHBIX  KPUCTALIOB
XOpOILIO OMUCHIBAIOTCS MOJENBI0, B pPaMKax
KOTOpPOH OHM paccMaTpUBAIOTCS Kak Habop
He3aBUCUMBIX 2D 00BEKTOB, pacioioKEeHHbIX
BJIOJTb KpUCTAIUIOTpahUIECKOM ocH
cummetpun C kpuctamna. [Ipu xumudeckom
U 1edOpMAllMOHHOM  B3aWMOJICHCTBHH,
KOTOPOE€ MOXET HMMETh MECTO MEeXAY
BBOJAMMBIM B MaTepuaj BEIISCTBOM H
matpuneii CK, Ha BaH-Iep-BaajlbCOBBIX
(BnB) nosepxHOCcTSIX cioeB (QOPMHUPYIOTCS
3aMOJHEHHBIE WHOPOJHBIM MaTepuaioM H
pa3zeneHHple MeXIy co00il HaHOpa3MepHBIE
nonoctd. OHU OXBATHIBAIOT HECKOJIBKO CIIOEB
CK wu pacnpocTpaHsitorcs B TIyOUHY
KpHUCTaJIJIa HA PACCTOSTHUE OKOJIO HECKOIBKUX
HaHoMeTpoB oT BaB mosepxHoctu. Takyro
KOMIIO3UTHYIO  HAHOCTPYKTYPY  MOXKHO
paccmaTpuBaTh KakK 00bEeMHBIN CK
(ecCTeCTBEHHYIO CBEPXPEIIETKY), B KOTOPOH
BCTPOCHBI TPEXMEpPHBIE HAHOOOPAa30BAHUS
(cM. [6] 1 mpuBeICHHBIE TaM CCBHLIKH).

B nannHoif paboTe mpeacTaBiICHHBI
HEKOTOpBIC TMpeABapUTENbHBIE PE3YIbTAThI

UCIICZIOBAaHUA  DIIEKTPUYECKHX  CBOWCTB
CIIOMCTBIX MOJIyTIPOBOJHUKOB GaSe
AIIEKTPOXUMHUIECKU MHTEPKATHPOBAHHBIX

kagmueM u3 pacteopa CdCl,.

METOIHUKA S9KCIIEPUMEHTA

MOHOKpHUCTAIITBI &GaSe
BBIPAIIMBAINCE METOAOM bpukMeHa w
UMEIH  SIPKO  BBIPAKEHHYIO  CIOHCTYIO
cTpyktypy. Hms  wuccnemoBanuit  ObuH
UCIIOJIb30BaHbl ~ MOHOKpucTamiel  &-GaSe
tommuHoi  0~0,054 cM w®m  pasmepamu
0,84x0,35 cM® KOTOpbIC CKAIBIBAINCH BIOJb
mwiockocty  cautka  (0001).  Metonom
BaKyyMHOI'O TEPMHUYECKOTO HAambUICHHUS Ha
IIPOTHBOIOJIOXKHBIC TMOBEPXHOCTH TUIACTHHKH
GaSe nanbusM 1IeHKHA 1N B opMe AMCKOB
mromasio 1,77-102 cm?, KoTopbIe Iy KHn
KOHTaKTaMu npu INEKTPUUYECKUX
U3MepeHusX. PacTossHHe MEXIy KOHTaKTaMu
2-3 1~0,3 cm. CxemaTuueckoe M300paskeHHE
UCCIJIEIOBAaHHBIX 00pAa3I0B MPE/CTaBICHO Ha
puc. 1.

3

Ag paste In layers

/

1
0
Puc. 1. CxemaTnueckoe npeacTaBieHUe
HCCJIICAJOBAaHHBIX 06pa3u03

OO6b14HO, npoiiecc
AIEKTPOXUMHUUECKOTO WHTEPKAJTUPOBAHUS
OCYLIECTBIISIETCS ~ METOJIOM  “TAHYHIETro”
AIEKTPUIECKOTO TIOJIst B
raJlbBaHOCTAaTHYECKOM pexume c
MPUMEHEHUEM TPEXINEKTPOTHON
AIEKTPOXUMHUUECKON STYEUKH 4],
CXEMaTHYECKOE  HM300pakeHHe  KOTOPOW

IIPEJICTAaBICHHO Ha puUC. 2.

B kauectBe pabouero snextpoja I
IIPUMEHSIETCA CaM CIIOMCTBIH MOHOKPHUCTAILI,
a POJIb BCIIOMOTAaTENIbHOIO 3JIEKTPOAA UTPAET
IIJIaTUHOBAs IIpoBoJIoKa II.

B kauectBe anektpoma cpaBHeHus Il
oobryno mpumeHsitor AQ/AQCI anexrpox I

(puc. 2).
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Ag/AgCl-,
electrode

Puc. 2. CxemaTuieckoe U300pakeHne
TPEXINEKTPOAHOM 3JIEKTPOXUMHUUECKOHN STUEUKHU

[Ipouiecc MHTEpKAIMPOBAHUS MPOBOJST
IpU OINpEAEICHHOW NoJaspu3auu padbodero
3JIEKTpO/a, noaoupas OTHUMAaJIbHbIE
BEJIMYMHbl  KOHLIEHTpPAllMM  BJIEKTPOJIMTA,
IUVIOTHOCTH TOKA M MPOJOJHKUTEIIBHOCTh
VHTEPKaIuPOBAHUS. [Ipn 3TOM
3JIEKTPUYECKOE TI0JIE IPHIOKEHO BJIOJIb
ciioeB MoHokpucrauia GaSe (E1LCe)

