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CsetoBOE 3arpasHeHune — 3acseymBaHme MCKYyCCTBEHHbIMU NCTOYHUKAaMKN OCBELWLEHNA, KOTOPOE MeLlaeT nposeaeHunto
dCTPOHOMUNYECKNX Ha6J'I}O,£IIEHMl‘/JI U USMEHAET 6MOpMTN\bI KNMBbIX CYLWECTB.



lyCeHHLE MO/TM, NOIMAaHHEIE BO BOEMA HCCASN0BaHWA OpUTAHCKWX 3K0/T0M0B
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HOME » SCIENCE ADVANCES » VOL.7,NO.35 > STREETLIGHTING HAS DETRIMENTAL IMPA INOTI s
RESEARCH ARTICLE ECOLOGY L n

Street lighting has detrimental impacts on local insect
populations

Science ===
Adoenees

DOUGLAS H. BOYES DARREN M. EVANS RICHARD FOX MARK 5. PARSOMNS
SCIENCE ADVANCES -+ 25 Aug 2021 - Vol 7,lssue 35 - D0I-10.1126/sciady.abid3z?
¥ 1335
Abstract
Reported declines in insect populations have sparked global concern, with artificial i ]
light at night (ALAN) identified as a potential contributing factor. Despite strong -
evidence that lighting disrupts a range of insect behaviors, the empirica
that ALAN diminishes wild insect abundance is limited. Using a matche i pairs d
sign, we found that street lighting strongly reduced moth caterpillar abu e 5
compared with unlit sites (47% reduction in hedgerows and 33% reduction in grass UFMylation of MRE11 i essential for telomere length
margins) and affected caterpillar development. A separate experiment in habitats - maintenance and hematopoietic stem cell survival
with no history of lighting revealed that ALAN disrupted the feeding behavior of Y LARALES SR SELETERES CLR ETAL
nocturnal caterpillars. Negative impacts were more pronounced under white light- . . ,
. i . i . < Multistep mechanism of G-quadruplex resolution
emitting diode (LED) street lights compared to conventional yellow sodium lamps. during DNA replication
This indicates that ALAN and the ongoing shift toward white LEDs (i.e., narrow- to TR SATE, (IEER R LTE0, Bk
broad-spectrum lighting) will have substantial consequences for insect popula-
. d st Ancient genomes reveal long-range influence of the
S CITIESSEE pre-Columbian culture and site of Tiwanaku
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A6noykoB Hukonam NaBnoBuny JloabiruH AnekcaHgp HukonaeBuu
ayrosagd namna [TpmMmeHeHne BonbpamMoBbIX HUTEN
1874 ron 1874 ropn
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CnekTpanbHasi NA0THOCTb, MBT/HM

300 400 500 600 700 800 900
JunHa BOMHbI, HM

«25 BT — 100 °C,
40 BT — 145 °C,
75 BT — 250 °C,
*100 Bt — 290 °C,
«200 Bt — 330 °C.

Pasorpes npoBogHWKa (Tena Hakana)
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Ctpobockonunyecknun acpcpeKkT B NMIOMUHECLEHTHbIX
namnax Bbi3biBaeTcsa YactbiMu (100 pa3 B cekyHAy)
HeyrnoBUMbIMW A4 rf1la3 MUraHUsIMK
NMIOMWUHECLIEHTHOM NaMnbl B TaKT C KofiebaHsiMm
NepeMeHHOro Toka B OCBETUTENbHON CETH.

[TpMBOOUT K NCKAXKEHMIO OENCTBUTENBHOW KapTUHBI
ocBellaeMbIX NpeamMmeToB.
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OneKkTpontoMUHECLEHLUMA NONYyNPOBOAHMKOBOIO nepexoia

«CBeTOoBOE perne»

<...CYLLEeCTBYIOT SBMNEeHUs, rge BeLlecTBo BHOCUT B
9JIEKTPOMAarHMTHOE MoJie CyLeCTBEHHbIe N3MEHEeHUS, a Ha
HEeM CamMOM He OCTaeTCsi NPU 3TOM HUKAaKOro creaa. .

cBe4YeHMne B TOYKE KOHTaKTa ABYX Pa3HOPOAHbIX ﬂ @' @

MaTepuanos,
B nape kapbopyHa — cTanbHasa urna

JloceB Oner BnagnmmupoBuy
1923 roa

«...CeoeobpasHvle asnenus, npomexkaowue Ha cparuye ObipoyHO20 U
IEKMPOHHO20 KApOOPYHOA (8 MOM Yucie U ceeuerue npu
npoxooicoenuu moka), O. B. Jloces obHapycun u noopobHo uzyuun ewé
8 20-x 2o0ax, mo ecmb 3a007120 00 NOABNEHUSL COBPEMEHHBIX MEOPULL... »
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2014 r. HobeneBckasa npemus no cpusuke
CUHUe cBeToaANOAbI

lpoch. Crod3u Hakamypa
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Hapy»cHoe oceewjeHue UHOycmpuanbHoe oceeweHUe
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Brnepsbie ntommnHecueHuma dbina onmncaHa B XVIIl Beke (1602 roa).

