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AHHOTANMS

[IpuBeneHsl pe3ynabTaTbl HCCIECOOBAaHMSA JIA3epHOW aONMAMU OPraHMYECKUX MAaTepHalioB B JKUAKOCTAX KaK OJHOTO U3
MEPCIEeKTUBHBIX METOJOB MOJIY4YEHHMs HAHOPAa3MEpPHBIX 4YacTUI] HAa HX OCHOBe. IlpencraBieHO omMcaHUE MOIYUYEHHS
HAHOYACTUI] COKpHCTaUIa 2.6-IuaMuHONUApUANH-4-HATpOopeHon (26DAP4N) ¢ momompio Merona Na3epHOH almsamuu
MarepHaia MpHu KOHJCHCAIIMHA HAHOYACTHUI] B KUJIKOCTH (JIoZeKaH U o eHUICHOKCHI). B paboTe MpUMEHSIIOCH JIa3epHOE
M3JIy4YeHUe C JUIMHOW BOJIHBI 355 HM C JUIMTENBbHOCTBIO UMIYNbca 10 HM M MJIOTHOCTHIO MOLIHOCTH UMILYJIbCA W3ITYUYCHHS
170 kBt/cm®. Yacrora MOBTOpPEHUs UMITYJIbCOB cocTaBmia 3,8 k1. [TomyueHsl HaHOYACTHIIBI B BUJIE KOJIJIOUHOTO pacTBOpa.
HccnenoBanusi HAHOYACTHUI] BBIMOJHEHBI METOAAMH CIEKTPOCKOIUHM BHIMMOW OONACTH W ONTUYECKOW MHKPOCKOITHH.
Pa3meps! nomyueHHBIX YacTUIl COCTaBIIIN nopsiaka 0,5 MKM.
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Abstract

We propose findings for laser ablation of organic materials in liquids as one of the perspective methods of nanoparticles
synthesis on their basis. We describe nanoparticles synthesis for 2,6-diaminopyridine-4-nitrophenol (2,6DAP4N) cocrystal by
the method of material laser ablation at nanoparticles condensation in liquid (dodecane and polyphenyleneoxide). Laser
radiation with wavelength equal to 355 nm, pulse duration - 10 ns, pulse repetition rate - 3.8 kHz, and pulse power density
equal to 170 kW/cm? has been used in the study. Nanoparticles in the form of colloids have been obtained and studied by
visible range spectroscopy and optical microscopy. Obtained particles size is around 0.5 um.

Keywords
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HanoTtexHonoruu SIBISIFOTCS. TPEHJIOM Pa3BUTHS HAYKHW W TEXHUKH TocienHero aecsatuierus. Ocoboe me-
CTO 3aHMMAIOT HAHOKPHCTAJIBI OPTaHUYECKHX BelecTB. Tak, MOJEKYIspHBIE KPUCTAIUIBI, HAIpuMep, trans-4'-
(dimethylamino)-N-methyl-4-stilbazolium tosylate) (DAST) siBnsifoTcs Ha HacTosIee BpeMs cpelaMH C Hau-
BBICIIINM 3HAYCHHEM HEIHHEHHO-ONTHYECKOTO KodddummeHTa BToporo nopsaka [1]. CIoKHOCTh BRIpaIBaHUS
KPYIHBIX MOHOKPHCTAJUIOB OIPAHUYHMBAET UX IPAKTHYECKOE IPUMEHEHHUE, II03TOMY IIHMPOKO MCCIESAYIOTCS CHO-
COOBI CO3/1aHUsI HAHOYACTHI] U3 3THX KPUCTAIJIOB C BBEJICHUEM HX B IIOJUMEPHYIO MaTPHUILY.
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B nHacrosmmii MOMEHT MMEETCSI PsiIi CIIOCOO0OB MOIMYYECHUS HAHOYACTHI[ PA3IMYHBIX MaTepHalioB, OCHO-
BaHHBIX HAa IPOBEJCHUN XUMHUYECKHUX PEaKIUi U, CIIEAOBATEIbHO, CBI3aHHBIX C HEOOXOIUMOCTHIO IPOBEICHHS U
KOHTPOJISL PEaKIMH MKy KOHKPETHBIMH BEIIECTBAMH, YTO HE BCErAa OCYIIECTBUMO. MeTo a3epHoii abisuuu
B JKHIKOCTH 3aKJIF0YaeTCcs B MTHOBEHHOM HCIIAPCHHMHU BEIIECTBAa M KOHJCHCAIIMH Mapa ¢ 00pa3oBaHWEM HaHOYA-
ctuil. [TocKoJIbKY B 3TOM Cllydae OTCYTCTBYET HEOOXOMUMOCTh MPOBEICHHS XUMHUUCCKUX PEAKI[Hi CHHTE3a, JaH-
HBI MeTol OoJiee YHUBEPCAJIEH, a MOJyuYeHHbIe HAHOUACTHIIBI HE 3arpsI3HAI0TCS NMPpoAyKTamMu peakuuu. [lomyde-
HUE HAHOYACTHUI[ METOJIOM JIa3ePHOI aOJIAIMK METAJIOB M KPACUTENICH B KHUIKOCTAX PACCMOTPEHO, HAIIPUMED, B
pabotax [2-7].

