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Mcnonb3oBaHue POTOHHbIX KPUCTA/IIOB B KaYecTBe
CEeHCOPOB OCHOBAHO Ha N3MEHEHUM UX CNeKTPasibHbIX
XapaKTepUCTUK Npu BO3AeMACTBUN pPas/INtHbIX
aHanuTtos. OgHaKo He06Xo0A4UMOCTb MPUMEHEHUS
cneKkTpajbHbIX NPU6OPOB CAEPXMBAET LWIMPOKOE
pacnpocTpaHeHMe Takux CEHCOpPOB N3-3a BbICOKOM
CTOUMOCTU U CNIOXKHOCTU. HOBbIV Noaxop, CBA3aHHbIN
C Hef,aBHO O6Hapy>XeHHOW HAaMK acMMMeTpuen

B Aepopmauum pewetkm GOTOHHbIX KPUCTANIOB
BC/IeACTBUE KAaNMUINSPHOM KOHAeHCcauum

rasos MoJiIApHbIX MOJIEKY/1 CTaJl OCHOBOW Ao
COo34aHuUS aeLeBblX, BbICOKOYYBCTBUTE/bHbIX,
6bICTPOAENCTBYIOLLMX XEMOCEHCOPOB, He TPebyIoLuX
MCNON1b30BaHMUSA CNeKTpaibHbIX NpubopoB. Hanbonee
CWbHO 3TOT 3P PeKkT NposABASeTCS C ra3006pasHbIM
aMMMAKOM. YyBCTBUTE/IbHOCTb TAKOrO CEHCOpA
COCTaB/geT eAMHULLbI YacTel Ha MUANOH (ppm) npu
BpPeMEeHHOM OTKJ/IMKe Ha HapacTaHUue KOHLeHTpaLuumn
MeHee 200 Mc.

OTOHHBIe KpHUCTa/Ib (PK) mpeAcTaBIsSOT
HHTepec Kak ¢ QyHAaMeHTAJbHOH TOUYKH
3peHMsI, TaK U IS PA3IUUYHBIX MIPHUJIOKe-
HUM. bnarogaps cBOMM CBOHCTBaM (BBICOKAs BHY-
TPEHHSISI II0BePXHOCTh, HeOOIBIION pa3Mep, BBICO-
Kasi YYBCTBUTEIBHOCTD U CTOMKOCTD B aIrPeCCHUBHBIX
cpesnax) KpeMHe3eMHble POTOHHBIe KpUCTALIBL (PK)
IIPeOCTABISIOT Ka4yeCTBEHHO HOBBIE BO3MOKHOCTHU
IJIs. ONTHYECKUX MeTONOB OOHapy>KeHHUsS KHUAKHUX
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The use of photonic crystals as sensors is based
on the change of thei spectral characteristics on
their exposure to various analytes. However, the
necessity to use spectral instruments restrains
the spreading of such sensors because of their
high cost and complexity. A new approach

based on a recently-discovered asymmetry in
deformation of the photonic crystals lattice
allowed to create cheap, high-sensitivity and fast
chemosensors which do not require involvement
of spectral instruments. This effect shows

itself most strongly in gaseous ammonia. The
sensitivity of such sensor is several parts per
million (ppm), while the response to an increase
in concentration is less than 200 msec.

from both the fundamental viewpoint

and from the viewpoint of their possible
applications. Owing to their properties (high
interior surface, small size, high sensitivity and
resistance in aggressive environment) silicon
photonic crystals (PC) provide qualitatively new
opportunities for optical methods of liquid and
gaseous substance detection for a wide range of
applications. There is a great need for portable,
cheap and reliable gas sensors in various
industries and in biomedical areas [1]. But gas
sensors that meet all these requirements are not
readily available today. While selective sensors
are usually large in size and costly, small and

P hotonic crystals (PC) are of much interest
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M ra3zoo6pasHbIX BellecTB B HIMPOKOM J[Halla30He
npuMeHeHUH. OTMedaeTcss Oo0JbIION HHTepec
K IIOPTaTUBHBIM, [lelIeBbIM, OBICTPBIM K HaIe>KHBIM
DAaTYMKaM ras3a B psifie IIPOMBIIUIEHHBIX U 6roMe-
OIUIIMHCKUX obacTed [1]. TeM He MeHee, JAaTYMUKH
rasa, yooBJeTBOPSIOLIHe BceM 3THUM TpeboBaHHUSM,
CerofHs efiBa AOCTYIIHHI. B To BpeMsl KaK Ce/leKTHB-
Hble JaTYUKU HUMeIT 06bIuHO 6oJibllKe pa3Mepsl
1 BBICOKYIO CTOMMOCTb, KOMIIAaKTHBEIE U HeJOpOrue
OATUYMKH, KaK IIPaBH/IO, MeHee CeJleKTHUBHBI HIIH
MeHee YyBCTBUTe/bHHI [2, 3].

