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Capitolul I. INTRODUCERE

$FHVW FDSLWRO HVWH GHGLFDW XQHL VF
VXELHFWH GLVFXWDWH vQ DFHDVW WH]

|.1. Sisteme magnetic@anostructurate
Un materi/l DQRVWUXFWXUDW SRDWH IL GHILQL
HOHPHQWH VWUXFWXUDOH FX FHO SX LQ XQ

UL QP > @
|.1.1 Clasificarea sistemelor magnetice nanostructurate

Materialele magnetice nanostructurate pot fi clasiitatG XS PDL
PXOWH FULWHULL UL DQXPH GLPHQVLRQL
PRGDOLW LOH GH RE LQHUH IRUP 4L FRPS
magnetice.

: 6LVWHPH PDJQHWLFH QDQRFRPSR]LWH
magnetice cu morfologie nuclkeuQ Y H O kshellF R U H

'DWRULW VWDELOLW LL WHUPLFH UHGX
QDQRSDUWLFXOHORU GH D IRUPD DJUHJDW
SDUWLFXOHORU vQ IRUP QDQRGLPHQVLRQI
VROX LH OD DFHDVW [®DUWREO #lP VM\DWHOULA R B
solide. Stabilizarea nanoparticulelor magnetice n matrici solide
permite producerea de sisteme magnetice nanostructurate cu
SURSULHW L UHSURGXFWLELOH 6XSOLPHQ
nanoparticulelor magneticen Tmatrici solide permite exploatarea
SURSULHW LORU XQLFH SH FDUH DFHVWHLIL
LQIOXHQ*HL GLPHQVLXQLL <L LQWHUDFe<LX
SURSULHW «LORU PDJQHWLFH DOH QDQRSDU
,PRELOL]DUHD uJuL VWDELOL]DUHD Qanoparticu
UHDOL]DWH DWKW SULQ GLVSH W&pemear€y PD W |
matrici solide

Prin dispersia nanoparticulelor magnetice Tn matrici solide
DQRUJDQLFH VDX RUJDQLFH VH RE LQ VLVW
cunoVFXWH JuL VXE GHQXPLUHD GH VLVWHPH
SURSULHW L VXQW GHSHQGHQWH GH FROQF
caracterul matricei. Prin acoperirea nanoparticulelor magnetice cu
matrici solide, sunt generate sisteme de nanoparticule magnoatice
morfologiecore-shell
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SHQWUX D SXWHD LQYHVWLJD SURSULHW
magnetice, matricile solide cel mai frecvent utilizate in vederea
LPRELOL] ULL dJdL VWDELOL] ULL QDQRSDLI
reprezentate de matricile diamagiteti DPRUIH <L PDW
GLDPDJQHWLFH PH]JRSRURDVH 3HQWUX D
GLVWULEX LH vQJXVW GH GLPHQVLXQH FDQ
L VWDELOL]DUHD DFHVWRUD SRW IL UHSUF
mezoporoase.

In 1992, cercetWRULL GH OD ORELO 5HVHDUFK
Corporation [2] au descoperit familia materialelor mezoporoase
QDQRVWUXFWXUDWH FXQ R¥ISXedte térienuD P L O |
general pentru diferitele tipuri de materiale MCM (Mobil
Composition of Matter) in doemiul mezoporos, 2 nmds < 50 nm in

acord cu clasificarea IUPAC (International Union of Pure Applied
&KHPLVWU\ ODWHULDOHOH 0 6 SRVHG SF
RUGRQD L OD PDUH GLVWDQ SHUH LL SF
FROQOVWLWXL L GLIPRUOLRHOGL2PDL LPSRUWI
DSDU LQKQG |IDPLOLH E410(M@bil V\OS1QpPAsItiOrs. Of
ODWWHU 1R K H [ A3 RMD Il Comphsitiot ©f Matter

No. 41, cubic))]3] D F URU UHSUH]JHQWDUH W-KWHPDW
Fig. 1.1.

Fig.1.1 5HSUH]J]HQWDUHD VF K HiIR DOAZBF]. @u P&misiunea
GH OD (OVHYLHU QXP U /LFHQu

MCM-41 este materialul M41S cel mai utilizat Tn vederea
LPRELOL] UL ti nabhopawcDI&dr @hdneticdcestaSUH]LQW
R VWUXFWXU RUGRQDW ELQH GHILQLW
unidimensionali (1-' DUDQMD UWHVW WKH[DJRQDO vQ
IDIJXUH IQWUXFKW SRULL VXQW XQHIRUPL
SRVHG R GLVWULEX LH vQJXN W8upli@gataG LP HQ
GLPHQVLXQH SRULORU SRDWH IL FRQWUROD
20 nm BJ]. Aranjamentul hexagonal al porilor silicei mezoporoase
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MCM- IDFLOLWHD] XWLOL]J]DUHD DFHVWXL
SHQWUX VWDELOL]D upabiculélolnragrietic®. L] DUHD Q
Combinand avantajele mai@elor mezoporoase silicioase uL DOH
nanoparticulelor magnetice de oxid de fier (de exemphOfe L

