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Abstract: Photonic crystal sensors convert external environmental changes into optical signals,
such as structural colors, diffraction peaks, and reflection spectra, through their periodic struc-
tures, enabling rapid, visual, and label-free environmental monitoring. This review summarizes
the structural design, sensing mechanisms, and applications of colloidal photonic crystal (CPC)
—based sensors for environmental pollutant detection. The optical principles of one—, two—, and
three—dimensional CPCs are introduced, highlighting the influence of lattice spacing, effective re-
fractive index, and structural ordering on sensing responses. Various CPC architectures, including
photonic crystal hydrogels, artificial opals/inverse opals, colloidal crystal particles, and MOF-
based photonic crystals, are discussed, along with their applications in detecting organic sol-
vents, VOCs, heavy metals, anions, organophosphorus pesticides, and surfactants. Finally,
current challenges in stability, reproducibility, anti-interference performance, and portable de-
tection are addressed, with future perspectives involving multi—signal analysis, machine learning—
assisted sensing, and integrated devices.
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Fig. 1 Examples of PhCs
A: the blue iridescence and scanning electron microscope (SEM) image of the 1D structure of the Morpho butterfly; B: multi-colored pea-
cock feather and transmission electron microscope (TEM) image of transverse cross section of the 2D structure of the blue area of a wing; C:
natural opal gemstone and SEM image of the SiO, sphere structure within; D: wing of the male Sasakia Charonda butterfly and SEM image of the
3D structure of the white iridescent area; E: schematic representation of 1D, 2D and 3D PhCs structures, with different colors representative
of different dielectric constants, indicating periodicity in one, two or three directions BM; F: reversible color change in the skin of a male pan-

ther chameleon from relaxed (left) to excited (right) state. TEM images show the change of periodicity in a regular array of guanine nanocrys-
tals U7 (Ar UM 1D SIS B Ll - A0S (SEM) [l B: TURALARME, LURPIH i (o X 3k 2D 44 RS0
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D EEMIYSEM 5 E: 1D, 2D, 3D PhCs Z5HRER, ARBUAREAFE S AFE, 7m0 1 X7 =I5 1) e
i P Fr MEPERISCE IR B IRIAASBIRES (F2) EXMAPIRE () RYTTSZAs Bl , 2 St v sl R B 4k b A LR A
Wik A ks 7))

1D CPCs Hy . ARIT ST ARG DRI ., R MATh RS RS THER 251 (Bragg stacks) , HAf

DIARATE I REN -
mA = 2(n h, + thH)#(S)

Horp m ARTHIRIR, n, Allng, 20 A ARSI S RZ AN I S R IZ A0TSR, Ay LRy, 53 530 A 187 )2 6 ) LA J5E
JE R BANR YR ALEEVEYREOE S A RIS (an) L JUAREE (Ad) RAESUERT, 45t
MBI SRR AR AL, S BB ATHT G & A2 R ZLAS RS . 1D PhCs 25 T 5 . il 2 w]
EHIGEN N ERE , WS EIEERTHIUZ (ATio,) AEITHIRREWZ (1 PMMA) 254, £k
ARSI v B A THZ A

2D CPCs H B2 B OB AEF- TR PN S5 07 5% B el R S HE e, DA 2 07 1) AL 4 vk o
., JEHATEREE M BA T R 1E Litrow SREEMAI T, HPHEIAATS TR v Sk A

mA = «/gdsina#(6)

Horbm ARTHRIK, A HEZERATEDEEE, A SBIASTRIA HOIEE, o KIS AT A

LREAHOE (K A,,) FEEIU 2D CPCs i, FESHDGAAEmE Y R FIE A T 17 5 =R 20
(Debye diffraction ring, & 2C). HeRila)ih  STEFERYHE EAR D fFAE A% R LS5 R Y



4 SR AR (http://www.fxesxb.com) XX %

swelling or shrinkage

~ 2-Darray

2 PhCs BAJFHRE K
Fig.2 Schematic diagram of the basic principles of PhCs

A: scheme of light diffraction from PhCs; B: detection principle of a CPCs sensor using the swelling or shrinkage of polymer RPN OF debye
ring diffraction from 2D CPCs sensor “‘ﬂ; D: scheme of a 2D CPCs sensor (A: PhCsHTHI/REIK; B: T RAWIEMMAEEME) CPCs
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Fig. 3 Examples of gas—phase pollutant-responsive CPCs sensor

Normalized R1.

