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Puc.5. KomnoHoska cmeHda 0451 cCuHme3a KoAnoudHo20 pacmeopa SioO,

Fig.5. Layout of stand for synthesis of SiO, colloidal solution

OBOPYJIOBAHUE N OCHACTKA

Ormepanys OUMCTKH IIOJJIOKEK Peai3yeTcs B yIbTpa-
3ByKoBOM BaHHe Skymen JP-010T (CkarimeH, Kurtai)
Ioc/aef0BaTe/IbHO B alleTOHe, CIIUPTe U e MOHHU3U-
poBaHHOM Bozie. OCHOBHOH 3a/iadell IpefBapUTe/Ib-
HOI 00paboTKH KOJIJIOUZHOIO PacTBOPa SIBISETCA
MOBBIIIEHHEe eT0 MOHOAMCIIepCHOCTH. OHa pelllaeTcs
MOCPeACTBOM pas3/ie/leHHsl PacTBOpa Ha QpaKI UK
B neHTpudyre ELMI CM-6MT (Elmi, JlaTBu), Mak-
CHMaJIbHas 4aCTOTa BpallleHU sl LeHTPUPYTH COCTaB-
nset 3500 06/MuH.

Onst monydeHus 9K 3amaHHOr0 pa3Mepa 6b1u
IpeJJ/Io’KeHbl CXeMa CHHTe3a pacTBopa, B KOTOPOH
OCHOBHBIM BapbHpyeMbIM GaKTOPOM SIBJISIeTCS KOH-
LeHTpalusl aMMHaKa, OCTaJbHEIE PAaCCMOTPeH-
Hble paHee GaKTOPHI IIPH 3TOM CTaOHUIH3UPYIOTCS.
COOTBETCTBYIOI U 3TOH CXeMe 1abOpaTOPHBIN CTeH [
BK/II0OYaeT B ce6s1 4-MeCTHYI0 MarHUTHYIO MellaJKy
[JISL IPOBeleHU sl JBYX IapaJljle/IbHbIX IIPOLIeCcCOoB,
TepMocCTaT obecriedYnBaOIM NI [IOAAep>KaHUe TeMIIe-
patyp B suamnasode +10 ... +150 °C, ocHacTKa 114 yaep-
SKUBAaHM S TOUYHOTO MTO3UIJMOHUPOBaHUS KOJIb, -
POBBIe JaTYMKH TeMIIePaTyp, JMeKTPOIPOBOSHOCTH
U BOJ,OPOJIHOTO MoKa3aTe/s pH, Io3BosIONiMe aHa-
JU3HUPOBATh BCe CTAJAHUHU Ipolecca GOPMHPOBAHHUS
yacTUll. Ha puc.5 nmpeacraBaeH MakeT nabopaTop-
HOTO CTeH/Ia, Ha PUC.6 —~ COOPaHHBIN CTEH/I.

Camoc6opka KOTTOUAHBIX KPHUCTAJIIOB B 1abo-
PaTOpPHOM KOMIIJIEKCe peaJIu3yeTcs Ha LeHTpH-
¢yre ELMI CM-6MT, a TakKe OBYX OPUTHHAJIBHBIX
yCTaHOBKaX.

YCTaHOBKAa BePTHUKAJIbBHOIO BBITATHBAHHUS
M3 KOJJIOHUAHOrOo pacTBopa b6plna pa3paboraHa
ISl peasd3allii OLHOMMEHHOIO MeTo/a IIoJyde-
HHUS KOJJIOMAHBIX caoeB (puc.3a). OHA mpeacTas-
nsieT coborl cOOpaHHBIM M3 TPexX YacTeHl KOPIIYC.
HUSKHSIS 9acTh COLeP>KUT MACCHBHYIO IIIaTHOpMY,
YCTAHOBJIEHHYIO Ha AUCKOBble pe3HHOBEIe BUOPOO-
nopsl. lleHTpanbHas 4acTh KOHCTPYKI MU SIBISIeTCS

EQUIPMENT AND TOOLING

The operation of substrate cleaning is implemented
in an ultrasonic bath Skymen JP-010T (Skymen,
China) in acetone, alcohol and deionised water
sequentially. The main task of pretreatment of col-
loidal solution is to increase its monodispersity. It
is solved by separating the solution into fractions in
centrifuge ELMI CM-6MT (Elmi, Latvia), the maxi-
mum centrifuge speed is 3500 rpm.

