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ÃÔÎ ÿê òåìïëàòó, õàðàêòåðèçóþòüñÿ çâóæåíèì
ðîçïîä³ëîì çà ðîçì³ðîì. Íàâïàêè, ÷àñòèíêè, îò-
ðèìàí³ â ïðèñóòíîñò³ îë³ãî(NÂÏ-êî-ÂÅÏ-êî-
ÃÌÀ) ìàþòü âäâ³÷³ ìåíøèé ðîçì³ð, àëå á³ëüø
ïîë³äèñïåðñíèé õàðàêòåð ðîçïîä³ëó ÷àñòèíîê çà
ðîçì³ðîì. Ïðè÷èíîþ öèõ ðîçá³æíîñòåé º ð³çíè-
öÿ ïîâåðõíåâî¿ àêòèâíîñò³ òà ì³öåëÿðíèõ ñòðóê-
òóð, óòâîðþâàíèõ ÃÔÎ, â ÿêèõ â³äáóâàºòüñÿ íóê-
ëåàö³ÿ ÷àñòèíîê, îáóìîâëåíà ¿õ ð³çíèìè ñòðóê-
òóðàìè òà âåëè÷èíàìè ìîëåêóëÿðíèõ ìàñ. ²ç ³çî-
òåðì ïîâåðõíåâîãî íàòÿãó âîäíèõ ðîç÷èí³â ÃÔÎ
(ðèñ. 5) âèäíî, ùî ÑÎÎÍ-îë³ãî(NÂÏ)-ÌÏ ç
ìîëåêóëÿðíîþ ìàñîþ Mn=15000 ã/ìîëü º ìåíø
ïîâåðõíåâî-àêòèâíèì í³æ îë³ãî(NÂÏ-êî-ÂÅÏ-
êî-ÃÌÀ) ç ìîëåêóëÿðíîþ ìàñîþ Mn=2000 ã/ìîëü.
Çíà÷åííÿ êðèòè÷íèõ êîíöåíòðàö³é óòâîðåííÿ
íèìè ì³öåëîïîä³áíèõ ñòðóêòóð òàêîæ ñóòòºâî
â³äð³çíÿþòüñÿ òà ñâ³ä÷àòü, íà íàøó äóìêó, ùî
ïðè îäíàêîâ³é êîíöåíòðàö³¿ ÃÔÎ, âèêîðèñòî-
âóâàíîãî ÿê òåìïëàòó, ÑÎÎÍ-îë³ãî(NÂÏ)-ÌÏ
óòâîðþº ìåíøó ê³ëüê³ñòü, á³ëüøèõ òà â³äíîñíî
îäíîð³äíèõ çà ðîçì³ðîì ì³öåëÿðíèõ ñòðóêòóð í³æ
ÃÔÎ îë³ãî(NÂÏ-êî-ÂÅÏ-êî-ÃÌÀ). Îñòàíí³é
âíàñë³äîê á³ëüøî¿ ïîâåðõíåâî¿ àêòèâíîñò³, àëå
êîìïîçèö³éíî íåîäíîð³äíèõ çà äîâæèíîþ òà
ôóíêö³îíàëüí³ñòþ ëàíöþã³â, ìîëåêóë óòâîðþº
á³ëüøó ê³ëüê³ñòü ïîë³äèñïåðñíèõ çà ðîçì³ðîì òà
áóäîâîþ ì³öåëîïîä³áíèõ ñòðóêòóð ïðè ò³é ñàì³é
êîíöåíòðàö³¿. Öå ³ âèçíà÷àº ð³çíèöþ ðîçì³ð³â òà
ðîçïîä³ë³â çà ðîçì³ðàìè ÷àñòèíîê, óòâîðþâàíèõ
â ì³öåëÿðíèõ ñòðóêòóðàõ äâîõ ð³çíèõ çà áóäîâîþ
ÃÔÎ.