A: schematic of the preparation procedures for the hollow mesoporous PC sensing film (HMSS@CDs-PCs); B: reflection spectrum of
HMSS@CDs~PCs sensor under different kinds of 100 mg/L. VOC atmospheres L43'; C: sketches of the SURMOFs structures: HKUST-1, Cu
(BDC) SURMOF-2, Cu (BPDC) SURMOF-2 and Cu, (BDC) ) (dabco), seelabels; D: radar plot of the wavelength shift of the
SURMOF-inverse—opal—sensor—array in the analyte vapors with a concentration of 100 mg/L; E: the classification confusion matrix for the pure
alcohol vapors at a concentration of 100 mg/L and the pristine sample 01 (A: AT T-RAREREGHIE (HMSS@CDs—PCs) il #5 i fes
FIE; B: HMSS@CDs—PCs LIRESAE 100 me/L ARFHERMATHUT AR FHIREDER 5 ¢ 22 A4 @MAPHES (SURMOFs)
LR REIE, MRUCH HKUST-1, Cu (BDC) SURMOF-2, Cu (BPDC) SURMOF-25 Cu» (BDC) » (dabco), XFRZEIHbRTE; D:

SURMOF S8 HATEIEFESITE 100 me/L MY A I FRIPCHH S X E: 100 mg/L AiFF 2T 525 AR 7 SR IE RE
I;g'; [70] )

3.2 XtiAR T M A A B AR St F R

WOARTS Y A LUA RS | BIRA USSR TR IR S At W i A b A AT E W e,
Hep, THLET (MESERHS T, AEHET) " SHEIER ™ R PR RT3 .
VRSB IR AR SR K . TR . R A b S

FETF YRR IE AL B CPCs A2 B R ORI RGN Hp SR Tl LR P B3 B S A2 . HAZ O LR AR
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T BAo it SR R EWOKEE IR G B e . REW-IERHEAE S5, SFEEER N
55 774 Donnan WA 5185 K, SKBNEENC & AR B IK BOlcan , 30 RS i 06 - di A 1 i A 1)
P Hob, 1D ZEE SRR, RETEMRRIS EE I s R AR i AR B 7 AR AR AR e )i . Wang 55 )
MZREFL P (MMA-AACc-EGDMA) 5 TiO, WKWK A2 iR il 65 1 1D CPCs & /& (K14A) . Al
BEHRIEN P (MMA-AAc-EGDMA) 251 KR AW BIERIESUE T R 22, RERTE2 s NRIBT X}
g, LR . ATV GG S 2l AL T S R KV = A R 2 0 R B S i A (&
4B, €)™, 2D CPCs PHli TR PEBEIL R, RENSEE RO A S SRR S0 5 o B A6 £,
BRI R ST A . R TR RO, 2D S5E A SINEYMLEZ R, XRIRSE T T ARFUHAS
BIEREPE. B, Ye%F 7% He I Ph I FL AR I HER ZE 2D CPCs /KB H, B brE L8 & 7 5ilEn
RS O S Sl AR G R A G, SR KEEIE M2 As S AR T T # . X He™ (1x107°~
1x10™* mol/L.) FPb™ (1x107~1x107 mol/L) FEI AR = i Btk 5] B AR TP . M fi JIZEERTE CPCs 2T
&M ssDNA $EF, FIHEF45 515 S0 , 5230 7 He™ (REIBRAIRZ 10 mol/L) Fll Ag"iY {51k
PEPEN R, 7, 3D CPCs 52 ME Gk R RSB ARMRMEIKE N, S5 EHE kA2 hReEm .
Asher FIBANES B4 5E I 4> F (4-PIMRIEE S 2EFE-18-5-6) 5IN 3D B4 ML SRS (PCCAs) Kk
JeH e Sk S Ph B ERARLE B ARG N 5 S T2 K Donnan LA, IRENEERCIRBIE Ik SR8 (R
DFEHE 1x107~0. 01 mol/L. ™ ) o Ay v ik i &5 TR BE T 0 AT BRICRL N, At AT 1 — 3 th 17 2 T ST
SR BRI SRS, 83D PCCA BEZh I H T IILiE B @3k #R85 (0. 1 mol/L NaCl) H Ph> [ SEHF WS I 7,
EAYEFIKMH , Chen %5 7 4 3D CPCs ik N FRIEAL PVA Wy BT K BERCS LA S A it /K i
YRIREN AT ST B 673 nm W5 % 466 nmo Shen 55 ' FE T GO/PS FAI A Hil 55 7 PNIPAM 3D CPCs, F
FH PNIPAM # B0 853 F BT SR 5 | & BERC A, 7E 40wt%~100wt% L B30 Bl PN SEB0 T R g H vT i
H &L AT (4D, E) o Feng S5 5I NZEERRAIKE (MWCNTs) S84k BRI 25 /K EERL )
N SR, EAKCEEE PRI T R GETE 475~701 nm Z BB S E E R ERE (
4F, G) "V,

