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Abstract

In recent years, various sensors have been developed for the detection of breath acetone (BrAce) in
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diabete management. However, existing sensors face signification challenges: they are often cum-
bersome to operate, requiring complex sample-handling devices, or tend to be either expensive or
insufficiently sensitive for practical applications. To address these issues, we propose a BrAce gas
sensor based on hydrogel waveguides. This sensor leverages the three-dimensional porous struc-
ture of hydrogel to efficiently capture acetone gas, which then reacts with hydroxylamine sulfate
pre-doped in the waveguide to generate hydrogen ions (H*), thereby triggering a pH change within
the waveguide. This change in pH, in turn, alters the absorption spectrum of bromophenol blue within
the waveguide. By detecting changes in the absorption spectrum of bromophenol blue, we achieve
a highly sensitive BrAce detection. Experimental results demonstrate that the hydrogel waveguide
sensor can detect acetone concentrations lower than 0.9 ppm, while the normal BrAce in healthy
individuals ranges from 0.3~0.9 ppm. This capability enables effective BrAce detection in healthy
individuals. Additionally, the sensor features a simple fabricate process, low cost, high sensitivity
and ease of operation, making it permits for everyday use.
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1. 5|8

Bl 2 R R AN AR T 7 S, BB IR R A E AN T N, EE IS K a8 E R pE R
I R R, RERE IR R S E O 1.4 12, 18 & K UL b )& ROBE R B 2 mk 11.9%. H b,
B PR AT A H 260 35.2%, HLATURSRE PR o5 B8 PR NFERR) 90% LA b o ARG R PR A 77 v, b4k
AT 8 RS0 R 2 ARSI, 35 75l AR NP R I VRCRAE , IR A 2 %) B i o W S () J%, 16
PRI P HCAR IS 26, ICAFAE VAR PR R [ 1] [2]0 PRk, FRATGAN. (EHE RS R R I+ AR B 2
IR IR Lo NARIF A AR &8 2 4% &% B AL 5% (volatile organic compounds, VOCs), X% VOCs fig
W RAE AR AEFDRE, NRREWIRMEEZ(E R . H Pauling B KR AL H SRR ELE 200 25
VOCs LAK[3], KT WA VOCs 50 55RAS 2 BRI 7t H 3G 2, Wit A —
T 348 (09 12 W AN (g R B I 735 o I PR AE T2 38 B, BRI PR BRI (BrA ce) ¥k 2 5 22 Tl i A O, A0 35 B2 iy |
JIte g FEORE PR o PR g BRRE AU I R R B =4, Ak I B i PR s 2 R T 28R ) S B R A 6
Fonrid i PRI RN S A A Ak o fi R ANBE ) BrAce W FE—RAE 0.3~0.9 ppm JEFEI A, TikE IR
T B 1 BrAce WL 2 2 5, AIIA 1.8 ppm P E[4]-[10]. PRIk, @ik Aar il it A=A v 1) PR P A
AT DL W HORE PR s B I S AR SRR, OB B A AL T IR K. B A T B P R A AR
YEEHEY 50~5000 ppm, 1270 178 i -1 A N B30 R 95 S5 RIS BRI [ 1 1], AN FR A 00 e 5% A3 )RR J 5 )
. 2022 4F, Li 5 ANFESURAL RS ATE L BB B NIO 99K fr, KIS B A KRR LU AE 3:1 13K
219 NiO 9K B 5 T B 2 B 5 ik Bk, AE 225°CHEXT 10~400 ppb 17 B A A4 B I 2615 R,
A FRAE 800 ppt [12]0 %771 ERARIK Bk MIHE PR 2 BrAce UbR#E, (HAEHIAE™ %, AgeH T H
WA . BRI R S R BRI KE 1 BrAce R, (HIXUE AR RSSOt BAER S MR
REFGRRE, DL 2 B A I 75 5K [13].