Ðèñ. 4. Ã³ñòîãðàìè ðîçïîä³ëó íàíî÷àñòèíîê CaF2,

îäåðæàíèõ ó ïðèñóòíîñò³ 2,5% îë³ãî(NÂÏ-êî-ÂÅÏ-êî-

ÃÌÀ) (1) òà ÑÎÎÍ-îë³ãî(NÂÏ)-ÌÏ (2)

Pèñ. 5. ²çîòåðìè ïîâåðõíåâîãî íàòÿãó âîäíèõ ðîç÷èí³â

îë³ãî(NÂÏ-êî-ÂÅÏ-êî-ÃÌÀ) (1) òà

ÑÎÎÍ-îë³ãî(NÂÏ)-ÌÏ (2)

Â ðåçóëüòàò³ òåìïëàòíîãî ñèíòåçó ïðè íóê-
ëåàö³¿ ì³íåðàëüíèõ ÷àñòèíîê â êîëî¿äíèõ çîíàõ,
óòâîðþâàíèõ ÃÔÎ, íà ¿õ ïîâåðõíþ àäñîðáóþòü-
ñÿ òà óòâîðþþòü ôóíêö³îíàëüíó îáîëîíêó ìî-
ëåêóëè ïîâåðõíåâî-àêòèâíèõ ÃÔÎ. Äîñë³äæåí-
íÿ çàêîíîì³ðíîñò³ àäñîðáö³éíî¿ ìîäèô³êàö³¿
ïîâåðõíåâî-àêòèâíèìè ÃÔÎ ïîâåðõí³ ÷àñòèíîê
ì³íåðàëüíèõ ñîëåé ôòîðèä³â, îäåðæàíèõ íóêëå-
àö³ºþ, àëå ó â³äñóòíîñò³ ÃÔÎ ÿê òåìïëàò³â ïðè
ñèíòåç³, çîáðàæåí³ íà ðèñ. 6.

Ìîæíà áà÷èòè (ðèñ. 6,à òà 6,á), ùî ç³
çá³ëüøåííÿì êîíöåíòðàö³¿ îë³ãîïåðîêñèäíèõ
ÏÀÐ ó ðîç÷èí³ ïðè ñèíòåç³ ÷àñòèíîê çìåíøó-
åòüñÿ ðîçì³ð ÷àñòèíîê ³ çá³ëüøóºòüñÿ âåëè÷èíà
ñîðáîâàíîãî îë³ãîïåðîêñèäó. Âåëè÷èíà ïëîùàä-
êè íà ïîâåðõí³ íàíî÷àñòèíêè, ÿêà ïðèïàäàº íà
ìîëåêóëó àäñîðáîâàíîãî ÃÔÎ (ðèñ. 6,â), ³ ù³ëü-
í³ñòü ïàêóâàííÿ ìîëåêóë â àäñîðáö³éíîìó øàð³
íà ïîâåðõí³ íàíî÷àñòèíîê çàëåæàòü â³ä âåëè÷è-
íè àäñîðáö³¿ òà ïðèðîäè ïîâåðõíåâî – àêòèâíî¿
ðå÷îâèíè. Ïëîùàäêà íà àäñîðáîâàíó ìîëåêóëó
îë³ãîïåðîêñèäó ïðè çá³ëüøåíí³ éîãî êîíöåí-
òðàö³¿ ó ðîç÷èí³ çìåíøóºòüñÿ äî ïåâíîãî êðè-
òè÷íîãî çíà÷åííÿ. Ïëîùà 2,3–2,9 íì2 º íåîáõ³ä-
íîþ äëÿ íåçâîðîòíîãî çâ’ÿçóâàííÿ ìîëåêóë îë³-
ãîïåðîêñèäó ç ìîëåêóëÿðíîþ ìàñîþ 2000 ã/ìîëü
ç ïîâåðõíåþ íàíî÷àñòèíîê ôòîðèä³â ëóæíîçå-
ìåëüíèõ åëåìåíò³â ïðè ¿õ ìîäèô³êàö³¿ àäñîðá-
ö³ºþ ³ç ðîç÷èíó. Ì³í³ìàëüíà ïëîùàäêà ïîâåðõí³
÷àñòèíêè, ùî ïðèõîäèòüñÿ íà ìîëåêóëó îë³ãî-
ïåðîêñèäó ç ìîëåêóëÿðíîþ ìàñîþ 15000 ã/ìîëü,
ñòàíîâèòü ~45 íì2.