MHOro4YHc/IeHHble IPUMeHeHHs CeHCOpoB Ha ®K
OCHOBAHBI Ha H3MePeHHH CIIeKTPAJIBHOTO I10JIOKEeHH S
nuKa GOTOHHOM 3aIlpellleHHOMN 30HBI B 3aBUCHMOCTH
OT 3aII0JIHeHH I TI0P Pa3/IMUYHBIMHU BelleCTBAMHU. ITU
HM3MeHeHHs BBI3BAHBI INO0 M3MeHeHHeM 3pdeKTHUB-
HOro Iokasarens npenomnenus OK, n1ubo H3MeHe-
HHeM IIOCTOSIHHOK pelleTKH [4]. Ba>KHO OTMEeTHUTD,
YTO B GOJIBIIMHCTBE C/y4aeB KOHTPOIb 3a H3MeHe-
HHeM 3THX ONTHYeCKHX CBOMCTB IIPOMCXOAUT IPHU
YCTIOBHH, UTO CBeT MafaeT U3 Bo3ayxa B PK.

[Ipy mafileHHH CBeTa U3 CTeKISHHOM IMOJJI0XKKH
B ®K BO3HHMKAIOT HOBBIE OCOOEHHOCTH. YTITIOBOH
CIIeKTP CBeTa, OTPa’kKeHHOIO OT IPaHHIBl CTEKJIO-
®K, ck1afbIBaeTCsl M3 HECKOJIBKUX COCTABIISIOMIMX
(puc.l). 9To - cmeKTp, oOyclIOBIeHHBIN AUPPaAK-
LMel [PU OTPaskeHUH OT PelleTKH MOTPaHHUYHOrO0
cios @K M3 MOHOAMCIIePCHBIX ChepUUeCKUX YaCTHI]
KpeMHe3eMa (MCUK), a Takske CIIeKTp 6P3rroBcKoro
OTPaskeHUs OT KPUCTATIUYECKUX IIJIOCKOCTEH, pac-
II0JIOKeHHBIX I10I, YIJIOM 60° K IIJIOCKOCTH ITOJJIOKKH
(ctom-30Ha). Heob6xoAMO OTMETUTD, YTO B TOM CJIy-
yae, Korja cBeT HampabisieTcsi B ®K M3 Bo3myxa
maske IpHU yIje majfeHus, 61u3koM K 90°, oTpaskeH-
HBIM OT 3TUX IIJIOCKOCTEHM CBeT He BBIXOAHUT U3 @K,
HCIIBITBIBAsS [I0JIHOE BHYTPeHHee OTpaskeHUe. DTHUM,
IIO-BUAKUMOMY, 0OBSICHSeTCS TOT PaKT, UTO OIHU-
CaHHBIM B HacTosiler paboTe 3ddeKkT paHee He
Habmromancs.

B oTpakeHHOM OT I'paHMIIBI CTeKI0-PK cBere
Ha ¢oHe paBHOMEPHOIO CIIeKTPaIbHO-yITIOBOTO pac-
npeneneHus: HabniogaeTcs MUK HHTEHCHUBHOCTH,
CBSI3aHHBIM CO CTOII-30HOM (pUC.2).

HemaBHO HaMu oOHapyskeHo [5], 4To mpu
3amonHeHUU mop PK mapaMu MOMSIPHBIX MOJIEKYII
aMMHaKa MaKCHMYyM YIJIOBOIO pacHpefie/leHUs
OTPa’keHHOro CBeTa CMelnaercs Ha 5° (T.e. 10 HM
IO CIIeKTPY AJIMH BOJIH). BAa>XHO OTMETUTb, YTO 3TOT
CABHUT MOXKHO JIerKO HabmomaTh, QUKCHUPYS YIJIO-
BOe IIOJIOKeHHe MaKCHMMyMa IHKa OTPa’keHHUS, He
npuberas K cIeKkTpaabHBIM mpubopam. IIpupoza
3Toro 3ddexTa, Ha HAIl B3IIA[, 3aK/IHOUYaAETCs
B C/Ie/lyIOIeM.

i

DOTOHHbBIV KpUCTaNA

[nacdparnpoBaHHble ny4mn

Crekno

Puc.1. Xo0 nyueli Ha zpaHuue cmekno-OK
Fig. 1. Ray course at the glass-photonic crystal interface

low-cost sensors are usually less selective and less
sensitive [2-3].

