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Synergistic Luminescence Enhancement Between Sugars and
Nonaromatic Amino Acids

CHEN Xiang, ZHANG Qiang, YIN Zhuojie, YUAN Wangzhang"
(School of Chemistry and Chemical Engineering , State Key Laboratory of Synergistic Chem-Bio Synthesis ,
Frontiers Science Center for Transformative Molecules , Shanghai Key Lab of Electrical Insulation and Thermal Aging ,
Shanghai Jiao Tong University , Shanghai 200240, China)

Abstract Inspired by the markedly stronger luminescence of sweet milk powder relative to regular pure milk
powder, the synergistic luminescence enhancement effect and associated changes in photophysical properties were
systematically investigated through compositional analysis and model reconstruction. Sugar-nonaromatic amino acid
doped systems were subsequently constructed, demonstrating a universal synergistic luminescence enhancement
effect between sugars (e. g., sucrose, glucoside) and nonaromatic amino acids (e. g., lysine, serine). Experimental
results demonstrate that this synergistic effect significantly amplifies luminescence intensity and efficiency (e.g., the
quantum yield of the glycoside-serine doped system increased by over 30-fold) , and also prolongs the phosphores-
cence lifetime in some cases. Mechanistic analyses combined with theoretical calculations reveal that mixing sugars
with nonaromatic amino acids strengthens intermolecular interactions, promotes through-space electron delocaliza-
tion, and rigidifies conformations. This cooperation enhances both excitation and radiative transition efficiencies of
the emissive species, boosting overall luminescent performance. Collectively, these findings provide valuable
mechanistic insight and design guidelines for the development of novel luminescent materials based on simple
bio-derived components.
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phosphorescence

FH T e = SR Y SRR A A, DY A SRR KR A AN B RIS, R
BRIk, HorF N SHkah 7 FREBM R She i, NILAERE R LA KB, SR, i AbEsE R
WY, VFZH WA AR5 7 2 IR K H: 22 JIRTE v v Vs il T 2 2 A P S BEARAE AT DSl k2. i gt
G H AU R T R 15 5 &6 (Clustering-triggered emission, CTE)HLH] . HAKMF, 244 FR4ER, H
ZER R AR IR A (A (g0 | AL | RS il S WA AR A EH S, IEERE NI, A
T2 A B B R G A 0 B RS o T — IR S T R RS T A =4z L " s oh, B 1
ENAFAE D Z S TR G . DL, AR5 R 2R MR AE 22 AN T Al R AR BRAE , 77 A W] I &
i, AR R Tp AL B FIEBHE(RTP) . BRI R T AT A Ko+ B & DEERIA
PLOEE, EOAAE DO FERE T O . MRS S AL, (HO AMFRIESE, & i Ak
Z IR B BEA T3 10 B-Hr B S5 B, R 58 05 5 A 3 ], Re B vl Lo, Hidr, AR 1 M
B RIS TE M B AR A AAE RO CI G R AR S 7 DR, IR A SR D7 B 2 R 1 &
SeHL, A2 AR A A OGRRIR , I T R A AR ZS PR R AR B A AR B e Skl

SR, REFEE S B2 MR R (DAL, AR 1%, X EH2) TR T IR SR
BRI BT & . BT, Ak, BHIFA G 220 T 2R g D 1 e RE > . IR
W 32 B3 L R o R AR B R G ) SR TR FOR B RO, MR R A D7 A B R L AT
FHTFA S = O A B3 o0 o . OB, JE05 R 2R @ (E AR AR AR S5 A 1 R
e, XSG O RIE R R U BRI BN L A, AR, T
A= G FIA2EA5 IER A A LR R SR BHE A 75 B 7 TR GO Wl M (AT A T4 ) , iX™
il 2 T HSE ML R, Toie R TR TR R R SR R SRR I i, SRR AR ST HR 6L
HAFT R, FERAR T T & HR = U AR Rl RIS U 552 A