«Yaaya canoXXHMKa n3 bonoHbn»

«BONOHCKUN KaMeHb»

BaSO,
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«byOem Hasbieamb ftOMUHecueHyueu u3bbimok Had
memrepamypHbIM U3Ty4eHUEM meria 8 moM criydae, ecriu 3mo
u3bbimoyHoe u3srydyeHue obriadaem KOHeYHoU OrumesibHOCMhbHo
npumepHo 10770 cekyHO u bonbliey. BasnnoB Cepreli Haanoaus

Cepeeli eaHosuyY Basusos

CBeyeHue BaBunoBa-YepeHkoBa
TennoBoe nsnyvyeHue JITrommnHecueHuUA
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Gslld: OnpedeneHusi

JIIOMUHeCLLeHUMA - HEeTeNnA0BOe CBeYeHue
BellecTBa, npoucxoasllee rnocne

NOrNOLWEHUA UM SHeprumn Bo3byxaeHus.

[EWI:‘} E:—cm p— Vibrational

10" Seconds ¢ 33 ]_Em,_l, onal
JliomnHodop (lumen — cBeT, popoc — o =

o nv on Conversion

HecyLwWwmnimn) — BeLWecTBo, crnocobHoe Vbsonal g Delayed
npeobpa3oBbiBaTb NOrNOLWAEMYIO UM SHEPTUIO B il el = T
CBETOBOE U3NyyeHue. (10107 Seo m,;:;,-_g;; 5 e

Inéer?&ftn';m Mon-Radiative

v Refeation

Mpupopaa: nanyyarenbHble nepexonbl € U3 BO30Y)XAEeHHOro COCTOAHMUA B Quenching Phosghorescence
OCHOBHOe€e "ﬂﬁﬂtﬂnw Eo% {107- 10° Sec)

Figure 1

Ground State



Photoluminescence

Photons

X-ray luminescence

Sonoluminescence
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Fluorescence
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dnyopecueHuua 101° - 107 ¢

®ocdopecueHuma 10°c-10c

“ﬂyﬂbTMHHETHOCTb'—'BeﬂMHMHa,
XapPaKTeEPU3yrOLWaAa CNMH aTOMa NN MONEKY/1bl.
MyI'IbTMI'II'IeTHOCTb pPacCcCyUTbIBAETCA NO

dopmyne:
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. raoe N — 4ncno 3/1eKTPOHOB B MOJIeKy/1e UNu

aTome, S— CNMMHOBOE KBAHTOBOE

yucno (Npoekumns CNMHa) KaxKaoro 3/1eKTpoHa.
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McnyckaHue KBaHTa cBeTa (POoTOHA) ABNAETCA pe3y/ibTaToOM
nepexoAa 3N1eKTPoHa C OAHOro SHEPreTMYEeCKOro YpoBHA Ha
apyrow, bonee HU3KUN.
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Kpucrannodpocdopbl — Kpuctannimyeckme BeLLecTsa,
BKAtoYatowme B ceba HebonblLuoe KONMYeCcTBO NpUmMecH-
aKTUBATOPA, MOHbI KOTOPOTO CAYXaT MaBHOW COCTAaBHOM
4aCTbHO LEHTPOB CBEYEHMUS
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docdopecueHLMa — 3To 0cobbIi TMN GOTONOMUHECLLEHLMN.

B otanume ot dnyopecueHTHOro, pochdopecueHTHOE BELLLECTBO U3nyYaeT
NOrNOLWEHHYIO SHEPrnto He cpasy.

bonblwee BpeEMA peaMnNCCnnN CBA3aHO C (<3aI'IpeLLI,éHHbIMVI» dHepreTM4eCKknMHm
nepexogamu B KBaHTOBOW MEXaHUKE.

E
S=0 A

couplage spin-orbite

A \ S=1

ﬂL]k‘-ll'ﬂSL.‘::l]C';.“ /

phosphorescence 7nS: u SFA|204ZEU2+, Dy3+
S-0 ' / [nntenbHoe nocnecse4yeHne

ex1taton
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ZnS:Ag (CMHMI LIBET CBEYEHUSA) —
04 UBETHbIX KUHECKOMOB C CUHUM LIBETOM CBEYEHUA.

(Zn, Cd)S:Ag — Oonsa peHTreHOBCKuX TpyobokK

ZnS:Cu (3eneHbin UBET CBEYEeHNs ) —
Ang ceBeTawmxca Tabno, naHenew,
noMuHodopoB ocuunnorpadunyecknx Tpyook.

CUMHTMINATOPLI - BeLlecTBa, nanyyarouime
CBET NP NOrnoLeHNN MOHU3NPYIOLLIETO
N3nyyeHns (raMmMa-KkBaHTOB, 3JIEKTPOHOB,
anbda-yactuy n 1. 4.). Nal(Tl), CsF

Scintillation in ZnS(Ag) by alfa
particles




Srars Mam epualibi

=) 1070 (o

L

10s 30s Tmin 5 min SI'A|204 Eu2+ Dy3+ _
. J J

5 min

B 30 pas sapue,
ONNTeNbHOE nocrieceedeHne
(0O HECKOMbKMX YacoB)

SrCO,, Al,O5; Eu,0,; Dy,05; were introduced into a muffle furnace and
heated maintained at 1300 °C for 3 hrs under a reducing atmosphere
comprised of 10% H, and 90% N, to get the desired phosphor material.