FeO,), in ultimi ani au fost generate sisteme magnetice
QDQRVWUXFWXUDWH FX ¢ @pticabile fFhwhenhoriP D J Q F
PDJQHWLFH FDW DS IOxizibfierdPuH saiht Fri @incipal
DOHeL GDWRULW SURSULHW «LORU ORU PDJ
GH SUHSDUDUH )RUPHOH FRPXQH DOH RJL]L
FkW UL QDIQRREI®HQAX H[FHS LD KHPDWLWHL
WHUPLF UHGXV uUuL WHQGLQ QDWXUDO GH
WHQGLQ GH DJUHJDUH DWXQFL FKQG VXQW
D SUHFL]DW DQWHULRU VROX LD ODUDFHD\
stabilizarea prin acoperire sau dispersie in matrici mezoporoase
silicioase.1Q JHQHUDO SURSULHW «LOH PDJQHWL
QDQRVWUXFWXUDWH GLIHU HVHQ LDO GH Fl
L VXQW LQIOXHQDWH 3D CHJ REU DIBDW X UOH
RI[LGXOXL GH ILHU GH GLPHQVLXQHD -L
SDUWLFXOH SUHFXP L GH VWUXFWXUD L S
PHIRSRURDVH (IHFWHOH GLPHQVLXQLL GRPI
al nanoparticulelor indiduale. Cel mai studiat efect de dimensiune in
sistemele de nanoparticule este superparamagnetismul.

|.2 Superparamagnetismul
1.2.1 Particula mono-GRPHQLF

(VWH FXQRVFXW IDSWXO F R SDUWLFXO
muli-GRPHQLF DGLF HQWHHYPSQUIPWDIQHWL]I
GRPHQLL VHSDUDWH SULQ SHUHeL LQWHU
HQHUJLD VD PDIHEHXNRNWDWEEPHQVLXQLL SI
reducerea dimensiunii domeniilor, modificarea structurii acestora,
SUHFXP L D OWUXFMWXBLL SHUH<LORU LQW
HQHUJLHL QHFHVDUH IRUP ULL SHUHLORU L
OLPLWHD] VXEGLYL]JLXQHD SDUWLFXOHL vQ
RSWLP D GRPHQLXOXL $FHVWHL GLPHQVL
infeULRDU D GLPHQVLXQLL SDUWLFXOHL VXE
GRPHQLF
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TUHFHUHD GH OD - RBPBHUAAFWXAD RXOWWXF)
GRPHQLF HVWH VvQVRLW GH R FUH WHU|
coercitiv.

SDUWLFXOHOH IHURPDJQ HMW kiRgdr domenih SUH
sunt denumite particule StorReRKOIDUWK <L VXQW SU
uniform magnetizate in orice camp magnetic. Descrierea acestora este
GDW vQ PRGWdDIME BWRQHU

1.2.2 Particule superparamagnetice

‘XS F x#&discutat anterior, ¥ XILFLHQW GH Pk FRQ
‘LUHFLD P DJ®H Wrne] Dpattielle feromagnetice mono-
domeniceHVWH GHWHUPLQDW GH FKkPSXO PDJQ
interne. In*r R SULP DSUR[LPDUH HQHUJLD GH
paticule Stoner: RKOIDUWK HVWH SURSRULRQDO F
'DW R U L Wopié) @agietdctistaline, enel@i PDIJQHWRFULV)
(E KVsin® 7) depinde de unghiull XQJKLXO GLQWUH D[D
PDIQHWL]DUHKtotZ2D PDIYQHWLIEPDBUBFWHUL]JHD]
SHQWUX R GLWHF<BUGBDWD BEQdhte JieMiie F
GHS LW vQDLQWH FD R SDUWLFXOKVV velL L(
Atunci cand'E HVWH PDUH vQ FRPSDUDKLITH FX H(

HVWH SHUPLV LJQRUDUHD IOXFWXDeLLORU
HQHUJLH SHQWUX R \s&miRielthiia Gutbhdle siatice X L
de magnetizare deoarece pentru anumite valori ale campului sunt
GRX VDX PDL PXOWH YDO Rdihtre Bde§QdaPsdnte L W
negljate 'DF'E HVWH FRPSDUDELO VIXX,PDL F

HIFLWD+eLD WHUPLF GHWHUPLQ PRGLILF U
PDJQHWL]DeLHL ILHF rei particule. Astfel, intregul sistem de
fi rotit, spinii particulelor monoGRPHQLFH U PkQkQG FXSO
(feromagnetic sau antiferomagnetic). Gmrtamentul magnetic al
unui astfel de sistem este cunoscut sub denumirea de
superparamagnetism.

Comportamentul superparamagnetic este manifestat de particule cu
GLDPHWUH PDL PLFL GBFKW R YDORDUH FUL)

In sistemele magnetd QDQRVWUXFWXUDWH VvQWF
GLVWULEXeLH GH GLPHQVLXQH D SDUWLFX
SUHFXP DQL]RWURSLD PDIQHWRFULVWDOLQ
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VWUHY L GH VXSUDIDe SRW FRQWULEXL Ol
unei particule monalomenice.

2 FRQWULEXsLH LPSRUWDQW OD HQHUJLD
GH LQWHUDFLXQLOH GLOQWUH SDUWLFXOH
LOQWHUDF LXQLOH GLQWUH SDUWLFXOH DIH
sistemelor magnetice  nanostuette, corelarea  efectelor
LOQWHUDF LXQLORU GLQWUH SDUWLFXOH FX
UPKQH UL vQ SUHJHQW R SUREOHP GHVWXO

, OWHUDFuULXQLOH GLQWUH SDUWLFXOH

SURSULHW MLORU P® aapnesivititreleDO VLVWHPHO

, QWHUDFLXQLOH PDJQHWLFH GLQWUH SD
VFKLPE L GH VXSHUVFKLPE VXQW SUH]JHQW
PDIJQHWLFH L W ULD DFHVWRUD YDULD] F
sistemele nanostructurate reprezentate de nanoparticule magnetice
VWDELOL]DWH vQ PDWULFL GLDPDJQHWLFH
HILVWD vQ DFRUG FX VWUXFWXUD L QDWXU
OD LQWHU ISP WDMKXWOLBEFHDIQHWLF >

(IHFWXO LQWHUDF icHeQtobdRde |4 mQdiiddnda S D U
barierei energetceE EDULHU FH HVWH GHSHQGHQW
particule.