B npexacraBnenHoii paboTe mpuUMeHsIICS
HECKOJIBKO HHOH, YeM OINHCAHHBLINA BBIIIC
croco6 umHTepkansauu. OOpasen morpyxancs
B QJICKTPOJUT MPUOIU3UTENTHHO HA 1 MM, a
JJNEKTPUYECKOE  TOJI€  TNPU  U3MEPEHHH
compotuBiieHuss R ©  BOIbT-aMIEpHBIX
xapaktepuctuk  (BAX) mpuxiagsiBanoch
NEPIEeHIUKYIIPHO CJIOSM  MOHOKpHCTAaJUIa
GaSe  (E||Cs). Kunetnka  W3MEHCHUs
COIIPOTHBIIEHUS B JAaHHOW TeOMEeTpUH (CM.
puc. 1, 2) wu3Mepsulacb €  MOMEHTa
CONIPUKOCHOBEHUs ~ IpaHM  obpasuma C
anektponutoM. [lepuoanuecku usmepenus: R
npepbiBaIuch U u3Mepsauch BAX kak B
nanHou reometpun, Tak u Tpu  EL1Cs
(xoHTakThl 2 U 3 Ha puc. 1, 2). O6ee Bpems
BBIJICPKKHM ~ o0Opa3ma B 3JIEKTPOJUTE
cocrauio 1300 wyacoB. B  kauectBe
JJEKTPOJINTA TPUMEHSUICS PacTBOpP  COJIH
CdCl, B muctunupoBantoii Boje (40 r/100 mur
H.0).

N3mepenune 3JIEKTPUIECKOTO
COINPOTHBIIEHUSI NPOBOJWIOCH MPH NOMOUIM
myinbTuMeTpa UT-70C NOAKIIFOYEHHOTO K
KOMIIBIOTEPY U MO3BOJISIOLIEMY IPOU3BOAUTD
OIHO  u3MepeHume B  ceKyHay. BAX
U3MEPSUINCh  C  HCIIOJIB30BAHMEM  JIBYX
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mynbTuMeTpoB UT-70C u Onoka muTaHwus,
MO3BOJISIIOIIETO  TMOBBIIIATH M TOHUXKATh
HANpsDKEHUE C PErylIupyeMol CKOPOCTHIO
(10,45 mV/s) B untepsaie -8,0+-8,0 V.

PE3YJbTATBI UCCJEJOBAHUNI

Ha puc. 3 npexacraBiena 3aBUCUMOCTD
COIIPOTHBJICHUSI R OT BpeMeHW, MOJydeHHast
Ha TIEPBOM OJTame BBIICPKKA oOpas3na B
anektponure. [IpeacraBieHny0 3aBUCUMOCTb
MOXXHO pa3/ieJIuTh Ha YEThIPE Y4YacTKa,
OTMCYCHHBIC Ha pHC. 3 BCPTUKAJIbHBIMU
CTpEJIKaMHU.

1.80x10° ‘
N GaSe in CdCly solution
1.60x10° Measurement Nr.1
o—e—o "-"cont0-"+" cont.3
1.40x10° !
1.20x10°
1"
C 1.00x10°
&
&
@ 8.00x10*
6.00x10°
4.00x10" l
2.00x10°* l il v
0.00x10°

0 2000 4000 6000 8000 10000
t, sec

Puc. 3. MI3MeHeHue CONPOTHBIICHHUS B HAYaIIbHbIH
MEPHOJ BBIICPIKKU 00paslia B JJIEKTPOIHUTE

1x10°

1x10°

1x10*

Rgs Q

1x10°

1x10°
GaSe in CdCl2 solution

"~ cont.0 - ""+"* cont.3
ElICe

L

1x10*

1x10* 1x10° 1x107 1x10" 1x10° 1x10' 1x10® 1x10° 1x10*
t, hours

Puc. 4. KuHetnka u3MeHEHUs CONPOTHUBIICHUS 00pa3ua
B TEUEHHE BCEr0 BpPEMEHM €ro BbIICPKKH B
IIEKTPOIIUTE
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VYyactox | (puc. 3) xapakrepusyercs
HEKOTOPBIM pocTom Ha4YaJbHOIO
cornpoTuBiieHus: oopasna ot Rp=156,1 kQ 1o
R1=164,7 kQ 3a 310 cekyna. 3areM ciexyer
pe3KOe  YMEHBIICHHE COINPOTUBICHUS [0
R,=13,67 kQ (ywgacroxk Il), koropoe
CMEHSIETCS TUIABHBIM POCTOM COIPOTHBIICHHS
no Ry=21,54 kQ (t=8575 s). Ha yuactke IV
TaKXKe Ha0I0MaeTCs CTYyINEHBYATOE
MOHMKEHHE R, cMeHsromeecss IUIaBHBIM
YMEHBIIIEHUEM COMPOTUBIICHUS CO BPEMECHEM.

6800 -

Measurement Nr.5
after 67 h. 40 min.
+—e— "-"cont.0-"+" cont.3

8
6600 i
6500

6400

GaSe in CdCla solution \»

R, Q

6300 V- -

¢ o I\
o« 1500

6200

0 1000 2000 3000 4000 5000 6000 7000 8000 9000

t, sec
(@)

2600
T

2400

2200

2000

1800 - hl

1600 l Iy Ja

R, Q

1400

GasSe in CdCl, solution

Measurement Nr.19, a
after 286.25 hours

1200
H

*
2. 3000 4 \

=—=—& "-"cont.0-"+" cont.3
T

1000 T T T T

0 1000 2000 3000 4000 5000 6000 7000 8000 9000

t, sec

(©)

Pe3kune  cryneHyaTble = M3MEHEHUS
COMPOTHUBIICHUSI BCTPEUAIOTCSA B TEYEHHUH
BCEr0 BPEMEHHU 3KCIIOHMPOBAaHUS 00pasla B
anektponute. [Ipu 3ToM, Kak BUAHO U3 puc.4
MPOSIBJISIIOTCS KaK CTYNEHBKH POCTa, TaK W
CTYIEHbKH MOHUXEHUS COTPOTUBIICHUS.

MunumMansHoe 3HaueHue Rpmin=36,0 Q
Ob10  ormeueHo  yepe3 1060  yacom
HAOJIOJIEHUsl, IpU  3TOM  HadaJbHOE
COINPOTHUBIICHHE YMEHBIIUIIOCH B 4336 pasa.

