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Doping-induced Mesoscopic Assembly in Hydrogen-bonded
Networks for Phosphorescence Lifetime Modulation
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(1. State Key Laboratory of Chemical Resource Engineering , Beijing University of Chemical Technology ,
Beijing 100029, China;
2. Pingyuan Laboratory, College of Chemistry, Zhengzhou University , Zhengzhou 450001, China)

Abstract Room-temperature phosphorescence (RTP) has been attracting more attention in recent years due to its
long light-emitting lifetime, large Stokes shift, and sensitivity to the environment, which have important application
prospects in the fields of bio-imaging, illumination display, and anti-counterfeiting. Hydrogen-bonded networks are
widely employed in the design of solid-state RTP materials owing to their ability to suppress nonradiative transitions
and stabilize triplet excited states; however, effective regulations of phosphorescence lifetime in such systems remain
challenging. In this work, a hydrogen-bonded assembly based on melamine and isophthalic acid (MA-TPA) was
constructed through carboxylic acid-amine hydrogen-bond interactions, and the assembly process was modulated by
introducing benzene derivatives bearing different numbers of carboxyl substituents as molecular dopants. The results
show that the introduction of dopant molecules does not alter the fundamental building units of the hydrogen-bonded
network of MA-IPA but significantly affects the ordered packing mode and mesoscopic structural features. As a

consequence, the particle size and specific surface area of the assemblies are effectively regulated, leading to
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different degrees of oxygen quenching of triplet excitons under ambient conditions. The resulting materials exhibit

stable RTP, with phosphorescence lifetime up to 1.7 s. This study provides a viable strategy for the structural regula-
tion of long-lived RTP materials based on hydrogen-bonded networks.
Keywords Room-temperature phosphorescence; Hydrogen-bonded network; Phosphorescence lifetime; Molecular

doping
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Scheme 1 Schematic of dopant-triggered hydrogen-bond networks and associated phosphorescence

lifetime modulation
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Macklin {728 7] ZKH R (BA, 4 99%) | ¥ = HER (TMA, 4l 99% )5 1,2,4,5-ZK P H R (PMA,
ARE 99% )W [ LT 75 A2 CLEges ) 3 —H W H(DMSO, 4l >99% )5 07K LB (A4t il [ K
B AL TABR AR B AEGRA ar el o i — 2 alifh. 5256 258 77K R FH Merck Millipore
(FEE) A= 77 () Milli-Q Advantage A10 RGE T4tk .

FLS 980 BUFR S BEASGIG 4T, D% T U2\ vl 5 XRD-6000 2 X SR A5 (XRD) , HA
Sy HEA F] ; MATA3 XMU 4941 FL 7 S8 8% (SEMD , 5 58 TESCAN /A Al 5 Nicolet 6700 75 (e B i AF 4. 21 4
X (FTIR) , 3E[E Thermo 23 F 5 F-7000 43 566 EE 1R UV-3600 4 28 h-1] UL 435606 EE 1 (UV-Vis)
HACH S A A i B B S A N, (R BE WL T 28 SR DG T A OB I AN ) Bisf ] ] s
C{EEE
1.2 LIeiE
1.2.1 MA-IPA 894 i FREL63. 1 mg(0. 50 mmol) MA % fi# T 25 mL/K ™, fEMERA B F iAo 4, FF
B 124. 6 mg(0. 75 mmol) TPA %5 T2 mL DMSO H1; KPR IH I ANRE G HidE 6 h. T2 M2 B
B, VTR I R O, 2R e R AR B A, FITJCOK SRk 2 Rk BR K 242 1 DMSO, SRS TE
60 “CTFHET 12 h 155 MA-TPA [E{4.
122 MA-IPA-BA B9 & &  FREX63. 1 mg(0. 50 mmol) MA ¥ T 25 mL 7K v, 7848 75 4 B T v it 52
4, FEEL124. 6 mg(0. 75 mmol) IPA 5 2. 4 mg(0. 02 mmol ) BA %5f# T2 mL DMSO H 5 K PRy 175 7)1
Gl h, T AN ITERL, WO B, 00T U815 2] s, oK O REMPEZ IR R
24 DMSO, SRJ57E 60 CFHET 12 h 153 MA-TPA-BA [ . % FHl4 A M5 250 & s iRE i B
27 BA 5 MA fBEJR EE, % n(MA) :n(BA)=125:1, 25:1, 5:1, 1:1. MA-IPA-TMA Il MA-IPA-PMA
4 187 15 MA-TPA-BA AL .
1.2.3 MA-IPA-BA@RhB B & & FRHL9. 6 mg RhB & f# T 2 mL/K o, FEFRBGE & A9 MA-TPA-BA JIlLA
RhBI T, #8755 min, §E 24 h, 15 2R 20 A2 .