Sr,MgSi,0,:Eu?*,Dy3*




S Mam epuarsibl

i) 120 (S

NAMn — niommHodopbl ANNTENBHOTO NOC/IECBEYEHMS

NoBbIWAT 3PPEKTUBHOCTb MONCKOBO-CMAcaTeNbHbIX PaboT, 04eBUAHO, A0MXKHbI ObITb PAa3INYMMBbI C PACCTOAHMUSA
HEeCKO/IbKMX COT MEeTPOB M 06/1a4aTb BbICOKOW rMApP0- N aTMOCHEPOCTOMKOCTbIO

NAMN ana MapKMPOBKM NOCTPAAaBLUMX AO/IKHbI M31y4aTb BUAUMbBIA CBET 3a4aHHOIO CNeKTpa, 06/1a4aTb NOBbIWEHHOM
WHTEHCUBHOCTbIO U3/1ly4eHUnA, ObICTPOM aKTUBALMEN N BbICOKOW rMAPO- U aTMOCHEPOCTOMKOCTbIO.
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PIEZ roconcnn casmr CneKkTp — pacnpeaeneHne UHTEHCUBHOCTY
Frocs. < Agayop. 3MIEeKTPOMArHMTHOIroO U3riy4eHus No YyacTtoTam
WUnun no ArivHam BOJIH.
CI'IeKTp Nn3nyyeHn4a B uUersiom m ero makCMmMmym Bcerga
COBUHYTbI MO CpaBHEHNKO CO CIEKTPOM rMorfoweHnAa um
ero MmakCmmMmymMom B CTOPOHY AOJIMHHbIX BOJIH.
nornoweHue thnyopecueHUMA
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KOHeepcuu criekKmpoe

KoHeepmupoeaHUA

HeCcKoslIbKUX ¢omoHo8 ¢ bonee HU3KoU 3Hepauel
(6onbwaa A) 8 00uH pomoH c b6osnee 8bicokoU 3Hepauel

(meHbwas A)
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HHdeaKDaCHDI'O ManyvyeHusa
B BUOWMBIA CBET.

O6BMHAA TIOMHHECIIEHIIHS  AII-KOHBepCHOHHAS
JIFOMIHE CLIC HITHST

Down-shifting - npouecc koHsepmuposaHus
00H020 homoHa ¢ bosnee 8bICOKOU 3Hepauel
(meHbwasa A) 8 00uH homoH ¢ bonee HU3KoU
sHepzauel (6onbwasa A)
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Quantum cutting (kBaHTOBaA llepeHoOC 3Hepauu
pe3Ka) — npouyecc rnpu KoOmopom
gomoH ¢ bonbwol sHepauel
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Intensity, a. u
?

Eudt LoVl i Eu®*

5;0 660'650'660'650'750 750 e —p—
Wavelength, nm 400 500 600 700 800

* * ‘f ’f ?‘ 1‘ T * * T ,r * T Wavelength (nm)

47 6s? — 4f° 4f7 652 — 4f7
BHYTpUKOHUrypaLUnoHHbIE MexKoHUrypaumnoHHble
4f-4f nepexobl 5d-4f nepexoap!

1 cuna KpucTannmnyeckoro nons (1 nonsipusauns cBs3en)
1 SHeprusa E, opbuTaneil
Manoe Bo36ykaeHuna Ha 450 Hm | aHeprusa nonockl N3ny4yeHus

TpeboBaHue: LUnpunHa cnekrpanbHoi nonocbl £ 50 HM
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Deyneko et al. 2020. J. Lumin.
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Sm3+

| j-.w =172 nm

--——x=05% Eu, (1)
----x = 8% Eu, (2]

x = 1.0% Euw, (3]

J=-=-x=0.5% 5Sm, (4)

x = (8% Sm, (5]
x=10% Sm, (6]

|
240 560 580

||
600 620 640 660

Wavelangth (nm)

Deyneko et al. 2020. CrystEngComm.
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Deyneko et al. 2021. Ceram. Int.
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PeweHue:
nromuHodop + ceetoamop, (ot cuHero ao YP)

&)

' IFKOMHUHO®OP
® BHEWHAWBHYTPEHHWI KONNAYKK

CUNMEOHOBAA NNH3A

roNYeOW CBETOOWMOOHBLIA YN,
MOANOMKA C BEIBOOAMA

' NEYATHAA MNATA

CoueTtaHue Tpex ceeTtoanonos — HM3KOE Ka4eCTBO CBETA

CUHUK cBETOAMNOA + KENTbIN NIOMUHODOP = besnbln CBET
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Ceemoduod

Lser

Mpamoe Hanpsa)xeHue (B)

MonynpoBoaHUKOBBIN MaTepuan

NHbpaKpacHbIN

AU< 1,9

GaAs, AlGaAs

KpacHbIN

1,63 <AU< 2,03

AlGaAs, GaAsP, AlGalnP, GaP

OpaHrKeBbll

2,03<AU<2,10

GaAsP, AlGalnP, GaP

Kentbin

2,10<AU< 2,18

GaAsP, AlGalnP, GaP

3enéHbln 1,9<AU<4,0 InGaN / (GaN), GaP, AlGalnP, AlGaP
CuHMH 2,48 < AU< 3,7 ZnSe, InGaN, SiC - noanorKa
duronetoBbIN 2,76 < AU< 4,0 InGaN
[1BOMHOM: CUHUIA/KpPACHbIM anoga,
MypnypHbIN 2,48 < AU< 3,7 CMHWIN C KPAaCHbIM IIOMUHOGDOPOM,
nnn 6enbl ¢ NypnypHbIM NAACTUKOM
YnbTpadmonetoBbIn 3,/1<AU<4,4 Anmas, BN, AIN, AlGaN, AlGalnN
CoueTaHue Tpex cBeToAMO0[0B OCHOBHbIX LLIBETOB
(KpacHbIN, CMHWUI, 3enEHbIN), NMbo NtomuHoGoPp,
Benbin AU = 3,5 n3ny4varoLimim 6enbi UBET Noj BO3AENCTBUEM