3000

2500 i 1

2000

GaSe in CdCl, solution
Measurement Nr.9, 9,a

1000 \wu
500
after 143 hours
eo—e—e "-"cont.0-"+" cont.3

0 T T T
0 1000 2000 3000 4000 5000 6000 7000
t, sec

(b)

5000

4500
4000 ] —

3500

2500

2000

*

Gase in CdCl, solution
Measurement Nr.47, 48
after 718 hours
+—— "-"cont.0 - "+"cont. "3"
1000 ; : .
0 2000 4000 6000 8000 10000 12000

t, sec

(d)

1500 |

Puc. 5. Kunetnka n3MeHeHHs CONPOTUBIICHHUA 00pa3lia B pa3IHYHbIE MOMEHTHI €r0 BBIACPKKH B
DIIEKTpONHTE: & — 68 yacos, b — 143 yaca, ¢ — 286 yacos, d — 718 yacos.

Ha puc.5 npeacraBiieHbl 3aBUCUMOCTH
COMPOTHUBIIEHUSI R OT BpeMeHH B pa3iHuHbIC
MOMEHTBIl ~ OKCIIOHHpPOBaHUS  oOpaslia B
anektponute. OOparnaer Ha ceOs BHUMaHHE
OCHWJLTUpYIOIIee MmoBeneHue R, mMeromee Ha
OTJICTbHBIX y4acTKaX KPUBOW PETYISAPHBIN, a
Ha IPYrHX XaoTHYECKUW Xapaktep (puc. 5, a-

c). Ocuummupyroriee MTOBE/ICHHE
COIIPOTHUBJICHUS] TIPOSIBIIIETCS HAa OTICIBHBIX
y4JacTKax Kak BO3pacTalmnied, Tak H
cnanaronie 3aBucumoctu R=f(t). AMmnryna
ocHWUISIIUK R siBisieTcs clioXHON (yHKIHeH
BPEMEHU BBIJICPKKH 00pasiia B AJICKTPOJIHTE.
Haubonee perynsipHpie  OCHWUISIIMKA  C
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HauOoJIbIICH  aMIUTUTYIOH  HAOIOAAr0TCS
yepe3 143 yaca naOmromenuit (puc. 5, b) a
yepe3 700 yacoB HaOIIOJIEHUS OHU BOOOIIE
OpOMaga0T, CMEHSSCh  UYePEIyOIIMMHUCS
CTYNEHbKAMH C PEITAKCUPYIOITIM XapaKTepOM
noseneHus R (puc. 5, d).

BAX mnony4deHHble 711 HMCXOJHOTO
oOpaslla ¥ B pa3IMYHbIE MOMEHTBHI €ro
BBIZICP)KKH B 3JIEKTPOJIMTE TPEICTABIICHHBI Ha
puc. 6. TemunoBsie BAX ucxomnoro obpasua
MOTYT OBITh ONHUCAaHbI 3aBUCHMOCTSIMU BHUJA
I~U", roe n=1, 1<n<2 u n>2 mus Pa3JIMYHBIX
BEJIMYMH TPWIOKCHHOTO HaMpsDKeHUs (puc.
6, a), 9TO SABIAETCS XapaKTEPHBIM ISl TOKOB
OTPAHWYEHHBIX TPOCTPAHCTBEHHBIM 3aPSIOM.
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BAX ABJISIFOTCS MPAaKTUYECKHU
CUMMETPUYHBIMA  OTHOCHTEIBHO  CMEHBI
MOJIIPHOCTHU MPUIIOKEHHOTO HANPSKEHUS.
PamukannHele n3MeHenus Buga BAX
HAOMOAl0TCd B Pa3lIMYHbIE  MOMEHTHI
nporecca uHTepKansiuu (puc. 6, b-d). B
NEepByl0 odYepelab HEOOXOOUMO OTMETHTH
MOSIBJICHUE YYacTKOB C  OTpHIIATENIbHOU
nuddepennuanbaol nmpoBoauMmoctbio (OJIIT)
N- u S-TWUIOB, KOTOpBIC MPOSBISIOTCS IMPHU
00erx MOJIAPHOCTAX BHEIIHETrO HaIpPSHKCHUS
cMmelieHusd. Bo-BTopbsix, oOpamiaer Ha ceds
BHUMaHue Haianune Ha BAX 1moctatoyHo
IUPOKOTO rucrepesuca TOKa npu
MOBBILICHUH U MTOHMKEHUU HANPSIKEHUS.

0.02000

GaSe in CdCly solution

Measurement Nr.23
0.015 1 after 312.5 hours r
v=10.45 mVi/sec T l
cont.0 - cont.3
0.01000 4™ ™™  Ejcs

0.005 5

0.00000 2

-0.005 ﬂi s t

-0.015
L

(b)

(d)

Puc. 6. BAX nony4eHHble 1711 ICXOJHOTO 00pasiia (&) ¥ B pa3IMuHbIle MOMEHTBI €T0 BBIIEPIKKH B
anekrponute: b —312.5 gacos, ¢ — 456.5 yacos, d — 480 yacoB. CTpesKaMy OTMEYEHO HANPABICHUE
pa3BepTKH HAINPSHKEHUsI CMELIeHus 1o cxeMe 0—>O0TpHIlaTeNIbHbIe 3HAYSHUSI—>TI0JI0KUTEIbHbIC 3HaYeHUSI—>0.
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[Ipu nocratouHo OOJIBIIOM BpEeMEHHU
BBIZICP)KKM oOpasma B ajekTposute Ha BAX
YETKO MPOSBISIETCS] BTOPOM MakcuMyM (puc. 6,
€), KOTOpBIi C YBEIMYCHHEM BPEMEHHU
IKCIIO3UIIMY MPAKTUYECKHU ncuesaeT (puc. 6, d).

Kpome Toro Ha Bcex nmpuBeneHHbIX BAX

OTMCYAKOTCA TOKOBBIC HeyCTOfI‘II/IBOCTPI,
MMPOABJIATOIIUCCS B BUIC PE3KOIo
Xa0THYCCKOI'O HU3MCHCHHUA TOKa npu

HE3HAUUTEJIbHOM H3MEHEHHM IPHJIOKEHHOTO
HaINpsKCHUS. [pu 3TOM TOKOBBIE
HEYCTOMYMBOCTH  YBEJIMYHMBAIOTCA Kak 11O
aMIUTUTY€, TaK M TI0 YacTOTE CIIEJIOBAHHS
BMECTE C YBEJIMYEHHUEM BPEMEHHU HKCIO3MLIUHU,
9TO0 O0COOEHHO 3aMETHO TIpH OOpaTHOM
HaNpsKEHUU CMELICHHUS.

