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Modulation of Long-lived Room-temperature Phosphorecence via
Aggregation-state Control of a Terpyridine-phenylboronic
Acid in a Host-guest Doping System

ZENG Mingtao, SHI Wenjing, WANG Jun®
(College of Chemistry and Material Science , Guizhou Normal University , Guiyang 550001, China)

Abstract The photophysical properties of 4-(([2,2':6’,2"-terpyridin ]-4 -yl ) phenyl ) boronic acid (B-Tpy) under
different aggregation states were investigated. 'H NMR titration and fluorescence spectroscopy were employed to
confirm the aggregation-induced emission (AIE) characteristics. Solid-state B-Tpy exhibits blue fluorescence at 401
nm, with a lifetime of 2.89 ns and a quantum yield of 2.79%. Following the introduction of B-Tpy into boric acid (BA )
and subsequent thermal treatment at 200 ‘C, the resulting composite material exhibits dual emission of fluorescence
and room-temperature phosphorescence (RTP) , with an afterglow duration of up to 24 s. Quantitative calculations
indicate that B-Tpy possesses a significant spin-orbit coupling constant [¢ (S,, T,)=6.58 cm™'], which promotes
intersystem crossing, thereby facilitating long-lived RTP emission. This study proposes a novel strategy for long-lived
RTP materials.

Keywords Organic RTP; Aggregation-induced emission(AIE) ; Host-guest doping; Dual-state emission

BTG (RTP) FEA AT B A CHRE, TEfF B Bith™ | AR g o ROt as T+ 451
Z RSB B BRI T . JEHAE RS BN G, RTP A KL A& TE Z LS. 520k

Wk F - 2026-03-14. 9255 % H 9T 2026-05-14.

KRN £ %, 5B, B, 202, FEANFIREM BT 5 B . E-mail: wjc@gznu.edu.cn

TH BRSNS R B A g A

HEAIWH - FR HAR S GHE'S : 22161012) FISTH AR T EAEGHHES . BYRLG HEAL MS[2026]445).

Supported by the National Natural Science Foundation of China(No.22161012) and the General Fund of the Department of Science and Technology
of Guizhou Province, China(No.MS[2026445).

Chem. J. Chinese Universities, 2026, 47(8), 20260106 20260106(85/91)



Jd EF 2K g %R
Eu CHEMICAL JOURNAL OF CHINESE UNIVERSITIES

MR, RTP ARG BN R 4R, [FIRT B ot Ay . ROGBE [ & 6o i % 0 2 n] Y
e . 1925 T IR RTP AR SRR B8, T e (5 B0 25 el A vp 1) PRl AR o] & i e, iRk
FREEE ART TN 5. SESETHBDEHM BTG HLA B LA YA, B PG AR AR
2 QN s i1 A S/ E 3 N s e ¢ M B E ) O O N S R R g e 1 I (1 s S 6 R SR VK 4 6
BYECRPE K H AT FE5 AT T RE Y, A RO B = IR . R, SR A EAA R
() A e BLE RS A H B0(SOC<10™ em™) , ANFF 3+ MBI 2 (S) B = F O (T) 1Y & [A] 6 ik
(ISC)'"2 Ak, i FRIRIZRA% 5, AR K BRSOG4, e T = AT
Jefma s . K, KA HLRTP MR B HIR R T I B Pk .

MR RN, AW T H5I AN, 0554871, sS4 2 1A R (D-m-A LR ) n 34 K
SOC, fEHEISC, FEMISZIN RTP & S5, SR SR TR | S AT 0 R R R AR B 200 5K,
B IR/ shg R R AER . b, FRARB A TSR R | A MRS RS F R, [
B, ZUBER RARIE 7 2K | A AEROERIM BB, fae LT A, M T 30 .