In order to obtain SDPs of a given size, a solution
synthesis scheme was proposed, in which the main
variable factor is the concentration of ammonia,
while the other factors considered earlier are sta-
bilised. The laboratory bench corresponding to this
scheme includes a 4-place magnetic stirrer for car-
rying out two parallel processes, a thermostat pro-
viding maintenance of temperatures in the range of
+10...+150 °C, equipment for keeping accurate posi-
tioning of flasks, digital sensors of temperature,
electrical conductivity and hydrogen indicator pH,

Puc.6. ®omozpaus cmeHda 05l cCuHmMe3a KoAAOUOHO20 pac-
meopa SiO,
Fig.6. Realization of stand for synthesis of SiO, colloidal solution
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Puc.7. Makem (a) u pomoepagus (b) ycmaHosKu 8epmuKaAbHO20 8bIMA2UBAHUS U3 KOAAOUAHO20 pacmaopa

Fig.7. Layout (a) and realization (b) of dip coating installation

paboder KamMepoM, CTEHKH KOTOPOM BHIITOTHEHBI
K3 IIPO3PAaYHOT0 OPraHHYECKOro CTeK/a TOJILH-
HOH 3 MM, 4YTO IO3BOJSeT KaK CIeAUTh 3a MPoO-
L1eCCOM BBITSITUBAHUS U IOJy4aeMBIM pe3ynabTa-
TOM, TaK U 3allHIIATh OT BHEIIHHX BO3AeUCTBUH
(HampuMep, BO3AYIIHBIX IIOTOKOB). B pabouent
KaMepe yCTaHaBIHUBaeTCsl eMKOCTb C KOJJIOH[-
HBIM PaCTBOPOM, B KOTOPYIO CIIeIHa/JbHBIM MeXa-
HH3MOM IOrpy>kaeTcsd MoAJIoKKa. CaM MOTPyK-
HOM MeXaHH3M HaXOQMUTCA B BepXHeH YacTH yCTa-
HOBKH, IJle pacrojaraercd Takyke BCS CHCTeMa
yIpaBaeHUsI. MexXxaHH3M IIpefcTaBiaseT cobom
IIaroBBIM JBUTaTe/b C yIJIOM IoBopoTa 0,9°, mona-
KJIIOUeHHBIM K CHCTeMe YIIpaBJIeHUS 4depe3 CIe-
LHaTU3UPOBAHHBIN APanBep, KOTOPHIU JeNIHUT
KaskIBIM mIar Ha 256 MUKpoumaros, obecrmevyuBas
MHHHMaJIbHOE TUHEeHHOe IlepeMelleHHe 32 ONUH
mar. K BEIXOZHOMY Bajly IIaroBOro ABUIraTe/s Kpe-
IIUTCS HepacTs>KMMad JIeHTa, OTpaHHUYHBaOmas
BpallleHMe MO JIOKKHU, 3aKpeIlJ/IeHHOH B I1OJJIOXKKO-
JepsKaTesie BOKPYT CBoeu ocH. ITo[JIoKKoJepsKaTelb
B CBOIO O4Yepe/lb MOKeT 3a CUeT CIIeIJMajIbHOTO 10BO-
POTHOI0 MeXaHH3Ma U3MeHSTh HaKJIOH IIOJJIOKKH
OTHOCHTe/IbHO OCH BBITATHBAaHHUS. YIpaBIeHHe
BCeM CHUCTeMOM IIPOUCXOMUT C MOMOIIBI0 MHUKPO-
KoHTposnepa Arduino Mega, BBOJ 3HaYeHU N CKO-
POCTH K HallpaB/JIeHHU S BEITATUBAHM S, NJIUHBI IIOJ-
JIOKKH OCYIIeCTB/sIeTCA C BhIBeJeHHOM Ha Bepx-
HIOI0 YacCTh KOpIlyca KjaBuaTypbl U LCD muc-
mnaesd. Becb MexaHH3M II03BOJISET OCYILeCTBIATH