Crnemyer OTMETHTH, YTO, HECMOTpPS Ha
HEKOTOPYIO  OOILIYI0 CXOXeCTb TIpauKOB,
NpeJCTaBACHHBIX Ha puc.6, b-d, cymecTByer
OJIHO cylecTBeHHOe oTinune. Ha puc 6, ¢, d,
npu  00eMX TOJSPHOCTSAX  MPUIIOKEHHOTO
HaNpsDKEHUsT TOK PacTeT JMHEHHO C pOCTOM
HanpsbkeHus. [lpu ompenereHHOM 3HAYEHUH
HaNpsDKEHUs TOK HAYMHAeT pacTH 0oJiee pe3Ko.
[Tocne nocTXeHUs! MAKCHMAaIbHOTO 3HAUCHUS
TOK YMEHBLIAETCS C POCTOM HAIPSKEHUS
(obmacte  OJIC) mepexoass B 00JacTh
HachllleHus uiau  cinaboro  pocra. Ilpu
YMEHBIICHUN HANpsHKEHUsS, TOK YMEHBIIAeTCs
JUHEHHO €  pa3MYHBIMM  HAKJIOHAMHU.
[Tonobnas popma BAX sBnsercs xapakTepHOM
JUIs  TpaHCIIOpTa HoOcuTenedl  3apsga B
MHOTOCJIOMHBIX CTPYKTYypax C KBaHTOBBIMH
SAMSMHU.

Ilepenoc HOcuTEneN 3apsAa MPOUCXOIUT

OCPEJICTBOM ux PE30HAHCHOTO
TYHEJUIMPOBAHUS Yepe3 cucteMy 0apbepoB IpH
y4acTuu OJIHOTO WIH HECKOJIBKUX

PE30HAHCHBIX YPOBHEH B KBAHTOBBIX SIMaXx.
Jannabie 3¢ deKTsl MPUBOIAT K MOSIBICHUIO HA
BAX opnoi#t miam Heckonmpkux ooOmacteit OJ[C
[7].

Ha Puc.6,c HabmromaeTcsi COBEpIIEHHO
HHas KapTHHA. [Tpn YBEIIMYEHUHN
OTPHUIIATEIIHHOTO HAMPSHKEHUS CMEMICHHS POCT
ToKa siBIsieTcst cnabbiM. llepexon k obmactu
oacC MIPOSIBISAETCS pu 00JIBIINX
HANPSDKEHUSX, a B WHTEpPBaJe W3MCHCHHUS
HanpsbkeHus ot -2 V 1o +2 V Tok usmeHsercs
1o JIMHEHHOMY 3akoHny. Jlanee HaOmomaroTCs
nBse yepenyromuecs oomactu OJIC.

[Tpu MTOHKEHU T HaATPSDKEHUS
HaOI01aeTCs TUHEIHAs 3aBUCUMOCTh TOKa, Ha
¢doHE KOTOPOIl TNPOSABISAIOTCS HMHTECHCHBHBIE
TOKOBBIE HEYCTONUHNBOCTH.

[Tono6ubIe uKIMUeckne BAX sBnsitoTcs
XapaKkTepHBbIMU U1l MEMPUCTOPOB. MeMpHCTOp
MPEJCTaBIsIeT COOOW IMACCUBHBIM  DJIEMEHT,
COCTOSTHUE MPOBOJAMMOCTH KOTOPOTO 3aBHCHUT
OT BEJIMYMHBI NPOXOIAIIETO Yepe3 Hero
3apsga. [loka BenmnumHa 3apsiia  ocTaercs
HEM3MEHHOM, MEMPUCTOP BeJeT cedst mog00HO
pe3UCTOpy U JAEMOHCTPUPYET JIMHEWHBIE
BOJIbTAMIIEPHBIE XapaKTEPUCTUKH.

B 3aBHCHUMOCTH oT BEJIMYMHBI
NPOXOAALIET0 3apsiia WM BPEMEHH €ro
MPOXOKICHUSI MEMPHUCTOP MOKET MEePEXOIUTh
U3 COCTOSHHSI C BBICOKOM MPOBOJUMOCTBHIO
(CBII) B cocrosue c¢ Huskoit (CHII) wu
HAaoOOpOT, TO  €CTh  JEMOHCTPUPOBATH
PE3UCTUBHOE NEePEeKIIIOUeHUE. HannHoe
CBOWCTBO HAa3bIBACTCSI MEMPHUCTHBHOCTBHIO U

yKa3blBaeT Ha CIOCOOHOCTH MEMpPHCTOpPA
3allOMHHATH ~ CBOE€  COCTOSHHE  IIOCTIe
OTKIIIOYCHHMS HanpsokeHus [8, 9].
MewmpucTopHbIi ap ekt ObLI
OOHapy)KeH BO MHOTMX Marepuanax o
Pa3IMYHBIX CTPYKTypax Ha WX OCHOBE:

Pt/TiO,/Pt [8, 10, 11], Pt/Si-Ag/Ag/Pt [9],
Al/NIO/ITO [12], Ag/La,05/Pt [13],
Ag/ZnO:Mn/Pt [14], Ag/Ag-Ge-Se/Pt [15] u mp.

Ananms JUTEPATYPHBIX JTAHHBIX
nokaseiBaeT, uro Buag BAX B CBII m CHII
MOJKET UMETh Kak JInHeHHbI# [8, 12], Tak sipko
BBIPQ)KCHHBIH  CBepXJMHEWHbIH [12] nmbo
IKCIOHEHIMAIbHBIN XapakTtep [10].

ITpu »ToMm nepexoxn u3z CBII B CHII (win
HAa00OpPOT) MOXKET MPOUCXOAUTH KaK CTPOTO
BEPTUKAIBbHO [12], Tak m 4epe3 ogHy WM
Heckonbko cryneHed [11]. IIpu atom Ha BAX
MOKHO HaOmo1aTh oAHY Wi Heckoiabko OZIC
[8-15] momoGHBIX OOHApYKEHHBIM B JIAHHOM
paborte (puc.6, c).