Y TR D7 2 B R K LR B ERAR: 35 N 78 53 HIWA AOGHE SRR A AE SR PR, AR DRI 307 TR
TR RO RIEAS . TEMFSE D, IRATE SNSRI U I RERE (Sue) AWK FE & (RIS RY ) FE SN T
ST B 5 T R B RO B . b HEA, HERR T AMEGOR A I TR, SR
S ASON AT RE IR TS 5 2L R AR B Z R NTEA BAE I . 300k s & 8 1 o S A AR 2 47
(kB . 2 5E0R ) , MRS ) & K A L5 v i S I R fe 45 1 B BT, IR RER 2
) AT BEAEALE i A 784 AR B B RIVE T, DTS2 IR 43 SR AR S R A8 /. BT B, ASCH
SEFLH S EEERARA o RIS R I RO CRETT R T RGE5Y, DA RH & s L

1 SEISEH

1.1 KA 5{EE

Mi% 26 11 (Cas) , AEALEGR], iR AR R A R Wl 5 L-22 %82 (Ser) . SRR (Thr) | FEAH (Suc)
1 B-H FE AT (MGlu) , 43H746 (L1 >99% ) Ffi 2 R £h ek (LysHCL, 4374k, 4li>98%) , Aaifk
BT (TCD A BRA 1 5 4fi/K (33820 1. 08 wSlem) , UM RS WA 4E AT RN W) 5 HEBEIR 84 (SA, AL
o) | BHES TSR E IR120(JL R a) | H 2R (Gly) . NP (il 43 99. 5%) . WEE({aigal, 4
J£99.9%) . LFEE(AELl, 4l 99. 9%) . LN (Aigal, 4l 99. 9%) . S e (Aigal, 4l 99%) |
L BECOHral, 4EPE 99%) | 1,2- AL BE(Arall, 4ifE 99%) | LR ((Aikal, 4ifE>99%) | PR 21
(JrAral, 2liE>99. 5% ) AU A kg (e, 265 99. 8%), i Ze tHRE B i A FRA Rl 5 48 LA
¥y, R EDABRA A SEAigky, FIECRHZL B A BRA Fl 5 ek, b IgE KR 3
B R] s e BB I i Ak 27 T el FH i 3i ) S 2% S A 2 A ik

Avance III HD DRX-500M #A% #2245 1% (NMR ) #11 D8 VENTURE CMOS Photon IT 84 i X 52k
PSS, A FEEE SR (Ko BRI 0. 154178 nm) , Hfi 1 Bruker 23 7] 5 FLS1000 BURR /BRSSO EIEAL,
e [E Edinburgh 23 &1, M35 R 38 % ok 298 5 77 K, it #5 PMTO00 A& %5 ; QM/TM/IM B 5= 4% ¢ Yo fa A5 s

Chem. J. Chinese Universities, 2026, 47(4), 20250400 20250400(178/184)



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

A F 45 [ e 45 815 Bk (SPEKTRON-R98, =80 mm) |, [ PTI/A H; Quantaurus-QY Plus i 774
Mk 24, H A< Hamamatsu Photonics 2 &) ; Lambda 750 s %42 4h- 0] 0L 43 Y656 B i (UV-Vis) , £ H
PerkinElmer 23 7l 5 o7sIBUFR S ARRL, HAS Sony A H] .

1.2 SCEEFE

12,1 HEHEOHE AT — (B RSEIER) FIEE S (Suc 3 MGlu) F 20 mLAE S
H, IAS mL/KAE25 “CRHEHE 12 h, B/ 76 30 CEAS AR N S T . [FIE, Shor (EXF b, Bl i
fh— SR i A AR R R

122 H{HEBRNBREENF L EHONERIRI (SA) I 4L, Jo¥% 10 g SAE T 1 LK R315)
VW, SRIGINA 100 g 50 FR 7Y PH 2 TS A . K5 SA KRS B FAC o R EF 24 b DL BR A%,
TEJS SR SA IR W . FH 25% NaOH /K I R pH o~ 8, B il 10 435 oK 2 B8 SA UL iE H 3, 43 5
80%, 90% WG FIIC/K LBV, B o BAE v VR T, 1531 SA 4l il . FR A 200 mg FF 8 244 4 1
5 mL 7KL B AR FE R 40 mg/mL (VSR . Bl , 7621 FF S 43 5 FR I 160 mg #2406 /5 19 SA, A
5 mL K5 Bt (5 3 160 v/min). Bl 48 AH I EE A FHAS WA T IBCEB =K b VA TR T I SA T, kS
FE12 h. BEJSEIABLE, BT 35 CE A M TR 48 h, ffa MR A R B B 40 i B TR T4
R RAE.