2 FHR5ie

21 SENZERNWERRIE

FESCHR [ 29 48 T ik 0 3L Rl -, K SO S5 IR R =, DA = R (MA) AR — R (IPA)
FSLRG, AT DLEEEVE R O S 4R R (MA-IPA). ANE 1 (A)FT(B) R, 14 Mt 5] A
T HARFEPRBREUCEH 005 &/ N FE R A sy, AR R IR (BA) . #P8 = HER(TMA) 11,24,
5-ZRPUH R (PMA ), FIFA3EE 5L 23530 8 MA-IPA-BA , MA-TPA-TMA Fl1MA-IPA-PMA.

KV B AR 2T /1 (FTIR) S X 4Bk 2 o3 RIAH AR A 7 17 3RAE . W& 1(C)FIEIS1~ES3
(WA H 5 B PR, AHE T4 MA, MA-TPA 1% FTIR 3% {37 T 3420 F13480 em™ &b 13 85 28 54 AF
WAL UG 15 2% 5 [RIESE, TPA (%) FTIR 33 H 1690 em™ &b 114 %5 3 11 45 4R o) 16 7F MA-TPA /) FTIR 3% H 21 8% &
1630 cm™, F B MA 5 IPA Z M AF7E B 2 1) o7 - [0 S SEAH BAE T, NI R A T 4, 45 R 5
R [29 1R IB RS IE—3 . HE— 51 A BA, TMA FIPMA Ji5, FTIR 1% 90 A H 3HHT A5 A0 W i i i 1]
TIEN AR L, KRR MA 5 IPA Z A S B 5

T X BHZATH (XRD) X2 IR R 25 EA T 1 RAE . Q] 1(D) A S4~ ] S6 (WA S HHE B
TR, MA-IPA 1A 2 52 90t A0 T A A7 S 0, R BH AL RLEAT — B R B A KRR A 7 HEBRRAIE . 5 8l
MA FITPA A EL, MA-IPA 7E 26=9. 7°F126. 7° 4k H BUBT 97T 5516, [RIAS IPA 7E 20=16. 0° &b A FRAEAT 5 16
R, UL MA 5 IPA RS 3E  TE AL TN [F T4 A B4 5 A )P 454 . 7£51 A BA, TMA F1 PMA
G, IR 2ARHEWEATSRAAAE , I B TR AT E S . Hi, MA-IPA-BA 7£26=13. 1°f127. 5 4b i
FIETE , MA-IPA-TMA 1E 260=14. 0° &b BB 0%, 11 MA-IPA-PMA BHT 05 T 20=13. 1°4b . ik seas{h
B, AERBREUCH /NS FRES TR MA-TPA R R 225 =, oM VR N 45 0 E AR, DATATIE gL
A 25 AR FAE AR R
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Fig.1 Assembly structures of MA -IPA(A) and doping reagents BA, TMA and PMA(B), FTIR
spectra(C) and XRD patterns(D) of MA-IPA, MA-IPA-BA, MA-IPA-TMA, MA-IPA-PMA
and the corresponding raw materials
(A) Schematic illustration of the MA-IPA structure based on Ref. [29].

22 SEMBERMBENITA

IR H R (BA) R, §il#5 T 4 Fh BAG A FR B R 5 i i S AL, 23508 n(MA) :n(IPA) :
n(BA)=125:187.5:1, 25:37.5:1, 5:7.5:1, 1:1.5: 1. [ifig5 BA SR8, #6rERERa 2 5%, DA
n(BA) :n(MA)=1:25 e fd:, 4RE238 0 BA (95 &, BetERERZ 0855 (B1S7, WASCFHMER), U5
SLFT MBI R DL EL . MA-TPA U8 28 41 B 1A 7E 254 nm SRAMEIOE T 2R B kG, Rk
IR n LB BB 52 () W Sk (A REE |, FRERIHE] 290 10 o[ E2(A) |, FIZIKRAEE IR N BA 5
B 2 BTRRE . 1 MA-IPA, MA-IPA-BA, MA-IPA-TMA F1 MA-IPA-PMA 95 56 & 5618 3K 45
[E2(B) 10T AR B, BA4R1 IR B E I I R R S K SEA R — 2, 3907 F 29480 nm, Ui B & S ok
KA RS . ZEAHFIN ST, 84 BA, TMA FlI PMA J5 (TG R BE HL AR Zeht b 4 B3R & T 24
3.1, 4.2 F13. 2% ; MA-IPA, MA-IPA-BA, MA-IPA-TMA F1 MA-IPA-PMA [ RTP 7 Z& 43 51 24 20. 4%,
25. 1%, 24. 2% F22. 2%, FW 35 IR/ N T 195 | ABENS A RO S AR 2 B & SF 5 B FIRTP 7=