BbIBO/IbI

B 3akmrouennn HEOOXOIWMO OTMETHUTH,
YTO MEMPHUCTHBHBIE YCTPONCTBA SIBISIOTCA

NEPCIICKTUBHBIMU KOMIIOHCHTaMU
HAaHOJ3JICKTPOHUKHA JJIs COo3aaHusd
CBCPXILTIOTHBIX OHCProHE3aBUCUMBIX

AJIEMEHTOB MaMSTHU U JIOTUYECKUX ILIeTeil, B TOM
qucie u TUIS HelipoMophUuyecKux
KOMITBIOTEPOB.
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CZU: 621.771.06
BEARING RINGS PROCESSING BY COLD PLASTIC DEFORMATION

Carausu C.*, Pruteanu O., Ciofu C., Nedelcu D.
”Gh. Asachi” Technical University of Iasi, Blvd. Dimitrie Mangeron 67, 700050, Iasi, Romania
*e-mail: ¢_carausu@yahoo.com

Cold plastic deformation is high productivity processing solution of bearing rings. In this paper, experimental
research aimed at establishing the influence of the deformation feed on quality parameters (roughness, out-of-roundness
and circularity deviations of bearing rings raceways). The bearing rings raceways from the current production of SC
Rulmenti SA Barlad have been processed by cold plastic deformation. The paper presents the results of the
aforementioned quality parameters based on the limit values of technological equipment for working parameters
(deformation force 18000 daN, rapid feed 180 mm/min, work feed 30 - 50 mm/min). There are graphs of variation of
roughness, out-of-roundness and circularity deviations for different values of the work feed; then, by mathematical
processing using specific functions (linear, logarithmic, reversed, square, exponential), were established empirical
relationships.

Keywords: cold plastic deformation, feed, roughness, out-of-roundness, circularity deviations

Prelucarea prin deformare plasticd la rece este o solutie de prelucrare a inelelor de rulmenti de inalta
productivitate. In aceasti lucrare, cercetarea experimentald urmireste stabilirea influentei avansului de deformare
asupra unor parametri calitativi ai procesului (rugozitatea, ovalitatea i abaterea de la circularitate a cdilor de rulare a
inelelor de rulmenti). Caile de rulare a inelelor de rulmenti din productia curentd a S.C. Rulmenti Barlad SA au fost
prelucrate prin deformare plastica la rece. Lucrarea prezintd rezultatele obtinute asupra parametrilor calitativi mai sus
mentionati la prelucrarea pe echipamentul tehnologic oentru parametrii de lucru (forta de deformare 18000 daN,
avansul rapid 180 mm/min, avansul de lucru cuprins intre 30-50 mm/min). Sunt prezentate graficele de variatie a
rugozitatii, ovalitatii si abaterii de la circularitate pentru diferite valori ale avansului de lucru. Ulterior, prin prelucrarea
matematica utilizdnd diferite functii specifice (liniara, logaritmica, inversd, patraticd, exponantiald) au fost stabilite
relatiile empirice ale acestor variatii.

Cuvinte-cheie: deformare plastica la rece, avans, rugozitate, ovalitate, abaterea de la circularitate

INTRODUCTION by cold deformation of bearing rings

raceways - CRF 120 OR used for outer rings

Cold plastic deformation has taken a
relatively large expansion at the expense of
mechanical processing by cutting [1]. Among
the main advantages compared to mechanical
processing by cutting we can mention:

- material savings by using almost entirely

the blank material,

- high productivity due to multiple

possibilities of mechanization and automation

of production,

- dimentional and shape accuracy of

products,

- high roduct quality, low cost etc.
Processing has become widespread in the

motor industry: electrical machinery and

appliances,  vehicle

mechanics and construction of agricultural

machinery [2].

Due to the development of the motor
industry, special machines for cold plastic
deformation of metals were designed and
built. These include special machines of
Japanese origin that are used for processing

construction, fine

processing and CRF 70 IR used for inner
rings processing. Both products were
purchased by SC Rulmenti SA Barlad for
processing by cold plastic deformation of
outer and inner rings of deep groove ball
bearings raceways, with a possibility of
extension to the processing of cylindrical and
tapered rolls bearings raceways [3, 4, 5].

EXPERIMENTATION CONDITION

The eperiments have been conducted at
SC Rulmenti SA Bérlad and the following
materials were used during experimentation:
- material: bearing steel 100Cr®6;

- hot rolled and forged blank material;

- special equipment CRF 120 OR for
proccessing outer rings raceways;

- measuring and control devices;

- Taylor Hobson — for measuring roughness,
Perthometer Marsurf CD120 — for measuring
shape deviations.
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RESULTS

During the experiment the outer ring
raceway of the bearing 6207-10 was
processed by cold plastic deformation.

We have followed the influence that the
deformation advance f [mm/min] had on the
quality parameteres: roughness of the
processed surfaces Ra [um], out-of-roundness
[mm], circularity deviation [pum].

The tests were carried out with a
variable  deformation  advance,  while
maintaining a constant deformation force and
piece roundness.

The values shown in Table 1 were
obtained as a result.

Table 1. Quality parameters according to the
deformation feed.
Deformation force F =6.5 MPa;
workpiece revolution n = 95 rpm

Feed, f Roughness Out-of- Circularity
[mm/min] Ra roundness | deviation
[pm] [mm] [pm]

28 0.46 0.27 20.77
30 0.41 0.20 15.85
32 0.45 0.24 17.22
34 0.42 0.18 10.33
0.48
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Fig. 1. Influence of the deformation feed (f) on
roughness
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Fig. 2. Influence of the deformation feed (f) on the out-
of-roundness
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Fig. 3. Influence of the deformation feed on circularity
deviations

Graphical representation of the quality
parameters based on the deformation feed is
shown as follows: fig. 1 — the raceway
roughness, fig. 2 — the out-of-roundness and
fig. 3 — the circularity deviations.