A2 A VOCs R RT L
Table 2 Comparison of typical VOCs sensor characteristics

Limit of
Structure / Material sys- 5 . 1 ,0 .
Analyte . Response mechanism Detection range detection Response time Ref
em
(LOD)
3D 15.7 mg/
Alcohol vapors Polymer adsorption 0-157 mg/LL e 21 min [60]
P (HEMA-co-MA) 10 L
. 3.22 mg/

Chloroform 3D HMSS@CDs~-PCs Carbon—dot-receptor adsorption 0-500 mg/L L 7.5s [43]

Carbon disulfide 3D MOF HKUST- .
MOF adsorption 0-10 g/L 0.5 mg/L Second-scale [62]

vapor 1@CPCs
Mixed-alcohol 3D SURMOFs 10 Pore—size/}folarity difference of 0-400 me/l. 10. 7 mg/ 'h 1701
vapors SURMOFs L
A tic hydro- 1D P (St-AAc) /TiO
romeane yaro ( ¢) M0, Polymer adsorption 0-80 ¢/L. 5 mg/LL 1.5s [65]
carbon vapors
. . . . 10°RIU  Chip-scale instanta-

Methane 2D CPCs microcavity Photoelectric conversion — [68]

level neous response
3D PSt@P (MMA-BA) Photonic bandgap shift induced ~ Obvious response oc-

Ethanol ve Rapid visual response [ 66
anetvapor core/shell film by soft—shell swelling curs at <10 vol% apid visual response (66

