= = U7
CLEAN PAPER

/}!ﬂ—\

WHAT THE PAPER SAYS - WHAT IT DOESN'T - WHY IT MATTERS

Mot vat liéu ran bién anh sang xanh kha
kién thanh UV & cuong do twong duwong anh
nang — nhung khong phai co may nang
lwgng Mat Troi

Cdc nha nghién citu thiét ké tinh thé hitu co dwa trén DHI véi chudi alkyl bdo vé hé
electron = ma van cho ndng lwong triplet di chuyén. Mang iBu-DHI/Ir(ppy)s; tot nhdt tao
upconversion kha kién—UV vdi hiéu sudt lwong ti tuyét doi 1,9% va ngudong 1,2 mWw
cm~2 gan cwong do Mat Troi quanh 445 nm. Pdy la tién bo vdt liéu thdt cho photon
upconversion trang thdi ran; khéng phdi thiét bi Mdt Troi hoat dong, khong phdi “UV
mién phi” va chwa chitng minh dnh sdng kha kién cé thé cdap héa hoc UV hitu ich & quy
mo lon.
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THE CLEAN PAPER hoéa hoc vat liéu

Mot meo hoat dong & cwong dd anh nang, khong
phai co may nang lugng Mat Troi

Phan1én dnh sdng Mdt Troi dén Trai DAt la viung kha kién va hong ngoai. Tia t& ngoai chi chiém
mot phan nho, nhuwng photon UV cé sttc manh héa hoc 16n: chung c6 thé kich hoat phdn ng
ma photon kha kién ndng lwgng thap hon khong lam dugc. Piéu nay khién nang tan photon
(photon upconversion) tré thanh mot y tudng hip dan. Néu vat liéu c6 thé nhin hai photon
kha kién nang luwgng thap va trd lai mot photon UV nang lwgng cao hon, anh sang kha kién
cia Mat Troi c6 thé dung cho nhitng phén &ng thwong can UV.

Bai bdo nay xt ly mdt phién ban kho cda bai toan: thyc hién upconversion tir kha kién sang
UV trong mot chat ran, 6 cwong do twong dwong anh nang, ma khong dya vao cac phan t&
tw do khuéch tan trong dung dich. Piéu dé quan trong vi hé dung dich cé thé hiéu qua nhung
bat tién cho thiét bi: dung moi bay hoi, ro ri hodc han ché tudi tho. Chat ran thyc dung hon,
nhung thwong lai dap tat chinh céc trang thai kich thich ma upconversion can.

Vi vy két qud that khong phai “UV mién phi tir &nh ndng”. D6 1a mot cach sita biang héa hoc
vt liéu cho mau thuan cu thé: trong chit ran, cdc phn ti phai dd gan dé nang lugng triplet
di chuyén, nhung khong gan dén mitc ching dép tat 1an nhau.

W Alkyl chain extension in the out of n-plane direction

out of n-plane

. ¢
Csp® 5 e -8
\R ,/‘ = plane .'%?j" %f %

Triplet acceptor
(R-DHI) R= &H &CHs

[l Triplet sensitizer-doped crystal engineering c

T, ™ S,
o "-1?:‘” * UV light TTA Sia
Yo > YT N E| 55" 1 tET -
L g — 1D

ENM.&NS ) Y ¢ 4 = Jia Tra I
% T. LY R ) uv
Suppressed Fast triplet €O SWNRs, Vis ‘

Donorﬂ, Co SR A ¥

quenching diffusion 4
. ‘;' °q°% ° S S,
UC in solid Blue light QP 3g Soo oA oA
~1mW cm2 'f .!*-;’”‘?‘f Donor Acceptor
(]

Logic thiét ké cua bai bdo trong mét hinh. Cac phan ti nhan dugc gén chubi alkyl nhd ra khoi mat phang
phéng, lam thay ddi cach ching déng géi trong tinh thé. Muc tiéu 1a vat liéu rdn noi ndng lugng triplet van di
chuyén nhanh giita cac phan ti nhung it bi mat do quenching. Mét sensitizer trudc tién hap thu anh sang xanh
kha kién va chuyén nang lugng triplet sang chat nhan; khi hai triplet ctia chat nhan gdp nhau, triplet-triplet
annihilation c6 thé tao photon UV nang lugng cao hon. Hinh tém tat thiét ké phan tU, su danh doi & trang thai rén
va dudng truyén nang lugng — khéng phai phép do truc tiép hiéu nang thiét bi.
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Cac tac gia da lam gi
Co ché la triplet-triplet annihilation photon upconversion (TTA-UC). bon gidn héa:

1. mot phan t& cho hap thu dnh sdng kha kién va tao trang thai triplet kich thich séng lau;
niang lugng triplet chuyén sang phan t& nhan;

hai phan t& nhan kich thich gap nhau;

nang lugng cda chung két hgp thanh mot trang thai singlet nang lwgng cao hon;

chat nhan phat photon niang lugng cao hon — & day la UV.

o1 O30 D

Trong chit1dng, budc 3 dugce ho trg bdi khuéch tan phan ti. Cac phin t& di chuyén va va cham.
Trong tinh thé ran, chiung khong lam vay. Nang luwgng phai “chay” xuyén vat liéu da déng goi,
va cach déng géi phai vira dang.

Cac tac gia dung mot ho phan t dva trén dihydroindeno[2,1-alindene (DHI). Nud6c di thiét
ké khé don gidn vé y twdng: gan chudi alkyl phia trén va dudi mat phang electron = ctia phan
t&. Nhitng chudi nay giong miéng dém hodc can, ngan hé = huynh quang xép qua sat — nho do
gidm quenching — nhung van gitr dugc ti€p xuc orbital cin cho ning luwgng triplet di chuyén.

Ho th nhiéu dan xudt va xac dinh iBu-DHI — phién ban gan isobutyl — 1a cAn bang t6t nhat.
N6 dugc ghép véi chat cho triplet Ir(ppy)s, tao mang ran két tinh bang spin-coating hoac
drop-casting, roi do huynh quang, tudi tho triplet, hanh vi khuéch tan triplet, hiéu suat lwgng
t& upconversion, kha nang chiu oxy va cuwong do kich thich ngutng.

Ho tim thay gi

Chuoi bén bao vé trang thai kich thich. DHI thuong huynh quang rat tét trong dung dich
lodng nhung té trong tinh thé: hiéu sudt lwgng t& huynh quang giam tir 96% trong dung dich
xuéng 10% trong tinh thé. V4iiBu-DHI, tinh thé vin phat manh — khoang 69% trudc khi nghién
va 83% sau khi nghién, twong duwong gia tri trong dung dich. D6 1la ntra dau cia meo: chat ran
khong con phd trang thai singlet kich thich qua dé.

Mang ran tot nhit chuyén anh sang kha kién thanh UV & cwong 46 thap. Trong mang
iBu-DHI/Ir(ppy)s spin-coated, tac gia bao hiéu sudt lugng t& upconversion tuyét doi 1,9% sau
hiéu chinh ty hdp thy, v4i cuong do kich thich ngudng 1,2 mW em—2 & 445 nm. Ho so vGi sut
chiéu Mat Troi gan budce séng do, khodng 1,4 mW em—2 cho 445 + 5 nm. N6i don gian: vat liéu
hoat dong trong dai cuong do clia &nh nang binh thwong, khong chi dwdi laser cuc manh.

Hiéu nang chat ran dén tiv mgt théa hiép, khong phai ci¥ 1am cong kénh hon. Tach phan
t& xa hon gidm quenching nhung xa qud thi ning lugng triplet di chuyén cham. Dan xudt 2-
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EtBu-DHI cong kénh c6 tudi tho triplet dai nhung ngudng upconversion kém. Tinh thé iBu-DHI
duong nhu ¢ gan diém gitta hiru ich: da che chin khong gian dé gidm quenching, da tiép xuc
phan t& cho truyén triplet va triplet-triplet annihilation.

Pay khong don gian la mot dung dich bi “déng cwng”. Bai bao 1ap luan rang cach dong
goi tinh thé, phan bo dong déu chat cho va mat do phan t déu quan trong. Ban dé6 SEM-EDX
khong thay chat cho tach pha & quy mo micromét trong cac mang lién quan, con sy dap tat
lan quang ctia chat cho cho thdy truyén nang lugng triplet hiéu qua. Phu luc cling c6 udc tinh
ly thuyét thoi gian truyén va annihilation triplet cho cac cap phan ti trong tinh thé.

N6 phat sang dwoc khi c6 oxy. Oxy thuong dap tat trang thai triplet, 1a phién todi 16n voi
TTA-UC. Cdc mang ran dic van cho upconversion trong khong khi sau mot khoang “khai dong”
tiéu thu oxy ban dau. Piéu nay hitu ich thyc t€, nhung khéong dong nghia chitng minh dé bén
thiét bi ngoai troi lau dai.