MATHEMATICAL PROCESSING OF
EXPERIMENTAL DATA

The  experimental data  were
statistically processed in order to obtain
empirical relations that describe the influence
of operating parameters on the quality
parameters. In order to achieve the empirical
relations, the following functions have been
taken into consideration:

- exponential function,

Fs(x) = a+b.In x - logarithmic function, F4(X) =a + b/x - reverse function

Fs(x) =a +b.x+cx? - square function.
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The correlation coefficient R has been
deducted, the error has been estimated, the F
test for significance has been applied and by
comparison, the most suitable model for the
experimental data has been established.

The data processing and the graphic
representation of the tested empirical models
have been perfomed using SPSS vcer. 23.0.

The influence of the deformation feed
on the roughness of bearing rings raceways is
shown in Table 2. The influence of the
deformation feed on the out-of-roundness is
shown in Table 3 and Table 4 shows the
influence of the deformation feed on the
circularity deviations.

Table 2. Estimated parameters of the model.
Dependent variable: roughness, Ra.
Independent variable: deformation feed, f

Model Model synthesis Estimated parameters
type Significance
R F f1 df2 level a b c
linear 0.217 | 0.554 1 2 0.534 0.558 | -0.004
logarithmic | 0.226 | 0.584 1 2 0.525 0.862 | -0.125
reverse 0.235 | 0.615 1 2 0.515 0.309 | 3.872
square 0.295 | 0.209 2 1 0.840 1.691 | -0.078 | 0.001
exponential | 0.208 | 0.525 1 2 0.544 0.573 | -0.009

The mathematical expression of the
model that best describes the influence of the
deformation feed on the roughness is:

Ra = 0.309 + 3.872/f, [um] (1)

Fig. 4 shows the graphical variation of
experimental ~ functions  regarding  the
influence of the deformation feed on the
roughness of the bearing rings raceways.

The influence that the deformation feed
has on the out-of-roundness of bearing rings
raceways processed using cold plastic
deformation is shown in Table 3.

The mathematical expression of the
model that best describes the influence of the
deformation feed on the out-of-roundness is:

Ov = 0.112 + 10.272/f, [nm] (2

O Observed

Linear

— - Logarithmic
— =Inverse
— - =Quadratic

- -Exponential

n=95rpm
F =6.5 MPA

— T 1
32 34.0

 (mm/min)

Fig. 4. Empirical models of the roughness variation Ra with the deformation feed
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Table 3. Estimated parameters of the model.
Dependent variable: out-of-roundness.
Independent variable: deformation feed f

Model Model synthesis Estimated parameters
type Level of
R’ F f1 df2 | significance | a b c
linear 0.570 | 2.647 1 2 0.345 0.560 | -0.011
logarithmic | 0.574 | 2.692 1 2 0.243 1.374 | -0.336
reverse 0.578 | 2.735 1 2 0.240 -0.112 | 10.272
square 0.576 | 0.679 2 1 0.651 1.103 | -0.046 | 0.001
exponential | 0.564 | 2.578 1 2 0.249 0.999 | -0.49

Fig. 5 shows the graphical variation of
experimental ~ functions  regarding  the
influence of the deformation feed on the out-
of-roundness of the bearing rings raceways.

The influence that the deformation feed
has on the circularity deviations of bearing
rings raceways processed using cold plastic
deformation is shown in Table 4.
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\\\\ [o) — - Logarithmic
o) N ‘\ - =Inverse
g 3 = \‘\ — = Quadr atic
~ . - =Exponential
n )
N B
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) .
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§§
0.18
-1 o]
1 T T T T T I T
0 30.0 31.0 33.0 34.0
f (mm/min)

Fig. 5. Empirical models of the out-of-roundness variation depending on the deformation feed

Tabel 4. Estimated parameters of the model.
Dependent variable: circularity deviation.
Independent variable: deformation feed

Model Model synthesis Estimated parameters
type Level of

R’ F f1 df2 | significance a b c
linear 0.798 | 7.919 1 2 0.106 59.069 -1.394
logarithmic | 0.790 | 7.513 1 2 0.111 1612.381 | -42.411
reverse 0.780 | 7.105 1 2 0.117 -25.809 | 1284.190
square 0.820 | 2.282 2 1 0.424 -50.465 5782 | -0.117
exponential | 0.766 | 6.559 1 2 0.125 274.946 | -0.093

The mathematical expression of the
model that best describes the influence of the
deformation feed on the circularity deviation
is:

Cir= 59.069 - 1.394.f [um]  (3)
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experimental ~ functions  regarding  the
influence of the deformation feed on the
circularity deviations of the bearing rings
raceways.
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Fig. 6. Empirical models of the circularity deviation variation depending on the deformation feed

CONCLUSIONS

From the graphical representations and
the mathematical processing of the obtained
values of quality parameters, the following
conclusions can be drawn:

- by reducing the deformation feed, the

raceways roughness decreases with the
favorable value of 30 mm /min,

- by increasing the deformation feed, the
raceways out-of-roundness decreases with the
minimum value for f = 34 mm / min,

- by increasing the deformation feed, the
circularity deviation decrease with the
minimum value for f = 34 mm / min.

It should be mentioned that the optimal
value for the deformation feed is f = 34 mm /
min.
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EXIGENTE PRIVIND PREZENTAREA LUCRARILOR STIINTIFICE PENTRU
] _ REVISTA
,FIZICA SI TEHNICA: PROCESE, MODELE, EXPERIMENTE”

I. Destinatia revistei

Materialele prezentate in revistd vor reflecta realizarile obtinute in ultimii ani in cadrul
catedrelor, laboratoarelor de cercetari stiintifice ale USB, institutiilor de invatamint si de cercetare
din Republica Moldova si de peste hotarele ei.

In revista se publici articole stiintifice ce tin de urmitoarele domenii de cercetare:

- propagarea undelor de radio in diverse medii;
elaborarea dispozitivelor electronice analogico-numerice;
elaborarea laserilor si aplicarea lor in tehnologiile de prelucrare a materialelor;
studierea infleuntei factorilor exteriori asupra proprietatilor fizice ale substantei;
tehnologii clasice si neconventionale de prelucrare a materialelor.

