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Research progress of cellulose-based solid-state fluorescence sensors

YANG Qingfeng , AN Congcong , ZHANG Ming', LI Zhenghui , SHI Lei , ZHOU Ningyu
(School of Materials Science and Engineering, Beihua University, Jilin 132013, China)

Abstract: Under the background of the "dual carbon" strategy, the research progress of bio-based fluorescent

intelligent materials and their multifunctional applications have attracted much attention. Cellulose is the most

abundant natural polymer material in nature. Cellulose-based solid-state fluorescence sensors not only have the

advantages of green, low cost, biodegradability, good hydrophilicity, good biocompatibility, and non-toxicity, but

also have advantages such as portability, efficiency, long lifespan, high stability, and wide applicability compared to

traditional fluorescent molecular probes. The research progress of cellulose-based solid-state fluorescent sensors

prepared by chemical modification in recent years was reviewed. The mechanism of the combination of cellulose

with different fluorescent molecules was clarified. Fluorescent molecules were introduced to the surface of cellu-

lose by covalent crosslinking or introduction of functional groups. Various types of cellulose-based solid-state fluo-

rescence sensors, including cationic, anionic, pH-type, nitroaromatic, gas-type and double (multi) re-responsive

types, were introduced. The advantages of cellulose-based solid-state fluorescence sensors in environmental detec-

tion, bioimaging, food safety, fluorescence printing and anti-counterfeiting applications were also introduced.

Finally, the relevant research on cellulose-based fluorescent smart sensors is discussed in detail, and their develop-

ment opportunities and future challenges are prospected.

Keywords: fluorescence; cellulose; intelligent response; sensors; testing
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TEHRA, FRRZE—Fh Z A K
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F¥ HuHES 3T AT 4 R oy THED0. SR — AR CL
JE 3 o A SR A 48 R A 1Y C4 TR TR
B4 AGU LA 3N Gk BE R, Rl AT
C2. C3 I (¥ {8 ¥ 2L A0 AL T C6 o7 A1 it 2 4
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(C4—OH SE A1) $2E T 47 i 3 4 i M MERRAE , X
LI T 7 i A 45 ) R HE 21 (B A sl S i ) £
AT S I S SRR S
N TE B 45 K 25 1) S P (6 1) eAh, BEER A 7
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AR X, RIS i XORJE E E IX (IESS f X))
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Fig. 1 Schematic diagram of cellulose structure®!
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Table1 Types, performance advantages and applications of cellulose based solid-state fluorescence sensors

eS0T Ky it PEREHE o7 AT, EE DN
Fe?' EEE, R SRR BESAEE BEE N R N e [32]
- Hg* R, Pt i S 4R AR [33-34]
Pb?* fRT AL, AL, BARMG. $T TS HAE B s [35-37]
cu® R, w R T4 JE B AR 1, 38]
cr TEASERE, PLEesh ., ks P2EABIR . SR AM TRl B %5 [39]
—— HSO," FREL, EEEE PTT . RO ISRl [40]
CN- RIERRME . mR AR IREEAG I 25 [41-44]
ClO/SCN- W o7 TT 306, A F Al 2 45 FRIEEAGIN | FE B B R [45]
(B LR SR RS KA 55 RGN | A= 4y Wi 12 Jak e [2, 46-49]
il pH R, iR Retr S, ERRR e % TRTRAE 7% . R 45 [50-51]
a BTN R S R RIS YR B [17,52]
W(Z)H R IPIRZHE, SR RS SR | BRI 45 [53-57]
HoAt HPIAR P | (RN MG | AR B4 [59-61]

2.1 PABFRESRLERSE

BEE R B BT AT
PR A, GEE T XK . R IEIEE g BN
BVEEH R 2, XL s Y 2w LT A
(LS DNESY (32 2130 WS IPN 1 7) B cRoy 21
BT E AR E T RO . R B
sE i HUEHE G R R T AOLIE . UV-Vis il
PO o, ZOEEHk NI R U H A
A 0 S (8] MV (] 23 B 00 A2 G, (HAH G
oA TR . ITAROR, AR
FRAGE g AR B9 0L A K R, AR
Ja T A R ARG I v B B RE . H AT,
18 1Y) 4 B T DI A S R A 5 4 R UKL |
BT MECRIR S SR -APLHESE (MOFs) |
TR o T AL G R T A B
TG AR N B A e R S TR .