CBETOAMOAA CO CMEKTPOM OT CUHErO A0
yNbTPadnoneToBoro;
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s—aanﬂ%% OcenaHune Ha NOANOXKY
(CH3)3Ga+NH3 GaN + BCH4T

Moanoxka — ] AnuTakcuin — pocT
NCKYCCTBEHHbIN Tokonposogswero crnos (In, Ga)
candwmp Al,O,4

6 yacoB
~70 cnoeB
TonwuHa > 5 MKm
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Spectrum
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[Tpy NponyckaHnn 3neKTPUYEeCcKoro Toka Yepes p-n nepexon,
B NPSIMOM HarpasfieHUN HOCUTENN 3apaaa (e v ObIPKn)
ABWXYTCS HaBcTpedy ApYyr ApYry 1 peKOMOMHUPYIOT C 3

nsryyeHmem (poTtoHoOB

W]

(13-3a NnepexoaoB C OOHOro
9HEPreTUYECKOro YpOBHS Ha Apyrom)




Pa3mep kpuctanna 1 mm2

_ AnmasHas peska
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X Kayecmeo ceema

<GS INeKTPOTEXHUYECKME TOBAPbI AN CYACT/IMBOM, CBET/ION U KPACUBOWM XKU3HW.

239 py6.

?
HupepnaHabl Poccus ¢

«Ontoran» r. CaHkT-MNeTepbypr

~ 120 BT HakanuBaHus



CneKkmpul u3dayueHus

& XUMITYECKIT 4

S, PAKY/ILIE o

E%%g,@:
;-i- 0 C ¥
NEKTPbI H3/TYYEHHH
: %f’ﬁ\ﬁ ‘ P NMiomuHecueHnTHas namna
I
|
De
WE
L& —
o | Y | 400 500 600 700 400 200 600 700
400 450 500 5:20 5100 650 700 Namna nakanusanus

ONHHE BONHBI, HM

400 200 600 700 400 200 600 700



1117

_é XMMHYECKMI ;é
N ﬂ?ﬁﬂ?ﬁlﬁl'ﬁ'w'

. .. : 7 )

H%@wﬁ:?

CRI - uHOdekc ysemornepeda4yu

KO/In4yeCtBeHHaA Mepa CnocobHOCTM NCTOYHMKA
CBETAd BEPHO OTO6pa)'KaTb LIBETA OCBELLdEMDbIX o0bbeKToB

B CpaBHEHNU C UAea/IbHbIM U/TN €CTECTBEHHbBIM
_ MCTOYHUKOM CBeTa.

CRlI y namn HakanuMBaHuA, U y Heba (AHEeBHOM CBET)
cymtaetca paBHbiM 100, NpM TOM 4YTO HM OAUH W3 3ITUX
MCTOYHMKOB  CBE€Ta  He  ABNAeTcA  AeUCTBUTENbHO
6e3ynpeyHbim.

2700K CRI 97 2700K CRI %0 Z700K. CRI BO 2700K CR] 70

CRI €70 CRI >70 - <BO CRI >80

UHOekc ysemonepedavyu CRI —
Color Redirecting Index
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Ba 610 nm Sr

Kommepyeckn aoctynHbin ans pc-LEDs
HKentbit ntommHodpop YAG:Ce; Y,AlO,,:Ce3*

Manoe yncno ntommHopopos Apyrux usetos ana pc-LEDs m3-3a
TpeboBaHUI:

Bbicokad 9P PEKTUBHOCTb npeobpasosaHua Npu TemnepaTypax Ao
200 °C

BbICOKAA CTOMKOCTb K gerpagauum.

Eu2* nonuposarHbie [ nomrHodops

(Ba,Sr),SicNg:Eu?* (A, ~ 590-625 nm, FWHM > 100 HMm) ;
(Ca,Sr)SiAIN;:Eu?* (A, ~610-660 nm, FWHM > 120 Hm).

p—
" +
M25|5N3:Eu2 emission intensity &

500 500 700 800

LLInpoKune nonocbl 3HAa4YNTENBHO OrPaHNUUYMBAOT MaKCMMaIbHO
NOCTUMMMYIO CBETOBYIO OTAAYY,

4acCTb CBETA U3/Iy4aeTca 3a npeaenamm AnanasoHa
4YyBCTBUTE/IbHOCTU YenoBevecKoro rnasa (Bbiwe 700 HMm).
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MaTtepuanbl c bonee y3KMm U3Ny4YeHUeM:

cynbduapl Sr,_ Ca S:Eu?* (A, ~ 615650 Hm,

FWHM > 80 HM.

T [ PR

NPUMEHeHMe:

* CUAbHOE TeEMNEepaTypHOe TyLleHue

* BbICOKAA YYBCTBUTE/NIbHOCTb K rMAPO/IN3Y
(MOHHaA npupoaa bUHapHbIX cyibdn0B)

* TOKCUMYHOCTb NPOoAYyKTOB rnapoansa (H,S)

Normalized Intensity (a.u.)

CoepemeHHble JIIOMUHOQDOPBbI

SrGa284:Eu2+

SrgGazss:Eu2+

SrS:Eu?*

500

550

600
Wavelength (nm)

650

700
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SALON:Eu?*

S
S o
@ =
z 2
= S
g S
ks
320 370 420 470 520 570 620 670 720 770 400 450 500 550 600 650 700 750 800
A, nm Z, nm

100 ............l........,".""..