Diéu nay cé thé c6 y nghia gi

Cach doc vitng nhat 1a day la két qua thiét ké vat liéu sach. Cac tac gid tim dugc cach diéu chinh
dong goi ctia hé 7 hitu co dé chit ran lam dugc viéc upconversion kha kién—UV von dé hon
nhiéu trong dung dich. Tién b6 khong phai photon upconversion méi ton tai; ma hé ran cu
thé nay két hgp dugc nhiéu thudc tinh thwong xung dot: hiéu suat huynh quang cao, tudi tho
triplet dai, khuéch tan triplet nhanh, chiu oxy va hoat dong gan suat chiéu Mat Tro1i.

Bai hoc rong hon vugt ra ngoai mot phan t. VGi TTA-UC trang thai ran, cdu hoéi khong phai
riéng “lam sao bao vé trang thai kich thich?” hay “lam sao chuyén nang lugng triplet?”, ma la
lam sao thiét ké khodng cach phan t& dé ca hai cung ding. iBu-DHI 1a vi du cu thé cia nguyén
ly do.

Céach doc quéa da rat dé thay: bién anh sang kha kién thanh UV, vy héa hoc Mt Troi da duoc
giai quyét. Khong. Bai bao cho thady mot vat liéu vai co ché quang-vat 1y hiva hen va cac con so
hiéu ndng cu thé, trong mang kiém soat va diéu kién quang hoc xac dinh.

biéu nay khong chirng minh gi

bay khong phai thiét bi nang lwong Mat Troi. Khong cé thiét bi hoan chinh, module
ngoai troi, cAn bang nang luwgng cidp hé thong hay dau ra hdéa hoc hiru ich dugc cap bdi
mang nay.

Diy khong phai “UV mién phi tiv anh nang”. Hiéu suit lwgng t& upconversion trong chit
ran l1a 1,9%, khéng gan chuyén do6i hoan toan. Con so6 c6 y nghia cho loai vat liéu nay, nhung
phan 16n photon dau vao khong tré thanh photon UV.

N6 khong chirng minh d6 bén rong trong s dung that. Tac gia thi d6 bén quang va chiu
oxy trong diéu kién kiém soat; khéng twong duwong nhiéu thang/nam dwdi nhiét, am, oxy,
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stress co hoc va pho Mat Troi rong.

N6 phu thudc mat hé chat cho-nhéan cu thé. Két qua tét nhat dung iBu-DHI vai Ir(ppy)s. Bai
béo cling cho thay cac bién thé phan t& gan dé c6 thé kém hon nhiéu, nén day khong phai
cong thitc chung “thém chudi alkyl 1a xong”.

N6 khong loai moilo ngai thyc dung. Ir(ppy)s chita iridium; tac gia cling trinh bay sensitizer
TADF khong kim loai trong thi nghiém bé sung, nhung truedng hop tét nhat ciia bai van dung
chat cho iridium.

N6 khong chitng minh upconversion kha kién—UV sé kinh té hay httu dung vé cong nghé
cho quang xuc tac, nhién liéu Mdt Troi, cdm bién hodc kh trung. b6 1a linh vyc &ng dung
c6 thé cd, khong phai két qua cua bai nay.

Bang chirng manh dén dau?

V61 khéng dinh quang-vat 1y trung tdm, bang chirng manh: do hip thu/phat xa nhat quan, hiéu
suat lwgng t& huynh quang, tuoi tho triplet, ngudng cwong do kich thich, pho upconversion,
phép do hiéu suat lugng t& tuyét d6i, cdu truc tinh thé, kiém tra phan bé chat cho, dit liéu
nguon bé sung va tinh toan ly thuyét ho trg co ché déng goi. Bai Nature Communications la
open access va c0 supplementary information cung source data.

Canh bao chinh la pham vi. Két ludn manh nhat ndi vé mot vat liéu duwgc dac trung trong
phong lab. Budc tir “mang ran c6 1,9% upconversion kha kién—UV & cwong do xanh gan mic
Mat Troi” dén “cong nghé Mat Troi httu dung” con rat 16n. Can tich hgp, dd bén, dau ra hitu
ich, sdn xudt quy mé va ly do photon UV dwgc nang tan tot hon cac cach khac dé diéu khién
phan &ng.

Con mot chi tiét ngdn ngl quan trong: “sunlight-level” & day néi vé cuong d6 quanh buéc séng
kich thich dung trong thi nghiém, khong tw dong nghia la van hanh hiéu quéa dwdi toan bd pho
Mat Troi trong thiét bi that.