2.1.1 Fe*UeiL sy

PR N A A, HOES & mE
15 R AL AR O . Fe® e K W A VA i K, R
M TR R AERK S, NMEEAL 2k S5k
B A a8k b 7 . Nawaz 226200 1, 10-48 JE %
Wk -5-}% (Phen) Fl 4, 4' -3 H 3k — 2K 3 — 5 552 R
(MDI) %5 5 't o ek 8 3ok 52 16 7] 22 A5 3] i s 2F 4 3%
B (CA) L, & T —Fk RS B X Fe* il
A 92018 B 2% (Phen-MDI-CA) (&l 2(a)). HF
55 %W, Phen-MDI-CA 7E i WOFN [ fACIR 28 T # 3%
BB S DO, T DU i 2 Rl S (3O
etk . ARSI LA ) AR I Fe®,
Fhh, T YRR BN E RS T PO H X Fe™
B 8 P, Phen-MDI-CA 7& 7] WL G50 F , %t
Fe* () ¥ i FR & 0.05mg/L, 7E % X T K
0.0026 mg/L, 1 WK 7E /K PE A BT rh W %€ 3] Fe” iy ik
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K AR PR, S BT WAGI o 55 4k, % Phen-MDI-
CA By T WO BUM — F L IR e b, (R RE 8
B e W PO ALK L IR)Z A FEAR
O e I . 25 R s, 2O R L i i RE W Gk
60 MPa, H: [ U4F Jy=a PR REAE Tl A J& iy 35 B2
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A
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/7 = Cellulose acetate A = 20
o

(©)

o 3
= CNC o Porphyrin pedant " W™ Aliphatic ester @ Hg**
© Hydroxyl group @ Sulfonic acid group™ Other metal ion /417 0m light

Ex— Excitation spectrum; Em—Emission spectrum

K2 (a)l, 10-4BEZ Mk-5-fi¢ (Phen)-4, 4' - W0 F 3k — 2% — (MR ik

(MDD)-FERREF4E SR (CA) X Fe* Bl Ll ™5 (b) £F4ER 44K 14K (CNC)-

BRI (SA)-MMHTE (COOCGTPP) X Hg? il HL =
Fig.2 (a) 1, 10-phenanthroline-5-amine (Phen)-4,4'-methylene
diphenyl diisocyanate (MDI)-cellulose acetate (CA) detection

mechanism for Fe*'*; (b) Cellulose nanocrystal (CNC)-succinic

anhydride (SA)-porphyrin ester (COOC4TPP) detection mechanism
for Hg?' ™!

2.1.2 Hg* DL RaR

Hg W WK N ESEEFZ—, H
TG il R B A SR AR T, B R R AL,
FPEAER K. HAT, C4WiEM Hg (L a1
Fh A2 AL RS L FE N SR P2 U AL A L K
TN L AR RS o o, Hg™ o AR S N I =
A RN R 7 BB . Chen 48P 3 5 g
A 5 10 BT 7 TR TR S Ak £F 4 38 40 K b K (CNC-
SA-COOH) F1 ip Btk (TPPC;OH) % 1 15 %] CNC-SA-
COOCTPP, 4k JF A& T — P i 22 058 F0 s 6 %
PE AT TR K th Hg™ i 28 A% IR 4% o TEARTE 3L
RWERT, RMIOC K ICIEHAT 50, 24 Hg™
A H B F WP &IE N He* il &4, T 628.5 nm
PRGBS T o U AR . BE A %50
SR A TAEAE, MR BR X Hg Hh Eanyiislae gy

(BT 2(b))e 7340, IZAKET Y R Ik Hg* DL % s
e BAE AP A, a] LU 2R 2x . BB AR
PER R LSRR R BIORS T (CAM) 54
KT Y 2 i R A A T R AR S K R
(Anti-ACQ), Fifi ) 5 B AL 2T 4E & (CMC), R
LG HE (PVA). 9K BRI PS5 A LA HE, S 7
TR Hg™ i) 5 A AL B (CFC) (K] 3(c)). —fieit,
CAM My R R I RAETE T K (ACQ) BLA (] 3(a).
Kl 3(b)), HEAREYE R A 5 BT 0 i 2%
@I (51 3(d).  3(e)). 734k, HALTE & JE B
T A X A AR DU IR S TE W] A, R W]
Hg* ' ¥, 25 I, CFCE W EWRefig . T4
M BE Ik H A R i A0 AR A, Al T3R8
HhE < R A R RS A