II. Cerinte fata de articolele prezentate
2.1. Dispozitii generale
Nu se vor admite pentru publicare materiale care au fost publicate in alte editii. Articolele vor
fi insotite de extrasul din procesul verbal al sedintei de catedra, al laboratorului sau seminarului
stiintific la care au fost discutate si propuse pentru publicare. Lucrarile primite la redactie vor fi
recenzate de specialisti calificati in domeniul respectiv, numiti de colegiul de redactie.

2.2. Structura lucrarilor si regulile de prezentare

O persoana poate fi autor sau/si coautor la maximum doua articole. Volumul unui articol nu
va depasi, ca reguld, 7 pagini.

Fiecare articol va cuprinde:

o CZU;

e titlul in limbile romana /rusa si engleza;

e date despre autor/autori in limbile romana/rusa si engleza;

erezumatul in limbile romana/rusa si engleza;

e articolul propriu-zis;

e bibliografie.

2.3. intrebuintarea suportului electronic
Materialele vor fi redactate in Microsoft Word, fontul Times New Roman si vor fi
prezentate pe foi Tnh formatul A4 (297X210 mm). Parametrii paginii: 25 - stinga (Left), 20 - sus
(Top), 20 - jos (Bottom), 15 - dreapta (Right), 17,5 - antet (Header), O - subantet (Footer), 2
coloane. Dimensiunile fontului de imprimare - 12 points. Aliniatele — 1 cm. Spatiul dintre liniile
(Line Spacing) aceluiasi paragraf, inclusiv titlul lucrarii si informatiile despre autori - un interval.

g vyt

fi completa.

2.4. Structura articolului

CZU se va situa 1n partea stingd a paginii.

Titlul se va da complet, maximum 3 rinduri, pe toatd latimea paginii (12points, BOLD,
CENTER, ALL CAPS).

Informatiile despre autori se vor da cu aldine, in limba 1n care este scrisa lucrarea, in
urmatoarea consecutivitate: Prenumele si Numele autorului (complet), afilierea. Dacd coautorii
lucrarii sint angajatii aceleiasi institutii, denumirea ei se va da o singura data.

Rezumatul va cuprinde descrierea succinta a obiectului, metodelor si rezultatelor cercetarii si
nu va depasi 10 rinduri. Marimea caracterilor — 10 points. Cuvintul ,,Rezumat” nu se va indica.
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Introducerea va reflecta stadiul actual al cercetdrilor in domeniu. In caz de necesitate, va
cuprinde o scurta analiza istorica. Introducerea se va incheia cu expunerea scopului lucrarii.

Continutul lucrarii va include expunerea metodicii cercetdrii (experimentald sau teoreticd),
obiectul cercetarii, echipamentul, metodele de masurare si de observare, precizia si erorile metodicii
experimentului. Se vor indica rezultatele obtinute si analiza lor. Nu se va admite repetarea datelor in
tabele, desene si texte.

Tn concluzii se va expune succint esenta cercetirii efectuate, relievindu-se importanta si gradul
de noutate a rezultatelor obtinute.

Titlul fiecarui paragraf se va evidentia cu aldine. Titlurile de capitol vor fi separate de textul
curent printr-un spatiu.

In fata textului fiecare titlu de subcapitol cu doi indici se lasd un spatiu liber de un rind.
Aliniatele se vor marca prin introducerea unui ,,<Taby”. Pentru scoaterea in relief a unor concepte se
vor folosi aldinele (fara subliniere).

Tabele se vor numerota cu cifre arabe in partea stinga (de ex.: ,,Tabelul 1), dupa care, in
acelasi rind, va urma denumirea si tabelul propriu-zis. Tabelele vor fi separate de textul curent
printr-un spatiu. Toate liniile ce formeaza coroiajul tabelului vor avea aceeasi grosime (1 points). In
tabela textuald cifrele se vor scrie cu fontul 10 points, normal. Daca textul va contine un singur
tabel, acesta nu se va numerota.

llustratiile (figurile, schemele, diagramele, fotografiile etc.) se vor prezintd in alb-negru,
inserate in textul de baza sau pe foi aparte. Toate figurile se vor numerota cu cifre arabe (in ordinea
aparitiei lor in lucrare), dupa care se va da legenda lor. Toate semnele sau marcarile ilustrate se vor
defini in legenda. In cazul marimilor fizice, se vor indica unititile de masura. Daca lucrarea va
contine o singurd figurd, ea nu se va numerota. Figurile vor fi separate de textul curent printr-un
spatiu. Fotografiile introduse in text se vor scana cu o rezolutie de minim 300 dpi (preferabil 600
dp1) si se vor prelucra pentru un contrast bun.

Nu se admite lipirea fotografiilor sau desenelor pe foi separate. Adnotarile de pe figuri se
vor face in cifre sau litere cu ndltimea caracterelor echivalenta fontului 10 points. Legenda se va
culege cu 10 points.

Formule matematice. Toate formulele matematice se vor scrie, IN MOD OBLIGATORIU,
cu editorul de ecuatii din procesorul de texte Microsoft Word for Windows'95/, 97/, 98/, 2000,
(Version 6.0/,Version 7.0, 2000) italice, centrat, prin culegerea fiecareia din rind nou. Exigentele
corespunzatoare vor urma imediat dupd formuld si se vor introduce prin ,,unde”, respectindu-se
ordinea semnelor din ecuatie sau relatie. Daca textul va contine mai multe ecuatii sau relatii, acestea
se vor numerota cu cifre arabe la sfirtitul rindului, in partea dreaptda a coloanei. Dupa descifrarea
simbolului-litera, se va pune virgula, apoi se va indica unitatea de masura.

Unitatile de masura ale marimilor fizice se vor prezenta in sistemul international de unitati
(Sh.

Bibliografia Termenul ,,Bibliografie” va fi separat de textul curent prin spatiu. In text,
referintele se vor insera prin cifre incadrate intre crosete, de exemplu: [2],[5-7], si se vor prezenta la
sfirsitul articolului intr-o lista aparte, in ordinea aparitiei lor in text. Referintele bibliografice se vor
da in limba originalului. Nu se vor accepta referinte la surse nepublicate.