HecMmotps Ha Hanmuuue MyOIUKANWN MO TONYYESHUIO HAHOYACTHI] HEOPTAaHMYSCKUX MAaTEPUAIIOB ATHM Me-
TOJIOM, WCCIICIOBAHUS IONYYCHHUsS HAHOYACTHUI] OPTaHUYECKHX BEHICCTB METOIOM AaOJNSAIMH OTPaHUYHUBAIOTCS
KpacuTeIsIMHA (PTaJOMUaHWHOBOTO Kiacca. [IOMHOCTBI0 OTCYTCTBYIOT HCCICIOBAHHWS IIONyYSHHS HETHHEHHO-
ONTUYECKUX MOJICKYTIIPHBIX HAHOKPHUCTAIIOB METOIOM JIa3epHOW aONAlWu, YTO MOATBEPXKIAET IeJecoodpas-
HOCTbH IIPOBE/ICHUS HMCCICIOBAaHUI B 3TOH obnactu. B Hacrosmed pabore mpHUBEAEHBI MEPBBIE PE3yABTATHI MC-
CJICZIOBAHHIA MPOIIECCOB a0SIIMK COKpUCTaLIa 2.6-muaMuHonupuauH-4-uurpodenon (26DAP4N), HoBoro mMo-
JIEKYJSIPHOTO KpHUCTallIa, HEIWHEHHO-ONTHYeCKUe KOd((UIMEHThI KOTOPOro HaMu BIIEPBbIE HCCIICIOBAHBI B
padote [8]. [Tony4eHbl HAHOYACTHIIBI JAHHOTO BEIIECTBA M HUCCICIOBAHBI UX ONTUYCCKHE CICKTPHI B KOJUIOW/-
HOM pacTBOpe.

Merton na3epHOM aOJSIIKUK B KUAKOCTH 3aKJIHOYACTCs B MTHOBCHHOM HCIIAPCHUH BEIICCTBA C MOBEPXHO-
ctu oOiygaemMoro Marepuana. I1y3pIpbKH Tapa, NOXYYEeHHBIC NMPH a0MNSAIMUA, MCHOBEHHO OCTBIBAIOT, IPU 3TOM
MOCIIENYFOINAsT KOHACHCAIHS MTapa MPUBOIUT K CXJIOTBIBAHHUIO MTy3bIpbKa U ()OPMUPOBAHUIO HAHOYACTHUIIHI B 00B-
eMe KUJIKOCTH.