.3 Metode utilizate la producerea sistemelor magnetice
nanostructurate
1331 OHWRGH XWLOL]J]DWH SHQWalbilkkarea PRELC
nanoparticulelor magnetice in matrici solide

6WXGLL UHFHQWH DX H[SORDWDW PHWR
LPRELOL]DUH L VWDELOL]DUH D QDQRSDU
GLVSHUVLD DFHVWRUD vQ PDWULFL PH]RS
acoperreaDFHVWRUD FX XQ vQYHOLe LIRODWRU
ILUDGLHUHD FX XOWUDVXQHWIHRYWHYRGIDF ¥
YHGHUHD RELQHULL GH QDQRFRPSR]JLWH Q
VROLGH FX R GLVWULEXLH FRQWURODELO
avantaj este asocLDW IHQRPHQXOXL FDYLWD-eLHL
FRQVW vQ IRUPDUHD FUHe WHUHD «un FROD
mediu lichid B@ LUDGLDW FX XOWUDVXQHWH
WHPSHUDWXU ! f& SUHVLXQH ! 0SD
mare(> 10°°C/s) DWLQVH vQ WLPSXO FRODSV ULL
SURSULHW L XQLFH DOH VROXeLHL LUDGLDW
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Efectele ultrasunetelor au fost utilizate nu numai pentru depunerea
QDQRSDUWLFXOHORU SH VXSUDIDeD XQR
nanoparticulelor in matLFL VROLGH FL L SHQWU.
LPRELOL]DUHD QDQRSDUWLFXOHORU PDJQH)
LIRODWRU , UDGLHUHD FX XOWUDVXQHW
omogenitatea hidrolizei precursorului de siliciu (tetraetil ortosilicat,
7(26 L SQHYDJORPHUDUHD VROXeLHL FRO
VPEXQ W «LUHD WUDQVSRUWXOXL GH PDV
QDQRSDUWLFXOHORU GH PDJQHWLW $SFHV\
RPRJHQ OHWRGD VRQRFKLPLF UHGXFH VHP
D VQYH®@WH XWVIX2LFH DPRUI FRPSDUDWLY FX
WHWUDHWLO RUWRVLOLFDWXOXL 6XSOLPHC
DPRUI SRDWH IL FRQWURODW SULQ WLPSX
DPHVWHFXOXL GH UHDFe<LH

Metodele chimice au fost intensiv ex oV DWH vQ YHGHUHD
VWDELOL] ULL QDQRSDUWLFXOHORU PDJQ
PHIRSRURDYV (([HPSOHOH XQHL DVWIHO (
SUHFLSLWDUHD LPSUHJGUWHHDSHPHIBUHDB HE X
FKLPLF GH YDSRUL

Metoda ceSUHFLSUW SQIF SUHFLSLWDUHD
QDQRSDUWLFXOHORU PDJQHWurFpioces sBl P D W
gel pentru a genera nanoparticule de oxizi metalici dispersate in
PDWULFH PH]JRSRURDV 1[IQ DFHVW PRG QDQ
incorporate in stk WXUD GLIHULWHORU PDWULFL
PHWRG SUH]JLQW XQHOH GH]IDYDQWDMH S|
PDUH GH VSHFLL ROLJRPHUH UL GLILFXOWI
oxidul metalic final.

‘HeL PHWRGHOH UHODWLY QRL PLFURHP>
FKLPLF GH YDSRUL GH SUHSDUDUH D
QDQRFRPSR]JLWH SHUPLW RELQHUHD GH Q!
GLVWULEXsLH vQJXVW D GLPHQVLXQLL DS
producerea de nanoparticule ai oxizilor metalici dispersate in matrici
PHIRSRURDVH VLOLFLRDVH HVWHhetotdadHODW
LPSUHJQ ULIPDV XQD GLQWUH FHOH PDL X
SUHSDUDUH D VLVWHPHORU PDJQHWLFH
PHWRGRORJLH SUHVXSXQH 3XPH]JLUHD ™ PDWL
ce CRQLQH SUHFXUWRNMNX Ca prévegviD intarea
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QDQRSDUWLFXOHORU PDIJQHWLFH SH VXSUD
XWLOL]DWH F L HVWH IXQFLRQDOL]DUHD PD

1.3.2 Metode utilizate pentru sinteza matricilor mezoporoase
silicioase

In general, marea majoritate a tehnicilor de preparare a materialelor
PHIRSRURDVH VH ED]JHD] SH XWLOL]JDUHD
(template), molecule care sunt utilizate Tn diferite procese de
DVDPEODUH vQ MXUXO F UXDODFRYHFXQWNRW X
GH VLOLFDW GH VRGLX L VLOLFDW. GH WHW

.UHVJH L FROQ@ERX DDWBBUWHDW SHQWUX SU
PDWHULDOHORU 0 6 vQ FRQGLeLL ED]JLFH
dintre un precursor de silicianionic L XQ VXUIDFWDQW
alchiltrimetilamoniu.

SHQWUX IRUPDUHD PH]JRVWUXFWX4Lla KH[D.
IRVW SURSXV GH %HFNunlP FRDQ@IEWU GW RDIELO
cristal-lichid FX GRX F L SRVLELOH GXS 1RXP HV)
IQ SULPD FDOH R VROXeLH FRQVWLWXLW G
DOH LRQLORU <DEORQ -RVMMH{ WIidHidQwi DROU P D
JHRPHWULH KH[DJRQDO )D]D KH[DJRQDO H
asamblarea moleculelor de surfactant. PeruSURGXFH DFHDV
cristatkOLFKLG HVWH QHFHVDU R FRQFHQWUD-

Figura 1.2 5 HSUH]HQWDUHD VFKHPDWLF D PHFDQLVP?
lichid propus pentru formarematerialului mezoporos MCML1.