AR RAZ O T — 0, PS@P (MMA-BA)  #5 IGAEH 1 5088 (0 A5 705038 (R AE 5
Bk 5 R R Fe i AR R AR TR PSR, HPP R ED U PR sl i % & Jm nl IR E 0 a2 o, PR B
TN ST AR TTR . 5ESR G WIEIRAE, Zhang 55 ™ HE 1) Fmoc—G AW A HLE 73+
D it s RIS I SRR R 5 = B A Ok RO A0y - HE AL P AR I RIS 6, i Bz i) | 4 T 2
OYRIREE , SRR R EREA T nT A Do S48 TR 73 LU . EAh, Song % ™ BT IR AR R S
EAAAEEYIT T LRE . PIEA DMSO 5 S B I I/ I B BRI, & B DMSO A T 2 AR G Y
BUAWR, 10 RAGENE S T . KB TARICRIBENT, ORI R R S BRI SR I A B T
PRy B al Witk | PEIMKE . APEE ST R — S, MABURBEN REUE . S —JiH, T
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Z ™, Lee Al Kim #4) ) CPC—TPN /K EE B SEBL T 5t /K i £ BE A Ba> B H BREL G Y, 2R 2 4%
MRS AT 7 [F]—F & M AL TepLTs G =
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Fig. 4 Examples of liquid—phase pollutant-responsive CPCs sensor
A scheme of protocol to fabricate P (MMA-AAc-EGDMA) /TiO, 1D CPCs with structural colors via the layer—by—layer spin—coating process ;
B: photographs of the 1D CPCs sensor in different solvents; C: reflectance spectra of the sensor in various solvents 3. D: scheme of a tem-
plate co—assembled with PS microspheres and graphene oxide (GO); E: the structural color change and red shift of the reflectance peak in the
ethanol response diagram Bl F, response of ethanol in hydrogels with enhanced mechanical properties of multi-walled carbon nanotubes
(MWCNTs); G: Reflection peaks corresponding to different concentrations of ethanol BU(AL ikl BALEHAN P (MMA-AAc-
EGDMA) /TiO, 1D CPCs fiB/RE &l B: 1D CPCs (RIEH B T AREFM PSSR C:  IRARIEEAE LRI b B 7
D: REZMWERSENA I (CO) SR BIEREE; B SRR R p & (s b B SHE LI 4k s F. BAuEhE
BRAVKE (MWCNTs) 3271 S PERE R AKBEIR 6 BER I RPERE s G: IR AR 3 X A S S5t g )
B ASIC N A HR 5 g AS AL R 55— b Ok o AU AR B bR oAt R B 1 sid i 73 1)
55 CPCs W B BC AR P K AR S A IO A 28 - (O A i FE BB i) e P sk (De ) s B oL
SEBEIIR MG ) , SEBUR H AR B i e . IR s “58-JF (Off-On) 7 s @M R, ShZSEAL
SRR H] P 5 Ve R R S RO Y B BT T DO R R A3 L OB RS . 1D CPCs 25 532 5]
o 0 A7 i RS B I AR T ks, R . 2D CPCs FES AR B S T U, 5 Se R As
ROLIIZE 5, RENS SCBL ST At g R 00 i RSB AE I (POCT), &i%28T7 i) i 28
K. Xin%5 " M 7 He /e S BRI DI REAL SR (DIMRTBEIG IR NBLERIR) 2D CPCs AJ8EE, TRk
FEF (1) BERai . oI5IREST, KEEREE ERIN. O, S5 Hg™ R AR PR PERC 232056, 39
WI2R B P ABE NS Al , AR REERAL T 56 (Off) 7 RZS; USIANHPRE IR, T I8 He sl
B A AR E B Hel, DUSE , 504 10 35 /KRR At 00 He™ L K S BORIRE BERRAR . /KBERS 45 & ALV Bk
PRERTBIEEIE R, #6800 “JF (On) 7 RZS (BISA) o IZALERERTE0. 000 4~0. 2 mol/L i [ A FBL ffe 5
BRI N, CRZIIER 0. 000 4 mol/L) , ATl fEIEAHOLE 5 BRI S mi7 fEFF A HAR AR (LRI mT 5B
SRR THY RIS B0 HT . 10 3D AKEER B A A F 5 BB AL 25 S0 BECR IR RTEAZRE ST, &
R T VR I T 5 R 5 v 0 B B TC (S e 7 A SRR o 523k e 2 e BB 45 M) JR R, Qiu % 7 il
THSEIREAIY & 1 520 3D CPCs AKBERZ (PDGI/PAAm-SH) . 1Z%4A RIRIEHAF LT (HSAB) J5 5L
BT EEEE AR B T He B S B RN . He™ 5 /KR IE Hh i 3 JE SF A 6 ] S A i e 1 28
VERT, TE R B BB B B AR R, 5 S BEIE 2% & AR SR e, TS B80S S Yl 25 W 0 O R
PR HR ST BRA 2444 AR o I AR IR He™ BRI PR AICZE 107" mol/L, W Ff 755 i 1% 129. 06 mmol/kg, [7]
ISR P 0 5 VERE . HUTHLRE I SRR I, moh SEBL 1 S2PReT XK AR H™ i Bz G 510
Wit 2B, JR BRI Sia B — kB BT T
L HASUKEE AR AR 4 i) AR R AR AN [R] T B SR 5 5 B e p L) TE i A 2 L
s, ks H ARt BRI 2 AL CPCs S, B 7 2 FLiliE & AR e 81X 3830, 1K
AR R AR IR (n,) BURTRNBOCEIRGE, WTSEBOG i BR ER 5 45 ) G R . %L
HA0E R AR R Gas AR R BN . AR E P i LS T REF A 3. 3D 10 RALZ:
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T FIBRTE A A A Bk (SCCBs) iy 3D 3 38 1) FLIE P A% 5 4% i i b TR, i 5 T 46 1) 235 7
2. Cui R B Wik (PILs) #8710 % SCCBs 1&/8%%s (B5B), 2Bl 73X 2R TEHLH & 11
FbRIC K ARSI o BT PILs (945 N R 0] & A AR PR G BH 38 - 06 253, M 5l NIRRT (an
ClO, . NO, . BF, . PF, . TEN BLK Br) Wb, 520 400 i ol 50 A8 Bk i) N R S 55 S0 il R
Wiks. HTUL, Ml T3 R ARUEIERFES, ST X528 8 7 R S EYE R &R R0 &
R AR (K5C). Liu% ™ R TIR—RFHAZIALRE VR TERE , 15 LML R ERE (PPU) HEA
PS—co—PNIPAM CPCs fLE Hr ﬁ%?nﬁﬁmmmw&mwMMngﬁﬁ(#@ﬁﬁkou
0.43 MPa, [®5D). BEEZEW P ICHLE T (301 SCNY) BAFLIR, AhitkfTatig & & REER, 45
o R LA ek (REMIFRAIREE 5x10° mol/L, EISE. F), Eﬁhﬂ?%%%w%ﬁﬁm%%¢%m
MR RRE T .