.CAM Cellulose

<
Hg?" detection 4 &>
S

<
. 'I*. = © He? 1
s (= remova
— e g

CMC—Carboxymethyl cellulose
El3 AL () AIEIMET (b) MEERIEIOLIT (CAM) B
(c) BERIETOULI R (CFC) E A IR RHR % & He Rl 18l A
SRR () FIEEIMET (o) iR THK (anti-ACQ) FHkHIR H-
Fig.3 Photographs of coumarin-based probe molecule (CAM) under
daylight (a) and ultraviolet light (b); (c) Schematic diagram of coumarin-
based fluorescent cellulose (CFC) composite membrane material
preparation and Hg** detection and removal; Photographs of anti-
aggregation-caused quenching (anti-ACQ) materials under daylight (d)
and ultraviolet light (e)®**

2.1.3 Pb* U LAL A

P2 Xt 2 A% il i 1 3 e Ry T R Ak 25 e
WzZz—, T RENBCEMESSEE/as, K&
() P> 51 i % 0 TR . BT MR AR AR O 2 4
EEEBEAE . FEAR E R KK R G, 6
V5 1) Po* R B 4 15~50 mg/L. T Pb>#& I (1) 3
U AL W ke S ik L RS
TG . RORH RO €% 1 5 R Ah - n] D Bk
DGR M B FH o RS B ATHEA I Ph* 1 85 R AR
W, AT L%, ETRRE[AN I,
FENT L. R AR RAESE R R,
Zhang % | J 20 — i (EDA) 1& ifi 44 >k 47 4 &
(NCC) & . T %e 6 4 K ki F T 7K vh P>l 1 #%
PEI o ELAARE % Bk & NCC T &fe . &
TR, BAEREL . BRI AR A
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51 A H: A, NCC-EDA 217 i 277 1k K A
HK A o AR B AR 5 1 e AR vE, (R PbYE
R SR T K, HA T R4 24 nmol/L.
9N AR LA W 0T [ A 1O 27 4 R SRR, 5
NeRFIERE, AT ESREE FHOE
W, B2 AR E S RE, FHERGK MBI
(CNCs) 31 & . bR m AR . nl pEAE H 3R T A7 AE
KGR A, R T Z e M K 2k Ik
Song 45 Uil 1 4 1, 8-ZE Wk W H KL ) CNCs L%
Ty il T — R T RUEGR K B PhP R SO
& 2% (FCNCs), 1% A% A Xtk H Po>* B A |41
PG Pk, R e i K A Hpt 11 Fh 4 JE B
T, RPUHAEGHRSOTIAE S . B,
Br . SO, Fl NO; A7 1H M T, FCNCs % GATH
WARZEMW . AN, G v LN F A
PR %545 . Raj 2557 L35 % & 64800 Bl R 2T 4
Rk, B Y kA T VL IR,
1E Ba**, Ca*, Cu™ 4§ ZFMESEE FIAHENT,
W 2% 212 A% SR AR X Po* LA R v A Bk, AR
FR & 20 pmol/L, 24K Pb*¥k £ 7£ 10 nmol/L~
I mmol/L, ZfEEAhE i hEa, AR
MO AR A . I HIZ T R 9Ot R AR 4k B
HEAE | BRERT R E R A WA A A
N PO E R AR L T — Rl bk | AR AR
2.1.4 Cu* AL RS