~ )XQFULRQDOLHRHHP YWSWLDOHORU PH]R:
IQ JHQHUDO PRGLILFDUHD VXSUDIHsHL SF

JUHI ULL L SUIFR PEHMWRGODLERFX RUJDQRDOF
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FRPXQ GH IXQFLRQDOL]DUH PRGLILFDUH
mezoporoase &®LFLRDVH HVWH WPHSNVRIGHQ W D WI
IXQFLROQDOVYILDWHPFBSBVW PHWRG HMWH UL
VROYHQW DQKLGUX QHSRODU SH VLOLFHD F
$YDQWDMXO DSDUHQW PDMRU DO PHWRGHL
conservare a mezostructuri& X WRDWH DFHVWHD PHWR
GHIDYDQWDMH ODWHULDOHOH IXQFLRQDOL
R VXSUDIDe QHRPRJHQ DFRSHULW GH JUX
VQWUXFkW JUXSHOH VLODQRO ORFDOL]DWH
mezoporilor sunt mult mai accesibile decat grupele silanol localizate

SH SHUH.LL LQWHULRUL DL SRULORU

2 DOW FDOH GH IXQFLRQDOL]DUH D PDWH
estemetoda co-FRQGHQV ULL | X-8tk ptifRcpibi@do}f D U H D
ge) WHWUDDOFR[LVLODQLORU <L RUJDQRDOF
IXQFLRQDOL]DUH HVWH R FDOH GLUHF
RUJDQRDOFR[LVLODQXO HVWH DG XJDW vQ
OD VROXeLD DSRDVY GH JHQHUDWRDUH GH
c-FRQGHQV ULL HVWH QHW VXSHULRDU PHW
UHODWLY XQLIRUPH D JUXS ULORU RUJDQLF!
SURSULHW - LaretalMui@znibat He H L

1.4 Tehnici generale de caracterizare
In acest subcapit@unt prezentate tehnicile utilizate pentru studiul
sistemelor magnetice nanostructurate.

, 'LIUDFuLD FX UDGLDuuLL ;

HKQLFLOH GH GLIUDFeLH VXQW PHWRGHC
FDUDFWHUL]DUHD SURSULHW «LORU VWUXF
nanRVWUXFWXUDWH $FHVWHD VH ED]JHD] SH
UDGXD&GUIHF WUH SODQHOH -ubiptaeRIU FULVWD

: OLFURVFRSLD HOHFWURQLF
OLFURVFRSLD HOHFWURQLF HVWH XQD Gl
caracterizare care peUPLW REVHUYDUHD GLUHFW
GLPHQVLXQLL VLVWHPHORU QDQRVWUXFW)
LPSOLF PLFURVFRSLD HOHFWURQLF FX |
PLFURVFRS\ 6(0 <L FHD FX WUDQVPLVLH
microscopy, TEM). Aici sunprezentate aspectele generale privind
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WHKQLFLOH PLFURVFRSLFH XWLOL]J]DWH vQ
sistemelor nanostructurate.

, SGVRMWHEVIRDEULD DJRWXOXL
&DUDFWHUL]DUHD SURSULHW «LORU Wt
nanostructurate, constituite diranticule dispersate sau acoperite cu
PDWULFL PHIRSRURDVH HVWH XWLO YHULI
VLQWH] I1Q PRG REL*QXLW FDUDFWHUL]DI
SRURDVH HVWH UHDOL]DW IRORMY,@EG).DGVRI
Dintre acest® FHO PDL IUHFYHQW XWLOL]DW H
WHPSHUDWRXR&C)MRDV

([SHULPHQWDO L]RWHUPHOH GH DGVRUE-®-
IRORVLQG XQ DQDOL]JRU GH GLPHQVLXQH D
(Quantachrome Nova 2200 instrument pre Size Surface Area
Analyzer SUHY ] XW FX R VWDeLH GH GHJD]DUL
UHDOL]HD] P VXU WRDURWHBBROGHLXsH DG
GHVRUE+*LH D DJRWXOXL RIHU LQIRUPDeLL D
PDWHULDOHORU WIHBHOPHWHW XRQRIDH+*HOHL S

, 6SHFWURVFRSLD GHSUHIOH[LH GLIX] 89
6SHFWURVFRSLD GH -YHVOHMWHGRIXHKQLF
SHOQWUX LGHQWLILFDUHD L GHWHUPLQDUH
PHWDOHORU WUDQ]JLLRQDOH GLQ GLIHULWH

1.4.5 Tehnici magnetometrice

6WXGLXO SURSULHW LORU PDJQHWLFH
QDQRVWUXFWXUDWH FHULQe GH ED] SHQW
PDWHULHL QHFHVLW P VXU WRUL OD FkPSX
'‘RX WLSXUW DRORWM.WH SHQWUX FDUDFW
PDIJQHWRPHWUXO FX SURE YLEUDQW OLEL
960 <L PDJQHWR&tbMdULEXNG Quantum Interference
Devices(SQUID).

.5 0RWLYDLD VWXGLXOXL DFWXDO

In acest studiu,-D J VLW F ReRopbtbade Lsihdibase sunt
FDQGLGDe+LL LGHDOL SHQWUX D SUHSDUD
GLVWULEX+sLH vVQJXVW D GLPHQVLXQLL 'DW
L ELQH GHILQLeL DFHVWH PDWULFL FRQV
adecvat dispersiei contedk a nanoparticulelor magnetice,
realizanduVH FRQWUROXO GLPHQVLXQLL <L PR
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JUDGXO GH GLVSHUVLH FKW L GLPHQVLXQHI
HVWH SXWHUQLF LQIOXHQeDW GH JUDGXO
dimensiuneaac HVWRUD L LQWHUDFLXQHD GLQWI
PDJQHWLFH $VWIHO VWUXFWXUD PDWULFH!
URO LPSRUWDQW vQ FRQWUROXO GLPHQVL
magnetice al nanoparticulelor oxizilor de fier. Principalaigective

ale acestui studiu sunt:

% 3UHSDUDUHD VLVWHPHORU PDJQHWLFH QI
GH ILHU FX R GLVWULEXeLH vQJXVW D GLPH!
% 3URSULHW LOH PDJQHWLHHOM@Odd fIXDQRS
V W D E L dnobib2AteHinshatrici mezopoase silicioase.