MZ, WMEIPR, AEYUESE CPCs AL RIS TR AR &AM E 1D R ATE RS, 2D &4
) S T RRURE G (1% POCT, 3D Z5 A4 AR I 25 1) i & S8 [l bh 55 i 2 B O s i ML e dH S
B BRI T A, Nt EMURR et . LA RE, AR FEFRE DRI I
ALY BT . JEMKE SR — 8, PR S 2 AR  E— 2 REAR T ARSI
M, AE RS S B PO ISR TR AR

P(AM-ATU)-PS SDPCH-Hg" P(AM-ATU)-PS SDPCH-Hgt,

Offl —. ﬁ] On

@ PS microsphere @ Hg™* oI R e T B
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K
e
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Fig. 5 Examples of ion pollutant-responsive CPCs sensor

A: schematic illustration of the detection mechanism of the 2D CPCs—Hg™ to I” and the photographs of the corresponding Debye diffraction ring
and sample sloB, optical image of the prepared PILs—based SCCBs; C: optical response of the prepared PlILs—based SCCBs upon exposure
to aqueous solution of six different counterions. inset: optical images of the PIL-IOMS after the exposure of different counterions Bl D, E:
the diffraction wavelengths of PPU@PS~co~PNIPAM films in SCN” solutions, with the concentrations as indicated from 0 pwmol/L to 500 mmol/L
(1-7: the concentrations of SCN™ were 500 mmol/L, 50 mmol/L, 5 mmol/L,, 500 pmol/L,, 50 pmol/L, 5 wmol/L, and 0 mol/L, respec-
tively); F: the specificity of the PPU@PS—co—~PNIPAM hydrogel response to SCN™  (the concentration of each ion was 8. 7 wmol/L) 7 (A
2D CPCs FMILES THYFRE T S IRBIHLER R, DUR RO REFERT TR SRS 3SR 75 B B &A% B TR0 SCCBs T

SEYPDEFRT; Cr B UGS SCCBs HENRALNTAN ] KL &1 /K B W 1, A 18 A AR [ B2 T 5 1A 10
CPCs B3I 75 D, E: PPU@PS-co-PNIPAM SISTEAN ] e BE B SURRAR TP B0 TSI AR P £, e BERRBEREIE O pmol/L~

500 mmol/L (1~7 X BB BUBAR MK B AR KA 500 mmol/L, 50 mmol/L, 5 mmol/L, 500 wmol/L. 50 wmol/L, 5 pmol/L. 0 mol/L); F