I11. Observatii finale

Informatia despre autori si rezumatele in alte limbi decit originalul se vor plasa dupa
bibliografie. Continutul rezumatului expus in trei limbi va fi identic.

Materialul cules se va prezenta pe dischetd, precum si intr-un exemplar printat (cu contrastul
bun) semnat de toti autorii (dupa bibliografie).

Pentru relatii suplimentare se va indica adresa, numarul de telefon si E-mailul unuia dintre
autori.

Articolele care nu vor corespunde cerintelor expuse, normelor limbii si stilului vor fi respinse.
Materialele prezentate la redactie nu se vor restitui autorului.
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GUIDELINES FOR SUBMISSION OF SCIENTIFIC PAPERS TO THE JOURNAL
»PHYSICS AND TECHNICS: PROCESSES, MODELS, EXPERIMENTS”

I. The Journal Scope
The submitted materials should reflect recent achievements of Balti Sate University
departments and research laboratories and of educational and research institutions from the
Republic of Moldova and abroad.
The journal publishes scientific articles related to the following research areas:

- radio wave propagation in various media;

- development of numerically- analogical electronic devices;

- development of lasers and their application in material processing technologies;

- the study of external factor influence on the physical properties of the substance;

- classical and non-conventional technologies of material processing.

I1. Requirements for Article Submission
2.1. General arrangements
Papers that have been published in other editions are not accepted. Articles should be
accompanied by an extract from the minutes of the Chair/Laboratory/Scientific Seminar sitting
where the papers had been discussed and recommended for publication. The submitted papers
should be subject to the review of qualified specialists in the field, appointed by the editorial board.

2.2. Paper format and rules for submission
A person may be the author and / or coauthor of at most two articles. The volume of an article

should not exceed, as a rule, 7 pages.
Each article should include:

» UDC,;

« the title in Romanian / Russian and English;

« information about the author / authors in Romanian / Russian and English;

« the abstract in Romanian / Russian and English;

» the article itself;

« the bibliography.

2.3. Use of electronic support

Materials should be edited in Microsoft Word, Times New Roman font and page size
should be A4 (297X210 mm). Page parameters: 25 - Left, 20 - Top, 20 - Bottom, 15 - Right, 17.5 -
Header, O - Footer, 2 columns. Font size Print - 12 points. Paragraphs - 1 cm. Line Spacing within
the same paragraph including the title and information about the author — one interval. Transference
of words from one line to another is accepted. It is desirable that the last page should be complete.

2.4. Structure of the article

UDC should be placed on the left side of the page.

The title should be complete, up to 3 lines, on the full width of the page (12 points, BOLD,
CENTER, ALL CAPS).

The information about the authors should be given in bold in the language of the written
paper in the following sequence: author’s surname and first name (full), affiliation. If the co-authors
are employees at the same institution, its name should be given only once.

The abstract should include a brief description of the subject matter, methods and research
findings and should not exceed 10 lines. Font size - 10 points. The word "Abstract” should not be
typed.

The introduction should reflect the current state of research in the field. If need be, it will include a
brief historical analysis. The introduction should end with an account of the paper aims.

The main text should include an account of the research methodology (experimental or
theoretical), subject of research, equipment, measurement and observation methods, the precision
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and errors of the experiment methodology. It should include the results and their analysis. It is not
allowed to repeat data in tables, drawings and texts.

The conclusion should briefly expound on the essence of conducted research highlighting
the importance and degree of the novelty of results

The title of each paragraph should be in bold. A space should be left between chapter titles
and the text.

One line space is left before the text of each two index sub-chapter title. Paragraphs should
be marked by the introduction of a "<Tab>". Bold type (no underlying) should be used to
emphasize certain concepts.

The tables should be numbered with Arabic numerals on the left (e.g.: "Table 1"); this
should be followed in the same line by the title and the table itself. The tables should be separated
from the current text by one space. All the lines that form the table welding should have the same
thickness (1 point). The font of the figures in the text of the table should be normal, 10 points. If the
text contains a single table, it should not be numbered.

The illustrations (figures, charts, diagrams, photos, etc...) should be black and white, inserted
in the main text or on separate sheets. All figures should be numbered with Arabic numerals (in
order of their appearance in the paper) after which they should be explained. All signs and markings
should be defined in the explanatory text. If there are physical dimensions, the measurement units
should be indicated. In case the work contains only one figure it should not be numbered. The
figures should be separated from the current text by a space. The photographs included in the text
should be scanned at a minimum of 300 dpi (preferably 600 dpi) resolution and should be processed
for a good contrast.

It is not allowed to stick photos or drawings on separate sheets. The notes on figures
should be in numbers or letters with similar 10 point font characters. The explanatory text should be
typed with the same character size - 10 points.

Mathematical formulas. It is obligatory to write all mathematical formulas using the equation
editor of Microsoft Word processor for Windows 95/97/98/2000, (Version 6.0 /, Version 7.0, 2000)
in italics, centered, each one should be typed beginning with a new line. The corresponding
requirements should immediately follow the formula beginning with “where” and observing the
order of signs in the equation or relation. If the text contains more equations or relations, they
should be numbered with Arabic numerals at the end of the line on the right side of the column. A
comma should be used after the letter - symbol is deciphered; the measurement unit should be
indicated.

The measurement units of physical dimensions should be presented through the International
System of Units (SI).

The Bibliography. The term "Bibliography" should be separated from the text by space. In the
text, the references should be inserted by numbers enclosed in square brackets, e.g. [2], [5-7], and
should come at the end of the article in a separate list in order of their appearance in the text. The
references should be given in the source language. References to unpublished sources are not
allowed.

I11. Concluding remarks

The information about authors and the abstracts in languages other than the source one
should be placed after the bibliography. The content of the abstract presented in three languages
should be identical.

The typed material should be presented both on a diskette and in a printed copy (with good
contrast) signed by all authors (after the Bibliography).

One of the authors’ address, telephone number and E-mail should be indicated for additional
information.

The articles that do not meet the described requirements, the norms of language and style
will be rejected.

The materials submitted to the editorial board will not be returned to the author.
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