Looking inside nanoporous

silica composites using neutrons

It has just been two decades since the synthe-
sis of a revolutionary periodic nanoporous material
on the basis of amorphous silica. The extraordinary
properties inherent in this material (large active sur-
face area, regular and perfectly ordered pores along
with chemical stability, heat resistance and biocom-
patibility) immediately interested the scientific
community with their enormous application poten-
tial. The applications taking advantage of longitu-
dinal and mutually isolated pores for creating na-
nocomposite materials witnessed particularly high
interest in catalysis, cryomagnetic refrigeration, en-
gineering, and environmental industry. Successful
applications, however, inevitably require profound
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Illustration of the SBA-15 (upper panel)
and SBA-16 (lower panel) nanocompos-
ite preparation and structure organiza-
tion functionalized by the introduction
of Fe,05 or Gd,05 nanoparticles (right-
hand schemes).
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MnniocTpauys NpUroToBReHns 1 CTPYK-
TYPHOW OpraH13aLumy HaHOKOMMO3MTOB
SBA-15 (BepxHuUn psag) n SBA-16 (H1x-
HUI pAL), QYHKUMOHANN3MPOBaHHbIX
BBEAleHMEM B CTPYKTYpPY HaHouYacTuL,
Fe,0s unun Gd,0; (cxembl cnpasa).
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knowledge of both external and internal structural
characteristics of such nanocomposite materials.
Fortunately, neutrons come to the rescue with their
high penetration depth for silicon, and hence their
ability to characterize nanoparticles that fill the
pores of silica.

A team of researchers from Pavol Jozef Safarik
University in KoSice (Slovakia) and FLNP, using
small-angle neutron scattering (SANS), investigated
nanocomposite systems designed primarily for bio-
medical applications. The systems were based on
mesoporous amorphous silica matrices SBA-15 and
SBA-16, which are characterized by hexagonal
(elongated parallel nanopores) and cubic (spherical
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HaHOMOPUCTbIX KpeMHUEBbIX KOMIMO3UNTOB

Mpolwwno Bcero ABa AeCATUNETUA C MOMEHTA
CUHTE3a PeBONIOLMOHHOIO HAaHOMOPUCTOro MaTe-
puana c nepuoamnyvecKkon CTPYKTYpo Ha OCHOBe
amopdHOro KpemHesema. HeobbluHble CBONCTBA,
npucyLie sToMy MaTeprany — 6osbluas akTUBHasA
NMOBEPXHOCTb, PerynsapHbie 1 ngeanbHO ynopapo-
YeHHble NOopbl, a TAKXe XMMMYeCcKas CTONKOCTb, Tep-
MOCTOMKOCTb 1 OMIOCOBMECTMMOCTb — Cpa3y e 3a-
NHTepeCcoBav Hay4yHoe COOBOLLECTBO CBOUM OrPOM-
HbIM NPUKNagHbIM NoTeHumanom. lNpunoxeHus, nc-
nosb3yloLlre NnpermMyLLecTsa NPOAOsbHbIX U B3a-
WMHO M30MIMPOBaHHbIX NMOP AN1A CO3AaHMA HaHO-
KOMMO3UTHbIX MaTepuranos, Bbi3Baiv OCOOEHHO
60/1bLWION NHTEpPeC ANA NPUMEHEHUA B KaTanuse,
KPVMOMarHUTHOM OX/aXXAeHUN, MaLLMHOCTPOEHUN 1
3KouHZycTpun. OgHaKo ycrneLHoe NprMeHeHe He-
n36eXHO TpebyeT rnyboKMX 3HAHWI KaK BHELLUHUX,

TakK U BHYTPEHHUX CTPYKTYPHbIX XapakTepucTnk
TaKMX HAHOKOMMO3UTHbIX MaTepuranos. K cuacTbio,
HeNTPOHbI MPUXOAAT Ha MOMOLLb 6narofapa cBoen
60/1bLIOW FyOUHE NPOHNKHOBEHUSA B KPEMHWI 1,
crnefloBaTesibHO, CBOE CMOCOBHOCTUN XapakTepuso-
BaTb HAHOYACTULbl, 3aMONHAKLIME NOPbl KpEMHe-
3ema.

lpynna wccnepoBaTenen u3 YHuBepcuteTa
Masna Moseda Lladpapuka B Kownue (Cnosakus) u
JIHO® nccnepoBana c NOMOLLbIO MasiOyrnoBOro pac-
ceAaHnA HelTpoHoB (MYPH) HaHOKOMNO3UTHbIE CK-
CTeMmbl, NpeAHa3HayeHHble B NepByto oyepeab A
6rioMeaNLMHCKUX NpUMeHeHUn. OCHOBY CUCTEM CO-
CTaBNANN Me30MopuUcTble MaTpuubl aMopdHOro
KpemHe3ema SBA-15 1 SBA-16, ana KoTopbIx Xapak-
TepHbl COOTBETCTBEHHO reKcaroHasnbHble (M3 BbITA-
HYTbIX NapasieNbHbIX HAHOMOP) 1 Kybuueckne (13
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separated nanopores) superlattices, respectively
(see Fig. 1). Iron-oxide or gadolinium-oxide nano-
particles (NPs) were introduced into the pores of the
matrix by chemical wet impregnation. A thorough
study of the systems by standard experimental
methods (TEM, XRD, sorption and magnetic meas-
urements) provided the evidence of successful in-
corporation of nanoparticles into the matrix pores.
However, crucial characteristics of their size distri-
bution, concentration, and real shape were ob-
tained primarily by using SANS.