2 GRS

2.1 FHOERA TR & G sR I 5

ASTR) b R R HA AR AAE SCECR BT TR (B ST, WA SCZ R R ), -k R R = IR
It (p-RTP)FFAE. SRTT, R T 265K, THUITEZ MO PR (A, 3518 254, 3121365 nm) T #Y
p-RTP 0 358, JEHAE 312 nm BEAMGHCE T, HAER & S0 58 H M 172229 10 s, @i T4h)
i (E1S2, WASCZHHFE ). X245 R0k 1) RGe T bt —20 3R B0, EiHWks vh i A e il 52 LAY
3

RSB 5 ARy Y 5 2 X BIAE T ARINASIN T Suc. BOREE AP AL A2 4= FLAT Suc RO FH D3R R RE 2 B
AR T, $OR Suc AT BESEIGSR ARG N 2R . I iE_EIRHEI , FEE DI Suc SR T R A
TUSIN Suc AR TR TRES , I 5 404 W52 TR S A SE I BRPE B XS b . S5 53R M, 51 A Suc T i 2%
PETHA R R OEIERE , R INAE @ (B HE = AR AR e K (BT S3, AR SCEHE(E S . ik o bt
TR, U0 Sue A GHEGL TR ST KA TERS , DLW S 2Ot O iRy BER L AT R A 2B s, BUAR R
AR TR R

FIEFE AN, FEAERKE T (Cas) TR W KW ANE R H T ZAE ™, I Cas fE A BT
R, FBEH Suc AR TG EPE BT AL . 1528, HilA T 21 Cas VR TRE S RIFEEINTIR H Suc L5
BE il %) Cas-Suc AR THEM . 45BN, Suc M5 AR ERETF T Cas WA JEIERE : B A FES AR T4
Cas, RILH B =B RN E , B A EENE B RKMEHE A E 1(A) | Bt AEar A Cas 19
2422 ms SEH 22 268 ms[ [E] 1(D) |, SEEBE W E 30w H o (Eies T35 1(E) |5 1bah, BEH,
() 2 SIS AE 400~450 nm DX 58 3 i 250458 , 06 TE H BRI R 38, SRR IR R o] REAFAE BT Y Bl i 2%
SRAGE AT PG, Sue AR P REZ: 5 ELH 9O SR G BURES SO .G LB 1(B)FI(C) 1. AT, Suc
15 AR Cas B SRAE S RO HA B JREER .
2.2 Sucifs®E Ser XA NI K SHIE

Suc X85 15T & S BGSRAON AR FRA T — 20 58 T HLX 2 e R e sg . S8 T2 e b iR
BT Y A G5 R4 BT, LG5 R Z AR PE AT Rty AN R 1 & e iy, DR, #0200tk 1 LRI SR P 2 R iR
5Suc#frE A . H, Z2Z8IRE AR FR (Ser-Sue) 18 & G mm Jy i e M Mo i [ K 2(A) |, Bk
YENRBREMTF R R G 5T . 45 R, $BE/R 11 A IR R TR (1) Ser-Suc #4h , H O
= TR —20 2 LK 2(C) ], MELT Ser & T4 2045 ; £ R AR FS , FESLTE 312 nm BAMEHUA
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(A) 312nmon off 1 2 3 4 s B) .
— Cas

— Suc
— Cas-Suc

Aex=312nm

400 500 600 700 800

A/nm
& e/ 10°ro E .
VaY, ( /'SX/I;?‘L ) Jem/nm:  T/ms: 20 |E) e/
— 285 Cas 500 22 212
—312 ‘ Suc 490 63 151
330 | » 10°f Cas-Suc 480 268 _
365 =l s
395 | & s 1o -
10"+ 5k
300 400 500 600 700 800 0 0 Cas Suc Cas-Suc