Numerous applications of PC-based sensors
are based on the measurement of the forbidden
photonic zone peak position depending on the
pores filling with various substances. Such
changes are caused either by changes of the
photonic crystal effective refractive index
or change of the lattice parameter [4]. It is
important to note that, in most cases, changes
in these optical properties are controlled if the
light impinging into the photonic crystal comes
from air.
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Fig. 2. Angular spectrums of the light reflected from the glass-
photonic crystal interface before and after the effect of analyte
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KanunnnapHas

Ancopbums
KOHAeHcaums

Adsorbtion CapMary
condensation
Puc.3. Junamuka usmeHeHus paccmosiHus mexoy MCHK
8cnedcmeaue KanuaspHol KoHOeHcauuu

Fig. 3. Change of distance between monodispersed spherical
silica particles as a result of capillary condensation

Bo-miepBBIX, 3aIlOJIHEHHe CBOOOLHOIO MPOCTPaH-
cTBa Mexxay MCUYK kakuM-Tubo ra3oM He MOXKeT
IIPUBECTH K 3HAUYMUTEJbHOMY CABHUIY MaKCHMyMa
CIIeKTpa M3-3a M3MeHeHHs IIoKa3aTejs IIpejoMJie-
HUsg. MOXHO OIpefenuTh, YTO IIPU 3aIlO/NHEHUU
nop ®K BMecTo Bo3Ayxa (mokasaTenb IIpesiomJe-
HU4 n=1,00028), HanpuMep, aMmMHaKoM (n=1,000375),
JIMHA BOJIHBI CTOII-30HBI OTpaskeHHOro oT ®K cBeTa
u3sMeHsercss Bcero Ha 0,0074 HM. BeposTHee Bcero,
HanojaHeHUe mop ®K mapamMu HEKOTOPHIX MOJIEKYII
IPUBOAUT K H3MeHEeHHIO IIOCTOSHHOH pelleTKHU
®K. PacCMOTPUM HPUYHUHBI, CIIOCOOHBIE IPUBECTHU
K TAKOMY HU3MeHEeHHIO.

H3BecTHO, 4UTO CHUJIOKCaHOBBIe (Si-O-Si) u cuiaa-
HoJIbHBIe (Si-OH) IPyIIIBl IIPUCYTCTBYIOT HA II0BEPX-
HOCTH HaHOYacTUL, KpemHe3seMma [6]. IIpenmenbHas
HX IUIOTHOCTh MOXKeT AOCTHUTaTh 5 OH-rpymm/HMm?.
Hanuune Mo6UIBHOIO aTOMa BOIOPOJA B IIONSPHBIX
THJPOKCHUJIBHBIX [PYIIaX MPHUBOAUT K 3PPeKTHB-
HOMY B3aMMOJEHCTBHUIO C MOJIeKy/TaMH ra3a M >KH/[-
KHX $a3 gByMs crocobamu. I1o 3TOM NpUYHHE BOAA
M aMMHaK, Kak Hauboyiee IOJISIpHBIE MOJIEKYJIBI,
[IPOSIBJISIOT CHUJIBHBIE 3JIEKTPOCTAaTUYeCKHUe B3aKMO-
JNeuCTBUS U GOPMUPOBAHUS CHUJIBHBIX BOLOPOAHBIX
CBSI3eH C IIOBEPXHOCTBIO JHUOKCH/a KPeMHHUS C BBICO-
KON BEpOSITHOCTbIO 0Opa30BaHMHS MOHOC/IOEB HIIH
KJIaCTePHBIX OCTPOBKOBBIX IIJIEHOK Ha IIOBEPXHOCTHU
HaHOYacTHUL,. HermosaspHble MOJeKYJIbl, HAaIlpUMep
YeTBIPeXXJIOPUCTOTO YIJIepofa, He CIIoCobHBI 06pa-
30BbIBaTh BOAOPOJHBbIE CBA3H KU IIOYTH HE B3aHMO-
JOeHCTBYIOT C NOBEPXHOCTBIO THOKCHIA KpPeMHHS.
e CTBUTENbHO, SKCIIEPHMEHTHl IIOKA3bIBAIOT, YTO
MaKCHMa/bHBIM CIeKTPAJIBHBIA COBUT CTOI-30HBI
®K HabmromaeTcs oA AeMCTBHEM IIapOB BOABI I
aMMuaka. [opa3fgo MeHbIIHI CIIeKTPAJIbHBIN CABUT
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When light comes from the glass substrate,
the photonic crystal acquires different properties.
The angular spectrum of the light reflected from
the glass-photonic crystal interface consists
of several components (See Figure 1). Such a
spectrum results from diffraction of the light
reflected from the monodispersed spherical silica
particles-photonic crystal interface, it is also a
spectrum of the Bragg reflection from crustal
faces located at an angle of 600 to the substrate
plane (stop zone). It should be mentioned that, in
cases when light comes into the photonic crystal
from air and an angle of incidence is close to 900,
the light reflected from these planes does not
come out of the photonic crystal, exhibiting total
internal reflection. Apparently, that is why the
phenomenon described in this paper has never
been observed before.