HAHO MHAVCTPUA Tom 17 Ne5 2024

allowing to analyse all stages of the process of par-
ticle formation. Fig.5 shows the mock-up of the lab-
oratory bench, Fig.6 shows the assembled bench.
Self-assembly of colloidal crystals in the lab-
oratory complex is realised on the centrifuge
ELMI CM-6MT as well as two original installations.
The vertical drawing unit from colloidal solu-
tion was developed for the eponymous method of
colloidal layers production (Fig.3a). It represents a
three-part assembled body. The lower part contains
a massive platform mounted on disc rubber vibra-
tion supports. The central part of the structure is
a working chamber, the walls of which are made
of transparent organic glass 3 mm thick, which
allows both to monitor the drawing process and
the result obtained, and to protect from external
influences (e.g., air flows). A container with col-
loidal solution is installed in the working cham-
ber, into which the substrate is immersed by a spe-
cial mechanism. The immersion mechanism itself
is located in the upper part of the unit, where the
entire control system is also located. The mecha-
nism is a 0.9° stepper motor connected to the con-
trol system via a special driver that divides each
step into 256 microsteps, ensuring minimum lin-
ear movement per step. A non-stretchable belt is
attached to the output shaft of the stepper motor,
which limits the rotation of the substrate fixed in
the substrate holder around its axis. The substrate
holder in its turn can change substrate inclination
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Puc.8. Makem (cnresa) u pomozpacus (cnpaea) yHusepcanbHol ycmaHosKu

Fig.8. Layout (left) and realization (right) of multifunctional unit

[IJIaBHOe IlepeMellleHHe CO CKOPOCTSIMHU B JHalla-

30He oT 0,01 MM/MUH 1010 MM/MUHH.

YHHBepcaabHas YCTAHOBKA I10Jy4YeHUSI KOJLIOU-
HBIX CTPYKTYp (pHc.8) bplyia paspaboraHa Aas pea-
JHU3aLIMU MeToJ0B 31eKkTpodopesa (puc.3b), BepTu-
KaJIPHOTO OCaskIeHHs (puc.3c) 1 MeToza JIeHrMoopa
bnopskeTT (pHc.3d). IIBa mocjegHUX cIiiocoba MOTYT
OBITH peasM30BaHBl B YCIOBHUSIX IOALEPXKKH HX
3ekTpodope3oM, UTo obecredyrBaeT ONHCAHHOE
BbIIIIe KOMIIJIEKCHOE BO3/JleHCTBHE Ha IIPoLiecc caMo-
cOOPKH C aBTOMAaTH4YeCKOH peryainpoBKOM MPHUKIIA-
IbpIBaeMOM Pa3HOCTH IOTEHIIMAJIOB U BO3MOXXHO-
CTBHIO IIOAA4YH UMIIYJIbCHOIO HAIIPSKeHU S C BeJIt-
4YHHOM oT 1 10 20 B. B ycTaHOBKe obecrieyeHo Iom-
Jlep>KkaHHhe TeMIlepaTypbl pacTBOpa IIpU IIpoBefe-
HUHU Ipoliecca B fuarnasoHe ot 12 mo 55 °C. CkopocTh
OTKAa4YKH PacCTBOPA peryiupyercss B JHUAlla30He
ot 0,2 1o 12,2 M1/MHH. Pealr30BaH KOHTPOJIb BOZO-
POAHOrO IoKa3aTess pacTBoOpa.

Jnsi ynpaBleHHS YCTaHOBKOM MCIIOJIb3Y-
eTcss mporpamMMma, paspaboranHas gias IIK Ha OC
Windows ¢ apyskenr6HBIM HHTepdericom (puc.9).
I[NogknoYeHHe K YCTAHOBKE OCYINeCTBISeTCS
¢ ucronbzoBanuem Bluetooth. ITonb30BaTeIbCKUN
uHTepderic Ha ITK 1103BO/ISIeT IPOU3BOAUTE!