A/nm Time/s
Fig.1 Luminescent photographs(A) and prompt emission spectra(B) of Cas, Suc and Cas-Suc mixture
solids with or without 312 nm UV irradiation, normalized prompt emission spectra of Cas-Suc
mixture solids with different A, (C), lifetime decay profiles of Cas, Suc and Cas-Suc mixture

solids(D), @ values of Cas, Suc and Cas-Suc mixture solids with 312 and 365 nm UV excitation(E)

i B) Jex/nim: T,/ms:
Day light 312 nm off Suc 490 63
Ser 530 93
@2 5 Ser+Suc 515 479
% % 102 (tablet)
e o o8 = Aen=312 nm
10! N R
0 1 2 3 4
Time/s
10 +H© Jex/n;
i - L 312
Ser-Suc - 8 365

(freeze-dried)

D (%)
(=)}

=

4 L
H
Ser-Suc . . 2k
(tablet) d —
0
Ser Suc  powder tablet
@ — Ser — Ser ®) — Ser
— Suc — Suc — Suc
—— Ser+Suc —— Ser+Suc — Ser+Suc
(tablet) (tablet)
4e=254 nm Je=312nm ex=365 nm
300 400 500 600 700 800 400 500 600 700 800 400 500 600 700 800
Amm A/mm Amm

Fig. 2 Photographs of freeze-dried powders and tablets of Ser, Suc and their mixture under room light and
varying UV lights or after ceasing of 312 nm UV irradiation(A), lifetimes(B) and @ values(C) of Ser,
Suc and their mixture solids with 312 or 365 nm UV excitation, normalized prompt emission spectra
of Ser, Suc and their mixture tablets with 254(D), 312(E) and 365 nm(F) UV irradiations
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Tz SERK 479 ms[ K 2(B) |, i THAMAR ; [, BEERN LGS S B IR AN,
FRAER A NS, VI IR IR B[ I 2(D)~(F) ], X —FRFIMG Y CTENLRI LS B A . B
TR — 25 T Ser 5 Sue Z MM 2rFIEWEIT , Sl & 1 OTi i R SR I R RIELL , AL
TSRS BT, DT S 4R DA

FEMEIERE b, i e VR ) SR MR R 45 T Ser-Sue B AR, FFUEAT T BT X SRR ST
W, (AR B — W SR ZE R (5 2. . JETF UL, Ser-Suc & A AhIAE 1T 58 1 Ja il A 17/ JC P AL A7 11
HAWR, MAEE EAT KA P HES 3L 254 . BEJE X A7 6 808 6 . 'H NMR . SEM J EDS %
fE (IS4, WAL FHF ). FEAFZEISGMA T, B4 fiARd R W00 T B2 23 1 ROt B
"H NMR 45 R 2R, S ARE S B Ser 5 Suc {5 S IR BABNN, R IBL A0, W& eIkt
e R NG 1R, TR T 415 a AT FAR BLAE ] . SEM/EDS AL /R, Ser 15 Suc 728 A Sk ih 401y
5] FIRGIREW], Ser 5 Suc 7E il A AW i i B HES 5 4RI AR, AR IRA TR A5
MR G0 T A RHERE , XM RIRON 28 B T HEIL M A BAE F AR &6 T i SR
23 H5EFEEEBRNEERL NS RINE

Ay WL 5 2 SR 11 1 IR R A FETBIL R , 36 I 4% g B 1 3t LR o et )l B P OB (MGlu) 5
Ser MBI R . AHEL T A5H B2 2% LK LS PR R S, MGLu B HARER M, HLZEIR RN 254 T AS
5y 5 BB R A O, AR T FeBb IR A OeAT 5 i 20 IR EAE T . B 3(A) KRB, 7EANIH]
WK ZEASCBUR TR , S AFEM (MGSer) 2452 F i 25 19 95 (4 & G MERE . B 443 e )28 AR SR (141 85, L
ASCFEER). 312 m FERIEAE T, BEFEMI o BB IEK, HEE/RE 150 MGSer R RILEE/R I
LR REA TR o [E3(B) ). &AFEN A @ AEIREE Lo G175 fh i s, i il 2T 2 29 20%
[FEI3(C) ). FIRESIREW], 54453 R A ELAE T AT B2 R S Bt R, DT S X1 05
PR F B IEE BB A SR . UV-Vis IIBOGTE ST H R, 52 AR R i Wlicd & A2 B 212, 400 nm DA_F
(R VR AL i 25 48 5 O S 52 24 600 nm [ 181 3(D) ], 33 W] REIH K 25 [A] B B i e sl L i 5 72 (CT) |, &
BORR SRR TR, iR SRR AU E WL, WIS R EERET L T & AR FE .