PPU@PS-co-PNIPAM /KBERE L SUIRM AR A UNTERE (BT IRB FIREERY A 8. 7 pmol/L) 1)

3.3  XtAETE K T AT Fe 9 i Bz B s St F RR 1A

A& TR BRI B AR T 5 B i AL B . Herp, DUGRRBE . B, 2
R A ARG AR (OPs), HAMMARME GXEREMYE, MHAME a5 A TAE ™,
TG PR (B & 7 RISDS . BHE TR CTABSE) KR TolAb amfE btk . (L5454 Tl



55 XX BRI : TR RS S AR RS Gen ) v 6 2 ) 11

FO TR, FEPRK R BHEBOR A IR KRS ™ B TA5 2 AE . MERPLHIE i T
A BARTT G, ARG Tk (CPCs) AR 1 Sl W/ AL Wiy ek RO . SR/ B e B
ARV Bz 2o F LAk A4) ST IR S AL R AL S B4R S oA A5

3 WIS G CPCs AR A ERERS HL

Table 3 Comparison of representative CPCs sensors for liquid—phase pollutants

Limit of
Structure/ material 5 . i ,0 Response  Real-sample performance/
Analyte Response mechanism Detection range  detection . . Ref.
system time Stability
(LOD)
) Equilibrium . S
3D PCCA-AABI18 Crown-ether complexation— ; K Applicable to high—ionic— [76-
Pb* . . 1X1077~1x1072 mol/L - /transient X
C6 Donnan swelling strength media 78]
strategy
Aptamer—function- Apt " tional Heg*: 107°~107* Minut R bl hich sl
mer—conformational— inute— generable; high selec-
Hg?/Pb*  alized CPCs hydro- b o COMOMMBMONAT s phs 109~ - e cgenerabies MELSCEC [74]
change driven shrinkage » scale tivity
gel 107 mol/L.
2D Hg?*-coordina-
B . 8 00(-)r e Competitive decrosslinking / N 4x10™*  Instant por- Complex water samples;
1 tion cross—linked . L 4x107*~0. 2 mol/L [45]
precipitate stripping mol/L. table readout laser—ruler readout
hydrogel
Mining—site water -
, 3D PDGI/PAAm—  Gel shrinkage induced by 1x10™" mmg St water sam
Hg* . L. - - ples; integrated adsorp- [47]
SH thiol coordination mol/L . i
tion—detection
Multi-mode:  structural Cu™: Faster the
Cu®/pH/  cross—linked CD- wimmode: - structura . " s aster . an Toward multi-parameter
color, fluorescence and Multi—parameter 1107  conventional o [88]
Temperature PCH . . monitoring of wastewater
fringe spacing mol/L, PCH

BERHE LS S B S B R A R PR AR, FIH S BEIRGEREE (AChE) . A ML K il
(OPH) . T BEAH#REREE (BuChE) BiAZERE RS AW IFON e, BENS SEBUAR S R S5 s Bt A9
5, HETEZRH 2D fI3D CPCs Z5 R TR . Hovp, 2D )2 CPCs PRSI S i SR T R BR 1, (i
A Ay ) S AR AV ) B A 0 A SR S (B S P FR BRSPS I R AR B . Meng 55 Y 4% 2D CPCs #iR A\ P
(AAm-AAc) JKEERSIFEM AChE, KT8 @ B3 AChE B9 vk 1E i S BRI 4, 1 45 40 A
107"~10* mol/L [l P ph 88 (i As R fa, A MPR AR 7. 7¢10 " mol/L. (El6A . B). Zhao % ' #H—2
Tk T IR — A BAY AChE/BSA 2D Y6 SR KBERE 5A YUK EEA LGS, AL S5 ACKE 1 IR
MR R R A, FRAE B E AR FE IR S, T ECE ORI A BRI (DMPP) ARSI BR 43 51 15
2.23%x107° mol/L A1 7x10™" mol/L. (I 6C), HAMLKEENE T 4 B AR KB 15 Gebty B = s vl i M o
TRl A% B AR AR IS O B A B, BT N B4 SR E TR 7 26 . Ma %8 ™ R H 2 18 R R ek
DNAEBAEIhRELL 2D CPCs, £ 1 R4 A SEEAW S G, KRB G 5 RN AN A
([ 6D), FaMBRAKEE 2. 8x107° mol/L, JTh 5L 1 353 B Al 398 S5 Bk it v £ 5% 1 JC GE S ok
3D CPCs A S A8 7 B R ) it/ BC A B 2 2= ), () A o SEBAIRA I B TR0 o Asher HIBASC 4% AChE
T 3D ARKEERS , XFERBEHD ] ACKE F=AE 13T (R F1 %5 S Donnan HLA S BUEEACIAAK . AT PR
iK4.26 fmol/L o Ky SEBIWT AT, Asher S5 AL KRS (OPH) i #5 PHEMA X7 S A /K BEIE
(K 6E) ™, OPH Ak H FEXT AU K i P2 A pH BB BE 5 | & R (REIBR 2107 mol/L), Wik T AChE
ANHL GBS o JE2E Yan Z5F) ] BuChE HREL 3D PAAm CPCs, WHHREFIVIA =00 RS 51 %
FFHEERS, KBRARE 107 mol/L ¥,