* ABTOpH3allMIO [T0/Ib30BaTe/ell C KOHTPOIEM YpPOB-
HeH JOCTyIa;

* HACTPOHKY BHYTPEHHHX ITapaMeTpPOB yCTAHOBKH;

¢ KOHTPOJB OMHUOOK;

* IPOCMOTP I'PadHUKOB [1apaMeTPOB II0 IIPOBeJIeH-
HBIM IIpOLlecCaM C pasfe/ieHHueM I10 UAeHTUPU-
KaTopaM I10JIb30BaTeJIel;

* KOHTpO/Ib pH-pacTBOpa;

* IIJIABHYIO PeTyJHMPOBKY HAIIPSI>KeHU S, CKOPOCTHU
OTKA4YKH U TeMIIepaTyphbl;

* KOHTPOJIb IIapaMeTpoOB IIpoliecca Ha 3KpaHe
B pe>KHMMe peajibHOIO BpeMeHH.

relative to the pulling axis by means of a special
rotary mechanism. The whole mechanism is con-
trolled by the Arduino Mega microcontroller, values
of speed and direction of pulling, length of the sub-
strate are entered from the keyboard and LCD dis-
play on the upper part of the case. The whole mech-
anism allows smooth movement at speeds ranging
from 0.0l mm/min to 10 mm/min.

The universal setup for obtaining colloidal struc-
tures (Fig.8) was developed to support the electro-
phoresis (Fig.3b), vertical deposition (Fig.3c) and
Langmuir Blodgett (Fig.3d) methods. The last two
methods can be realised under conditions of their
support by electrophoresis, which provides the
above described complex effect on the self-assembly
process with automatic regulation of the applied
potential difference and the possibility of apply-
ing a pulse voltage with a value from 1to 20 V. In
the installation is provided maintenance of the
solution temperature during the process in the
range from 12 to 55 °C. The solution pumping rate
is adjustable in the range from 0.2 to 12.2 ml/min.

Puc.9. OKHo npozpammbl ynpasneHust yHUBepcanbHol yCmaHos8Kou
Fig.9. Window of the universal installation control program
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TepMmoo6paboTka CTPYKTYp M3 MOTHUCTHPOIA
peanu3yeTcss B BAKYYyMHOM CYIIH/JIbHOM IIKady
UT-4630V (ULAB, Poccus). IIpouecc MOATrOHKY pas-
MEpOB U IIJIOTHOCTH yIIaKOBKH MHKpocdep ocy-
IIEeCTBJISETCS B YCTAHOBKE IJIA3MOXHMHUYECKOTO
TpaBneHus Sirus T2 Trion (RIE) (Trion Technology,
CIIA).

PE3Y/IbTATbI U OBCY)XAEHUE

I[IpepnoxkeHHas cxema cuHTe3a YK mo3Bossger
[10JIy4aTh MHUKpOCchepsl AHaMeTpoM OT 161 1o 271 HMm
CO CpeiHeKBaApaTHYeCKUM OTKJIOHeHHeM Pa3MepoB
YacTHI OT 12 10 3% cOOTBeTCTBeHHO. BappupoBaHUe
pasMepoM Ioy4yaeMblX YAaCTHUIL OCYIIeCTBIIIeTCS
3a cYeT M3MeHeHH S COCTaBa PeaKLMOHHOH CMeCH
U JIMTeJbHOCTH Hpouecca. Ha puc.10 mokasaHa
3aBHCHMOCTb pasmepa ¢opmupyeMbix YK oT KOIH-
YecTBa aMMHMaKa B CMeCH.

CrekTpodoToMeTpHUUeCKoe HccaemsoBaHnue, ACM
1 COM-KOHTPO/Ib JeMOHCTPUPYIOT GOTOHHO-KPH-
CTa/IM4YecKylo Ipupoay obpasuos. Ha puc.10 npen-
cTaByieHbl COM-1300paskeHHU s KOIOUAHBIX [1JIEHOK
II0CJIe X MOTyUYeHHs, TepMO06PaboTKH U IIa3MeH-
HOTO TpaBjeHUs. OTYeTIHBO BUAHO o6pa3oBaHUe
"MOCTHUKOB" IPU YIIPOUHEHUH IVIEHKH U TPaHCHOp-
MaIHI0 CTPYKTYPHI B HEIIJIOTHO YIIaKOBAHHBIN KPH-
CTaJIJI IIpU ee IJa3MeHHOM obpaboTke. Ha puc.13
IIpeCcTaB/IeHbl CIIEKTPhI OTPasKeHU S IIJIEHOK, I10/1y-~
YeHHBIX MeTOLAMHU LIeHTPUYTMPOBAHUS U BEPTHU-
KaJIbHOTO OCaKAeHHU .