B manHOW paboTe B KauecTBE HCHAPSEMOTO MaTepHana FWCIIONB30BAJCS OPraHUYIEeCKHH COKPHUCTAILT
2.6-muamuHOTIHPUINH-4-HUTpOodeHon (26DAP4AN), m3ydeHHbIi HamMu paHee B pabote [8].

Ha puc. 1 nmpuBeneHa cxema SKCIIEPIMEHTANBHOW YCTAHOBKH JJISI IPOBEICHUS Ja3epHON aOMSAIMN COKpPH-
cTayuia B xuakocTsax. M3myuenne DPSS-mazepa ¢ momMompio yasTpadroaeToBOTO MEKPOOOBEKTHBA C YBEIHYE-
HueMm 5° m aneprypoii 0,08 (OKycHpOBaIOCH Ha ILUIOMAAKY auameTpoM 0,4 MM TMOBEPXHOCTH COKPHUCTAJLIA
26DAPAN, Haxomsmierocst B HEPaCcTBOPSIOMIEH ero KUAKOCTH. VccnenoBanich ABE )KUIAKOCTH — KOHACHCHPYIO-
e cpeabl: nonaekan u nonudenmwieHokeua (Fluka Chemika 81336 Polyphenyl ether 6 rings OS-138), umeto-
IIMHA BBICOKYIO BSI3KOCTh. HacTOTa MOBTOPEHHS MMIIYJILCOB Jia3epa coctapisuia 3,8 K[, SHEprus B MMITYJIbCE
5,5 mJIx, mutenbHOCTh, uMmyabca 10 He, JuHA BOJHBI 355 HM, IMJIOTHOCTh MOIIHOCTH UMITYJbCa TOPSIKA
170 kBt/cM”. OGiyueH#e IPOBOIMIOCH B TEUCHHE JBYX YACOB — [0 TOSBICHHS BHIMMOI XKeEITOBATOH OKPACKH
JKUJIKOCTH.

DPSS nazep
Jnmaa BoHBI 355 HM
Yacrora noBTOpEeHUs UMITYILCOB 3,8 KI'I
Cpeansist MotHOCTh 21 MBT
ITnoTHOCTE MOIHOCTH ~170 KBT/CM

Y, 3epkaio

2

JIMH30BBIM OOBEKTHUB 5° < >

KBapiieBast KIOBETa C HKHUIKOCTHIO
(monmexaH, MOTU(PCHUICHOKCHUT)

Oo6myyaemsrit oopazen 20DAPAN
Puc. 1. Cxema akcnepumeHTanbHON YyCTaHOBKM

[NomyyenHas okpalleHHast KHIKOCTh (KOJUIOMAHBIM pacTBOpP NPOXYKTOB, MOTYyYESHHBIX JIA3PHOH aOmsIu-
et cokpucramia 26DAP4N B nofekane U MOTUPCHUICHOKCHIE) HCCIIC0BANIACEH C MOMOIIBIO OMTUYSCKOTO MUK-
pockona Olympus STM6 Ha npegmeTr oOHapyKeHHsI MUKPO- WJIM HAHOKPHCTAJUIOB.

CHexTpbl ONTHYECKOTO MOMIONIEHHUS KOJUIOUIHBIX PACTBOPOB MPOYKTOB JIa3epHOI abIIsK COKpUCTAIIa
26DAPAN B nonudeHmIeHOKCHIe OBUTH TOTyYeHBI C MMOMOIINEI0 criekrporpada Shimadzu UV1800.