BEXHDAR . AR5 VX R AT A PLBEER, Meng %5 ™ il#5 T LB (MPA) A%
Ak P (HEMA-NIPA) 3D 10 /KBERE, it ED I8 25 5 S5 bR/ BO4E Sk 45 A OS5 R SV Btk
5, SEELT N SR R KA CREIPR 10°~107° mol/LZ%) . %I, 4> T-EN RS s ok
TR R SN2 AT OP 43 -0 X 4 IR B34t T2 TR .

AR, S FENEYETIRTEAR 2 | 24 KO S HLTE GRS I vp (6 5 FBH 38 0o Li 28 7 &
Xof 8 DA TR DA 3 43 F- B 0 - M /KB , ] e A it rp SEBIE R AN, FRIRBL T 4 F-ED b
REW (MIP) TEREEM A T2t AT Pess; He % Y #E—4 R A A 4 FEVle 7Sk A
TR — I WEEAGI , 7E 107~10 mg/LyEHE P SCBL T BT, LOD A 1. 16 pg/l, i FE07E 3 min
WSER . 41554, Sree Sanker % ) 44 KR 41 MIP ZKBEHE 5 R BETF-HLIEMG S IR 2 ) ] A 2%
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A, BTN A BRI, LOD X 0. 69 fmol/L. WM HE]Z 4 min, FFEMB W EESHH AR
JEMPERE PR . 22, Zhang 55 " IS BR SR 20 T BN G F-dh i, AL s e — R A e 1) 5 e/
LEM AL IR . PO K ST HHEL BT BEACE:, 2R A=) LOD 4514 0. 08 F12. 75
pmol/L, FEueTh T aFES /T . SR 25 it i, XU R w37 A5 528 B IE R
RS Z B R BB B XS . Sk b, MIP-CPCs IEHESE “ N T2k +HIEni " &Igh ik
WA+ 2+ amE e, RIS Rl &k 2580 R B . N T S 4TS
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Fig. 6 Examples of industrial and agricultural pollutant-responsive CPCs sensor
A: the selectivity of AChE—functionalized 2D CPCs to organophosphates and common organic compounds with the concentration of 10~ mol/L;

B: AChE-functionalized 2D CPCs and unfunctionalized 2D CPCs for Dipterex detection. The photographs were taken with the camera along the

normal while having the light source below at an angle of 45° to the normal of the 2D CPCs sensor P C: the response to the DMPP/log DMPP