SALON enabled .II
80
IS
>
SLA enabled* g 60
9
£ 40
(0]
=
s
State of the art* é’:’ 20
80 90 100 110 120 130 140 295 345 395 445 495

Relative LER in CRI90 LED, % Temperature, K
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Sr[LiAlL,N,]:Eu2*

Sr[Li,Al,O,N,]:Eu2*

Tetpasgpbl AINs; LiNs,

nature (

COMMUNICATIONS

ARTICLE
OPEN

Sr[Li,AlLO,N,1:Eu2+t—A high performance red
phosphor to brighten the future

Gregor J. Hoerder', Markus Seibald2, Dominik Baumann® 2, Thorsten Schréder?, Simon Peschke?,
Philipp C. Schmidz, Tobias Tyborski2, Philipp Pusta, lon Stoll® 3, Michael Bergler3, Christian Patzig",
Stephan Reifaus?, Michael Krause?, Lutz Berthold?, Thomas Hoche® 4, Dirk Johrendt® 5 &

Hubert Huppertz® !
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SALON:Eu?*
b P42/m
Sr2* — Eu?t

Manas wupuHa nmka (FWHM) 3a cyeT K BbICOKOM
NNOKa/IbHOM MUKPOCUMMETPUN No3ununii Eu??
YnopagoveHHoe pacnonoxeHma 4 O n4 N atombl

Obpa3oBaHMe Kyboobpa3HOro KOOpPAMHALMOHHOIO
MHOFOrpaHHUKa.

Bonee  M30TPOMHOWM  CTPYKTYPHOM  penakcauuu
BO3OYKAEHHbIX cocToAaHMM B Eu?t

YMEHbLUEHNE KONMYECTBO Pas3IMYHbIX COCTOAHWM,
CBA3aHHbIX C SMUCCUOHHbIM MPOLLECCOM.
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Fanbowarly
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zhhanbo.en.alibaba.com

- “ BhICOKOKAYECTBEHHBIA BLICOKOKAYECTBEHHLIA CEETOAMOAHLIN hocdo
BblCOKOKa4eCTBeHHLIA CBETOAMOOHLIA KenThii (ocdOopHLIA NOPOLLOK _— KpacHoro LiBeTa

FOB Reference Price: Get Latest Price

10,00 $ - 15,00 S/l 50 c/r(Min. Order)

Shipping: Support Mopckoil dpaxT

FOB Reference Price: Get Latest Price

50 r/r(Min. Order)

Shipping: Support Mopckoii hpaxT
€@ Alibaba.com Freight | CompareRstes | Leam mare

Alibaba.com Freight Compare Retes = Learn more
& g Onnata: VISA @ T/T Orine Transfer #Pay  WesternUnionwu [l -

Onnata: VISA @ T/T Online Transfer  #Pay  WesternUnion™WU [0 -

. CuHTes

" | T | LiAIH,, AIN, SrH,, EuF, (2 4, 1 000 °C atmocdepa (N,:H, 95:5%).

MpUMepHOE BpemMa (B gHAx) | 2 [orosopHan

M3roToBNEHKE H... DOCHOPHO-OYHKUMA(VWH. 3aka3: 1000 1) Sr3A|206, |_|N3 ’ EUZO (5 LI, 1 000 OC aTN\OCd)epa (NZ:HZ 95:5%)-

@ Alibaba.com Freight = CompareRates | Learn more
Onnata: YISA @ T/T Online Tranzfer @Pay WesternUnionwWu [ -
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Mn?2* activated Ca-a-SiAION
d-d nepexoabl, BHYTpULLEHTPOBbIE

B Materials and methods
Synthesis

All samples investigated in the present work were obtained by
the solid-state reaction method. High purity reagent grade
chemicals of Si;N4 (SN-E10 grade, Ube Chemicals, Japan), AIN
(99.9%, Sigma-Aldrich, Germany), CaCOj; (99.9%, Merck],
BaCO; (99.9%, Merck), MnCO; (99.9%, Sigma-Aldrich,
Germany), MnF; (99.99%, Sigma-Aldrich, Germany), EuF;
(99.99%, Highway Chemicals, NL), YbF; (99.99%, Highway
Chemicals, NL) and CeF; (99.99%, Highway Chemicals, NL)
were used. The precursor chemicals were weighed in a
stoichiometric ratio and mixed thoroughly using agate mortar-
pestle. Acetone was used as dispersant during mixing. In doped
samples, the respective dopant ions were incorporated by
substituting equivalent metal ions (Ca®') contents in atomic
% (at%), Le. Caj x ,SigAlzON;s:xMn,y(Eu/Yb/Ce), where x =
0-15 at% and y = 0, 0.5 at%. The well-mixed powder batches
were transferred into covered BN crucibles and fired at
high temperature under 10% H,-90% N, gas-flow reducing
atmosphere. The sintering temperature for Ca-u-SIAION was set
at 1650 “C for 5 hours dwell time, unless specified otherwise in
the text. The ramp rate was 200 K hour '. To compare, Mn**
doped BaSi;Al;O4N;5 (5 at% Mn) and AIN (1 at% Mn) samples

Materials

Advances

PAPER

'.) Check for updates

Cite this: Mater. Adv., 2021,
2,2075

CosepeMeHHbIe JTIOMUHOOPbI

Fis'HbA: 200 nim
(480 meYy)

Ca-a-5iAl0N

7 LOYAL SOCIETY
a OF CHEMISTRY

View Article Online

View Journal | View Issue

Mn?* activated Ca-a-SiAlON — broadband
deep-red luminescence and sensitization by
Eu®*, Yb?* and Ce3*¥