A

OH
Ser
HO.,
HO™ ™% o~ 254 nm
OH
MGlu
+ 312 nm
(e}
Ho/\I)J\OH 365 nm
NH,
Ser
B 2w D) MGl
i St i © s 208 263 e
Ser 530 93 15 R MGSer
1:1 520 375 =
Z : 520 476 < 286
3 < 10}
&} S
5 L
1 1 1 | 0 I 1 L I 1
0 0.5 1.0 1.5 2.0 Ser MGlu 1:1 12 1:5 1:10 200 300 400 500 600 700
Time/s A/nm

Fig. 3 Photographs of MGlu, Ser and their mixture solids at different ratios under varying UV irradiations
(A), lifetimes of Ser and MGSer mixture(molar ratio: 1:1 and 1:5) solids under 312 nm UV excitation
(B), @ values of MGlu, Ser and their varying mixture solids with 365 nm UV excitation(C), UV-Vis
absorption spectra of MGlu, Ser and MGSer solids(D)
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SRt e WA RN 2 R P R 38 5 R Y R MILR, LA MGlu, Ser S 1:1 MGSer AELRY #8477 HHE T
FSPEST, T S RER A A GO SRR . NS TR T A 2 AL 2 DA B S A A I
MGSer I A5 BRI 20 FA A A 1520 (1 S6 AN ST, WA S F5 5 B ). MGlu — kb i F43Aii 34
5], fef R A PR SR R TR R, T Ser ZIRARII BN A B E A F il Ak, L TAE R TR IR T
F(COO™ ) X, 1FHL A 43 A F i T 2 56 (NH5*) BB 4(A) . MGSer {4 Z 1 i HL 3203 A S 30 R
B A HRIE . MGlu B9 & TR S M T 7E— E AR 2B Ser R R B FLAT AR AL, (A& A HE 10 A o
AT . WORASPUE TR T 2 SR R ROLERR LSSk [ 181 4(B) . MGlu — Rk
BRI R L (LE)A, X SH oM BES K, (MRS EA R, MeSRRRA, Him
B E IR AL, Ser —“RARNHA —E CTAFHE, ALK, A2/ -HTES
JERAR (PR T30 £=0. 0002) , A RCRAL. MHHLZ T, MCSer R RIEELE S CTREH: =/ S5HF
P pRECE B3GR, FERTH A 0. 0128; CTHFEA RN T HERT (A=331 nm) , W E 8T THURRCE . KA,
Ser (53 F WAL RFPEIE E T MGlu 43 N B4 TR HL i B8, iE— D148 T 25 Ml 7 2. iR Py
[ 8007 (o MG Ser 148 22 7E R A5 [ B 3 ELIRRERR 5 5, R S50 HoUL g 21 A3 s e 5 & S 7o it T
B PR

2 Fe SN AR I A AR (NCD 7 3 R R0 FF TR ZE BTk, X ELA i T = FE INCT & [ 4(C) 1.
5 MGlu 1 Ser #H ., MGSer 14 2 S B by 3= & FLiEZ211 25 [B] NCI IR 45, 2% B HHLAT o 53 110 7 SR At 1)
W SR E N, R TS R AR 1 R S RAE AR 22 IS IR T 7E Ser-Sue B AR R L
B (B ST, WASCE G E). AWM IATT R 550 F 0 NCL4 T, MGSer 14 R i i LE-CT 25 3
] . 3458 A 25 (0] B - B3 DA A 2 WIPE B T, S T PR [RIB458 JZ A5 . 1Y Ser o Head SiH, MGSer

(A) 0.260 a.u. NN T 0.260 a.u.

