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7ɿ22-PORPHYRIN NANOSTRUCTURES FOR AMINO ACID DETECTION
A novel optical sensor based on TiO2 nanoparticles for Valine (one of the twenty
standard amino acids within proteins) detection has been developed. In the presented work,
commercial TiO2nanoparticles (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 TiO2 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
TiO2 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 TiO2 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 forming 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,
ZKLFKGH¿QHVWKHIXQGDPHQWDOSURSHUWLHVVXFKDV
size, shape, charge, capacity for hydrogen bonding, hydrophilicity/hydrophobicity and chemical
reactivity. Valine (C5H11NO2), the one of the most
important amino acids, is a branched-chain essential amino acid, hydrophobic and usually localized 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 supplement in animal drugs, feeds, and related products
[6,7]. Because of the above mentioned properties,
Valine is often used by bodybuilders (in conjunction 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 determination of the Valine concentration in human body is
an important task in medicine.
Titanium dioxide is chemically stable, nontoxic and a low-cost material which is well
known for its good optical, photocatalytic and
sensing properties [9-15]. Over the last decade,
TiO2 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 [1626]. Recently, there has been a growing interest
in the development of a new class of hybrid systems - TiO2 -sensitizers, in which macrocycles
such as porphyrins are used to form the sensitive 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 molecule contains a coordination cavity, bound by
four nitrogen atoms, having a radius of about 2Å.
This molecule is capable to coordinate with metal
ions of different degree of oxidation. As a result,
porphyrin-metal complexes, so-called metalloporphyrins, are being formed, that possess unique
combinations of structural, physical and chemical
features with high biological and catalytic activity.
It is known that porphyrin application enhances photocatalytic activity of the samples. In [27],
the role of both metal and macrocycle in the photocatalytic processes have been studied by utilizing TiO2 samples coated by porphyrins and metalORSRUSK\ULQV6LJQL¿FDQWFKDQJHVLQRSWLFDOSURSHUWLHV RI QDQRSRURXV JODVV ¿OOHG ZLWK 7L22 and
TiO2 /porphyrin nanostructures have previously
been found [28]. In this paper we report on the
investigation of new optical biosensor based on
1
TiO2 nanoparticles coated by porhyrin
for Valine
detection.
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2. EXPERIMENTAL
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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
TiO2-porphyrin surfaces.
The spectra, measured after Valine deposition,
showed no drastic changes in the PL intensity and
peak position (see Fig.3 in sec.).
Fig.3 in sec.).
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Fig.1. Chemical structure of porphyrin
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Aldrich, particle
size 32 nm)
were used as a bi- 
Fig.2. Experimental setup for photoluminescence measurements

osensor template.
TiO nanoparticles were disɞɢ ɧɇɨɧɢɥ 2ɞɢ ɩɢɪɢɞɢɥ ɩɨɪɮɢɧɚɬɨɨɥɨɜɨɞɢɯɥɨɪɢɞ
solved in water to prepare sols. TiO2 layers were Fig.2. Experimental setup for
formed on glass substrates by dropping TiO2 sols photoluminescence measurements
on the substrate and drying it at room temperature [21]. Post annealing treatment at 300 0C for 3. RESULTS AND DISCUSSION
1 hour was performed to remove water from the
samples. Structural properties of the obtained The obtained TiO nanostructures were rough
2
samples were studied by SEM.
and porous as it is shown in Figure 3. Absorption
The fabrication of sensitive layers was per- spectra of initial porphyrin layer and porphyrin
formed by dropping of porphyrin “5,15-di(n- coated TiO nanostructure are shown on Figure
2
nonyl),10,20-di(4-pyridyl) porphynatotin di- 4. The porphyrin demonstrated a Sorret band abchloride” (chemical structure is shown in Figure sorption, centered at 424 nm. It was found that
1) solution in chlorophorm on TiO2 surface. after deposition of porhyrin on TiO , the Sorret
2
Photoluminescence (PL) spectra were measured band was shifted toward IR region, matching the
with the setup presented in Figure 2. The samples interaction TiO2-porphyrin.
were excited by a UV laser (LCS-DTL-374QT, 'HSRVLWLRQRISRUSK\ULQOD\HUUHVXOWHGLQVLJQL¿Lex=355 nm) and PL spectra were recorded in the cant changes in the PL spectrum of TiO2-porhyrin
wavelength range of 370-800 nm. Absorbance nanostructure (Figure 4). Initially, TiO2 emission
spectra were measured with the use of a UV-VIS spectrum showed wide peak, centered at 510 nm
spectrophotometer (Shimadzu UV-1700) in the and the poprhyrin emission was centered at 693
range of 350-1100 nm.
nm.
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It was found that initially, the porphyrin showed
low sensitivity to Valine (Figure 5, inserted plot).
7KHVLJQL¿FDQWFKDQJHVRI3/LQWHQVLWLHVDQGSHDN
positions observed after adsorption of Valine on
TiO2-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 TiO2 emission was
observed.
The obtained results point to the irreversible interaction between porphyrin and amino acid,
resulted in the formation of new complexes between them and a reduction of optical activity of
porphyrin.
The sensor signal was calculated using photoluminescence and absorption data Slumin (and Sads ):