BEE AR AR 25 AN 2(C) F(D) Fiizs , MA-IPA FOBEGHFAr Al 1. 08 s. A2 T, MA-IPA-BA,
MA-IPA-TMA F1 MA-IPA-PMA (W85 75 A R B A AR BE (9 B 4K, o MA-TIPA-BA 1t A ] 35
1.70 s, A3FBRER P, FEE, B20A) R T AREESTE S LM IG 1) 43 W B 6 1 RSkt
[ 2AAE I O, AT WLAB ARG AR W O SEA R RE— B, AR MERFLEET ] A MA-TIPA-BA £ MA-IPA-PMA 4 4
giga, WAL RSB ar s R A e B R — 2 IR R A B M I RE T, DL MA-TPA-BA
], B TR 24 b, BT KA SRS 2B R K, B e B,
T FEAARE R AR (] S8, WA XTI FE). ¥ MA-IPA-BA B T pH=2. 4 f /KIS P #5524 h, 1E
LONT G A B, B R 1,97 s(S9, WA A, R HBEARRIE SR HE

Chem. J. Chinese Universities, 2026, 47(4), 20250395 20250395(136/140)



Jd B3 s Ky ¥R
Eu CHEMICAL JOURNAL OF CHINESE UNIVERSITIES

Eeencr

MA-IPA Os 2s

TTYITRY

MA-IPA-BA 0s Is

‘l‘.""‘b‘. 'i.

MA-IPA-TMA O0s

o o

MA-IPA-PMA 0s s

4000 2.0
* MA-IPA, 1.08 s (D) 1.7
* MA-IPA-BA, 1.70 s S
3000 | * MA-IPA-TMA, 1.51 s 1.6 |- 1.51s
2 * MA-IPA-PMA, 098 5|
T < 121 108 _
‘% 2000 = 098s
=] =
8 8 08}
| S
1000 .l
0 0
300 400 500 600 0 2 4 6 8 w,\??* \?P&?' w\?‘ g&
Wavelength/nm Time/s N\ad w w

Fig.2 Afterglow images(A), phosphorescence spectra(A,=254 nm) (B), lifetime decay curves(A =254 nm,
A,,=490 nm)(C) and phosphorescence lifetime fitting results of MA-IPA, MA-IPA-BA, MA-IPA-TMA
and MA-IPA-PMA (D)

23 SEMBERMBINEGRIFEIIE
Rk 2L HRGE O HAR TR/ N o310 S I 28 AR R B A A RV E T, X LR RE AV L3R T T
A3FT. WE 3(A)FIB) IR, ISR B MA, IPA DL 5 R8N F7E 25 5500 S R H R
AR ) K A B SRR . Bt RSBt SR, MA R SHE KA, 2970 450 nm; B R R I
Bompg3E N, BA, TPA, TMA FIPMA 1 & S K% 81 1 2 460 nm 2185 22 520 nm. HiHr, TPA (B & ST
WA T2 495 nm, 55 T S VR I 28 2 R I 2R 10 R ST SR Bz . A, R ST IETE KR | IPA
RN B— G0, T BA, TMA F1 PMA 2 5 AU ZE R, 2RI TPA 19 & SHRFAE -5 2H R A 22t 21 1)
WA T M A S A — 2k, SR IPA AT BETE I A S0 S5 M 28 (R Rt & S hold = 2/E . (A
BIRE, T4l IPA, IPAFE MA-TPA SURH I 25 21 2R (A i o't & S i att— 25 1588 2 29 480 nm, 3X A
A T iR A SRR 2 R R R IR B AR A AT O . A I UE AT Hh 1 A N 445 4 2 X TR RE AR Ak g 1o e, A
5% T MA-TPA-BA 7£ 80~280 K ifit 3 Bl N Bt A5 4w (181 S10, WASCFRE ). 45 3R0, MG A
Fhim, KA 2. 81 s XM FRMEZE 1. 94 s. %I BRI E (B 608 1R 26 B 20180 AH B4R F
PSR, ITE— R bS8 T A S AR s it A A
A FER RO (1) &0 FX =HSM PR KER; (2) ZEASHEF WAL
EL&. PR TARGT =ER, 855060 70 —ERE TR A SR 55, M T84
B 02 SEH B BT, ok R ok, HHR AN, 52 3P R0 IR B Ak, A F
TR AR SR KON HE K A . W 3(C) i, MA-TPA FB0RE RSF 8/, 280290 1 pm, HAT
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Fig. 3 Phosphorescence spectra(A) and corresponding wavelengths(B) of the raw materials and
SEM images of MA-IPA(C), MA-IPA-BA (D), MA-IPA-TMA (E) and MA-IPA-PMA(F)