BT, WIS RIAMEAY . KRR E T REY(NFYER) | iR — AL rEEVE A ML L
B FARCH) OB . A1, Wang P RAERIBZEMIR T, 5 | A5 F1 2 AR A S R
8 s RN . Zhang 552 & WA W/ INY T2 AE MR, 28 PR 3 38 2o 32 2 AR ] 1y LB
FH, H47T HAT 10 s RTP B, Yin 252400 = e e Je e I 2, R I TR ERE 5 5
SRS . 5 BT, MEHER T BRSO BEHS K RTP AR MR (1], gl i EIAR S5 &K ik
HRESFIRIN S, m-r SRS AR, PMEAEE RTP A

ZHRAIE (Tpy ) S HATAE M A S Ay RTP RYFRAE B GIA . — i, DR P2 A n—ar R, H
AIRUEISCIHIRRRE ST ; FH— 51, Tpy MG RS HEZ A, fENEE I 32 2 Mk a) A 5R A0 LR A 2L
PO = AP AR . S ARZER TR, B-Tpy 43 F ke 38 508 IR Z A AL 4% , XA
SEFREA R0 F I A, R BE R G R T T A S BN DR K . S Ak, BRIR I A L = Bkt n
RN JE R AL T 2 AR A S, T Tpy B9 RIE B 42 R F 4 18] (4 - HEFRS2) ) 3Ny
ar-ar JER DA SR D R) R 4 IR AR SR A TR . SR, B RIS T Tpy ZEB5 6 A4k B 55 48 fif L
38, FLBLUA (1) RTP bR TE 75 iy 8 J6 A0 & G ML AS T A7 56 ) A28, S8 F e, ARSCBETF Al T
4-(([2,27:6",2" - = BEALIE |-4'-35) 8 I ) BIAR (B-Tpy) , I8 5% T HAE TR KB REK R P RIR G .
B DU & G I R . A R S o ORISR & B, B-Tpy B LRI REFE R K
R, (HIGE USRI RTP &G, LA B-Tpy WEM, BA N E1k, RAFFIRBIFR, L2085
il & T 5 A Mk B-Tpy@BA, 548 T AL B | RIS % i Sl & 2 T R RE 52w . Je2#
PERERNELE LRI, B-Tpy@BA S5 EH RTP T4, S0 T i b L 9F, Hrh ik 24 s, itk
TS5 R FW], B-Tpy 28 FH KM SOCLE(S,, T,)=6.58 em™ AL T ISC, 528 T RTP 1K H

1 SEIGESH

1.1 KA 5{EE

4-H PR R IR (465 97. 0%) | 2- L ESENLIE (413 98. 0%) . Wi (21 99. 9% ) FnE SA Ak ah (4t i
99. 0%) , JLEPHERHEABRA F 3 TOK ZEE(EOH) , Z0bral, K & FAF ML T4 FRA w5 20K
(43 28. 0%~30. 0%) , _FIgERIHr T A RHE A A PR A F

AVANCE III 400 ZUAZRGHAR B384 (NMR) , Fi - Bruker 23 1) ; Waters Xevo G2-S QTOF % i 43 3 i
TEAL(HRMS) , 22 [ Waters /A ] ; ZEISS-SIGMA HD B 474 i, 1~ 2 53455 (SEM) , £ [E] Zeiss 23 ] ; Thermo
Scientific-ESCALAB Xi*# 5t HL BB X (XPS) , 55 [ Thermo Fisher 23 7] ; FLO70 AUZE G TEAL, [
Techcomp (K3 ) A ] ; H 7z F-4500 FBEEIEIEAL, HAH AR & T 48 FLS1000 BT 21 4R kY,
HYE[E & T BN H] 5 Netzsch STA449F3 RIPE 3 Hr L (TGA ) , Fi[E Netzsch 23] .
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1.2 SCIgEiE

1.2.1 B-Tpy &R 5 &KME SHCH29] G R BFRLEY), & LU Scheme 1 7R . HA5H
% 'H/°C NMR I HRMS 3 . 'H NMR(CD,0D, 400 MHz) , 8: 8. 69~8.65(m, 2H), 8.63(d, J=1.5 Hz,
2H), 8.59(dt, J=7.9, 1.3 Hz, 2H), 7.96(tt, J=7.8, 1.8 Hz, 2H), 7.79~7.72(m, 4H) , 7. 44(ddd, J=
7.6, 4.8, 1.3 Hz, 2H) ; C NMR(CD,0D, 101 MHz) , §: 157.75, 157. 14, 153.39, 150. 23, 138.98,
135.74, 135.38, 126.22, 125.51, 123.23, 119.76; HRMS-ESI (C,,H,,BN,0, &1} ) , m/: 376. 1227
(376.1230) [ M+Na | (FH IG5 & WA SCZH5 (5 EL KT S5~S7).