it i Cutt e BRSO BRI IR A
P R A N A A 2 A . Cur e e AR R
o PR AR A R SR B2 W SY . Li AR R 2R
Tk e B8 YAy F ol ALF 4R, 583 non HEFR
HHEAER, #F—20 HA g 7E A ik 4 88035 (GO) %
1A BT — T RO ) Cu® i & 10 4F 2 K
(NGC). NGC fi% £ 410 nm 4b JC %¢ )6 & 5 W 5 7E
Cu*fF7E I, NGC Z7F 510 nm &b iy 7¢ G HH i 1 ai
SR TR S ol f, FHB T OCEh 154
Bk, 1, 8-ZEWE W MWK B T 596 & 4, I
Cu®#5 i BR 4 0.1 umol/L. Zhang %55 5% F 2 — &
P4 Z, % — 1iF (EDTAD) % CNC ik 17 2 1 #& 1k & 14
e, 4ROt 7-E JE-4- T R B R (AMC)
FIHEM, 4T — &9 A RNFEIL % EHT
B K e Cu il 7 6 9N K £F 4 R IR 2 A MR
(FCNC)., AMCGs £ FCNC 3 1 (1) 25 [8] % v 7T LA A
M AR RIS, (GO RE R mEE, A
4352 FCNC Wy JEAR b2, HL 76 [ 28 TR R
AN AR T ROR . AN, BEE Cu* ik RS

K, % FCNCs I 2 o 2 3 Bl K m, R 78
365 nm Ab i 5 (A8 S 50, K BR O 0.5 mg/L.
2.2 PABEFRESRLAEHSE

Pl e T b ferh RV AR, ik
BB B o i AR A PR s e K e E L AR
K, BAE TR AL Rz B TR OO, ©F
K WIVF 22 9 At IR ATh 5 B AE A WL 7 (34 L
T RVHUK IR A W) R AT R I, AR KRR i T
KW R . Rk, JFRf S . Pt K
A R R I AL IR I TE & A E T o
2.2.1 CI%EE A%

CIJE 7K R K W e o WL — R BH B 7, o
W T Y CIfy 2 i UK 35 800k . S Ak |
B E . MK R ME, IS E R R
Chen %5 PV 1 2 212 900 70 #4518 R 2 b 2 1R 1)
KW I+ T 80C T4, BifFZRKELE [ihH
1B, MTFHERS AR LT 2 )P K R b 2
TE A R 5 6 A W R B L e B2 R (TPC) 4
T, 4R B E R TR L, W T A
A AR UV IR CBE Sy HonT BT Gl 358 M AR T A4 ¢
HefL A (B 4(a)). %A R EA T R 1 s,
LRI RO R . AR e 4Rk . RS R EE R,
W] HF B LR, LA Rim . AN B
B Pl 45 s S R T K
2.2.2 HSO, %eiE s

HSO, 1 W 3 P Al L5 A% B i e i &2
A=, MK, BT, X HSO, A9 6L
JRARAL STV AR, BT HSO, 1Y 5% /K A RE
J1, M RTE G JE AR TC A TC A HLBh I R 1 K
TAE, BSLBRMN AR, Rull-Barrull 2540 % 21 4
ZACALE R B4 Bk 10vol% 119 NaOH ¥ Wi Hh i 1
24h, DIFTHELF 4 RACH 0y ok S sVE T, 34 m
HZF Y i 2 T AR R LTS MR, R 4-H RS O
Pk G — 20 e HOR R ek, 4R DK I &
TR RN R WAL B AT A R AR L, WA T —FhEr A
OF 4 L OB IR o AL A XK A P Ry
HSO, B A K4 iy 2 5B e G il e B, 26k
S EE R, B AT DL TG AR N Ry 4T 4 (18] 4(b).
Kl 4(c)). LML EBIHE FRAET,
AR Fe I E e BRI, & R M 0.1~0.5 mmol/L
(FTWERE) . BeAh, AL A I il FF U T 3k
Bl ) e A
2.2.3 CNGIE RS

TP A AE TR K 2 56k A fi B 4 B
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Fig.4 (a) Anti-counterfeiting, Cl- detection, and UV shielding properties of citric acid/cysteine modified cellulose based composites®; (b) Effect of

tetrabutylammonium salt and HSO,” concentration on the color of paper strips“’; (c) Paper tape was immersed in HSO,” solution and NaOH solution,

and refreshed in the UV visible absorption spectra after two repeated uses'*"
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Fig.5 Preparation of2, 4, 6-trinitrotoluene (TNT) detection fluorescent filter paper and its mechanism diagram'*®
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Fig. 6 Mechanism of cellulose based fluorescence sensors and their

color and fluorescence changes under different pH values™
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