FHXPASRI L R A . BIATJF IR/ N e, AR R AR & A B8k : MA-IPA-BA 24
ARGER [ 3(D) ], MA-IPA-TMA £ Z0RE5# [ E 3(E) ], 1 MA-IPA-PMA T 3 Ry HulR G5+ [ & 3(F) ].
BRKTE , ME B TRV A 3G, 428 506 R T 2/, Hid MA-TPA-PMA ()
WOk R ST 5 MA-IPA 5 M HEE . ZERTA FE AL T, MA-IPA-BA [ 45 5 20 55 ik R~ B, X I 48 /N
FL AL, WA RUFRAE T 2 P A5 T4 =TI KAEH , R K e Aar . ),
MA-IPA-PMA [0 RT B/, FE R K, U RN S0 18 3, BB B . 7EH
2555 T MA-TPA-BA 547 T A7k, i T B B RRAL T 2 P &0 X = FH ST IR K A
F, S 1L 70 s 3mE) 1. 82 s(EIS11, WASCZRHER). FiRZERE, BA, TMA I PMA (1)
o | I8 3 s S5 X 2% PR AROULZEL 20 T =R MR 300 5 i 1) L' 510
24 SEMEERBLNESRBERBEHNEA

R MA-IPA S HABZ AR R BRI AU RTP b, LA & S o 47 3= B4R vp T i (DX Il
BT, 5 A ZFHEN SRR RS RIS, LIS R R AR MR S € 1 42

TG A7 i i K 1 MA-IPA-BA VR BR i A, DATT 2B YL 2 PHIH B (RhB) A N RE it 32 14
T CEASFINESEREEBARR . WESI2UASCEHEE) R, RhB BN 0] IR ISOEE 5
MA-IPA-BA [ & 0 61 2 [RIAF7E RAFA IS S, MEEEFE B M KA RO T ILm 250 7
254 nm HANEEL T, MA-IPA-BA@RhB /A& R 7E 605 nm 4- H B T RhB EFE & B, [ 480 nm 4k
MA-IPA-BA IR & 158 B B BRI, SRR R TAEAEA RN RE R BB FE . LA MA-IPA-BA /E JfEHE
HEAR, RhBAE BB SZIAR, ARAE AL A SZ RTT G B & SR B84k, X MA-IPA-BA@RhB /& R 1)

REE B RCR (E) AT T (B S13, WASCZRHMER). AT

_ II)_IDA
E="

K L, B R TESZARFIA 2 RS N AR B & S8R 2, TR RIZIA R YRR BF B ACRY
1 89%. EARVE &M %, RhBAFFH7 IEHL, T MA-IPA-BA R R e S R IR LA, Jo il S B A o35 ) 17 H
PE, 3 Z Rl A B R A B T4 50 A S 2 R I R S, AT 2 R S R B ORI $E
I, ZRER R IR R A T E Ak 22 A A IR, [T MA-IPA-BA 20U RhB /K, BT
AAF RSO AN [ MA-TIPA-BA@RhB & & 1A R . QIR 4(A) iR, #RIRMIERSE R, 16K H 5k
J5J5 MA-IPA-BA@RhB & 514 2 2 21 BH (2 KR 21 (BRI, R[] 294 4 s.
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Fig.4 Afterglow photograph of MA-IPA-BA@RhB(A), and its anti-counterfeiting application
demonstrated with an “AIE” pattern(B)

3 &

PLMA FIIPA A 8 T A B M 25 B R R, i i 51 AR RDRREUCECH 19/ 3 BA, TMA il
PMA , X MA-IPA S5 2% i 208 G TRds , M T — BRI Fa RTP M B, B4/ M inI AR
S MA-TPA U5 ) 265 1 SEAS RSB T , (R 5 m T AT P R sCRIZ5 AR . e B BB Y
LB, FTASTHY MA-IPA,, MA-IPA-BA, MA-IPA-TMA F1 MA-IPA-PMA A& Z 75 2 18 N ¥ 2 90 A2 no
Nk G T, HR S 5 TPA PesiE , Hirb MA-TPA-BA IR R B3 A K OB A, Alik 1. 7 s.
HE— 2 TES AT 2R B, 3824 /INo3 138 o 11 U I 265 () A L B 24, AR T e AR R RS T L
FIEFL, M2 28 S o0 = E AT IO, R BN AR R 7 Ay 22 S ) S 2 i
CFEILIER b, BT S A AR B T HAT 2D AR R S RFIE ) MA-IPA-BA@RRB
BEWR, R T HEZSEY AP IR TS . 28 Bk, ARBFSE 5T S B 45 194K 5 RTP 4
BTSSRI 5 Dy Redh AR AL T —FPmT 47 AT
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