for 2D CPCs AChE/BSA-0. 02 organohydrogels. Error bars represent the mean + standard deviation (n=3) 21, D: schematic illustration of a
2D CPCs aptasensor for the detection of CBZ '*;  E: scheme of the working protocol of the organophosphorus hydrolase ~ modified PCCA sensor
for reversible methyl paraoxon detection. and representative diffraction spectra of the PCCA at several methyl paraoxon concentrations DA
LBEHBRRRRELIREL 2D CPCs XA LB 25 K25 WAT B S PRI, RRl i B 107 mol/L; B ZISEAHBRIRAGHIE 1 154
B4 2D CPCs REIIEL I B H el HB7 a0 SRIRETHES T 7, 152D CPCsABIRAHEALR S, 45° 1, AIBLIALZE DT i HadE @
C: 2D CPCs ZBENE BTSRG0T LKEBERCOE IR — HY T 00 Wi B2 242 1 12 % otk P IR — HHY P ey J2 0 AL 5 i 2 5
REBRIF bR m 2 CPATIIAn=3) ) D: HFZW (CBZ) Kl 2D CPCs KEBIERL AL REEHLIE R I
B A PUBERARREEAE ARG T i PR A% s T 100 ) PP R Al ) AR AR R R, DU e 1 b PR A E AN [o] HH RS 4
AT W HIRATSERE P )

AT K Hp R TR TG 9] S5 Ak 2 b R il S 2R S b B s R A AR K A KRR R, A
IKBERSI AZ B . B BB EE, 51 RBAHAE (VPT), Hir, 2D CPCs Sl LI AFAHAS BE
G TR HE AT A A BOR R M A5 50 Zhang 2865 2D BRFE S & F PNIPAM KEERL ML (BI7A),
B & R PER (SDS. SDBS) SPHE FREE MR (CTAB) 5 PNIPAM 45 & 51\ LA AT,
755 Donnan BV 515305 He Th i i BE RSV A, JOURLR) HE 3 % 5 | K AT IS AT St I B 20 % 5 2540 fo A8 Ak
(E7B) ", Cai % T 2 BSA 2D KEEMC AL &ES , PR ETE PSR (SDS Al DTAB) it 5 BSA
BRSSO B A LA A T S 1 & VPT,  SEBLT 6 BH/RH & - R miE e 22 kiR (B17C. D) ™
Zhao %5 " NGRS A ALl (HRP) 55 BSA JE[HZZ B 3T 2D B A /KEERE , HRP RSP 127 5
H,0,51% 8 I S8 S EE I AT B FEREAIG, i AR IR R i /N SE B TehR e il o A ZE K R 1
LiuZg: ' Ik T NGB E A - AW AKEERE (AAn/HRP), HAWENEEREE (B0
141) SRR (3.75x10° mol/L), HEHIRMIEE (i H BSA KL CaCl,) BV RiEHiIER L
FEARAETE Tl bR . XFF 3D RFLEEH) . Yang %5 M sl % T i Ak il o5 1 2 wh i R FL5 5K 6 B 7
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ATH) 3D BRI Tk (B 7E) . B85 T TR (SDSECCTAB) B, ARG R IR ki
PREHISK SIIEB N RSLEEH) , AN R B /K DX 5 e Ja i S R AL S A St B e B (P& 7F) o X PR
LI IR T3S 04 3D Sl b PR TE T S5 R /K BRI, e AR HE BV, A Tl R K A2 )
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Fig. 7 Examples of household pollutant-responsive CPCs sensor
A: schematic illustration of 2D PhC sensor formed by polymerization of a PNIPAAm hydrogel network onto a 2D array of 490 nm PS particles on a
liquid Hg surface; B: diffraction wavelength versus SDS concentration. the inset shows photographs taken close to the Littrow configuration at
an angle of 28° between the source and camera to the 2-D array normal "®"'; C: free SDS concentration dependence of particle spacing of 2D
CCA-BSA hydrogel in pure water at pH 5. 83, and in 50 mmol/L PB at pH 8.0; D: free DTAB concentration dependence of particle spacing of
2D CCA-BSA hydrogel in 50 mmol/L PB (pH 8.0) **!; E: schematic illustration of the experimental procedures for preparing curved macro-
porous photonic crystals with different hydrophobicities; F: photograph of aqueous SDS solution (0.2 wt %) drops on fluorosilane-modified
curved macroporous photonic crystals and normal incidence specular reflection spectra obtained from fluorosilane-modified curved macroporous
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Table 4 Comparison of sensor characteristics for typical domestic, industrial and agricultural-related pollutants
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