Capitolul ,, 6LQWH]D H* DQWLRDQHORU GH QDQ
stabilizate in matrici mezoporoase silicioase

IQ DFHVW FDSLWRO VXQW SUH]JHQWDWH VW
SURGXFHUHD PDWHULDOHORU PHijpRriséRURD VI
sisteme magnetice nanostructurate: nanoparticule de oxid de fier
GLVSHUVDWH vQ PDWULFL PH]J]RSRURDVH VL
de fier acoperite cu material mezoporos silicios

II.1 Sinteza matricilor mezoporoase silicioase pure
11.1.1 Prepararea silicei mezoporoase MGAL

Prepararea matricei mezoporoase silicioase pure Y HDOL]DW L (
SULQ PHWRGD FRDYte§ scapsdXO XWLOL]DW XU
reactivi: tetraetil ortosilicat (TEOS FD VXUV GH VLOLFLX
cetitrimet LODPRQLX &7%$% FD DJHQW GH GLU
(surfactant cationic), etanol (EtOH L VROXeLH MMPRQLD
experimente sD XWLOL]DW DS GHLRQL]DW SUHSI
sistem ELGA.$PHVWHFXO GH UHDFe+eLH D IRVW VX
tePSHUDWXUD FDPHUHL WLPS GH K 3URGXYV
ILOWUX GH PDL PXOWH RUL FX FDQWLW <L P|
n aer la temperatura camerei. Pentru a crea porozitgtetului de
GLUHFLRQDUH DQWMWSXtlidfiie CalcinaikaliR tvepte v

&X VFRSXO GH D UHGXFH WLPSXO GH SUH:
materialului, s-a realizat sinteza silicei mezoporoase M@M in
PHGLX ED]JLF SULQ LUDGLHUH FX XOWUDVXC
7(26 <L FD VXatibbid QTBE) W acest scopmestecul de
UHDFeLH D IRVW VXSXV LUDGLHULL FX XOW

1C



Irina Ursachi
Contribupll OD VWXGLXO VLVWHPHORX RQMWHHWILFRH XOIQRVWUXFWXUDWH

WLPS GH K 6LQWH]D VROQRFKLPLF-41Da VLOL]
IRVW UHDOL]DW IRORVLQG XQ JHQHUDWRU
Cell Model CV.

1I.1.2 Prepararea silicei mezoporoase KéT

SHQWUX D SUHSDUD R PDWULFH PH]RSI
PHIRVWUXFWXU WULGLPHQVLRQDO -BX VLP
UH HD GH FDQDOH FLO L& edlaaf sintdz@ ¥liekU F R Q
KIT-6 atat prinmetc D FRQY HQ «deR[@ID BKWVROSULQ LUI
Cu ultrasunete.

. ORGLILFDUHD VXSUDIHeHL PDWULFLORU P
silicioase

6LQWH]D PDWHULDOHORU PH3ReaIRal RridVH 1 X
GRX VWUDWHJILL <L DQWPHWIRPRGERHWHBHUMDLS
modificarea inmsitu (metoda coF RQ GH QWNentru La realiza
PRGLILFDUHD VXSUDIHeHL VEOLFMLJPBKIRSIIR
IXQF LRQDOH-IRUDOBYFHDVDJIJHQW GH IXQF
DPLOQRSURSLOWULHWRI[LVLODQ $37(6 FDUF
DPLQR $FHVWH JUXS UL IXQFLRQDOH SRW
FRQWURODW D QDQRSDUWLFXOHORU PDJQH

11.2.1 Modificarea postV L Q W H ]

SHQWUX D SUHSDUD VLOLF#HD anihrd]RSRU
IXQFLRQDOL]DW S WI5Q nratdria Ré&zDpaids Hilicios
OLEHU GH VXUIDFWDQW SUHSDUDW DQWHUL
FHD VRQRFKLPLF VXXQW GLVSHU-\RDWROYXXIEH
etanotAPTES. Modificarea silicei mezoporoase MCM FX JUXS UL
IXQFLRQDRO KB WDIRKL PHWRGD JUHI ULL D IRVW
QLYHOH GH vQF UFDUH UDSRUWXO PRODU
respectiv 0,2:0,8.

[1.2.2 Modificareain-situ
'‘DWRULW LOWHUFRQHFW ULL SDU<LDOH

JUXS ULOH VLODQRO GH SH VX®®umeedd VLO
LQHILFLUHQWKLPE VLQWH]D GL UddreéhsareaD U H
tetraalcoxidanilor (TEOS) cu organosilani 37 (6 RIHU R
VXSuDIDe PDL PDUH L PDL XQLIRUP DFRSH
SUHFXP L XQ FRQWURO DGHFYDW DO SURS
rezultat[12].