Q'?
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Fig. 4 Molecular electrostatic potential at the isodensity surface(A), NTO and properties of S,-S,(B) and
noncovalent interactions plots(C) of Ser, MGlu and MGSer

Chem. J. Chinese Universities, 2026, 47(4), 20250400 20250400(182/184)



d HEF FHwF g8
Eu CHEMICAL JOURNAL OF CHINESE UNIVERSITIES ﬁﬁg‘ﬁiﬁj

PR CTAS & HeiE—2E34 I, RT3 N BI85 0 FRIAH EAE R, (5 2l ARG IR
TEAERRERE . (ML, Bl Ser UBIHFLLEE S, MGSer (1 @ {65 ¢ LB THIS REAYAE L Fa 3

B Ser#h, 753 & R (Thr) . H &R (Gly) I & FRER BR £ (LysHCD 5 MGlu ¥ 19 5 A 7R 2 [l AR e
R SEIE R R N , P IEIAE AFIREERT (B 5). H, MGlu 5 LysHCl BE/R R 121 B A AE
(MGLys)7E 365 nm 224G & N ) @ 735 20. 9%. X PHFEIARAURTE T O, 0B H B 250K
KW ARAMAE IR A S . RS R R, AR5 IR S5 WE = IA] (4 b R AT ik
R AT R H R 0 6 TR, AU AR LR L SRR AL T ) R, et B AR
P g R Ak RTIR R AL T R A AN B

Thr MGThr LysHCI Gly

312 nm >

@=0.4% 0.8% 6.2% 1.5% 10.2% 0.8% 3.7%

365 nm & *

@=0.5% 1.3% 9.6% 2.1% 20.9% 0.1% 1.7%

Fig.5 Photographs and @ values of varying solids under different UV excitations
2.4 R
ST WE-AE D7 B AR IR 2 R IR A =8, TR K p-RTP AR, IR T AR Bom%
S5 LR 7 T AR P 7. AN 6 (A) Bz, LA MGLys 5 MGSer #5 R 20 B 78 “GLU” Fll“SER” [X 5}
H“GLUCOSERINE”[E %€, 1E 312 nm MBI IR A A0, 45 1SR L GLU SER” X 5K
ISR RN, B TR R LS B A . 2R, (K16 (B) SR TR OIS BT : MGLys SHFE“ T~
HL B9 U CTE "), MGSer JL 78 “SETE” X . S HMIRGF IR S W52 K0, 58 1R UL S5 {U MGLys
DI PR B p-RTP A5, SEBUES PR S e e, (RBLI DRI R AE ZBEAS ATl e . teobh, iz
PRI A R 0 e B2 WL, S U A ST RER RIS FIPE . aniE 6 (C) o, LysHCIHBZR 1 SA W [R]
FELE I RO R 5 B3 p-RTP &4, RENZ RSOV AU TNy TR B ER , TERIER GV
FHR IR EAT RIS IR, s A S R O e Rl 28 B a7 25 U T i

(A) ®)
GLUCOSERINE Flashlight: MGLys
GLU SER: MGLys

Light spot: MGSer
CO INE: MGSer

“CTE” letters: MGLys

312 nm N e
uv 011G L UQ“_: lf.\SE R i \ ?T N UV off

UV off

Day light 254 312 nm off

Fig. 6 Demonstration of information encryption(A) and anticounterfeiting(B) applications based on the

glucoside-amino acid system, luminescent photographs of SA and lysine-doped SA films(C)
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ARy B Lb by e B R OO0 S KOG RE (@ Fl 7 4R ) WU, $a7s 1B AR5 & 2 SR 14
Z R sl A7 (1 R D00 5 R RO .l e X B WA A i ) B A S SR IR, WA T Suc A A
JEIGHR OGN R . 2P L) Cas-Suc M R g AEERY | IESCBRARY) AL 5 R AT 515 i 25 14 D'y ik M &
SPRAETRSS . LRI ERR b, AT R AL Rl (Suc B MGlu 55 ) 595 20U HE R (Ser Fl Lys 45) 195 2% 1K
., SCB RIS AR Rk S B RIS 5 R O6A T, A MGlu-Ser (R £ 1Y @ (EAR THE 3045, 7 B 51 .
R G 5 S TR A R R, I RSO IR T -5 AR D7 A A IR )3 95 A 21 [RIAR B T, AR
HE T 7S () L B A RN, TR e 1R AR GO SR AR R, R TR R @
XA R AET R A AL EOR SR TR R S

X #4138 W http: //www.cjcu.jlu.edu.cn/CN/10.7503/cjcu20250400.
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