Atul D. Sontakke, 9% Arnoldus J. van Bunningen,® Sadakazu Wakui®® and
Andries Meijerink*®

The covalent character of (oxynitrides has enabled tuning of emission color for new Eu*"- and Ce®*-
doped phosphors and widespread implementation in white light LEDs. an*-doped (oxy)nitrides form a
relatively unexplored class of luminescent materials with great potential as orange to near infrared (NIR)
phosphor in white light and NIR LEDs. Here we report deep red broad band emission around 700 nm
for Mn?* in Ca-«-SIiALON. The emission shows a complex and gradual temperature quenching behavior
and an unexpectedly large blue shift of the band maximum from 740 nm at 75 K to 670 nm at 475 K.

w—
200 400

T T T 1
GO0 BOO 1000 1200

Wavelength (nm)

Mater. Adv., 2021, 2, 2075
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K,SiF,:Mn#*
d-f nepexoapbl
MEeXXKOH(pUrypauuoHHble

u

Il. EXPERIMENTAL

K,SiF;:Mn" were synthesized through two-step chemical
co-precipitation method.

(1) Synthesis of Ki:MnFg:  Sigma-Aldrich, =99.0%
KMn0, and KHF; (mass ratio of 1:20) were dissolved
in aqueous HF (48%) solution. The mixed solution was
stirred and cooled for (0.5 h. After slowly dropping H,05,
the vellow powder KoMnFs was precipitated gradually.
After fast filtering and washing by acetone, the yellow
powder was oven-dried for 50 °C/2 h.

(2) Synthesis of KaSipasFe:Mn s Si0s (1.6 g) was
dissolved in 35 ml HF (48%) aqueous solution in a
bath water at 70 °C. Consequently adding (0.2 g K;MnFg
powders in 8i0/HF aqueous solution, the mixed solution
was stirred at room temperature or in a water bath with
fixed temperature between (0 °C and 60 °C. The yellow
powder was produced at the bottom of the container by
adding the KF (4.65 g)/HF (15 ml) solution to the brown
810/ HF/KaMnF; solution. Accordingly, the color of the
mixture solution changed from brown to almost colorless.
After pouring out the supernatant and washing thrice with
ethanol, the yellow precipitate was oven-dried for 2 h.

intensity (arb. units)

*%Mn=0.045 0.10 0.25 0.5 1

. CoepeMeHHbIe JIIOMUHOOPbI

s
i
obs. 631 nm exc. 442 nm
4 1 2 .1
before

compression

after ZPL|
compression | |
-decompression !

300 350 400 450 500 600 650
wavelength (nm)
20 ST, : |

A =

L A0 400 4450 00 = B GO G50

wavelemngih (Am)
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TemnepamypHas
cmaburbHoCcmb
ceeyeHus

HaoexHocmb

Xumuyeckas
cmabusrbHocmMb

OKos102U4YHOCMb

TpeboesaHust K Mampuue

Tepmuyeckas
cmaburibHocmab

-

Y

LocmyrnHocme
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KeaHmoeblIll ebixo0
Quantum Yield

YeenuyeHue KeaHmoego2o 8bixo0a

YeenuuyeHue pasmepa Kpucmannumoas:
CHux}ceHue odegpeKmos

CHuXeHue aggpexkma paccesaHUA
6s1a200apsa bonsbwemy npocsemy

BbicoKaa UHMeHcUBHOCM®b 3es1eH020
SIFOMUHOGOPA U Y3KAA 110s0Ca KpAcHO20
STFOMUHOGOpPOo8



TexHos102UU YyCecmpoucmse
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BbicoKkana cBeToOTAQYa UCTOYHUKA

I |
Color mlxture

( a) e

Huskum CRI (oTcyTcTBME KPaCHO KOMMOHEHTDI)

o« 9 o \
/ . 3a6uUcuMocmsb y6emo8020 U3sy4eHuUs om épemMeHU UCMonb308aHUSA U
Phosphor paboyezo HanpAM3ceHus

| | | \ Flpeo.qoneBaﬂ conportuBIyieHne NnpoBOoAHUKA,

| ! -
Hybrid-LED 3NMEeKTPUYECKUN TOK BbINOJIHSIET paboTy, B npouecce
KOTOpPOW B NPOBOAHMKE BblAensaeTcs Tenno.

MNoBspexxaeHne nlommHodopa, TemnepaTypHoe TylleHue
HapyweHune repmeTMYHOCTU 3NOKCUAHOTO NOKPbITUA

400 500 600
Wavelength / nm (TPewuna)
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Color mixture

4 N y
/ Bonee Bbicokui CRI

-green-gap issue

| OT1cyTcTBME CBETOAUNOAHDIX YUNOB C 3€/IEHbIM
U3/1ly4eHUEeM U BbICOKOI BHELLHEW KBAHTOBOM

3¢ PEeKTUBHOCTDLIO),

TpebyeT 4ONOAHEHUA NOHMXKAKOLWUM
npeobpasoBaTtena-ntoMMHo¢popa C CUHEro Ha 3es1eHoe

400 500 600 n3nyvyeHue
Wavelength / nm
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'c.%?%ﬁ:
Bbicokui CRI
Color mixture 6onee HM3Kasa cBeTOBaA OTAA4a
/’/- ® HeobxoamMmocTb yayyYLlwnTb XPOMATUYECKYHO 3aBUCUMOCTb CO
g - < o
f ® @ \'»., BPEMEHEM MUCMONb30BaHUA, MOTOMY YTO Ye/IOBEYECKUM /133 He
Phosphor obHapyxunBaeT YO-usnyyeHue
— JIIOMUHOGMOPHbIE MOKPbITUA MOTYT OT/INYATLCA PA3/IMYHOWM
i | TEePMUYECKOM CTabUNbHOCTbIO IIOMUHECUEHLUNU WU CTAPEHUS
PC-LED

OTO NPMBOAUT K USMEHEHMUIO LBETA U3/Ty4EHUA NMPU
NCNONb30BaHUM,
HapgeXXHoCTb cBeTOAMOOa HUMKE.