11
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$YKkQG vQ YHGHUH DYDQWDMH®HWRXD MORFUHHD \i
PHWR& YWSOLFDW SHQWUX I[IXQFLRQDOL]
mezoporoase MCM $FHDVW PHWRG DQ@#&eHdJQDW |
matricilor mezoporoase silicioase amihnX QF*LRQDOL]J]DWH SL
sorJHO GHeL RIHU XQHOH DYDQWDMH FRPSD
tot consumatoare de timp. Astfel pentru a reduce semnificativ timpul
GH VLQWH] |1 U D DIHRMU shDéalizatDcddHD P
condenarea TEOSSUAPTES vQ SUHJIABR &) FRQGLeLL ELC
SULQ LUDGLHUHD FX XOWUDVXQHWH PHWRG

II.3 Sinteza nanoparticulelor de oxizi ai fierului dispersate in
matrici mezoporoase silicioase

In acest subcapitolVXQW SUH]JHQWDWH DERUG UL
sinteza sistmelor magnetice nanostructurate.

11.3.1 Prepararea sistemelor nanocompozite oxid de fier/matrice
PHIRSRURDYV pymn@@loFd d®PYWHFLSLW ULL

Metoda ceSUHFLSLW ULL XWLOLYBW VILAPSKOWFD C
QDQRSDUWLFXOHORU PDIJQHWLFH L D VLOL
41) prin procesul seDHO vQ FDWDOL] ED]JLF SH
QDQRSDUWLFXOH GH R[LG GH ILHU GLVSHUV

SUHFXUVRUXO ILHUXOXL GYROYRBOXPHDPRSRQU
SRDWH LQWHUIHUD vQ UHDFeLD GH SROLPH
Astfel, speciile fierului pot fi incorporate in structura silicei
mezoporoase MCM1.

11.3.2 Prepararea sistemelor nanocompozite oxid de fier/matrice
PHIRSRURDV SALICQ PHRMR/GD LPSUHJQ ULL XPl
SHQWUX D SUHYHQL IRUPDUHD QDQRSDUWIL
PDWULFHL GLVSHUVLD QDQRSDUWLFXOHORL'
PHIRSRURDY P& GLILFDW FX JUXS UL IXQF
JUXS UL FDWDB] IDPRELOL]DU¥ PettiR @&ligaRedl GH
GLVSHUVLHL R[LGXOXL GH ILHU QDQRGLPHQ
MCM-41 amine I XQF*LRQDOL]DW BpRy&AIbuGLQ X
VROXeLH DSRDV FH FRQ-*LQH .DmR&yiaa GH |
uPHG-DVUHDOL]DW WLPS GH K VXE DJLWDU]
camerei[12, 13] 7HKQLFD LPSUHJQ ULL XPHGH L
HYDSRUDUHD VROYHQWXOXL SULQ vQF O]LI
RELQXWH vQ D Fkadhatd® 5@ Chmp d&oh W

12
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|, $FRSHULUHD QDQRSDUWLFXOHORU GH P
VLOLFH PH]J]RSR41IRDV 0&0

Avand in vedere avantajele majore ale tehnicii sonochirsiae
UHDOL]DW DFRSHULUHD QDQRSDUWLFXOHOTF
VLOLFH PH]R SR1pRiDrdiefe&0 ultrasunef@4].

&DSLWROXO ,,, &$5%$&7(5,=$5($ (E$17,2%$1(/:
NANOPARTICULE MAGNETICE STABILIZATE IN
MATRICI MEZOPOROASE SILICIOASE

IQ DFHVW FDSLWRO VXQW SUH]JHQWDWH UH
XUPD FDUDFWHUL] ULL VWUXFWXUDOH PRUI
L. PDIQHWLFH DO H -DQWLRDQHORU SUHSDU|
GH VLQWH] FkW L SULQ WHKQLFD VRQRFKL

’r &§DUDFWHUL]DUHD H*DQWLRDQHORU GH
41

e &SUDFWHUL]DUHD H:3P @ WLSFRDURDYR W &DHL:
SXU

&DUDFWHUL]J]DUH VWUXFWXUDO
&DUDFWHUL]DUHD VWU X faWwe4lizdd @losidd b D Q W |
difractometru XRDB6000 SHIMADZU. 5 H] XOWDWHOH GLIU
UDGIXDeERQIGLF IDSWXO F H*DOQWLRDQHOH S|
PHWRGH GH VLQWH] SUH]JLQW UHeHD KH[D.
silicei MCM-41.

1] &DUDFWHUL]DUH PRUIRORJLF
ORUIRORJLD H*DQWLRDQHORU GH PDWULFH
VWXGLDW IRORVLQG PLFURVFRSLD HOHFW
transmLVLH 7(0 <L FX WUDQVPLVLH GH vQDO
, QYHVWLJDLLOH 6(0 DX IRVW UHDOL]DWH
THVFDQ vQ WLPS FH LQYHVWLJDLLOH 7(0
folosind un microscop TECNAI F30S-Twin.

,PDJLQLOH 7(0 L +5atd0in FYHIHGRQILUP
UH]XOWDWHOH RELQXWHXS8GB|LON Gig.I18DBDFLD
LPDJLQH +57(0 VH SRDWH REVHUYD F H:
RUGRQD-L

13
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Fig.31 ,PDJLQLOH D 7(0 3L E +57{1 epdaty hrioLFHL
metoda sonoch? L F , 8UVDRKL HW DO >

&DUDFWHUL]DUH WH[WXUDO

&DUDFWHUL]D U-H Dealdt [WiiXdond On awvalizor de
GLPHQVLXQH D SRULOR QueahtaghXothd Bduwa 2300 V S H
Instrument & Pore Size Surface Area Analyzé&zotermele de
DGVRGHMRUB-LGPUBIJLVWUDWH SHQWUX HeDQ
prezentate in Fig.2.