REWBC PG REEMA RN REUE & A S0 A, A AR AT B e 1 B FH i
5¢[14]. Hong Luo 55 AT FH 7K 58 11 I8 5 (1) = 248 IORBR 435 4 IR S PRI IR A 1k e 440 A 00 A2 Joit O 28108 5 P 58
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I LT AR ROE S T R BUEAT I . AL T AR GG E Gt B AR A XA VR e G SRt
P AR ICITF 100% IR IR, WK 5 52 v Al 2 (R RBUKE[15]. AEARBE T, BATF A —Fb
FeT KB I - T  vo RBBRE R i FE 4 BrAce 1% o A% AR AE /K BEIR B 5 Hh 5 AR FRMiE L IR
Ay i Sk, SBUXT P R  rR R I . BT, AR SRR A S R S SN, AR R T (HY, 2
T 51 A Ry BE P €6 i €0 3 B P e A o e S I ARG o VR Py S R SO 1 AR Ak, FRATTRE G HE 1 1 WA
WA RS A A, IS IR EE K5

2. SLRERSY
2.1. RRIHIE

PRI R AL AN 1 From o &5, TARRIERRE M SERER R N, A iR S A B (E 1(a)). B
PRI A i T B0 & pH A FRAR,  HEIM 51 R TRy 35 10 PATRR OB, A LB R AR O (] 1(b))e IR A N —
FR 8l pH $R7, HAMEMESIGEAL S pH [HEVIMK[16]. BRI S, IRMYIEKZGETEE N
pH3.0 % 4.6, 7F pH4.6 I ZILWE (D, 7F pH3.0 Bf 2 M. SLIerh, BATE T SmlBE 1 x104M R
B EEAT 1.2 x 107" M BRERFR LIRS, @ 1M ) NaOH ¥ 0K pH (AR5 2 5.3, S
WEIWE . BEE, MRS EREM 10 pL AEER, RAERT pH EREEZE 1.8, HEitHEA
T, WE 1(0)FTR. X —SLI0 45 FE M RoR 7 AER -5 R e B R £5 = SBT3 A2 i) pH B4k, BLJGR
My T pH AR I R B . o
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Figure 1. Sensing mechanism of hydrogel waveguide fiber optic sensor and the color change of bromophenol blue meets acetone
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2.2. FRRIR

TR 5 T FH R S A W B R T I3 BB (AM, CH, = CHCONH,, >99%, Innochem). N,N'-3IV. F 3 %%
74 45 B i (MBA, (CH, = CHCONH),CHa, >99%, Innochem) 15§ 2. ¥ (600)- — 74 ¥ F& fi& (PEG(600)DA,
(CsH30)(C2H40)n(C3H302), >98%, 5l E#iA kL. 8 H 251K A HEEL(>99%, Innochem){E 9iE 7, i H
H S KA 2,4,6- =3 KBENYI(TPO, >98%, Aladdin) K83 SR JeimTE, fHILEEMS &AL R
BN JINE T BR (Cr6H 52046, >98%, Macklin) #I il K BERL I T (A, 8 F H iH (C3HsO3, >99%, Aladdin)
PO BRI T N EB B K 2R K, ARFEDR S PR AR BT o o FH PR 3 9 075 R TS - 3-( = PP 483 AR e 22 ) R
fig(TMSPMA, C10H2005Si, >98%, TCI)X Y 4T ity I #EAT it Ab B, $2 i Y621 5 5 22 TR 2 1 2 o] 42 o

T % 72 12 (2NHLOH - HoSO4, >99%, Innochem) 5 I e AR i HY,  CCA8 3 5 4 30 I BR B 1k s VR 10 1E
(C19H10BrsO5S, >99%, Innochem) {E N REHHAE 7~ 771, T~ 05 Sk i 7 A <A PO W WA s B AR A s 25 B F /KA A
VR, INH M. SR A A 2R R SRS B, R FN L.

