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ABSTRACT: The work aims to prepare a fluorescent polymer hydrogel, improve the mechanical stability, moisture
retention, and multi-environment stability of the hydrogel and enable the test of concealing code information inside the
hydrogel, so as to increase the adaptability of the hydrogel in harsh environments and explore its application prospects in
information storage and anti-counterfeiting. Sodium carboxymethyl cellulose (CMC) was dissolved in a water/dimethyl
sulfoxide (DMSO) system at 70 °C. On this basis, acrylic acid, acrylamide, and 2-methoxy-ethyl acrylate were added, and
specified designs were then printed using fluorescein solution. Finally, the mixed solution was cured by ultraviolet light.
The mechanical and antifreeze properties were characterized by a universal test tensile machine and a differential
scanning calorimeter. Fourier transform infrared spectroscopy (FTIR) and a scanning electron microscopy (SEM) were
used to describe the internal material and morphology. The outcomes demonstrated that the water/DMSO system might
enhance the gel's mechanical characteristics at low temperature. And the generated transparent hydrogel would swell when
submerged in water and regain its clarity when immersed in DMSO solution. So it could be utilized to conceal and encrypt
the fluorescence data. In conclusion, the fluorescence pattern could be concealed and the information could be prevented

from being visible under ultraviolet light when swelling according to the microphase separation in poor solvent and
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swelling phenomenon in organic solvent of hydrogels. So hydrogels have a wide range of potential applications in

information encryption.

KEY WORDS: water/dimethyl sulfoxide; fluorescent hydrogel; fluorescence information; microphase separation;

information storage and anti-counterfeiting

B (5 AR E R R GEL R, 5B AN
SRR HH AT AR T R, Ak T
5B AL A SRR PR RS, I CRS s BltEE | %
BB SIS N BRI, 6l & HA mir e
Hlir & e MERR I AEAEM B BHA AT A FA s

IR R LA o 5 K AR () = o ) 2 2 g 1)
FPLH P S B S T S AN T R AR B R e
S 5 T £ 1 B 6K BRI T LA S B BAFAif S B
ThTIfE o DGR BEREAE SR T 2 RIPTE AR TE
s U , (T AR 8 AE U BR S s R 1Y
AN A W™, R TS B A ke,
TEA5 BATAB AR HA K0 0 v 7 . 18 i 5 i ™
25 v 1 K G 7 R RS AR G 388 4 DR S AR R U i
T, AR N SRR, TEK R R A KBS,
37 HE R A KB 1 45 T B o AR SC R AR T K B
JI A S 45 BB 1 A 9 A 7K A g A R AR T — b T
BB BAE T

I ik 38 /K S8 B 1 TR b O R AT UK 2 R
( Ethylene Glycol, EG) s{/K/—H JEAN ( Dimethyl
Sulfoxide, DMSO) Ay e AR R, HFA N &
il 2 Z2 T BE K BE I A 8500 s o IRFIIR R H I EG B
DMSO A6 5K FIE M EHE, BEIRVK R TE A,
AT $2 T 7K B S A BT P B L el oy o 45 A
W s HOR, R WK EE IR 3 Bk () A8 nT DL o 5 A
AT K BE B T K AR KR BE , B
IKEE I R DA AR e P e o

ARSI T —Fp N T E I T (R B AR 1Y)
DK BERE, R IH/K/DMSO W HIAZR , DMSO %
= BT L T 1T LA S5 K AT T SR 1 4 ) A
[ 14 DMSO 4+ Frl L5 2 ANKaT454, T
FaE B 7SRRI, ] LUAT R AR K B4 K s B 1k 7K
TR L, il 7- & E-4-H 3 F T Rl
BRI T B e I R 20 m e i L, A 1Ak
ST EZE S, A UGS &K N R -2- FF 48 5 2R
( 2-Methoxyethyl Acrylate, MEA ) "W Jy i 7k 4% Bk,
JIT ] 4 (AT MUK BB i 7 32 A K i 26 B DA 325 B 3] ¥4
TAEEAE | KX 8 5 0OARHE S MG T 1 AR L
HEsG, BRI B S B,

1 K

1.1 R
5| AJK/DMSO 1) Z o iR & il % 2 g

JKEERE, WA 1 f7R, DMSO AT E F it i 1
5K FIC T A8, TR E NS, b
AREAOK A oK, P m AR MURIE N iy T 2= P fE .

