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Abstract 22 

In this paper, the fluorescence quenching of the aromatic amino acids tyrosine and 23 

tryptophan by rhodium nanoparticles has been investigated. The choice of rhodium 24 

nanoparticles was determined by the fact that the plasmonic maximum of the nanoparticles and 25 

the absorption range of the amino acids are in the UV. The quenching constants and types of 26 

quenching were estimated using Stern-Volmer dependencies. The fluorescence intensity of 27 

amino acids was found to decrease with nanoparticle concentration, with different types of 28 

quenching observed: tryptophan-nanoparticle system showed static quenching, while dual 29 

quenching (static and dynamic) occurred in tyrosine-nanoparticle system. Calculation of 30 

parameters of quenching efficiency were done: diffusion coefficient, diffusion rate parameter 31 

and quenching activation energy. Opportunities to exploit quenching mechanisms to realise 32 

optical sensing effects in UV have been shown. 33 

 34 
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 36 

Introduction 37 

Fluorescence spectroscopy is actively used to study the structure and dynamics of 38 

proteins and other biological macromolecules [1,2]. The intrinsic fluorescence of proteins is 39 

due to the presence of aromatic amino acids: tyrosine (Tyr), tryptophan (Trp) and phenylalanine 40 

(Phe) [3]. The optical activity of these aromatic amino acids has long been of interest to 41 

scientists and has been actively used to study protein aggregation and conformation [4,5]. Trp, 42 

Tyr and Phe also play the role of internal fluorescent probes of protein conformation, dynamics 43 

and intermolecular interactions [6,7].  44 

The contribution of Phe to protein fluorescence is small due to of its low absorbance 45 

and quantum yield [8] Tyr fluorescence in native proteins is often suppressed by energy transfer 46 

to Trp, therefore, Tyr is less frequently used for protein studies [9,10]. However, protein 47 
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unfolding can lead to partial elimination of Tyr quenching, making it to be a useful indicator 48 

for protein conformational changes [11,12]. 49 

The possibility of Tyr fluorescence use to monitor conformational changes in proteins 50 

that are not detected by Trp fluorescence was investigated by a group of authors Zhdanova 51 

et.al. [13] where human and bovine serum albumin were chosen as model objects. 52 

Trp is most often used as a probe because it is the dominant absorber at λ ~ 280 nm and 53 

the emission source at λ ~ 350 nm [9]. Trp fluorescence has been found to be very sensitive 54 

and responsive to changes in its microenvironment. For example, denaturation of bovine serum 55 

albumin (BSA) under the action of sodium dodecyl sulfate (SDS) was investigated on the basis 56 

of Trp fluorescence quenching [14]. The fluorescence intensity change of free Trp and Trp 57 

attached to the membrane of Escherichia coli and Bacillus subtilis was determined [15]. It is 58 

shown that for Trp being in a free state and not attached to the protein, there is no increase in 59 

fluorescence intensity. Fluorescence intensity enhancement can be explained by an additional 60 

contribution of Trp fluorescence formed when the protein unfolds, breaking the bond attaching 61 

Trp to the membrane of the bacterial protein. Studies on the application of metal surfaces and 62 

particles to investigate the fluorescence intensity enhancement/quenching are being actively 63 

developed and published.  64 

Metal-enhanced fluorescence (MEF) can lead up to 100 times intensity increase due to 65 

the plasmon-enhanced local field. Meanwhile, fluorescence emission can be quenched for 66 

fluorophores at short distance (<5 nm) from the metal surface or in direct contact with the metal 67 

surface, in which the quenching effect overwhelms the enhancement effect. Different 68 

mechanisms for the fluorescence enhancement and quenching of metal nanoparticles have been 69 

suggested, but the precise mechanism is still unknown due to the complexity of metal–70 

fluorophore interactions [16]. Metal nanostructures can be useful as fluorescence signal 71 

amplifiers for DNA detection [17,18]. Traditionally, nanoparticles of noble metals have been 72 

synthesized for fluorescence studies of protein compounds [19–24]. However, the development 73 

of science indicates the importance of investigating the use of other metals whose application 74 

is possible for the UV-range. Suitable metals for UV-range studies are represented by 75 

aluminum  [25,26], copper [27]. However, there are plenty of works in which it is shown that 76 

the presence of oxide film together with high sensitivity to temperature and humidity result in 77 

the difficulty of using such metals for work in the UV range [28,29]. The noble metals such as 78 

rhodium and platinum are increasingly attracting the attention of scientific groups. Such metals 79 

are considered to be perspective for this area due to their characteristics, namely, resistance to 80 

environmental conditions, biocompatibility, and absence of oxide film [30]. Platinum 81 

nanoparticles (PtNPs) are increasingly used to enhance the capabilities of modern sensor 82 

technologies. The use of Pt nanostructures for the implementation of the UV–MEF method has 83 

been studied. Akbay et al. studied MEF of nucleic acids using platinum nanostructured 84 

substrates [31]. In the presence of Pt nanostructures, guanosine monophosphate exhibited a 85 