The intensity peak related to the stop zone is
observed in the light reflected from the glass-
photonic crystal interface against the background
of the uniform spectral-angular distribution (See
Figure 2). We have recently discovered [5] that
when photonic crystal pores are filled with polar
molecules of ammonia vapor, the maximum of
angular distribution of the reflected light is
shifted by 5° (i.e. by 10 nm along the wavelengths
spectrum). It is important to note that that shift
can be observed easily and the angular position of
the reflection peak maximum can be registered
without any spectral instruments. In our opinion,
the nature of this phenomenon consists in the
following:

CaHnanuTtom
With analyt
be3s aHanuTa
Without analyt -5 B 8
A A A A A

Crexno
Glass

Puc.4. Vi3meHeHuUe y2/a HAKAOHA KpUCMAAAUYECKUX NAOCKO-
cmell ®K npu HanoaHeHuu ®K napamu aHaauma

Fig. 4. Change of the photonic crystal plane inclination upon
the photonic crystal filling with analyte vapor
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HabmromaeTcs OIS [IapoB 3TaHONA M H30IPOIIHIIO-
BOI'0O CIIMPTa M OTCYTCTBYeT AJIS [1apPOB YeThIPeXXJIo-
PHCTOrO yINepoAa; 3To HabniofeHHe COOTBeTCTBYeT
yOBIBaIOIIEeN I10C/eJ0BATeIbHOCTH AUIIONIBHBIX
MOMEHTOB 3THX Moyekyn [7]. CiemyeT OTMETHTb,
YTO BBISIBJIEHHAS CEJIEKTUBHOCTDh MOKET OBITH IIOBBHI-
IIeHa 3a CyeT KOHTPOJHPYyeMOI XUMUYECKOH MO~
dUKALMKU [IOBePXHOCTH HAHOYACTHUIL, KpeMHe3eMa
B KayeCTBe HOCHTeJIA.

Azmcopbums MONeKya aHAIHTAa Ha IIOBEPXHOCTH
MCYK mpuUBOOUT K KaNMJIASIPHOM KOHAEHCALUU
(8], T. e. BTATMBAHUIO MOJIEKYJI B 06/1aCTh IIPOCTPaH-
crBa mexxay MCUK ¥ MX CKUKEHHIO, B Pe3yib-
TaTe KOTOPOro MPOUCXOAUT HUX pasfABUTaHHUe (pHC.3).
KpoMe Toro, HaMu 06Hapy>KeHO 3KCIIePHUMEHTAJIBHO,
YTO TaKOoe M3MeHeHMe IIPOUCXOJUT TOJIBKO IIOIIepeK
mnineHKd ®K. Puc.4 H/IIOCTpPUpPYeT, KaK H3MeHe-
HHe paccTogHus Mexay MCUK TolIbKO B IIOmepey-
HOM HaIlpaBJIeHHH MOXKeT IIPUBECTHU K U3MeHeHHUIO
HaK/JIOHA KPUCTAJIMUeCKUX Iuiockoctenn (111),
(111), (111) u, Kak CAeACTBHe, K CMeIIeHUI0 MUKA
YyIJIOBOI'O pacIpefeieHHs BBIXOJHOIO M3JIY4YeHHUS.
Bcinencteue 3dpdekTa KOHTPAKLHUU 3TOT 3PdekT
obpaTuM.