Âèñíîâêè
Òåìïëàòíèé ñèíòåç íàíî÷àñòèíîê â ïðè-

ñóòíîñò³ ïîâåðõíåâî-àêòèâíèõ ôóíêö³îíàëüíèõ
îë³ãîïåðîêñèä³â çàáåçïå÷óº êîíòðîëü ðîçì³ðó,
ðîçïîä³ëó çà ðîçì³ðîì òà ôóíêö³îíàëüíîñò³ íà-
íî÷àñòèíîê âíàñë³äîê ï³äâèùåíî¿ àäñîðáö³éíî¿
¿õ çäàòíîñò³ ï³ä ÷àñ íóêëåàö³¿. Êîíôîðìàö³ÿ àä-
ñîðáîâàíî¿ íà ïîâåðõí³ ìîëåêóëè îë³ãîïåðîêñè-
äó òà ê³ëüê³ñòü çâ’ÿçê³â, óòâîðþâàíèõ íèì ç ïî-
âåðõíåþ íàíî÷àñòèíêè, âèçíà÷àþòüñÿ ïåðåâàæ-
íî ïðèðîäîþ ïîâåðõí³ òà êîíöåíòðàö³ºþ, òîáòî
êîíôîðìàö³ºþ îë³ãîìåðíî¿ ìîëåêóëè ãåòåðîôóí-
êö³îíàëüíèõ îë³ãîïåðîêñèä³â â ðîç÷èí³.
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TEMPLATE SYNTHESIS OF NANOPARTICLES OF
ALKALINE EARTH METAL FLUORIDES IN PRESENCE
OF OLIGOPEROXIDE SURFACTANTS

O.S. Miagkotaa, N.E. Mitinaa, V.V. Vistovskiyb, A.V. Shapovala,
A.S. Voloshynovskiyb, P.N. Gmurinc, A.S. Zaichenkoa

aLviv Polytechnic National University, Lviv, Ukraine
bIvan Franko National University of Lviv, Lviv, Ukraine
cInstitute for Scintillation Materials, National Academy of
Sciences of Ukraine, Kharkiv, Ukraine

In this paper the synthesis of BaF2 and CaF2 nanoparticles is
discussed. The synthesis occurs via cations exchange reaction in
micellar zones formed by oligomeric surfactants in water. The
heterofunctional oligoperoxide surfactants serve as soft templates in
nanoparticles synthesis. The presence of oligoperoxide surfactants in
solution results in decreasing the BaF2 nanoparticles sizes and
significant narrowing the size distribution. The particles size was
determined on the basis of X-ray diffraction analysis using the Scherrer
equation. The nature, structure, molecular weight and surface activity
of oligomers applied as the templates affect the size and the size
distribution of BaF2 and CaF2 nanoparticles obtained. The features
of the adsorptive modification of BaF2 nanoparticles surface by
oligoperoxides are investigated. The area on the nanoparticle surface
that is occupied by the adsorbed oligomers molecule as well as the
packing density of molecules in an adsorptive layer depends on the
adsorption value and nature of oligomeric surfactants. The area on
the nanoparticle surface that is occupied by the adsorbed oligomers
molecule drops to some critical value with an increase in the oligomer
content in solution.

Keywords: template synthesis; nanoparticles; oligoperox-
ide surfactants; fluorides; alkaline earth metals.
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Ðèñ. 6. Çàëåæí³ñòü ðîçì³ðó ÷àñòèíîê (à), âåëè÷èíè

àäñîðáö³¿ ÃÔÎ (á) òà âåëè÷èíè ïëîùàäêè ÃÔÎ íà

ïîâåðõí³ íàíî÷àñòèíîê (â) â³ä êîíöåíòðàö³¿

îë³ãî(NÂÏ-êî-ÂÅÏ-êî-ÃÌÀ) (1) òà

ÑÎÎÍ-îë³ãî(NÂÏ)–ÌÏ (2) â ðîç÷èí³ ïðè òåìïëàòíîìó

ñèíòåç³ íàíî÷àñòèíîê BaF2
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