Fig.32 ,]JRWHUPHOH -GH \DFRGUNRSIHHR DHJ X HEDQWLRDQHOH
silice MCM S XU , 8UVDHKL HW DO >

Ambele izotermesunt de tip VpUH]J]HQWkKkQG R EXFO GH
tip H1.. $FHVWH L]RWHUPIBOGIN RBHE DG VR WH RWAX O X
MCM- SUHSDUDW SULQ FHOH GRX W HK(
FDUDFWHULVWLFH PDWHULDOHORU PH]JRSR
cilindrici cu dimensiune simil D[12].

&DUDFWHUL]DUHD HSDQWLRDQHORU
VLOLFLRDIXFPPRQBOL]DW

&DUDFWHUL]DUH VWUXFWXUDO
Rezultatele XRD(Fig. 33) LQGLF IDSWXO F HeDQWLF
MCM-41 aminod1 XQF+LRQDOL]DW SURDSDRBDWRGSUC
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PRGLILFDUH Dfolos8 Wapdrtub irblarAPTES: TEOS =
SUH]JLQW UHeHD KH[DJRQDO RUGR
FDUDFWHULVWLF VLOLFHL 0&0-41.
&DUDFWHULVWLFLOH VWUXFWXUDOH DO H
VXJHUHD] IMPRSAMXOFBUHD VXSUDIHeHL SULQ
in-VLWX FRQGXFH OD XQ PDWHULDO PH]JRSRU
HVWH SXWHUQLF DIHFWDW .

Fig. 3.3 Difractogramele la unghiuri mici ale silicei MCM1 amino-
IXQFULRQDOL]DW SULQ VWKQJD PHWRGD JUHI ULI

[11.1.2.2 Caracterizare mOUIRORJLF

,PDIJLQLOH 6(0 RE*LOXWH SHQWUX-4H-D QW
amine I XQFLRQDOL]DW SXQ vQ HYLGHQ- I
SDUWLFXOHORU GH PDWULFH IXQFLRQDOL]L

111.1.2.3 Caracterizare ewW X U D O

IIRWHUPHOH GGHVDVREWYWRYFiE8H-1DO H*DQWLRD!
amine IXQFLRQDOL]DW SUQiz&t¢tmMeRI& Bp DAUHIT U |
DYKQG R EXFO GHHRLEWHOD |GYA GHVWIHSUH]LYV
intre cele de tip H1eLH4. Modificarea aliurii izotermelor de
DGVROGHMRUEGQXISD ARGLILFDUHD VXSUDIHHL
XQHL GLVWRUVLXQL D PRUIRORJLHL SRULOR
JUXSHORU IXQF*LRQDOH RUJDQLFH

15
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Fig. 34 ,]RWHUPHOH -GaHH \DFGWHUEHQODM W X H 3antioanele de silice
MCM-41 aminol XQFuULRQDOL]DW -SUQQ@YHHWRGD SRVW

&DUDFWHULVWLFLOH VWUXFWXUDOH PRUIF
amino I XQFLRQDOL]DWH VXJHUHD] IDSWXO F
PHWRGD VRQ-RIithKadbe fr aplOQ FDW FX VXFFHV
UHGXFHULL VHPQLILFDWLY D WLPSXOXL GH

&SDUDFWHUL]DUHD H*DQWLRDQHORU GH
ILHU GLVSHUVDWH vQ PDWULFH PH]J]RSRURDYV
&§DUDFWHUL]DUHD HSDQWLRDQHORU
fierIMCM-41 preparate printehnicaed UHFLSLW ULL

[11.2.1.1 Caracterizare S FW XUD O

Din difractogramele finregistrate la unghiuri maa observat
SUH]HQ*D XQRU PD[LPHD GGHURIWUI L SORH b.le HHO<M U L] ¢
UHODWLY SXQ vQ HROSHQ -PBWHILHEGOD PH]R S
MCM-41.

111.2.1.2 CaracterizaUH WH[WXUDO

(*DQWLRDQHOH GH QDQRSDUWLFXO# GH K|
RE*LQXWH SUISQU HPHVSR®DUER SUH]JLQW vQ D
IUPAC, izoterme de tip IV caracteristice silicei MICA1.

'HWHUPLQDUHD VW ULL GH FRRUGLQD
IQ YHGHUHD GHWHUPLQ ULL VW ULLaGH FR
XWLOL]DW VSHFWURYVFR SUD Péhtiu & HileQistial H G |
spectrele s utilizat un spectrofotometru Shinmad UV-2401PC
HFKLSDW FX R VIHU LQWHJUDWRDUH
Rezultatele UYY LV '56 VXQW vQ FRQFRUGDQ+s FX
;5" LQGLFKkQG SUH]J]HQeD DWkKkW D )H VXEV)\
matricei MCM- FKW L D QDQRFEKRXVWHULORU GH

1€
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111.2.1.4 Caracterizare magtiF

SHQWUX D LQYHVWLJD SURSULHW «LOH PI
Fe,0s/MCM- P VXU WRULOH PDJQHWLFH DX
temperatura camerei AN camp magnetic maximH() aplicat de

N2H IRORVLQG XQ PDJQHBRPOW U X9 IFKXU 3
Sample Magnetometer, VSM) Princeton MicroMag2900/3900
AGM/VSM. 5H]XOWDWHOH RELQXWHDQYWGRD QH
LQYHVWLIJDWH SUH]JLQW XQ FRPSRUWDPHQW
ZLQkQG FRQW GH UH]XOWDWHOH RE<LQXWI
coSUHFLSLW ULL QX SRDWH IL DSOLFDW St
QDQRSDUWLFXOHORU PDJQHWLFH L D PDW
dispersiei controlate al acestor nanoparticule.

’r &DUDFWHUL]DUHD H:DQWLRDQHORU
fierMCM-41preSDUDWH SULQ WHKQLFD LPSUHJQ U

, &DUDFWHUL]DUH VWUXFWXUDO

I tr R SULP HduNrdegistret ifkactogramele la unghiuri mici

DO H DQWLRDQHORU VLQWH WitLdrB2énthte B1H] X O\
Fig. 35.

