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TiO,-PORPHYRIN NANOSTRUCTURES FOR AMINO ACID DETECTION

A novel optical sensor based on TiO, nanoparticles for Valine (one of the twenty
standard amino acids within proteins) detection has been developed. In the presented work,
commercial TiO,nanoparticles (Sigma Aldrich, particle size 32 nm) were used as sensor
templates. The sensitive layer was formed by a porphyrin coating on a TiO2 nanostructured
surface. As a result, an amorphous layer between the TiO, nanostructure and porphyrin
was formed. Photoluminescence (PL) spectra were measured in the range of 370-900 nm
before and after porphyrin application. Porphyrin adsorption led to a decrease of the main
TiO, peak at 510 nm and the emergence of an additional peak of high intensity at 700 nm.
Absorption spectra (optical density vs. wavelenght, measured from 300 to 800 nm) also
showed great changes; absorption edge shift and additional peaks appearing. Adsorption
of amino acid resulted in a decrease of the intensity of the PL peak due to porphyrin and an
increase of intensity of the TiO, main PL peak. The interaction between the sensor surface
and the amino acid leads to the formation of new complexes on the surface and results in
a reduction of the optical activity of porphyrin. Sensitivity of the sensor with respect to
different concentrations of Valine was calculated. The developed sensor can determine the

consentration of Valine in the range of 0.04 to 0.16 mg/ml.

1. INTRODUCTION

Amino acids are complex molecules form-
ing building blocks of proteins and involved in
metabolism as intermediates. There are twenty
amino acids involved in protein construction.
Each of them contains a unique functional group,
which defines the fundamental properties such as
size, shape, charge, capacity for hydrogen bond-
ing, hydrophilicity/hydrophobicity and chemical
reactivity. Valine (C,H, \NO,), the one of the most
important amino acids, is a branched-chain es-
sential amino acid, hydrophobic and usually lo-
calized inside of proteins [1]. It is a stimulating
agent which promotes muscle growth and tissue
regeneration [2,3]. Valine can be used as food
additive [4,5], nutrient and/or dietary supple-
ment in animal drugs, feeds, and related products
[6,7]. Because of the above mentioned properties,
Valine is often used by bodybuilders (in conjunc-
tion with leucine and isoleucine) as stimulating
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agent. However, high concentrations of Valine
can induce a crawling sensation on the skin and
hallucinations [8], what is crucial for people with
kidney or liver disease. Therefore, the determina-
tion of the Valine concentration in human body is
an important task in medicine.

Titanium dioxide is chemically stable, non-
toxic and a low-cost material which is well
known for its good optical, photocatalytic and
sensing properties [9-15]. Over the last decade,
TiO, nanostructures, due to quantum-size effects
such as absorption edge shift and the appearance
of photoluminescence at room temperature, have
been increasingly used as a sensor platform [16-
26]. Recently, there has been a growing interest
in the development of a new class of hybrid sys-
tems - TiO, -sensitizers, in which macrocycles
such as porphyrins are used to form the sensi-
tive layer [24]. Porphyrins are brightly colored
pigments, containing nitrogen, that consist of
conjugated multiple-loop systems, based on six-



teen-membered microcycles, composed of four
pyrrole molecules and bridges. A porphyrin mol-
ecule contains a coordination cavity, bound by
four nitrogen atoms, having a radius of about 2A.
This molecule is capable to coordinate with metal
ions of different degree of oxidation. As a result,
porphyrin-metal complexes, so-called metallo-
porphyrins, are being formed, that possess unique
combinations of structural, physical and chemical
features with high biological and catalytic activ-
ity.

It is known that porphyrin application enhanc-
es photocatalytic activity of the samples. In [27],
the role of both metal and macrocycle in the pho-
tocatalytic processes have been studied by utiliz-
ing TiO, samples coated by porphyrins and metal-
loporphyrins. Significant changes in optical prop-
erties of nanoporous glass filled with TiO, and
TiO, /porphyrin nanostructures have previously
been found [28]. In this paper we report on the
investigation of new optical biosensor based on
TiO, nanoparticles coated by porhyrin for Valine
detection.