higher fluorescence intensity compared to control samples on a quartz substrate. An optical 86 

sensor was used for determining oxygen concentration based on a Pt(II) complex and silver-87 

coated SiO2 nanoparticles embedded in a sol–gel matrix [32].  88 

Fluorescence quenching is also actively used to investigate the interaction between 89 

fluorophore molecules and nanoparticles. For such purposes, already familiar metals, namely 90 

gold and silver, are most often used [33]. The hydrophilic ferroferric oxide nanoparticles and 91 

hydrophobic nanoparticles were used to study the interaction mechanism of bovine serum 92 

albumin. The presence of dynamic quenching with the first type of nanoparticles and static 93 

quenching in the second type was determine [34]. AuNP with diameters of 10 nm were used to 94 

study the possibility of controlling fluorescence of fluorophores. The authors were able to 95 

experimentally quench and enhance Cypate fluorescence by changing the distance between the 96 

fluorophore and GNP [35].  97 



 

 

The continuous transition from fluorescence enhancement to fluorescence quenching 98 

on a single molecule was measured as a function of distance from a laser-irradiated gold 99 

nanoparticle [36]. 100 

The quenching of chlorophyll fluorescence by silver nanoparticles with different 101 

concentrations and diameters was investigated. It was shown that AgNPs strongly reduced the 102 

fluorescence intensity of Chl at 678 nm , which depended on the nanoparticle size with an 103 

exponential decrease as a function of the nanoparticle diameter. The authors determined that 104 

the fluorescence quenching was caused by a dynamic quenching process, the Stern-Folmer 105 

constant being linearly dependent on the nanoparticle size [37].  106 

There is a paper describing the interactions of tyrosine, tryptophan and phenylalanine 107 

with biologically synthesized silver nanoparticles. The silver nanoparticles have the ability to 108 

quench the intrinsic fluorescence of these amino acids through a dynamic quenching process 109 

[38]. In such a case, the issues related to the study of fluorescence of analytes using another 110 

noble UV-active metal - rhodium are relevant. A literature review revealed the only paper 111 

describing the use of rhodium complexes to study the fluorescence quenching of Trp residue 112 

in human serum albumin (HSA) [39].  113 

In the present research we have demonstrated the possibility of fluorescence quenching 114 

in amino acid-RhNPs systems, which can be considered as a fundamental basis for the creation 115 

of new methods based on ultraviolet plasmonics for biophysical matters. 116 

 117 

Materials and methods 118 

Reagents 119 

The following reagents were used for the experiment: sodium borohydride NaBH4 120 

(LTD  “Lenreaktiv”, Russia, purity 97,5%), rhodium chloride RhCl3 (LTD “Aurat”, Russia, 121 

purity 36 %), aromatic amino acids Tyr (Sigma-Aldrich, EU, purity 99%) and Trp (Sigma-122 

Aldrich, EU, purity 99%). Ultrapure water produced by the Direct-Q 3 UV (Merck, Germany) 123 

water purification system was used during synthesis. 124 

 125 

RhNPs synthesis 126 

The synthesis was carried out at room temperature. As a first step, 1.26 g of 127 

polyvinylpyrrolidone (PvP) (Mw ~ 55,000) was dissolved in 50 mL of water. Then 200 μl of 128 

0.1 M rhodium salt solution was added to 10 ml of PvP solution. Then 400 μl of freshly 129 

prepared and cooled 0.1 M sodium borohydride was added dropwise. After adding the total 130 

volume of reducing agent, the solution was stirred for half an hour and left for 24 hours. The 131 

synthesised solution was brown in colour. After 24 hours, 5 ml of the solution was centrifuged 132 

once at 13000 rpm for 30 minutes. The supernatant was removed and the precipitate was diluted 133 

(dispersed) to 5 ml with distilled water. Finally, the concentration of the nanoparticles was 134 

calculated: 135 

The volume of the nanoparticle was calculated to determine the concentration: 136 

V𝑛𝑝 =
4

3
⋅ π ⋅ 𝑟3, where 𝑟 - nanoparticle radius, cm3 (1) 137 

Then, we calculated the mass of one particle using the value of volume and density of 138 

nanoparticle: 139 

𝑚𝑛𝑝 = V𝑛𝑝 ⋅ 𝜌𝑅ℎ, where  𝜌𝑅ℎ- rhodium metal density (12,41 g/cm3). 140 

The number of nanoparticles is then calculated by the ratio of the total mass of recovered 141 

rhodium to the mass of one particle. The amount of rhodium substance is equivalent to the 142 

amount of rhodium (III) chloride 143 

𝑁𝑛𝑝 =
𝑚𝑅ℎ

𝑚𝑛𝑝
, where  𝑚𝑅ℎ= 2,1 mg. 144 

Next, we found the mole number of nanoparticles through Avogadro's number: 145 



 

 