Vi sao diéu nay quan trong

Photon upconversion rét dé gidi thich té: hai photon yéu di vao, mgt photon manh di ra. Nhung
phan kho khong nam & khau hiéu. Phan kho 1a sap xép phan ti that sao cho nang lwong duoc
lwu da 1au, di chuyén dd xa va gap nhau truede khi ro thanh nhiét.

Bai bdo cho khé khan d6 mot hinh dang vat liéu. Chubi bén khong phai trang tri; chung 1a kién
tric phan t: che hé 7 phia trén va dudi, gidm quenching nhung van dé duong cho niang lugng
triplet chay. Pay la phan déang day vi n6 bién “vat liéu t6t hon” mo ho thanh mot théa hiép vat
1y c6 thé hinh dung.

Néu thiét bi upconversion kha kién—UV twong lai tré nén httu dung, ching sé can nhiéu buéc
vuot bai nay. Nhung chung ciing sé can dung kiéu kiém soat phan t& nay. Két qua khong phai
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dot pha thiét bi; n6 1a minh chitrng manh vé cach khién mot chat ran lam tro quang-vat ly ma
chat ran thuong phé hong.

Tém tat gon

Cac nha nghién ctru thiét k€ mot ho phan ti hitu co dya trén DHI vGi chudi alkyl che mat
phéng electron r tir trén va dudi. Trong trudng hop tot nhit, iBu-DHI tron véi chét cho triplet
Ir(ppy)s tao mang ran két tinh chuyén anh sang xanh kha kién thanh UV bang triplet-triplet
annihilation. Mang dat hiéu suat lwgng t& upconversion tuyét doi 1,9% va ngudng kich thich
1,2 mW cm~2, gan sudt chi€u Mat Troi quanh budc séng 445 nm. Tién bo that ndm & déng
goi phan ti: tach da dé gidm dap tat trang thai kich thich nhwng van dua tiép xuc dé truyén
va khuéch tdn nang lugng triplet. Pay la minh ching vat liéu manh cho upconversion kha
kién—UV trang thai rdn — khong phai thiét bi nang lwgng Mat Troi, khong phai “UV mién phi”
va khong phai biang chitng cta cong nghé da trién khai.

Danh gia thang than

Bai bao cho thay gi: Mot mang ran két tinh iBu-DHI/Ir(ppy)s; cu thé thuc hién TTA upconver-
sion kha kién—UV v§i hiéu sudt lugng ti tuyét déi 1,9% va ngudng 1,2 mW cm~2 & 445 nm,
doéng thoi gitt hiéu sudt huynh quang cao, tudi tho triplet dai, khuéch tan triplet nhanh va mot
muc chiu oxy. Thiét ké hoat dong bang che chin khong gian hé = trong khi van giit tiép xuc
phén t& hitu ich.

Piéu hop ly nhwng chwa dwoc chivng minh: Cung nguyén ly déng goi c6 thé tao vat liéu
upconversion ran tot hon; cac hé sensitizer khong kim loai lién quan cé thé t6i wu téi hiéu
nang twong ty; nhitng mang nhu vay cudi cung cé thé hiru ich cho quang xuc tac hay héa hoc
Mat Troi.

Piéu né khong cho thay: Thiét bi hoat dong hoan chinh; dau ra nhién liéu Mat Troi hay quang
xuc tac hitu ich; dd bén ngoai troi; hiéu sudt cao trén toan phé Mat Troi; tinh Kinh t€; cong thirc
chung ap dung cho chromophore tuy y.

Han ché chinh: Mang phong thi nghiém, hé vat liéu cu thé, hiéu suat luwgng t& tuyét d6i con
khiém tén, chat cho iridium trong trudng hgp tét nhat, budc séng kich thich kiém soat, va
khong c6 trinh dién cdp thiét bi. “Sunlight-level” chi cuc b6 & dai kich thich, khong phai tuyén
b6 cong nghé Mat Troi toan heé.

Mot doc gia pho thong nén tw tin dén mirc nao? Ty tin cao rang thiét ké vat liéu cai thién
TTA-UC trang thai ran kha kién—UV trong hé da tht, va két qua cé y nghia khoa hoc. Ty tin
thap rang n6 da gan cong nghé Mt Troi trién Khai. Thai do phu hgp: mot tién bo vat liéu thong
minh va thiat — con ciu chuyén ng dung phan 16n van & phia trudgc.
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