2. EXPERIMENTAL

Commercial TiO, nanoparticles (Sigma
Aldrich, particle size 32 nm) were used as a bi-
osensor template. TiO, nanoparticles were dis-
solved in water to prepare sols. TiO, layers were
formed on glass substrates by dropping TiO, sols
on the substrate and drying it at room tempera-
ture [21]. Post annealing treatment at 300 0C for
1 hour was performed to remove water from the
samples. Structural properties of the obtained
samples were studied by SEM.

The fabrication of sensitive layers was per-
formed by dropping of porphyrin “5,15-di(n-
nonyl),10,20-di(4-pyridyl)  porphynatotin  di-
chloride” (chemical structure is shown in Figure
1) solution in chlorophorm on TiO, surface.
Photoluminescence (PL) spectra were measured
with the setup presented in Figure 2. The samples
were excited by a UV laser (LCS-DTL-374QT,
L, =355 nm) and PL spectra were recorded in the
wavelength range of 370-800 nm. Absorbance
spectra were measured with the use of a UV-VIS
spectrophotometer (Shimadzu UV-1700) in the
range of 350-1100 nm.

To check the sensitivity of porphyrin to Valine,
PL spectra of porphyrin layer before and after
interaction with Valine were studied. To study
biosensor response, different concentrations of
Valine in aqueous solution were deposited on
TiO,-porphyrin surfaces.

The spectra, measured after Valine deposition,
showed no drastic changes in the PL intensity and
peak position (see Fig.3 in sec.).
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Fig.1. Chemical structure of porphyrin
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Fig.2. Experimental setup for
photoluminescence measurements

3. RESULTS AND DISCUSSION

The obtained TiO, nanostructures were rough
and porous as it is shown in Figure 3. Absorption
spectra of initial porphyrin layer and porphyrin
coated TiO, nanostructure are shown on Figure
4. The porphyrin demonstrated a Sorret band ab-
sorption, centered at 424 nm. It was found that
after deposition of porhyrin on TiO,, the Sorret
band was shifted toward IR region, matching the
interaction TiO -porphyrin.

Deposition of porphyrin layer resulted in signifi-
cant changes in the PL spectrum of TiO,-porhyrin
nanostructure (Figure 4). Initially, TiO, emission
spectrum showed wide peak, centered at 510 nm
and the poprhyrin emission was centered at 693
nm.
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Fig.3. SEM image of TiO, nanostructures
Fig.4. Absorption spectra of the studied sam-
ples

The peak, related to pure TiO, was quenched by a
factor of three, while a peak, related to porphyrin,
shifted to 700 nm after the formantion of TiO, -
porphyrin complex (Fig.5). The obtained PL data
confirm the absorption results, matching to the
interaction between metal oxide and porphyrin
(ADD pure porphyrin spectra in the PL to discuss
the changes).

We suggest that the creation of the porphyrin-met-
al oxide structure was caused by the formation of
an amorphous layer as a result of the activation of
porphyrin complexes by TiO,. The optical prop-
erties of porphyrin could change due to a special
porphyrin complex containing both hydrophobic
and hydrophilic parts as well as due to labile chlo-
rine atoms associated with the central tin atom.
Sensor response to Valine is shown in Figures 4,
5. It was found that absorption of TiO,-porphyrin
decreased with increase of Valine concentration
(Figure 4).
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It was found that initially, the porphyrin showed
low sensitivity to Valine (Figure 5, inserted plot).
The significant changes of PL intensities and peak
positions observed after adsorption of Valine on
TiO,-porphyrin surface (Figure 5). Adsorption
of Valine led to a quenching and a blue-shift of
the porphyrin emission band. At the same time,
an increase of the intensity of TiO, emission was
observed.

The obtained results point to the irreversible in-
teraction between porphyrin and amino acid,
resulted in the formation of new complexes be-
tween them and a reduction of optical activity of
porphyrin.

The sensor signal was calculated using photolu-
minescence and absorption data S, . (and S, ):

lumin

(1)

where S and S, are PL (and absorption) signals
of TiO,-porphyrin nanostructure related to porhy-
rin emission and absorption, measured before and
after Valine adsorption, respectively. The sensi-
tivity of the sensor was obtained as the ration of
the sensor response S, . (and S_ ) due to (1) to
the corresponding concentration of amino acid*
C.

The sensitivity of the sensor vs Valine concen-
tration is plotted in Figure 6. The obtained TiO,
based sensor coated by porphyrin can detect
Valine in the range of 0.04 to 0.16 mg/ml.