M3BecTeH 3¢deKT HabyxaHUs monumepHoro ®K
C BHeJPeHHBIM B Hero rupaporenem [9]. B manHOM

I

Puc.5. yHKuUOHANbHAS CXeMa ceHcopa ammuaka: 1-ycu-
AUMeAb OMHOLWeHUS cuzHanos ¢ pomonpuemHukos, @11,
@2 - pomonpuemHUKU; 2 = CMeKASIHHASI Npu3Mda

Fig. 5. Functional ammonia sensor diagram. 1- amplifier
of the ratio of signals from photodetectors; PD],

PD2 - photodetectors; 2 - glass prism

First, filling of the free space between the
monodispersed spherical silica particles and any
gas cannot result in a significant shift of the
maximum of the spectrum owing to a change
of the index of refraction. It can be determined
that the filling of the photonic crustal with, for
instance, ammonia (refraction index n =1.000375)
instead of air (refraction index n = 1.00028), the
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clydyae paBHOMepHO HabyxaeT Bechb o6beM MCUK,
M, KaK CJIeICTBHe, MeHSeTCs IIOCTOSIHHAS pellleTKU
®K. Haubosee BepoSITHO, UTO IIPH 3TOM He JI0JIKHA
Habmomatecsi aHu3oTponus pgedpopmanuu  DK.
B HameM cy1y4yae aHAJIUT HAXOJUTCS IJITaBHEIM 06pa-
30M Ha nopepxHoctu MCYK.

ITnenka ®K 6bla M3TOTOBIEHA U3BECTHBIM METO-
IOM IIOABHXXHOTO MeHMKCKa H3 cycmeH3un MCUK
nuameTrpoM 260 HM [10]. TolIIKHY IIJIEHKH Ol pefie-
asanu 15-30 cioeB MCYUK. ®OK-mijeHKa, BeIpallleHHas
TaKHM MeTOI0M, obiasaeT MHHHMAaJIbHBIM KOJIH-
yecTBOM AedeKToB Ha bonpmior miaomanu. Pasmep
IJIeHKH JOCTUran 15x25 mm. Ilpu3ma Oblna IpU-
MeHeHa B KauecTBe MOMJIOXKKH O obecriedeHUs
IIHPOKOTO CIIeKTpa YIJIOB MaJeHHs Ha TPaHUILY
crekno-®PK, Tak Kak H3ydaeMblH 3QPekT HabmioO-
Jajica AJid yIJI0OB IaJeHHus bonpiie 40°. ['paHUIIa
POCTa IVIEHKM Ha IIOBEePXHOCTU CTEK/ISIHHOM IIpH-
3MBI BEIOMpasiach apaijiesIbHO [UIOCKOCTH MafieHU S
CcBeTa.

Hamu 6puIa mpoBefeHA 3KCIIePHMEHTAbHAs
IIpOBepKa aHH30TPOIHMM H3MeHeHHUS PaCcCTOSHUSA
Mexxay MCUK, coctapasiomuMu OK, mpu Kammui-
JISIPHOM KOHJAEeHCAallMH. [l JoKa3aTenbCTBa HEM3-
MEHHOCTH PaCCTOSHHUS MeXAy cdepaMH BLO/Ib
IIJIEHKU B KauyeCTBe OCBETHUTeNsl HCII0JIb30BaJICS
Y3KOIIOJIOCHBIH JIa3ePHBIM Y4 C AJIHHON BOJHEI, He
COBIaZamIner co croil-3oHoM PK. B 3TOoM cry4ae
B YIJIOBOM CIIeKTpe OTPa’keHHOro CBeTa IIPUCYT-
CTBYIOT TOJIBKO KOMIIOHEHTHI, 3aBHCSIIHE OT SUb-
pakuuy Ha mepBoMm cioe MCHYK, pacIionoskeHHBIX
Bronb IuteHku OK. IIpyM BO3LeMCTBUM aHaIMUTa
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YpOBEHbL CUTHANA, OTH.ef.
Signal level, r.u

10 100
KoHueHTpaums, ppm
Concentration, ppm

1000

Puc.6. 3asucumocmep yposHs CU2HAAd ¢ GOMoNpuemMHUKo8
0m KOHUeHmMpauuu napos ammuaxka

Fig.6. Dependence of the level of signals from photodetectors
on the ammonia vapor concentration
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Fig. 7. The sensor’s time of response to increase of the
ammonia concentration
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wavelength of the stop zone of the light reflected
from the photonic crystal changes by only 0.0074
nm. Most probably, the filling of photonic crystal
pores with vapors consisting of some molecules
results in the change of the photonic crystal
lattice parameter. Let us consider the causes that
may result in such change.