400 500 600
Wavelength / nm
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! Tuns! LED namn

CCT — KoppenupoBaHHasa UBeTOBaA Temneparypa

n3nyyeHue abconTHO YEepHOro TeN1a HaxoaAuweroca B
PaCKa1€HHOM COCTOAHUMWN.

1. Hebo B ceEepHb
WIHMPOTER

1,000 2,000 § 4,000 5000 6000 7,000 8000 9,000 10,000K

2 NacwypHoe | ) NIOMHMHECLUBHTHEIE NEMME
Hebo
—a MeTannoranoreHHble
Tennsil 6envil caem Xos100HbIl benvbili ceaem 3 Machypros

Helo B NongeHs

3500 K 6500 K

THOMAHBCLEHTHEIE NabI

gHapauanse G —@ —  PTyTHBIE NaKie, M

Nocne BOcK0Aa M 3a 2
Yaca A0 3aM04a CONHUE

‘ | MeTannoranoreHHEIe Nasns
5. Hefio yepes 1 yac )
nacne socxoga M3a i :
Yac Ao 3axofa conHua I — [anoreHHeIe namnel
| b Namnel HaK anMeaHHA

E. Hefio HakawyHe %

. BOCHDOA W FaN00a g0 | ANama ceeum

h CONHUE.

380 430 480 530 580 63 680 730 780

0
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Blue Light Hazard

Esclerotic

rs

JlIunodycymHoBbIe rpaHybl CMOCODOHbI NPU NX
0b6/1y4EHUN CUHUM CBETOM BbI3bIiBaTb anonNTO3 KNETKU o
MUIMEHTHOrO 3NUTEeNUS.

Bpems so30elicmsus, Heobxooumoe 0719 HaGHeCeHUs

ywepba, bbis10 ak8UBASIEHMHO MOMY, YMobbi
cMompems Ha mpornu4yecKoe rosyoeHHOe CosnHUe 8

exchangeable

interference filter holder meyeHue 15 MUHym, He Mopeaas.

UV-Vis
light guide

interference
filter

thin teflon
hemisphere

gomoxumu4yeckoe rnospexcoeHue cemyamesu

OKucnumenbHbIU cmpecc



BnusiHue ceema Ha yupkaoHble pummabl
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* Buonormnyeckme yacbl, peryimpytome CyTo4HbIe C/I0XKHbIE MEXAHU3MbI, TAKME KaK HOYHOM COH U AHEeBHasA
aKTUBHOCTb — LEHTpa/ibHOEe NOHATME LUUpKagHoW poTobuonormun.

* APKUN CBET MOXKET CHU3UTb OCTPOTY 3UMHEN Aenpeccumn.

¢ ﬂpKMIZ CBET B HOYHOE BPEMA MOXKET MNOBbICNTb MPOU3BOANUTE/IBHOCTb B HEKOTOPbLIX C/Iy4aAX, a TaKKe
YAYHWNTb CamodyBCTBUE U YCUJTNTb BHUMaAHUNE.

circadian rhythm

P 1M | HCIIBITYEMBIE OOBEKTHI Peakima
480 Metine sopean ralird [upsanmuit pasoseait exgr ™~~~ | U
464
Henopek IMonaeneHHe CEKPELIMH MEIATOHHHA
459
479 Merme somenn raivd Peduiekcer 3pauka Ha creT
| teom Rome Sepopen i P
483 Kprica Jlenonspu3anus ranrHoHEX KIe TOK
481 Mpine Moqean rdivd of Iupranubiii fra’osblii caeHT S ; >

482 Odezbana Jenonsapu3auns raHrHOHeX KIe TOK
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Ce30HHoOe achtheKkTUBHOE PacCTPONCTBO
A deKkT «x3MMHENn genpeccumn»

HeOoCTaTO4YHbIM YPOBEHb €CTECTBEHHOU
OCBELIEHHOCTU B OCEHHUN U 3UMHUN
nepuogb!

CHWXeHne ecteCtBeHHOINro ocsBelweHnA B
OCEHHe-3IMMHNU Nepnoa — yBerim4eHne
MEJ1IaTOHNHA
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(DOTOTepaI'IeBTVI‘-IeCKOe nevyeHme. uerneHarnpaBiieHHoe BO3ENCTBME CBETOM, MakCUMaribHO TOYHO
BOCMpPOnN3BOo4ALLNM CIMNEKTp eCTeCTBEHHOIo COJiIHe4HOro CBeTa.