& 2 J&R TR (Acrylic Acid, AA) FI
i ( Acrylamide, AAm ) #7403 BRIE AR A2 BY
BRARGEM, 3958 T A PLUKEE R AL AR E tERE . [
B, 28 A LK B R 78 AN ) 1 Bl P 95 591 v 3R B 4
P AYE AR, M ALERIE 3 Fias. HA LK
BRI A KRS, Bk ( MEA ) FEAR A HLKEE
ferh Ay Eg, SR T SR AR DA i S ke i 2R
LA VKB NER, XPHAT TR KB & X
Wk, UL, KB E T DU a2 i Y AR A IR
TAPKEERL SNSILALAT R o FIHIX S5 AR
Jo i o B B AR 2 AE BRI R, FHE At S
A AL BUCE 25 B A5 BT B R 25, S BE B
IS AL RS

N,

0
- LY
- -
> b
- -
-, -
H,0 H,0
1
' .
L] | ]
H,0 H,0
- 2
o~

//S\\\
Kl 1 /K/DMSO /A ICHIREH
Fig.1 Water /DMSO six-membered ring structure

IO?/OIN:IN;

OH

(o}

Kl 2 AA/AAm ZZETE sk
Fig.2 AA/AAm cross-linked chian form



a5 3

S, A5 TS BATAH S B O 19 3l 2S5 Rk BEIR 39 -

oWk

OH

K3 shassa p gL

Fig.3 Dynamic model reaction mechanism

1.2 EFEXBWEHREEE

TR TR, R IELFE RN, Ariral, Brr
B AR A RA R, ZH IR, AR, 99.5%,
FE 25 A AR A BRA R B, abral, b
SIS AR A R A F s INIEIR, AR, 99%, [H
2SR A BRA s IR -2-H 3 TR
AR, 99.5%, LISZFHEEREARA T 2-55E-2-
FHJLDRNER , e Aral, i s IS b 2R A IR D 5 7-
TR IE-AFIFG R, AR, 98%, [EZyILHIfk
WHFNAHRAF .

FEREW A 101-0A FERTHM, EEHRE
ISR A FR A E] ; JA3003 LT RF, iR
PR A RN T ; GHS-DGYAL UV ESGIEELHL,
I ERHE A R A s HH-4 B0 EE K5
i RAER R A BR A Fl 5 DF-101S #E 14 #i4s
g I IRAAS R AT FRZA ] s FRONTIER fif HL 21 41
M4, PerkinElm 22w 5 S-2000N 14 Hi + b fill 45,
HZ< Hitichi 237 ; CMT-6000 Ji BRI HIHL, ¥
P =R ERA R ; DSC204C 28U,
i E NETZCH /A #); LS-55 99061518, £ H
Perkin-Elmer A &) o

1.3 XBHIE

T£ 70 °C'F K5 0.5 g CMC & f#7F 4 mL 7K Fl1 6 mL
DMSO RS, TEIESHE T B MA 2 mL
AA, 3 g AAm, 2 mL MEA, 30 pL 2-3%5E-2-H B2
P, 0.2 g NN-ZH LG BERE (N, N-methylen-
ebisacrylamide, BIS ), FHR 5 WA B R VU &I
(PTFE) il R rh, #EEHEE LRLIR, 1Ehi
PR 0.2 ¢ 7- 0 AH-4-HIEFEE, B
Y510 G VA TR T 22 ) BRI 208 8 1Y L 22 5 UK
B o f i, FRCR R BRI TSR AN E IR AT 10 min

Je, FFRNEW B URAT TR R A HLK BRI .
1.4 KERFRAEMXSH

{8 FL 2T A I AR B i 2T AR A
A B /K R A 1 LR A TR 5 i £ A )
FEREERE (AAm, MEA %5 ) FIWFRROR: HRN TR A R
BB AR FR TR L 10 100 RS WP, kA HUE
BCR JE IR, HRYEEA 4 000~400 cm ',

F12FPERE IR . AR B B i VT R
50 mmx8 mmx1 mm HYMEEEEEE, R T BEf A0
HLEA 10 mm/min B A 800 300 5 B Pz AR E , 4%
HE/K/DMSO AS[RI AL HORF BRI o0k Z2 AT, Ll
BHMEREZE S

FURG BT 8 5 A K B B RE B A T
Je, R IIFBYGE 2 I E K/ (3 mmx3 mmx
1 mm ), fififf] Regulus 8220 14 H F 2 U0 R AF i 1
BSR4 T 4 A B 5 T T e b X R R 4 e
SRS

PRIBPERE I . FH F I 5 Ty e b AT I, AE—
SEIRIAEE T, AR AKEE RS A R Y B ARk, SRt
T B/ TCHIL K EE IS i K PERE g o

H Mt (DSC): i J§ METTLER
TOLEDO DSC WA il £ i /K B e kA il ik, 7
R i 28 Y S —30~100 °C, %k 10 °C/min.

&R S B e RE I . I ALS A GHS-
DGYA1 [ AN e SR X il 4 4 149 A s Je Ao o
AP, WA & K 365 nm.,

2 RIESHH

21 BEMONSH

Kl 4 e sEiE i 2 % . AAm. MEA |
CMC. DMSO. AA. Gel ( /KEEHE ) HILLAMNBIROGTE



- 40 - 1 %% T %

2024 42 A

N\~

- «,,k,iw—\‘ N /\ “‘,m"/jl/ ﬁwfiw\ Ve
\Wy

vV

—MEA ¥
—CMC 3344 1441 1 404| N
—DMSO 1710

— AA >
—Gel | . 1011

4000 3500 3000

952

1 1 1 1
2500 2000 1500 1000 500

TH/em™
Kl 4 (R4 E

Fig.4 Fourier infrared spectrum
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