2.3. FAMALIE

AT H KHBOCHE ST B SEARM KBRS ARECEH B, BRI L ER
PAFE, LI T B YIRS PO LF AT OB A A . BB IRUNTR . 12, 4 400 um (1A FOBLTE
BYE 30 em MUK, MEHDCA R RIBRL | mm MRTZ. AR5, KRG ROEEH N SMA90S Ye4F
Bk, FEANUV I, FE AR AT PR, B, HEELBAEMME I 100°Chn#k 30 min, LA
iR Sk e Al e . BNk, A GEFI S 88 Xt Bk i ATHT BE RO o WIS I AR R AE A 1004
600#. 2000#. 4000#. 8000#. 10000#%: A [FIFLE TP AR, B REAMLIT BE e e . Yeer i —imth R
FHAH A 4T B FO3 e 0 3%

N T REKERE T - A Z I 2R [, TR DT B S e A g T AT SO AR EE . 1o, KokAR
U I BONARFR LA 1:1:1.5 UK B S RKIR AR, 1298 1h, BUEE &8 7K TEDE,
F. BEJE, EAIRE ROCL RN G R PE TMSPMA « /K 2B VR S VAT, ¥ 1 h, BUHEH 2/
HATIEYE, T Badummf A T a8mEm, SavhimA 1ml FZEEFK, BRAMAE 100°CH# 30
min. K INEGE B IGEF S THTN 0.5 wt%[¥] TPO [¥) LR L8 =3 5 min, HUHE H AR T4 H

2.4. IKEBEUESBIE

IR WA VR A TR B 45 AM. PEG(600)DA Al MBA #%Jf & Lt 20:10:1 F ELA 0 31 B i v
Wi, BEPEEM . EIRSVERTIN 0.5 wt%[#] TPO. 5 wt%HI 5 T 1R . 10 wt% 1) 25 B 17K A 30 wt%e ) H
M, ERIELHRE 1 h, BERBWTEAEN . Rar KA SR Z R, 90 CIn#A 1.5 h B2 A ok 4
RATEWR AR, FERH, B EEe AR &

AR O T B R B H AR K &K BRI [ 17] [18], SRR B WA 2(a)fin. B, FeF
SEARA 400 pm DG [T THEE AT 6 B b, WA B, MOOGTF S, s, £
LR U7 TRCE B EE R, 0 DA VR A AT o N R i el ) A 2 T (9 AR PR . IR
¥ 405 nm BOE BIBEANEIeLl, BB HEH A 100 pW. RSO, BTIRKAR AR A A
FERE RN, H 6L O FRA RN A K S A5 . DU A KR e S8, TR — AR R
TEEAT NI T . WFE 20T i, F WK 40K I 5 2R TH Bk B 00 T SR A VR S VA TR I T, K
AR F A 1 mW, FFEE Smin, DAFRSBEMOKER G S . Nl aiiin, K& E AR . &
2, HUR KB SRR O6LF - KBRS - Jeeh), JRREET 90 C G L& E N 30 min, UL
iR S R RE .
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Figure 2. Preparation device and hydrogel polymer waveguide preparation device
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(b) FIRBUE RS IRE

Figure 3. Bromophenol blue mixture solution applied to the surface of the waveguide
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Figure 4. Absorption detection device
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3.1. RAHBEERAH

Yo 5 e £ T R B R A 5 R MR RT CLE TS B, WHEROGRT, DuZhin A e
BT RIS 1, SEOCLEBUN MBiFE. 200d 2 Fb AR ARSI BE A )5, D62 i i A2 15 6T
EE, W PR TOREEUN ARG, S T IR AE BV, BTG 5 ' 2T i i o W
Tt N JE BB 3 R ) 2 FOGAR R SR BE 1 R AT A EEAL -