4. CONCLUSIONS

The TiO, and porphyrin form stable complex,
proofed by the changes of absorption and PL of
the porphyrin (IR shift) after deposition on TiO,,
matching to TiO, -porphyrin interaction. TiO,
nanostructure coated by porphyrin showed good
properties for Valine detection. The irreversible
interaction between TiO, -porphyrin complex
and Valine was confirmed by PL and absorption
quenching after Valine adsorption and UV shift
of PL peak position. The obtained results provide
a basis for perspective applications of TiO, -por-
phyrin nanostructures for effective detection of
Valine.
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TiO,-PORPHYRIN NANOSTRUCTURES FOR AMINO ACID DETECTION

Abstract

A novel optical sensor based on TiO, nanoparticles for Valine (one of the twenty standard amino
acids within proteins) detection has been developed. In the presented work, commercial TiO, nanopar-
ticles (Sigma Aldrich, particle size 32 nm) were used as sensor templates. The sensitive layer was
formed by a porphyrin coating on a TiO, nanostructured surface. As a result, an amorphous layer
between the TiO, nanostructure and porphyrin was formed. Photoluminescence (PL) spectra were
measured in the range of 370-900 nm before and after porphyrin application. Porphyrin adsorption
led to a decrease of the main TiO, peak at 510 nm and the emergence of an additional peak of high
intensity at 700 nm. Absorption spectra (optical density vs. wavelenght, measured from 300 to 800
nm) also showed great changes; absorption edge shift and additional peaks appearing. Adsorption of
amino acid resulted in a decrease of the intensity of the PL peak due to porphyrin and an increase of in-
tensity of the TiO, main PL peak. The interaction between the sensor surface and the amino acid leads
to the formation of new complexes on the surface and results in a reduction of the optical activity of
porphyrin. Sensitivity of the sensor with respect to different concentrations of Valine was calculated.
The developed sensor can determine the consentration of Valine in the range of 0.04 to 0.16 mg/ml.
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HAHOCTPYKTYPA TiO,-IIOP®UPUH JUIs1 ONPEAEJIEHUA AMUHOKHUCJIOTbBI

Pesrome

Pa3paboTran HOBBINM ONTUYECKUN TAaTYUK, OCHOBAHHBIM Ha HAHOYACTHUIIAX TiO2 JUTSE OOHAPYKEHUS
BaJIMHA (OJHA W3 JIBAJIIATH CTAaHIAPTHBIX aMUHOKUCIOT cpeau OenkoB). B mpencraBienHoii padote
HaHoyacTuibl kommepdeckoro TiO, (Sigma Aldrich, pasmep wactui 32 HM) MCHOJIB30BAMCH KaK
o0pa3upl naryuka. UyBCTBUTEIBHBIN clioi ObUT chopMupoBaH nopHUpUHOBHIM MOKPHITUEM HA Ha-
HOCTPYKTypUpOBaHHy10 noBepxHocTh TiO,. B pesynsrare, mexay TiO, HaHOCTPYKTYpOi u nopdu-
puHOM ObLT chopmupoBan amopusblii cnoit. Criektp ¢oromromunectueHmu (PJI) ObUT U3MEpeH B
nmuarnazone 370-900 HM 10 U mocne HaHeceHus nopdupuHa. AncopOuus nopduprHa IpUBOIUIA K
yMeHbIIEHNI0 TaBHoro nuka TiO, npu 510 HM ¥ NOSBIEHUIO JTOTOJHUTENBHOTO MHMKA OONBIION HH-
teHcuBHOCTH 1pu 700 HM. CHeKTphl MOMIOUIEHUS (3aBUCUMOCTh ONTHYECKOM TIIOTHOCTU OT JIJTUHBI
BOJIHBI n3MepeHHas B uHTepBasie ot 300 10 800 HM) Taxke MPOSBIIAIOT OONbIINE U3MEHEHUS; CIBUT
Kpasi TOTJIOIIEHHSI U TOSBJICHUE JOTIONHUTENBHBIX MUKOB. AJCOPOIHMS aMUHOKHCIIOTH! TIPOSIBUIIACH
YMEHBIICHHEM MUHTEeHCUBHOCTH THKa PJI oOycioBneHHast mopGUPUHOM U YBEIIMYEHUEM WHTEHCHB-
HocTu rmasHoro nuka ®JI TiO,. BsaumoneicTre MEX Ty MOBEPXHOCTBIO IaTYHKA U AMUHOKHMCIIOTOM
Be/IeT K (POPMHUPOBAHUIO HOBBIX KOMIUIEKCOB Ha IOBEPXHOCTHU U SIBIISICTCS PE3yJIHTATOM YMEHBIIICHU-
€M OITHYECKOW aKTUBHOCTHU nopdupuHa. bbuia paccuntana 4yBCTBUTEIBHOCTh JaTYMKA OTHOCUTEIb-
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HO Pa3IMYHBIX KOHIEHTpAlui BaiuHA. Pa3paboTaHHBIN TaTYUK MOKET ONMPEICNISTh KOHIICHTPAIHIO
BanuHa B quana3one 0.04 - 0.16 mr/mur.