YNETPASUONET: NONB3A W PUCKH. x_"f
YMEHLLWEHKWE PUCKOB.
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I'Ipel/lmyLLl,eCTBo NMPNMEHEHUA MOLLUHbIX NCKYCCTBEHHbIX

UCTOYHUKOB CBE€Ta BMECTO €CTECTBEHHOI0 COSIHEYHOro U3NyYyeHud
SIBMSETCA TO, YTO Npuv 3TOM OOfbHOM HE NoAdBepraeTcs ornacHoOMYy
BO3OENCTBUIO YIbTPaPUONETOBLIX Jly4en, KOTOPble CMOCOOCTBYIOT
CTapeHNI0 U UCCYLLUNBAHUIO KOXW, MOBPEXOEHMIO a3 U NOBbILWEHUIO
BEPOATHOCTUN Pa3BUTUA paKa KOXMN.

Hece3oHHasa genpeccus
CuvHapomM no3gHero 3acbinaHus

XXentyxa HOBOPOXAEHHbIX
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JIIOKC - eAnHMLUA U3MEpPEHNA OCBELLEHHOCTM B cucteme egmnHuu, CHU.
JIIOKC paBeH 0CBeLL,eHHOCTU NOBEePXHOCTM Naowaabio 1 m? npm ceeToBom
NMOTOKe najatoLlero Ha Hee nsnyyeHus, pasHom 1 am : 1 ak = 1 aim/m?.

CseToBOI NOTOK (NtoMeH) — dunsmyeckas BeNIMUYMHA, XapaKTepum3yoLLLas
KO/IMYeCTBO CBETOBOW SHEPIrMKN, NEPEHOCUMON N3NYYEHNEM Yepes
NMOBEPXHOCTb 33 €ANHULYY BPEMEHM.

1 J/im paBeH cBeTOBOMY NOTOKY, UCYCKaeMoMy

TOYEYHbIM U30TPOMHbIM UCTOYHMKOM, C CUI0M CBETA, PAaBHOWM
oAHoM KaHaene (Kn), B TenecHbIW yron BeIMYNHON B

OAWH cTepagmaH: 1 Jim =1 kg x cp

1 KO - 9T0 eAMHULLA U3MEPEHUSA CUJbl CBETA
HanpaBIeHHOro «ChOKYCMPOBAHHOIrO» UCTOYHUKA CBETA
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CeeT Cnpuyca, 04HOW 13 CaMbIX APKNX 3BE3],
HOYHOIO Heba.

Mope Ha rny6uHe okono 50 meTpos.

BaHHbIe KOMHaTbI, y6OpHbIEe, CaHy3/bl, AyLLUEBbIE.

O4yeHb NacMypHbI AeHb.

Xwnnble KOMHaTbI, FOCTUHbBIE, CNANbHW.
[eTckne KOMHaTbI.

Pa6bouunin kKabuHer.

Bocxog, nnv 3akaT B ACHbIN AeHb.
[pAMO CONHEYHbIV CBeT.

OcBeLLeHHOCTb Npu poToTEepanum, NOKC
10 000 nrokc — 30 MuH.

s Tunosaa OceewjeHHOCMb

MouwHocTe, Bm

CeetoBoi noTok, /llomeH
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0.0003% B Poccun, 2.3% B UHamun

Mormal Cornea

Keraroconic cormea
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MeToz neveHuns nogpasymeBaeT 06paboTky pOroBUYHOIO C/104
prnbopiaBrHOM (BUTaMnH B2) B KOMbUHauUmm ¢ YO(A).

PnbodnaBuH BbICTynaeT B kKayecTBe GOTOCEHCNONNM3M3ATOPA

B npouecce ¢poTononmmepmsaumm n B codetaHmm ¢ YO-A-obnyyeHmem ysenmnymaacs
obpa3oBaHmMe BHYTPUPNOPUNAAPHDBIX U MeXOUBPUNNAPHDBIX KOBAJIEHTHbIX CBA3EN

KonnareHa
PnbodpnasuH
JleueHuVe ocTaHaBAVBaET NpPOrpeccMpoBaHme 601e3HY NyTeEM YKpenaeHns porosuLbl.

AO KPOCCITHHEHHT A: NOCNE KPOCCNUHKWHIA:
Mano CBA3IEH B KonnareHe, Gonbile cBAZEH B KonnaraHe,
nporpeccCHpoBalne KepaTokoH yca OCTAHOBKE NPOrpeccH poBaHMA




PHILIPS
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IES (ref.2) - == E coli(ref10} —— — Absorption DNA (ref. 11)
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= paspaboTKa ahHEKTUBHBIX TEMJIbIX CBETOAMOAOB A1A HOYHOTO OCBELLEHUS;

* CMHTE3 BbICOKOIDEDEKTUBHbLIX U CTabMAbHbIX ITOMUHODOPOB-NpeocbpasoBaTenemn
ANA yny4dlweHna uBetonepeaadm, CoOXxpaHsasa CBETOBYHO OTAAYy Ha NPUEM/IEMbIX
3HaveHuax (~ 150 am/BT);

* M3roToB/IEHME BbICOKOIPPEKTUBHbIX, HEAOPOTrNX U CTabUAbHbIX CBETOAMOAHbIX
YMMOB C 3e/1IeHbIM U3/lyYeHnem 414 NPeoaoneHua npobaembl «3e1eHoro
NPOMEKYTKa» U UX Ucnosb3oBaHus B color-mixed cBeTogmonax;

®* CHUHTE3 3KOJZI0TNYEeCKUN YNCTbIX J'II-OMMHO(I)OpOB 6e3 meTan/In4yecKkux LHEeHTPOB-
dKTUBATOPOB,

e yayyweHne obpaboTkm ntommHodpopa (bopma yacTuu, CMHTE3) ANA NOBbILEHUA
APKOCTU U CBETOBOM OTAAUM.
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