TiO2-porphyrin-Valine- 0.12
TiO2-porphyrin-Valine- 0.16

S
1

S0  SVal ,
S0

(1)

where S0 and SVal are PL (and absorption) signals
of TiO2-porphyrin nanostructure related to porhy300
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rin emission and absorption, measured before and
O, nm
after Valine adsorption, respectively. The sensitivity of the sensor was obtained as the ration of
Fig.3. SEM image of TiO2 nanostructures
the sensor response Slumin (and Sads ) due to (1) to
Fig.4. Absorption spectra of the studied samthe corresponding concentration of amino acid26
ples
C.
The sensitivity of the sensor vs Valine concenThe peak, related to pure TiO2 was quenched by a tration is plotted in Figure 6. The obtained TiO
2
factor of three, while a peak, related to porphyrin, based sensor coated by porphyrin can detect
shifted to 700 nm after the formantion of TiO2 - Valine in the range of 0.04 to 0.16 mg/ml.
porphyrin complex (Fig.5). The obtained PL data
FRQ¿UP WKH DEVRUSWLRQ UHVXOWV PDWFKLQJ WR WKH
interaction between metal oxide and porphyrin 4. CONCLUSIONS
(ADD pure porphyrin spectra in the PL to discuss The TiO and porphyrin form stable complex,
2
the changes).
proofed by the changes of absorption and PL of
We suggest that the creation of the porphyrin-met- the porphyrin (IR shift) after deposition on TiO ,
al oxide structure was caused by the formation of matching to TiO -porphyrin interaction. TiO2
2
2
an amorphous layer as a result of the activation of nanostructure coated
by porphyrin showed good
porphyrin complexes by TiO2. The optical prop- properties for Valine detection. The irreversible
erties of porphyrin could change due to a special interaction between TiO -porphyrin complex
2
porphyrin complex containing both hydrophobic DQG9DOLQHZDVFRQ¿UPHGE\3/DQGDEVRUSWLRQ
and hydrophilic parts as well as due to labile chlo- quenching after Valine adsorption and UV shift
rine atoms associated with the central tin atom.
of PL peak position. The obtained results provide