HO\B/OH
HO.__OH
B
(6]
. N (1) NaOH, EtOH, 25 °C, 10 h
| (2) NH,OH, reflux, 20 h ~
o
H [0} | N N | N
_N N~
B-Tpy

Scheme 1 Synthetic route of B-Tpy

122 B-Tpy@BA 87| %  Hl— & i AY B-Tpy 1 BA EZIRAY, 00 ZIR-A 55 R 2Ry
ORI, BT HEEMA Pl 4 h. A EERG52 BAR 9 B-Tpy@BA,, T H2 TR+
TRAEEH.

123 EMHE BRI Gaussian HAE X B-Tpy 431K FH BALYPIZ R, 6-311G(d) FEHHAT45 L
B (ST, WA H - H8) s b5, RAB3LYP/GIZ R, def2-SVP LA, FIF ORCA XL 4311k
17SOCTHHE, It st R (WA S HFE BB S1~S3 FIk S2).

2 HREHE

2.1 B-TpyWEEFSENAIMN

B ELT B-Tpy 7E [ BORAS W BRERE . Qi 1(A) s, B-Tpy 7€ FF BER AR H R K &
SN 376 nm, RILHEFI DO ERIE . MARBRET, 26 B EWH, H 5 B-Tpy Wi Kk
SRR LIRS 2 401 nm. X RIFAEREF T LG (AIE) FRE™, HRERAON JRIRED [FH 2 B-Tpy
G 75 A AL 77 R 4351 2. 89 ns Fl1 2. 79% [ &1 1(B) ]. CDCL/CD,0D 1A AR I Hr i A il 0%
THRE SRR, B CDCLARRL LM 03815 80%, 43T H AL A0 R K8 o, Wi iE 3R F A&
SR PN BN m S [E 1(C) ], B L G W E RES B DA 7-7 HERL, Ay AR BAE
FHUSPL B L ZER (CCDC No. 2372374) 7, 2RI S LBERR 2 Bl AL FA A T 2. 89°~14. 31° X 1], 43+
(5] 777 HERRTE A FLHE 5 20°0 0. 1941~0. 3402 nm, HERUBFE A (31.55°)<54. 77, FRELH HLAY ) J RURAE .
AN, FEAIARGE ISR S C—H- - -0, B—H- - -NFIC—H"- - -7 SF Y.

140
(A) 40Lam = Solution N B | |©

= = Solid 107 - ——-0
< 105F :
g @ 102+ T401 nm:2489 ns ' [ 20%
g 701 § . Or=2.79% Y CE — 40%
=i O 1L . . H H K
; 35k 10 }f:.s:" \ = 60%
= on 00 00D Gonmmm : :
— & * b ¥ v 0,

5 : . 100k T I T o e 5\? —-80%

350 400 450 500 0 10 20 30 86 84 82 80 78 76 74 34

Wavelength/nm Time/ns Chemical shift/cm™!