Kak mokazano Ha puc. 2, a, 6, MukpodoTorpaguy KOIJIOHIHBIX PACTBOPOB B BBHIOPAHHBIX ISl SKCHEPH-
MEHTa HIKOCTSX ITOKa3bIBAIOT HAJIMYNE MUKPOPAa3MEPHBIX YAaCTHIl TOJBKO B JAOJIEKaHE, B MONN(EHNICHOKCHIE
MHKPOPa3MEPHBIX YaCTHI BBIABICHO He ObUT0. OJJHAKO IOSBIICHUE JKEITOH OKPACKH KOJUIOWIHOTO PacTBOpa Mo-
3BOJIHJIO TIPEATIONOKHTE, YTO MPOAYKTHI admsuu cokpuctamia 26DAP4N conepxarcs B 00beMe monmgpeHmIe-
HOKCH/Ia, HO UMEIOT CIIMIIKOM MaJIble pa3Mepbl [UIsl BHISBICHUS METOAAMU ONTHYECKOH MUKPOCKOIMH U IIpel-
CTaBIIAIOT CO00H CyOMHKPOHHBIE YaCTHIIHI.

VccenenoBanue MOMy4eHHBIX B JOJEKAHE YAaCTUIl B ONTHYECKOM MOIAPU3ALNOHHOM MHKPOCKOIIE TTOKAa3bI-
BAeT, YTO Ka)KA0€ MIrojbyaToe 00pa3oBaHHEe MUKPOHHBIX Pa3MEPOB, BUAMMOE B MHKPOCKOI, HE SIBISIETCS MOHO-
KpUCTAJIJIOM, @ COCTOUT U3 MHOXKECTBA CIIUIIINXCA MUKPOYACTHLI. le/I MAaKCUMAJIbHOM YBCJIMYCHHUU B OINTUYC-
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CKOM MHUKPOCKOIIE BUAHBI YaCTHIIBI pa3MepoM OkoJo 0,5 MKM, U3 KOTOPBIX CI0KEHO 00pa30BaHUE CPETHUM pa3-
MepoM okojio 2—10 mkM. IToBOpOT mpeaMETHOTO CTONMKA MOISIPU3AIOHHOTO MUKPOCKOIIA HE MIPUBOIUT K IIPO-
CBETJICHHIO/3aTEMHEHHUIO BUMMOTO 00pazoBanusi. Cliei0BaTeIbHO, OHO HE SIBIISIETCS MOHOKPUCTAJIIOM.

20 MKM

a 0

D, otH. ex.
1 -

Puc. 2. MukpodgoTtorpadum yactuu, copMMpoBaHHbIX B JoAeKaHe, NoNy4YeHHbIe C MOMOLLIbIO
nonsipu3aLnoHHOro MMKpPOCKOMa Npu yrne Mexay nonspu3aTopom u aHanusatopom: a) 0°; 6) 90°;
onTu4eckue cnekTpbl nornoweHus (B): 1 — cokpuctann 26DAP4N; 2 — pacteop 26DAP4N B n3onponvnosom
cnupte; 3 — HaHo4acTuubl 26DAP4N B nonudeHuneHokenae; 4 — nonudeHuneHokeng (D — ontudeckas
NOTHOCTb)

BeposiTHO, Kak B JojieKaHe, Tak U B MOJU(EHUICHOKCH/IE MOJ ACHCTBUEM KaXKIOTO MMITyJbca Jiazepa
MPOUCXOIUT 00pa30BaHUE OJHOM HAHOYACTHUIIBI B KaKJOM U3 IY3BIPHKOB, 00Pa30BaBLIMXCS MPH MCHAPEHUH H
NOCJIeAYIOIeH KOHAGHCAMN MaTeprala, HO B IEPBOM ClIy4ae, B CBSI3M C HU3KOI BSI3KOCTBIO JI0/IeKaHa, HaHO4a-
CTHIBI COOMPAIOTCS B arioMeparbl, a BO BTOPOM — OCTAIOTCSl B BUJIE CTAOMJIBHOTO KOJUIOWAA. DTO U SIBISETCS
MIPUYMHON Pa3JIMYHBIX PE3YNIBTATOB a0JSLUH IPU UCHOIB30BAHUH 3TUX JIBYX KOHIECHCHPYIOIIUX JKHIKOCTEH.