(a) (b)
Fig. 35(@) 'LIUDFWRJUDPHOH OD XQJKLXUL PLFL DO H:
oxid de fier/MCM41 preparate folosindiMCM-41 IXQFuULRQDOL]DW SUL
post VLQWH] , QVH Uaniele laQibghiud FWeRE matricilor; (b)
'LIUDFWRJUDPHOH OD XQJKLXUL PLFL DO H33DQWL
fierMCM-41 preparate folosind MCM IXQFULRQDOL]DW - SULQ
FRQGHQV ULL ,QVHUpLH GLIUDFWRJUDPRH&H OD X
[12])

5HIXOWDWHOH GLMJRE-LEXKWHKX IBDGWDH IHD
nanocompozit oxid de fier/ MCM1 preparate folosind ca matrice
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silicea MCM- IXQFLRQDOL]DW FROQO®HEGWWRG D\
VLPLODUH FHORU RE-*LQXWpgarats Hab®¥ihd Xa H*D Q
matrice silicea MCM- IXQFLRQDOL]JDW SULQ PHWR
in Fig. 36 VXQW SUH]JHQWDWH GLIUDFWRJUDPF
fier/ MCM-41 preparate folosind ca matrice silicea MdWU
IXQFLRQDOL]DW -BUQWYWHHWRGD SRVW

Fig.36 ' LIUDFWRJUDPHOH OD XQJKLXUL PDUL DO H3D(
de fierMCM41 preparate folosind ca matrice MCAL aminod XQFULRQDOL]LC
prin metoda postV L Q W H ]

SD REVHUYDW F WRDWH H*DQWLRDQHOH ¢
F URU SR]JWH®@VUWIDQNH UHODWLY SXQ vQ HY
SGULVWDOLQLWDWHD SDERWL FXOW B RLLD I®EK HKHe
QLYHOXO GH IXQF+LRQD-@L N3ttelH cridtainidaiéd) L F H L
VXSHULRDU D SDUWLFXOHORU GHniKHP DW LW
IXQFLRQDOL]DUH

'‘'LIUDFWRJUDPHOH H+DQWLRD-@IHpgpeRdbateR [ L G
folosind ca matrice silicea MCM- IXQFLRQDOL]DW SUL
situ (cecondensare) sunt prezentate in Figl. D REVHUYDW
H e DQWLRDQHOMIISIH]IP@WLPH GH GLIUDF-LH
SR]LeLH L LOQWHQVLWDWH UHODWLY FRQILL
GLIUDFWRJUDPHOH H*8Q WLRDQHOKRU H)BIBGH
SUH]JHQ+*D XQXL D#elo/WUHHe,GaH ID]H

In cazul nanoparticulelor de oxid de fieB URFHVXO WUDQVIR
ID] .: HVWH SURPRYDW GH QHFHVLWDWHD
FUHVFXWH D VXSUDIH*HL QDQRSDUWLFXOHO
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Fig.3.7 'LIUDFWRJUDPHOH OD XQJKLXUL PDUL DO H3D(
de fierIMCM41 preparate folosind ca matrice MCHML aminod XQFULRQDOL]LC
prin metoda irsitu. (1. Ursachi et al. [2])

&DUDFWHUL]DUH PRUIRORJLF
' PDJLQLOH 7(0 L +57(0 SUHBHOR@WHP vQ
UH]XOWDWHOH RE*LQXWH BiVEiQ38D | E,FeLHL
s-D REVHUYDW F DSURDSH WRDWH SDUWL
GLVSHUVDWH RPRJHQ vQ VUDLFHD PH]JRSRUR

Fig3.8 ,PDJLQLOH 7(0 3L +57(0 DOoHID BN BROHHORU )
(I. Ursachi et al. [2])

111.2.2.3 CaracterizaraV H[W X UD O
Fig. 39 SUH]LQW L]RWHUPHOH GH DGVRUE®

VQUHIJLVWUDWH SHQWUX H+.DQWMRMAHOH G
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RE*LQXWH IRORVLQG FD41Pdmwiid) XRHF «V RQIDFHD
prin metoda posV LQWH] L GLVWU loHotLD GLPHQVL.
, JRWHUPHOH GH WLS ,9 (ROL HEQBQWURB/QHO |
PDWHULDOXO QDQRFRPSR]JLW SUHSDUDW S
RUGRQDW L GLVWULEX+eLH VvQJXKVWU LIEXGL|
GLPHQVLXQLL SRULORU FRQILUP/QSHH] B QLR
FUR: L )@3 6SUH GHRVHELUH GH; HeDQSLRDQ
specimenul FMpP, SUH]LQW R LJRWHUP UHYHUVLEL

(a) (b)
Fig. 39 (a) lzotermele deDGV RGEHMRUEuULH T DERWSHAXWU L E X
dimensiunii porilor pentru nanoparticulele de B®; dispersate in MCMi1
amino-l XQFULRQDOL]DW-SUQW HHWRGD SRVW

, JRWHUPHOH GIFHWREAWNMPRUHIDH-D]RWXOQUXL vQI
H DOQWLRDQHOH GHOMEKRRFRESRPXWHHIRORYV
matrice silicea MCM-41 amind XQF*LRQDOL]|DW-sit6 JILQ PH
GLVWULEXLD GLPHQVLXQLL SRRULORU VXQW

(a) (b)
Fig.3100 D ,]JRWHUPHOHGGHY DUEPERYWRBVEPLEB]RWXOXL 3L
dimensiunii porilor pentru nanoparticulele de B®; dispersate in MCMi1
amino-l XQF UL R QD OL]DWitb U URadhiWVAIRIGID L Q-
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