Fig.1 Emission wavelength comparison of B-Tpy(10 mol/L) in methanol solution and solid state(A), quantum
yields and lifetime of B-Tpy(B), and '"H NMR titration spectra of B-Tpy(2. 8 mmol/L) in CDCL,/CD,0D

mixtures with varying CDCI, content(0—80%, volume ratio)(C)
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T HARE ST B, IR R IR T E A KR, W I () IR 2 HE SR 24 . R4 R BEAR 47 b
BRI AR TR S, B Ik =BT . bS8 W B-Tpy H B BIR 5 A Rz i e RR b N 4t T A st
AL . TS, EET A PR X 4o Ak R R B-Tpy@BA 4 REMT ] i 520 . i1 I8 2 AT I, 24 BA: B-Tpy
i bR 100:2. 5, FE PV FE IR B AR E X JH] 100~220 CRIBRIRE R 20 ‘C)F, Zeib bR R 28
FIRTP A& . BEE IR W T, SES A SR BEMR G, 248k 200 “CHY, RS & S ik
FIMAE . ZEDERIFET R, RTP AWEM 7 s SEK 2 22 o5 AREEIE AR 2 220 “CH, XUES & 55 B 447 I e
ik, RTP MR T 4R (2918 s). UL, JELLSCIEFRAE 200 C N UEf T Kb L

30 5

A) —100°C (B) —100°C
5 25 —120°C 5 4l —120°C
& —140°C < —140°C
g 20r —160 °C = g — 160 °C
g 15 —180 °C £ T —180°C
£ —200°C 2 —200°C
310 —220°C 502 —220°C
B B
s 5 S It

A ; ) , 0
400 450 500 550 600 400 450 500 550 600 650
Wavelength/nm Wavelength/nm

Fig.2 Fluorescence(A) and phosphorescence emission spectra(B) of B-Tpy@BA prepared at 100~220 °C,
fluorescence and phosphorescence emission images of B-Tpy @BA-T(100~220 °C) under 254 nm UV
lamp irradiation(C)

TRFFBA i ) 100 mg, 278 B-Tpy #5822 T ik (0. 5~20 mg) , 7200 ‘C N #KLFE 4 h il 155 G bk}
B-Tpy@BA , %% | FRAMB AT XA RO A IERERY M . SCU0 45 R, B B-Tpy 44 5 1S K,
MBI 412 nm 2188 2 468 nm , ESE FZ MR R AT B-Tpy 47 ATEFEPELE13(A) 15 TE
SR AR, [RIET& ST 481 nm £145 % 493 nm, RILH WK ZHOB[EI3(B) . 7o, 4
B-Tpy 42 5 KT 5 mg I, SIS (] BEALEFFAEL 24 s[ K1 3(C) | AR, FiE B-Tpy B4 w13
N, B-Tpy@BA (BECAFAir L i 1. 85 s BEFIRTH B2, 14 s (R LFHFE EIE S4) , 53X 5 WL R R
REIEAY) & . AR, SR T A B-Tpy 7311 -7 SERLA N 15 FEAAKE S5 1] £ 058 1 245 3 ] 40K 5
YERT, AT RS 1 R4, 2 (A 7 A AR RR S BRAT P, TR E — HE U TR A K H A i
eS8 S LE I B-Tpy@BA 75745 P B2 8 J5 AW B A A3 A I, — 38 Bl 2% 5 N 1] F) S 08
AR (AR SCCHR (R B R S4 TR S5) , B AT A5l B-Tpy@BA 32 51|23 U A UHUK Y R2 A, g 1
AT AR RS . AR SR A R AR B, MR DA 25 “CTHE 2R 100 CIR, B-Tpy@BA HYBEE5R
JEB AR (A SRR B S6) , R BRI IR BOCRAE™ . FRZRRYT, il il & A R 4
R, AT RO WU SR SR T .
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Fig.3 Fluorescence emission spectra of B-Tpy-doped BA with different mass at 200 “C(A), phosphorescence

emission spectra(B), and fluorescence and phosphorescence photos under 254 nm excitation(C)
2.3 EEBHERIVIEREIE
AL 4(A) 178 SEM B F-rl UL, B-Tpy@BA 525 HRHEAT SUS A S s RO A H , 13X R =42 AL
HEZR 18 3 Py P PR A A RURARR 1 o3 RS AIERE A P B2, DA ASE — HE S0 B3 1T MR g .
A5 A IR S L& 4(B) 10T R BE, 26200 “CHVLHILS 1Y) BA-200 Ff i, fb2 S H A AL 3
) BA 1] = 8% 5l , R AE IS ARG R a5, IZIR ATREIR T LUR 2O IALH] : (1) JERAw iR
TR T AR (2) Bb IS B S BA K, A S B4 R WT, 200 °CTF BA K2 36%
(ARSCEFFFEEREIST), BI85 T ABHRVER™. 7£ B-Tpy@BA Z AR R4, MIER L= 0 Bt — 2 1) &
Yilw#s . 2B 2R 8] Y o FAH AR S 2 0 . Tpy b S5 RS O TR 2 i s SV B i 7 £ 25 5 il
ROV, BRI 7 % 5
(A) 8