By virtue of the unique properties of neutrons,
insight into the inner structure and matter organi-
zation of this kind of systems was facilitated for the
first time. Based on rigorous experimental support,
a fundamental model describing the neutron scat-
tering intensity distribution was proposed by as-
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suming a general additivity of structural features.
The neutron scattering of the nanocomposite under
study was decomposed into the sum of contribu-
tions originating from the hollow matrix and a sys-
tem of randomly distributed polydisperse NPs (Fig. 2).

In the result of the conducted studies, informa-
tion on the sizes of nanoparticles and their polydis-
persity was obtained, which demonstrated a direct
impact of these characteristics on the nanocompos-
ite magnetocaloric effect (MCE). MCE is related to a
magneto-thermodynamic phenomenon, i. e. a chan-
ge in temperature in a material in response to a
change in the applied magnetic field. Even though
the phenomenon has been known for more than a
century now, it is the current progress in modern
materials science that facilitates its practical appli-
cation up to room temperature.
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JaHHble MYPH 6b111 pa3noeHbl Ha
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chepuryeckux pasgeneHHbIX HaHOMOP) CBepxpe-
weTtky (cm. puc. 1). HaHoyacTuLbl oKcnaa xenesa
WS OKCKAA rafloNNHNS Obliv BBEAEHbI B MOPbI MaT-
pULbl XMMUYECKUM NyTeM C UCNOJSIb30BaHMEM Me-
TOAa BNaXHOW NponuTKu. TuatenbHoe nccnefoBa-
HMe CUCTEM C NCMOJIb30BaHNEM CTaHAAPTHbIX IKC-
nepumeHTanbHbix MmeTooB (M2M, peHTreHOBCKanA
andpakums, COpOLMOHHbIE 1 MAarHUTHbIE U3Mepe-
HUA) NOATBEPAUIIO YCNeEeLHOe BHeAPeHe HaHOYa-
CcTUY B Nopbl MaTpuubl. OgHaKO Ba)KHble XapaKTte-
PUCTUKM UX pacnpeneneHns rno pasmepam, KOH-
LeHTpaumm n pakTnyecknx Gopm 6binn NosyUeHbl
npenmyLecTBeHHO ¢ nomoLybio MYPH.

bnarogapsa yHnKanbHbIM CBOMCTBAM HENTPO-
HOB, CBAA3aHHbIM C 60JbLLON MYyOUHON NPOHUKHO-
BEHUA B BELLECTBO, BNepBble yAanocb onpeaenuntb
BHYTPEHHIOK CTPYKTYPHYIO OpraHm3aLmio Taknx cu-
ctem. B xode peTanbHOro sKcnepuMeHTanbHOro
aHanu3a 6bina npennoxeHa 6a3oBaa Mofesb, onu-

CblBaloLana pacnpefeneHme NHTEHCUBHOCTM pac-
CesiHUA HeMTPOHOB, B NMPeAnoNoXKeHUn obLien aa-
ONTUBHOCTU CTPYKTYPHbIX 0cobeHHocTel. Paccen-
HYe HEMTPOHOB KCCiefyeMblM HAHOKOMMO3UTOM
6b1710 Pa3NoXKeHO Ha CyMMY BK/1afoB OT MyCTol MaT-
pULbI 1 CUCTEMbI CTyYalHO pacnpefeneHHbIX no-
NNIANCNEePCHbIX HaHoYacTumL (puc. 2).

B pe3synbrate npoBefeHHbIX UCCNefoBaHUN
6bl1a nonyyeHa MHGopmMaLMa 0 pa3mepax HaHoYa-
CTVL M MX NONUANCNEPCHOCTMN 1 MOKa3aHo NpsMoe
B/IVAHME [AaHHbIX XapaKTePUCTUK Ha MarHUTOKaso-
puyecknii 3G EKT B HAHOKOMMO3UTE — U3MEHEHNE
TemnepaTypbl MaTepuana npuv U3MeHeHUy BHelL-
Hero MarHMTHoro nond. HecmoTpsA Ha To, UTO MarHu-
ToKanopuyeckun apPeKT n3BecTeH yxe bonee Beka,
MMeHHO Nporpecc B COBPEMEHHOM MaTepranose-
OEHVV 1 Pa3BUTUY NEPeSOBbIX SKCNepPUMEHTasb-
HbIX NMOAXOA0B MO3BON MPUMEHATb €ro Ha npak-
TUKe, B TOM YMC/e MPU KOMHATHbIX TemnepaTypax.
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