KoHTpoOJIb ITapaMeTPOB PaCTBOPa B COBOKYIITHOCTH
C ImapaMeTpaMU IIpollecca Io3BoiseT CGOPMUPOBATh
yIIOpsAOYeHHbIe KOJJIOMAHbBIe GOTOHHO-KPHUCTAJIJIN-
YeCKHe IJIeHKH C KOHTPOJIMPYeMBIM KOJIMYECTBOM
cioeB (puc.12), B TOM UHCJIe MOHOCTIOH.

ITpu BM3ya/IbHOM KOHTpPOJIe OPMUPYEMBIX CTPYK-
Typ oOHapy>kKHMBaeTCs BRIPaskeHHas oIaseceHIIus,
YTO IOATBEPKAAeT COOTBETCTBHE HMX CTPYKTYPHI
$OTOHHO-KPHUCTaI/INYeCKOM CBepXpelleTKe.
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Puc.10. 3agucumocmb duamempos noay4eHHbix YK u ux no-
AuducnepcHocmu (Polydisperaity) om KOHUeHmMpauul aMmuaka
Fig.10. Dependance of diameters and polydisperaity of obtained
silicon dioxide particles

Control of the hydrogen index of the solution is
developed.

To control the unit, a software developed for
Windows PC with a user-friendly interface is used
(Fig.9). Connection to the unit is made using
Bluetooth technology. The user interface on the PC
allows to perform:

« user authorisation with control of access levels;
« setting of internal parameters of the unit;
e error control;

,,..,k"'!

Puc.11. COM-u306paxkeHue GOmMoHHO-Kpucmanauyeckol nAeHKuU, cGopmuposaHHol Mmemodom 8epmuKanbH020 8biMsi2UuedaHuUs U3
5% konnoudHozo pacmeopa ¢ duamempom yacmuy, SiO, 300 HM nocae ocaxdeHus (a), nocae mepmoo6padomiu npu 75 °C 8 meye-
Hue 5 muH (b), nocae mpasneHus e cmecu Ar u O, 8 meyeHue 30 ¢ Npu MoWHOCMU UCMoYHUKA 65 Bm (c)

Fig.11. SEM image of photonic crystal film formed by dip coationg method using 5% colloidal solution with SiO, particle diameter of
300 nm after deposition (a), after heat treatment at 75 °C for 5 min (b), after etching in Ar and O, mixture for 30 s at 65 W source
power (c)
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Puc.12. COM-u306paxkeHust GomoHHO-KpUCManAu4eckux nAeHOK, 0mobpa>karouue 3a8ucumMocmb KOAU4ecmaa cAoes om ckopocmu
gbimsaugaHus, d — 0,5 mm/muH, b - 0,5 mm/muH, ¢ - 0,4 mm/muH, d - 0,35 mm/muH, e - 0,3 mm/muH, f = 0,1 Mm/MuH

Fig.12. SEM images of photonic crystal films showing the dependence of the number of layers on the pulling speed, a - 0.5 mm/min,
b-0.5 mm/min, c-0.4 mm/min, d - 0.35 mm/min, e - 0.3 mm/min, f- 0.1 mm/min

3AK/NIOYEHUE
JlabopaTOPHBIA KOMIIJIEKC AJISl IIOJNIyYeHHU S KOJI-
TOUIHBIX GOTOHHO-KPUCTANTIUUYECKUX CTPYKTYP,
BO-IIePBBIX, [103BOJISET U3rOTABIKNBATH KaUeCTBEH-
HBble 00pa31ibl C BOCIIPOM3BOJUMBIMH CBOMCTBAMH,
BO-BTOPBIX, 0becliedrBaeT BO3MOKHOCTD IIpOBeJie-
HUSI UCCIeIOBAHU S IIpoliecca OPMHUPOBAHHUS HAHO-
CTPYKTYp Ha COBPeMEHHOM M MeTOLHUYeCKH rpa-
MOTHOM ypOBHe, B-TPETBUX, SIBJISETCS UCTOUHU-
KOM MaTepHaJIOB [IJIs COBePIIeHCTBOBAHHUS MeTO-
IUYeCKOM U MeTPOJIOTHYeCcKok 6a3 HccIeqoBaHUH,
B-4eTBepTHIX, HCIIONb3yeTCsl B 06pa3oBaTelIbHOM
npoiecce 4t OTPaboTKU M 3aKpeIllJIeHUS IPaKTHU-
YeCKHX HaBBIKOB M KOMIIETeHIIMH B 06/1aCTH HAHO-
WH>KeHEePUH U TeXHOJIOTHHU HAaHOMaTepHaJsIoB.
[TpopaboTka TeOpeTHUUeCKOH, alllIapaTHOM U IIPO-
rpaMMHOM 6a3bl IpU pa3paboTke KOMILIIEKCA MOKET
IIOCJIY>KUTh OCHOBOM IIPU IIPOeKTHPOBAHUU peasb-
HOIO IIPOMU3BOJCTBA C y4eTOM OCHOBHBIX aCIeKTOB
U KJII0YEeBBIX BIHUAIOMNX GaKTOpoB. Kaskaas 4acTs
KOMIIJIeKCa MOKeT OBITH IIpomMacmTabrupoBaHa
c menbio obecriedeHUs TpebyeMON IIPOKN3BOSUTEb-
HOCTH BBIIIYCKA H3/IeJIMH Ha OCHOBE KOJIJIOMIHBIX
GOTOHHO-KPUCTA/INYECKHUX IIJIEHOK.