B-Tpy@BA

B-Tpy

DR Y

K BA-200

f

o S em R 9.|2 8.I6 810 7{4 6!8 6.I2 5f6 5;0 4!4
T N D A e Chemical shift/cm~!

Fig. 4 SEM image of B-Tpy @BA(A), 'H NMR spectra of BA, BA-200, B-Tpy, and B-Tpy @BA in DMSO-d(B)

WA XPS TR TY T & A MR AL 24 4TS BB . XPS S [ B 5(A) R B, B-Tpy h £ 24
FZC, N, BHIOXARICR, A S BIKIHN. 57%, 1.84%, 22. 18% F166. 41%. =543 H XPS k4% &
W, C, /2% T 284. 80 eV(C=C), 285.82 eV(C—B—0), 286. 95 eV (C—N)F1288. 32 eV
(C=N) AL [ 5(B) ]; N, 43 2L A7 F 399. 53 eV (C=N—C) , 401.73 eV (C=N—H) £ 403. 32 eV
(N—H) &b, X35 = BRI AE b AL iE 2 LAV E AL IE 5(C) 15 B, 433408 433 44 F 193. 10 eV
(B—C), 194.27 eV(B—0)F1195. 71 eV (B0, 4, TESE TR 2 HAbFE 5 ik 45 & [E 5(D) 15 0,433
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Fig. 5 XPS spectra of B-Tpy@BA(A—E) and calculation of spin-orbit coupling constants of B-Tpy @BA (F)

W53 I T 532. 56 eV (0—H), 533.68 eV (0—0)1535.52 eV(B—O) AL [ B 5(E) J*+1 FiRgE IR %K
B, B-Tpy@BA HfFE 5 I E B TIRT, e S e

FT ORCA (iR P BEg R K 5(F) 3R, B-Tpy 43 F1E S, =T, (n=1~5) BRiT 1 2 Hp R B0 8 2 1)
H HEFER G20, SOCEII KT 0.3 em™, HA£(S,, T)MISOC FIA6. 58 em™. AL, AbTFHA R
4y F AT DL A5 A BERLE RN AR IE R A0 R T R, O R A S E AT AR AR A T e
Mt

3 &

BT BA AIEFER 4-(([2,27 267,27 - =T E |-47 -50) B 5 B2 (B-Tpy) , Filad £%
RB ARG L SR (BA) B A, M5 T IO LS RTP WSS &S RL . DR e 381, #£200 °C
PULHLAME R, B-Tpy@BA B A MR AT SEBUHK 1K 24 s UATIE & 5T, LB arnT ik 2. 14 5. Jbier 54
FAFAELEFAESE, BA JL 5T 28 $Ah BRI B 1 D144 X 246 3 2o 4 B RS A A 8 ol 17 4 e 8l 5 [l , 32
FARMBILA S EARSY T H B A S m-m SERUH EAE MR RS T B-Tpy MRERE, F—Ffe T =
BEAMT . ISR RIE /R T B-Tpy 20 TR ATEPER G HEE(S,, T))=6.58 em™ 2L
Z [0 B BRI iy RTP (&S 25 IR 2 . ASCIF ST 85 AN B S 5 - MERRZE VA A LI
SePERE T A PR R T SE IR 61, R i 3 A R R B BT P RE U G -B RS K it
AR AL T8 ) S

X #13 & W http: //www.cjcu.jlu.edu.cn/CN/10.7503/20260106.
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