It is known that the siloxane (Si-O-Si) and
silanol (Si-OH) groups are present on the surface
of silica nanoparticles. [6] Their ultimate density
may run as high as five OH groups/nm2. The
presence of a mobile hydrogen atom in polar
hydroxyl groups results in effective interaction
with gas molecules and liquid phases in two
ways. For this reason, water and ammonia, as the
most polar molecules, exhibit strong electrostatic
interactions and strong hydrogen bonds with the
silicon dioxide surface, with a high probability of
formation of monolayers or cluster discontinuous
films on the surface of nanoparticles. Non-
polar molecules, such as, for instance, carbon
tetrachloride, are unable to form hydrogen bonds
and scarcely interact with the silicon dioxide
surface. In fact, experiments show that the
maximum spectral shift of the photonic crystal
stop zone is observed under the effect of the water
or ammonia vapor. Much smaller spectral shift
was observed under the effect of the ethanol
or isopropyl alcohol vapor, and it was absent in
case of carbon tetrachloride. This observation is
consistent with the decreasing sequence of dipole
moments of these molecules [7]. It should be noted
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Fig. 8. Sensor response reversibility during its filling with
ammonia

yIJI0BOE II0JIO’KeHHe CIIeKTPa JIa3epHOro U3/1y4YeHus
He M3MEeHSJIOCh, YTO TOBOPUT O HEM3MEeHHOCTH pac-
cTossHUA Mexxay MCUK Bpoinsb neHKku OK.

H3meHeHHe paccTogHHSA Mesxay MCUK romepexk
mwieHKH OK MposBIAIoCh B M3MeHeHHUHM HHTepde-
peHLIMOHHOro crnektpa ®abpu-Ilepo, co3maBaeMoro
Ha TOHKOM IIeHKe ®K. DKcIepuMeHTabHas cXeMa
OIITHKO-XMMHUYECKOI0 CeHCOpa IIPHUBeeHa Ha pHUC. 5.
OTpa’keHHBIM Ha rpaHHIe cTekno-PK cBeT mocTy-
rmaet Ha ABa ¢otonpueMHuKa (®2), pacronoskeH-
Hbple 107, yIJIAMH, COOTBETCTBYWIIHMMH IIO0LbeMy
U CIlajy KpuBOM Ha puc.2. HanmonHeHue ®K amMHUa-
KOM IIPHUBOJLUT K YIJIOBOMY CMeIeHHI0 MaKCUMyMa
KPHBOM K M3MEHEHHIO YPOBHeM CUTHasa ¢ QOTONPH-
©MHUMKOB. ITH CHUTHaJIBl [IOCTYNAKT Ha YCHUIIUTEb
OTHOIIeHHs. TaKkasg cxeMa H3MepeHHs II03BOJISeT
HMCKIIOYUTh KoaebaHUSI MHTEHCHUBHOCTH Iajalo-
IIero CBeTa U YBeJIMYMTh CUTHA/I OTK/IMKA CUCTEMBI.
I1py KCIIONB30BaHHUH y3KOIIOJIOCHOIO Jla3epa B Kaye-
CTBe MCTOYHHKA CBeTa yIJOBasg IIHMPHHA KPHBOU
Ha puc.2 coctapiseT 1,5°. CTo/Ib BBHICOKAs KPyTHU3HA
M3MeHeHHs CHUTHaJla OIpefesseT BLICOKYK UYyB-
CTBUTE/IIBHOCTh CeHcCopa. BJ/Ia’kHOCTh YYHMTHIBAETCS
KaK IIOCTOSIHHBIH IIapaMeTp.