Sensor response to Valine is shown in Figures 4, a basis for perspective applications of TiO -por2
5. It was found that absorption of TiO2-porphyrin phyrin nanostructures for effective detection
of
decreased with increase of Valine concentration Valine.
(Figure 4).
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Abstract
A novel optical sensor based on TiO2 nanoparticles for Valine (one of the twenty standard amino
acids within proteins) detection has been developed. In the presented work, commercial TiO2 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 TiO2 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 TiO2 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 TiO2 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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ȺɌɟɪɟɳɟɧɤɨɊȼɢɬɟɪɂɄɨɧɭɩȼɂɜɚɧɢɰɚɋȽɟɜɟɥɸɤɘɂɲɤɨɜȼɋɦɵɧɬɵɧɚ
ɇȺɇɈɋɌɊɍɄɌɍɊȺTiO2ɉɈɊɎɂɊɂɇȾɅəɈɉɊȿȾȿɅȿɇɂəȺɆɂɇɈɄɂɋɅɈɌɕ
Ɋɟɡɸɦɟ
Ɋɚɡɪɚɛɨɬɚɧɧɨɜɵɣɨɩɬɢɱɟɫɤɢɣɞɚɬɱɢɤɨɫɧɨɜɚɧɧɵɣɧɚɧɚɧɨɱɚɫɬɢɰɚɯ7L22ɞɥɹɨɛɧɚɪɭɠɟɧɢɹ
ɜɚɥɢɧɚ ɨɞɧɚɢɡɞɜɚɞɰɚɬɢɫɬɚɧɞɚɪɬɧɵɯɚɦɢɧɨɤɢɫɥɨɬɫɪɟɞɢɛɟɥɤɨɜ ȼɩɪɟɞɫɬɚɜɥɟɧɧɨɣɪɚɛɨɬɟ
ɧɚɧɨɱɚɫɬɢɰɵ ɤɨɦɦɟɪɱɟɫɤɨɝɨ 7L22 (Sigma Aldrich ɪɚɡɦɟɪ ɱɚɫɬɢɰ  ɧɦ  ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɤɚɤ
ɨɛɪɚɡɰɵ ɞɚɬɱɢɤɚ ɑɭɜɫɬɜɢɬɟɥɶɧɵɣ ɫɥɨɣ ɛɵɥ ɫɮɨɪɦɢɪɨɜɚɧ ɩɨɪɮɢɪɢɧɨɜɵɦ ɩɨɤɪɵɬɢɟɦ ɧɚ ɧɚɧɨɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɭɸɩɨɜɟɪɯɧɨɫɬɶ7L22ȼɪɟɡɭɥɶɬɚɬɟɦɟɠɞɭ7L22ɧɚɧɨɫɬɪɭɤɬɭɪɨɣɢɩɨɪɮɢɪɢɧɨɦ ɛɵɥ ɫɮɨɪɦɢɪɨɜɚɧ ɚɦɨɪɮɧɵɣ ɫɥɨɣ ɋɩɟɤɬɪ ɮɨɬɨɥɸɦɢɧɟɫɰɟɧɰɢɢ ɎɅ  ɛɵɥ ɢɡɦɟɪɟɧ ɜ
ɞɢɚɩɚɡɨɧɟɧɦɞɨɢɩɨɫɥɟɧɚɧɟɫɟɧɢɹɩɨɪɮɢɪɢɧɚȺɞɫɨɪɛɰɢɹɩɨɪɮɢɪɢɧɚɩɪɢɜɨɞɢɥɚɤ
ɭɦɟɧɶɲɟɧɢɸɝɥɚɜɧɨɝɨɩɢɤɚ7L22ɩɪɢɧɦɢɩɨɹɜɥɟɧɢɸɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨɩɢɤɚɛɨɥɶɲɨɣɢɧɬɟɧɫɢɜɧɨɫɬɢɩɪɢɧɦɋɩɟɤɬɪɵɩɨɝɥɨɳɟɧɢɹ ɡɚɜɢɫɢɦɨɫɬɶɨɩɬɢɱɟɫɤɨɣɩɥɨɬɧɨɫɬɢɨɬɞɥɢɧɵ
ɜɨɥɧɵɢɡɦɟɪɟɧɧɚɹɜɢɧɬɟɪɜɚɥɟɨɬɞɨɧɦ ɬɚɤɠɟɩɪɨɹɜɥɹɸɬɛɨɥɶɲɢɟɢɡɦɟɧɟɧɢɹɫɞɜɢɝ
ɤɪɚɹ ɩɨɝɥɨɳɟɧɢɹ ɢ ɩɨɹɜɥɟɧɢɟ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɩɢɤɨɜ Ⱥɞɫɨɪɛɰɢɹ ɚɦɢɧɨɤɢɫɥɨɬɵ ɩɪɨɹɜɢɥɚɫɶ
ɭɦɟɧɶɲɟɧɢɟɦɢɧɬɟɧɫɢɜɧɨɫɬɢɩɢɤɚɎɅɨɛɭɫɥɨɜɥɟɧɧɚɹɩɨɪɮɢɪɢɧɨɦɢɭɜɟɥɢɱɟɧɢɟɦɢɧɬɟɧɫɢɜɧɨɫɬɢɝɥɚɜɧɨɝɨɩɢɤɚɎɅ7L22ȼɡɚɢɦɨɞɟɣɫɬɜɢɟɦɟɠɞɭɩɨɜɟɪɯɧɨɫɬɶɸɞɚɬɱɢɤɚɢɚɦɢɧɨɤɢɫɥɨɬɨɣ
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