3.2. KERESHIBENY

BT P 2 T 75 E953E B KB T N3-S IR ER R R S S, TR I} 7Kt e i 5 038 3B P AT SR 28
KEE, ZIEFNEA S T T, AET SIS, ATk RN - PO QB 4-(- AR 2
IR L)) R RS R 2 (DAST@HP-B-CD)E AR 550, PAVFAl /K& i 195 7% 14 B - DAST@HP-B-CD A
IR RAFHIKETE, BEEETE 532 nm WOREMUK T & H 610 nm FIZE[19] [20], 1 HILR TR &
[21][22], AEHE A KBRS E R R o
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Figure 5. Photo of grinding and polishing of fiber end face
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Figure 6. Photograph of the light output of the waveguide section
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3.3. RESIEIRISIE

K 7(a)Bon TR pH ME RN 1.0 x 1074 M, (R WA RAELS - 0] W65 Y66 1 (Shimadzu
UV-2600)-F M5 HIIR IO 1 . 45 51K, 16 pH6.8 i, IR IS £ &S T 590nm 245, FEBEHE
pH (A BIFEAS, 590 nm Ak BT L B AR . ] 7(b) 9 iR By i VA VR W e 5 pH B ISR R i 4. PTRA
Eth, pH fE 3.5~5.5 UK, REEMRBGRELNERE TS, HERFMECR. Bk, &Rk
FT R B R EE i A 25 18 B /K ek 5 B R 2 AN VR Iy W VR B WS K 4 BRI K
A RE 2N pH E I EREAK, 5250 8 NaOH IR % 51 pH TR 22 6, DAL )E 82 A6

T = 1.50 5 RV
L . g = IR Wi
.07 —4. - |
Lo [ e pH35 Losd y=-0.31+0.17x R?=0.998
117 [ e pH=4. 4 ——y=-1.31+0.46x R?=0.995
~ 1.0] FER\NEEE ph=5. 3 1o _ 2
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Figure 7. Absorption spectra and peak values of bromophenol blue solution at the same pH
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DR A ) D R PN B, S oRE P R A AT PR IR (0.05vol %) FH 1 X AR IR B 8 3 IR A€ - RIS
FEN G AT BrAce I, JEFAFE KR SHMHK(CO). COy I T /KGRI (H2CO3) T 5
WA ) pH B o PRIE, A 0 B BURHIE FH I AR CO, UM 5 2% BrAce IR A T4 . S,
S N 5 uL FEE A AT A, AR B I A TR W I T B U, AR MR ISOE S 14 8(a)
Fi e A& FFEA 10 vol%[) CO, UM, K BE I T & A I CO Ja, TS IR O A 8(b)
Fose W& 8 WAL PIMARLEL) 605 nm Ab ARSI AR T BLRT R FRAIR . IX3RH], FESKIR Rt T, W
AN COL MRAS NS PIRG4S 25 5 o FEHTSCHP, JRATIPRE EIR M WA pH 6.8 I 1 31
WAL T2 590 nm Kb o SRTT, 7ESEPRIRBER N SAL R, i TRBEIREE T . FRhii iR #h 5 20 73 1A
£, DLRBIABEIN 257, IRM R e & ke A — R LRS-« AL, £ EEAR CO AT ISR ge
AT LRSI T-4) 605 nm Ak, IXFE AT EAEZ . Dy 1 ORIESEIG A HERRYE , 7 )5 SR P IR A el
SIG IR AER R A SE3 26 R, BL 605 nm Ak W ol A A /R s AR 4

3.5. WNIAEES &K BrAce B9

SCBG AR 5 L Y ERVEAE T 10 mL (9P EEVA TR R SR 0 IR . B S pL VR SR IE AR 0.8 L A
s, R RSB E A, R T B AR 2908 0.9 ppme FTINTRG A1 9(a) B WL5E
P O(a) T, AR PRI 1] A8 n, It P9 B I R A T KB I T i, IR SRR K
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Figure 8. Effects of methanol and COz on the absorption spectra of hydrogel waveguides
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Figure 9. Time dependent absorption spectra of hydrogel waveguide exposed to 0.9 ppm acetone gas and BrAce
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