KuroueBsle ciioBa: JlMokcu TUTaHA, HAHOYACTHUIIBI, ONITUYCCKUN TaTUYUK, TOPPUPHH, AMHUHOKHC-
JIoTa
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HAHOCTPYKTYPA TiO,-IIOP®IPUH JJIsI BUBHAYEHHA AMIHOKHUCJIOTH

Pesrome

Po3po6yieno HOBHI ONTUYHHUHI JIaATYUK, 3aCHOBAHKH Ha HaHOYaCTUHKAX TiO, 171 BUABJICHHS BaJliHY
(omHa 3 ABAALATH CTAaHAAPTHUX aMIHOKHCIIOT cepen OiKiB). Y MmpencTaBiIeHii poO0Ti HAHOYACTUHKH
xomepuikinoro TiO, (Sigma Aldrich, po3mip 4acTuHOK 32 HM) BUKOPMCTOBYBAJIUCS SIK 3pasKy JiaT-
yuka. Yyrnusuii map Oyno chopmMoBaHO MOpIPUHOBUM MOKPUTTSIM HAa HAHO- CTPYKTYpOBaHY IO-
BepxHio TiO,. V pesynbrari, mixk Hanoctpykryporo TiO, i mopdipunom 6yno chopmMoBano amophHuii
map. Cnekrp dotomrominecnenii (OJI) BumiproBaBes y aiamazoni 370-900 HM 10 1 miclis HAaHECEHHS
nop¢ipuna. AncopOuis nophiprHa IPU3BOAKIA JI0 3MEHIIEHHS rojoHoro nika TiO, npu 510 HM
1 IOSIBU JIOAATKOBOTO Tika BedMKOi iHTeHCUBHOCTI ipu 700 HM. CrieKTpu NOTTTUHAHHS (3aJICXKHICTh
ONTUYHOI IIITFHOCTI BiJ JOBXUHY XBUIII BUMiproBaHa B iHTepBati Big 300 o 800 HM) TakoK BHSIB-
JSIFOTH BEJIMKI 3MiHH; 3CYB Kpalo MOTIMHAHHA 1 MOSIBY JJOAATKOBUX MiKiB. AJCOpOIis aMiHOKUCIOTH
NposIBUJIACST 3MEHIIEHHSIM 1HTeHCHBHOCTI mika @JI oOymoBieHa mnopdipuHOM 1 30iTbIIECHHIM
iHTeHCHBHOCTI rojoBHoro mika ®JI TiO,. Bzaemozis M MOBEPXHEKO JaT4MKa Ta aMiHOKHCIIOTOKO
Bezie 10 (OpMyBaHHS HOBUX KOMIUIEKCIB Ha MOBEPXHI 1 Ma€ Pe3yJbTaTOM 3MEHIIEHHSIM ONTHYHOI
aKTHBHOCTI opdipuHy. Byrio po3paxoBaHO UyTIMBICTH AaTYMKA MO0 PI3HUX KOHIIEHTpPALIN BaliHY.
Po3poOiiennii qaTyrk Mo)ke BU3HAYaTH KOHIIEHTpALito BaliHy B faiama3oHi 0.04-0.16 mr/mon.

Kuarouosi ciioBa: Jliokcu TuTaHy, HAHOYaCTUHKH, ONTUYHHUNA JATUYMK, TOPQIpUH, aMIHOKHCIIOTA
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