HccnenoBanne crieKTpasibHBIX CBOMCTB KOJUIOMIHOTO PAacTBOPA, NMOJIYYEHHOTO NpH abisuuy B moiudeHu-
JICHOKCH/IE, IPUBEJCHO Ha PHC. 2, B.

Kak BumHO U3 puc. 2, B, B CHIEKTpe KOJUIOMIHOTO PacTBOpa B TONU(EHIIICHOKCHIE (OTHOCUTEIFHO CIEKTpa
camoro nonr()eHIICHOKCH Ia) HAaOIomaeTcs MOHOTOHHOE Tomtonienne B oomactu 390—470 HM, 9TO COOTBETCTBYET
CHEKTpy momiomeHus cokpructaiuia 26DAPAN 6e3 spko BEIpaKEHHOTO MAaKCUMYyMa, XapaKTEPHOTO IS KPUCTAJLITH-
YECKOTO COCTOSIHUSI OPTaHUYECKOTO BEIIECTBA, B TO BPEMs KaK MOJEKYIIPHOE COCTOSIHHE TOTO e BellecTna (pac-
TBOP) XapakTepu3yeTcs HATWIHEM YETKO BBIPAKCHHOTO MakCHMyMa B CHEKTpe momiomieHus (kpusas 2). Takum
00pa3oM, CIIEeKTp MONIOMICHHUS KOJUTOH A OJIMKE K CIEKTPY KPYITHOIO KPUCTalIa, MOCKOIBKY B 000HX CIyJasx OT-
CYTCTBYET MakCHMyM morioiieHus Ha 405 HM, a moriomeHne B 001acT JIHH BOJH Kopoue 400 HM U3MEHsETCS
MOHOTOHHO, 0€3 MAaKCHMYMOB, 4TO XapaKTEePHO JUIsl KpacuTelleld B KpUCTAIUINYECKOM COCTOSIHHU.

[IpoBeneHs! uccnenoBanus npoueccoB admsiuuu cokprucrawia 26DAPAN B xxuakoctsx. [TokazaHo obpa-
30BaHME HAHOYACTHIl B BHJE KOJUIOMJA B JKHJIKOCTH, MPOIECCH CTaOMIIM3alni/OCaXICHUsI B KOTOPOH orpere-
JISIFOTCSI €€ CBOMCTBAMM, B OCHOBHOM BSI3KOCTBIO (TIPHPOIOH KMIKOCTH), B YACTHOCTH, B IOIH()EHUICHOKCHUIE
TIPOUCXOAUT 00pa30BaHME W CTAOMIIM3AIUA KOJUIOMIA HaHOYAacTHUIl. VcciienoBanne CIIeKTPOB MOITYYCHHBIX KOJI-
JIOWJIOB U MX CPaBHEHHE CO CHEKTPaMH MOJEKYISIPHBIX PAaCTBOPOB M MOHOKPHCTAJUIOB TOTO K€ BEIECTBA ITOKa-
3BIBAIOT, YTO 0Opa3yromieecs BemEeCTBO ABIseTcs cokpuctaimioM 26DAPAN 1, BeposITHO, HAXOMUTCS B KPHCTa-
JNYECKOM COCTOSTHHU. OTCYTCTBHE BUAMMOTO PACCESTHUS M BUAMMBIX B MHKPOCKOIT YAaCTHII IIO3BOJISIET MIPEATIO-
JIOXKHUTh, YTO BEIIECTBO HAXOAUTCSI B HAHOKPHUCTAJUIMUECKOM COCTOSIHUU. B nanbHeiiiieii padore Oyner nposeze-
HO JIeTaJbHOE MCCIIE0BAHIE MOTYICHHBIX YaCTHII, a TAK)Ke U3MEPEHBI NX HEJIHMHEHHO-ONTHYECKIEe CBOHCTRA.
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