Ha puc.6 mpuBeseHa 3aBUCHMOCTb YPOBHS CHUI-
Hajla QOTOIPHEMHHKOB OT Jjorapudma KOHLEeH-
TPallMKM aMMHaKa. MHUHHMalbHBIH ypOBEHb YyB-
CTBUTE/IIPHOCTH K IIapaM aMMHMaKa COCTaBHJI OKOJIO
HeCKOJIbKMX YacTel Ha MUHJUIMOH (ppm), a MaKCH-
MaJIbHBIH — Hostee 1000 ppm.

Ha puc.7 npuBelleH BpeMeHHOHN OTK/IHUK CeHCopa
Ha ObICTpOe HapacTaHHe KOHLIeHTPAallMH aMMHaKa.

i

that the selectivity revealed may be enhanced
through the controlled chemical modification of
the surface of silica nanoparticles as a carrier.

The adsorption of the analyte molecules on the
monodispersed spherical silica particles surface
results in capillary condensation [8], i.e. the
drawing of molecules into the space between
monodispersed spherical silica particles and
their liquefaction, as a result of which their
expansion occurs (See Figure 3). Moreover, we
have observed that such changes take place only
across the photonic crystals film. Figure 4 shows
how crosswise change of the distance between
monodispersed spherical silica particles may
result in the change of inclination of crustal
planes (111), (111), (111) and, as a result, shift
of the angular distribution peak of the outgoing
emission.Owing to the contraction effect, this
effect may be reversible.

Also well-known is the effect of swelling of
a photonic crystal with hydrogel injected into
it [9]. In such case, the entire volume of swells
in the monodispersed spherical silica particles,
and the photonic crystal parameter change, as a
result. Most probably, anisotropy of the photonic
crystal deformation must not be observed in this
case. In our case, the analyte is present mostly
on the surface of monodispersed spherical silica
particles.

The photonic crystals film was made using the
well-known mobile meniscus method out of with
a diameter of 260 nm [10]. The film thickness was
15 to 30 layers of monodispersed spherical silica
particles. The photonic crystals film grown by
such method has the minimum number of defects
for a large area. The film size reached 15x25 mm.
A prism was used as a substrate for a purpose of
a wide spectrum of angles of incidence on the
glass-photonic crystal interface because the effect
under investigation was observed only at angles
of incidence greater than 400. The film growth
boundary on the surface of the glass prism was
selected to be in parallel with the plane of light
incidence.

We carried out an experimental check of the
anisotropy of the change of the distance between
the monodispersed spherical silica particles
forming the photonic crystal during capillary
condensation. To prove the constancy of the
distance along the film, a narrow-band laser
beam with a wavelength non-coincident with
the photonic crystal stop zone was used as an
illuminator In this case, the angular spectrum of
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B 5TOM 3KCIIepHMeHTe CTPys BO3[yXa C HapaMU
aMMHaKa C pe3KHM IeperajoM KOHIeHTpaLluU
aMMHMKa HaIlpaB/sgjlach Ha HOBEPXHOCTH IJIEHKH
®K. Bpems peakLMK MCC/IeN0BaHHOIO CEHCOPa COCTa~
BHJIO 120 MC IpH BpeMeHHU BOCCTAHOBJIEHMS OKOJIO
10c. Ha puc.8 moxasaHa JHHaMMHKa BOCCTAHOBJIEHU S
ceHcopa ®K B TeyeHHe HECKOJBKHUX LIMKJIOB HAIIOJ-
HeHHs aMMHAKOM M IIPOKaYKH YHCTOrO0 BO3AyXa.
Bce TecThl BBIIONIHAIOTCS IIPU aTMOCPEPHOM JaBiie-
HUH U KOMHAaTHOMU TeMIlepaType.

TakuM 06pa3om, pe3yabTaThl HAIIMX HCCIe0BA-
HHUM II0OKa3blBalOT, YTO HallonHeHUe nop ®K monsip-
HBIMHM MOJIEKY/IaMU IIPUBOAUT K YBeIHUYEHHUIO pac-
crogsHusa Mexxay MCYK TonbKo Iomepexk IIJIEHKH
@K BcIeAcTBUe KaIMJISIPHON KOHAeHCAalluu. Takas
acMMMeTpHYHasa JebopMaliyvs BbI3bIBAeT HaKJIOH
KPUCTAJIMYeCKUX IIIocKocTern OK, OT KOTOPBIX
OTpa’kaeTcs JIyd, NaAAIOIIKI HAa TPaHULY pa3fena
crekyno-OK. M3meHeHHe yIja OTPa’KeHHOTO Jiyda
¢uxcupyerca poTonpHeMHHKAMHU B BHJe CUTHajaA,
IIPOIOPLHMOHAIBPHOIO KOHIIEHTPAL M H.