WHOOPMALLMUA O PELLEH3UPOBAHUU

Pemakuus 671arofapuT aHOHHMMHOTO pelleH3eHTa
(pelieH3eHTOB) 3a UX BKJIAJ B peLleH3UPOBAHHE 3TOHN
paboThI, a TaksKe 3a pa3MelleHHe CTAaTel Ha CaHUTe

 viewing of parameter graphs for the performed
processes with division by user identifiers;

« control of solution pH;

« smooth regulation of voltage, pumping speed
and temperature;

« control of process parameters on the screen in
real time mode.

Heat treatment of polystyrene structures is
implemented in a UT-4630V vacuum drying cabinet
(ULAB, Russia). The process of adjusting the size
and packing density of microspheres is carried out
in the Sirus T2 Trion plasma chemical etching unit
(RIE) (Trion Technology, USA).

RESULTS AND DISCUSSION

The proposed scheme of SDP synthesis allows to
obtain microspheres with diameters from 161 to
271 nm with a standard deviation of particle sizes
from 12 to 3%, respectively. Varying the size of the
obtained particles is carried out by changing com-
position of the reaction mixture and duration of the
process. Fig.10 shows the dependence of the size
of formed SDPs on the amount of ammonia in the
mixture.

Spectrophotometric study, AFM and SEM control
demonstrate the photonic-crystalline nature of the
samples. Fig.10 shows SEM images of colloidal films
after their preparation, heat treatment and plasma
etching. The formation of "bridges" during film
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Jeknapauus o KOHPAUKMe UHMepecos. ABMopbl 3a58As0Mm
06 omcymcmeuu KoHPAUKITOB UHMePecos UAU AUYHBLX OMHOUle-
HUil, Komopble Mo2Au bbl nosAuLMmb Ha pabomy, npedcmasieH-
HYt0 8 daHHoll cmamve.
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hardening and transformation of the structure into
a loosely packed crystal during its plasma treat-
ment can be clearly seen. Fig.13 shows the reflec-
tion spectra of films obtained by centrifugation and
vertical deposition methods.

Control of solution parameters in combina-
tion with process parameters allows to form
ordered colloidal photonic-crystalline films with
controlled number of layers (Fig.12), including
monolayer.

Visual inspection of the formed structures reveals
pronounced opalescence, which confirms that
their structure corresponds to the photonic-crystal
superlattice.
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CONCLUSIONS

The laboratory complex for production of colloi-
dal photonic-crystalline structures, firstly, makes
it possible to produce high-quality samples with
reproducible properties, secondly, it provides an
opportunity to carry out research into the pro-
cess of nanostructure formation at a modern and
methodologically competent level, thirdly, it is a
source of materials for improving the methodolog-
ical and metrological bases of research, fourthly,
it is used in the educational process to develop
and consolidate practical skills and competences
in the field of nanostructures, fourthly, it is used
in the educational process to develop and consoli-
date practical skills and competences in the field of
nanostructures.

The elaboration of theoretical, hardware and soft-
ware base in the development of the complex can
serve as a basis for the design of real production tak-
ing into account the main aspects and key influenc-
ing factors. Each part of the complex can be scaled
up to ensure the required productivity of production
of products based on colloidal photonic-crystalline
films.
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