Hu3kasg CTOMMOCTh M IPOCTOTA H3TOTOBJIEHUS
OATYMKOB, OTKIHMK KOTOPBIX MOXKHO JIETKO Habio-
nath, He mpuberas K CIeKTpalbHBIM Ipubopam,
IpenCcTaBAAI0TCI O4YeHb MIPHUBJIeKATETbHBIMH,
UyBCTBUTENBHOCTh OOHApY>KeHHUSI MOXKeT OBITb 3Ha-
YHTE/bHO yIy4lleHa C IIOMOLIbIO ja3epa C Y3KHUM
CIIEKTPOM B KaueCcTBe UCTOYHHKA CBeTa.

OYyHKIMOHANMM3AL KU IIOBePXHOCTH KpeMHe-
3eMHBIX MCYK OTKpBIBaeT BO3SMOKHOCTH CO3OaHUS
CeHCOPOB APYTrHX ra3oB, HCIIOJB3YIOIIMX OMIHCAH-
HBIM HaMHK NPHHLUI, [I03BOJSIOIIMHN OTKa3aThCs
OT MCII0JIb30BaHHS JOPOrOCTOSIIMX CIEKTPAJbHBIX
nnpubopos.
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the reflected light contains only the components
which depend on the diffraction on the first
layer, which are located lengthwise the photonic
crystals film. On exposure to the analyte, the
angular position of the laser emission did not
change, which indicates the constancy of the
distance between the monodispersed spherical
silica particles located lengthwise of the photonic
crystals film.

The change of the distance between the
monodispersed spherical silica particles located
crosswise the photonic crystals film was shown
in the change of the Fabry-Perot interference
spectrum produced on the thin photonic crystals
film.

The experimental optical-chemical sensor
arrangement is presented in Figure 5. The
light reflected from the glass-photonic crustal
interface comes to two photodetectors located at
the angles consistent with the respective rise and
dip of the curve shown in Figure 2. The filling
of the photonic crystals with ammonia results
in the shift of the curve peak and change of the
levels of signals from photodetectors. The signals
then come to the amplifier of the ratio. Such
measurement arrangement makes it possible
to exclude incident light intensity oscillations
and increase the system’s response signal. When
the narrow-band laser is used as a source of
light, the angular width of the curve shown in
Figure2 is 1.50. It is the so high steepness of the
signal change that determines the sensor’s high
sensitivity. Humidity is taken into account as a
constant parameter.

Dependence of the photodetectors’ signal levels
ontheammonia concentration logarithmis shown
in Figure 6. The minimum level of sensitivity to
the ammonia vapor was approximately several
parts per million (ppm), while the maximum
level was greater than 1000 ppm.

The sensor’s time of response to rapid increase
of the ammonia concentartion is shown in Figure
7.In this experiment, an air stream with the
ammonia vapor with a sudden drop of ammonia
concentration was directed to the surface of
the photonic crystals film. The response time
of the examined sensor was 120 msec., with a
recovery time of about 10 msec. The photonic
crystal sensor recovery dynamics during several
cycles of its filling with ammonia and clean air
pumping is shown in Figure 8. All the tests were
carried out at atmospheric pressure and at indoor
temperature.
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Thus, the results of our research show that the
filling of the photonic crystal pores with polar
molecules results in an increase of the distance
between the monodispersed spherical silica
particles only crosswise the photonic crystals
film as a result of the capillary condensation.
Such asymmetrical deformation results in an
inclination of the crystal planes of the photonic
crystals of which the beam falling on the glass-
photonic crystal interface is reflected. The change
of the reflected beam angle in the form of a signal
proportional to the ammonia concentration is
registered by the photodetector.

The low cost of production of sensors whose
response can be easily observable without the
use of spectral instruments is a very attractive
feature. Their detection sensitivity can be
significantly increased with the help of a laser
with a narrow spectrum as a source of light.

The functionalization of the surface of the
silicious monodispersed spherical silica particles
offers possibilities for the making of other
gas sensors using the operation principle we
described. This also makes it possible to stop
using expensive spectral instruments.

PHOTONICS N25/41/2013 83