 𝑛𝑛𝑝 =
𝑁𝑅ℎ

𝑁𝐴
, where 𝑁𝐴= 6,02⋅1023 М-1 146 

The nanoparticle concentration was calculated using the formula: 147 

С𝑛𝑝 =
𝑛𝑛𝑝

𝑉
, where V -nanoparticle solution volume, L 148 

The results of calculations are presented in the Table 1: 149 

 150 

Table 1. The results  of calculation the RhNPs conrentration  151 

Parament Value 

V𝑛𝑝, cm3 6,24⋅10-16 

𝑚𝑛𝑝, g 7,74⋅10-15 

𝑁𝑛𝑝 2,66⋅1011 

𝑛𝑛𝑝, M 4,42⋅10-13 

С𝑛𝑝, M 4,17⋅10-11 

 152 

The concentration of synthesized RhNPs was 4,17·10-11 М. We obtained lower concentrations 153 

of nanoparticles by diluting the initial concentration with distilled water. 154 

 155 

Sample preparation 156 

Tyr and Trp solutions with a concentration of 10-5 М were prepared. The amino acid was mixed 157 

with RhNPs of different concentrations in a 4 mL optically transparent quartz cuvette (Q-1 158 

grade) at room temperature and normal pressure. For this purpose, 3 ml of amino acid and 1 ml 159 

of RhNPs were added to the cuvette.  After adding the RhNPs to the amino acid, the solution 160 

was stirred for 15-30 seconds. 161 

 162 

Experiment 163 

The absorption maxima of each aromatic amino acid were determined using a UV-2600 164 

spectrophotometer (Shimadzu). 3 ml of the amino acid was placed in a cuvette and then placed 165 

in the holder of the spectrophotometer. The spectrum was recorded in the range 200 - 500 nm. 166 

The baseline of the absorption spectrum of amino acids was recorded after subtracting the 167 

absorption spectrum of distilled water. The absorption spectrum of the synthesised NPs was 168 

obtained in a similar way.  169 

The average hydrodynamic radius and zeta-potential of RhNPs were determined using 170 

a Photocor Compact-Z (Photocorr) dynamic light scattering spectrometer. 171 

The influence of the presence of RhNPs on the fluorescence intensity of aromatic amino 172 

acids was investigated using a spectrofluorometer RF-5301PC (Shimadzu). The fluorescence 173 

intensity of aromatic amino acids with RhNPs was investigated using excitation wavelengths 174 

corresponding to the absorption maxima of aromatic amino acids (280 nm and 275 nm for Trp 175 

and Tyr, respectively). 176 

The fluorescence lifetime of aromatic amino acids was measured on a Fluorolog-3 FL3-177 

22 (Horiba Jobin Yvon) using Data Station software. The spectrum of the empty cuvette was 178 

used as the decay for each AA + RhNPs sample. A NanoLED pulsed laser diode operating at 179 

λ = 284 nm (Horiba Jobin Yvon) with a nanosecond pulse duration of 1.2 ns was used as an 180 

excitation source.  181 

 182 

Results and Discussion 183 

The absorption spectra of aromatic amino acids were obtained as a result of the study 184 

(Figure 1). The absorption spectra of the amino acids showed two peaks. The peaks at 280 and 185 

220 nm correspond to Trp, whereas the peaks at 275 and 225 nm correspond to Tyr. 186 

Unfortunately, the ability to study kinetics using short wavelength excitation near 220 nm is 187 



 

 

not currently available worldwide due to the lack of suitable pulsed radiation sources. 188 

Therefore, 280 nm and 275 nm, corresponding to the absorption band of the indole ring for Trp 189 

and the phenol ring for Tyr, respectively, were chosen as the excitation wavelengths for 190 

obtaining fluorescence spectra of amino acids in the presence of RhNPs to further comply with 191 

spectral and time-resolved fluorescence studies. 192 

 193 

 194 
Figure 1. Absorption spectrum of aromatic amino acids: Tyr (gray line), Trp (red line). 195 

 196 

Figure 2 shows the absorption spectrum of the synthesized RhNPs. The synthesized 197 

RhNPs show a narrow size distribution with an average hydrodynamic radius of 53 nm. The 198 

measurement error is 7 per cent (± 4 nm). The plasmonic absorption maximum of the 199 

synthesized NPs is in the UV-range at a wavelength of 220 nm. The value of Z-potential = -200 

14.2698019 mV. 201 

  202 
Figure 2.  Absorption spectrum (left) and  size distribution (right)  of RhNPs. 203 

One way to determine the shape of nanoparticles is the absorption spectrum of 204 

nanospheres, consistent with literature data [40]. The spectrum of the synthesised nanoparticles 205 

by us differs from the spectra of rhodium nanoparticles of other geometries[41–43]. The SEM 206 

image of the RhNPs was also taken to demonstrate the spherical shape of the synthesised 207 

RhNPs (Figure 3). As can be seen in the Figure 3, the RhNPs have a spherical shape. The value 208 

of the hydrodynamic radius coincides with the value obtained with the Photocor Compact-Z 209 

(Photocorr). 210 



 

 

 211 
Figure 3. SEM image of synthesized spherical RhNPs. 212 

 213 

We obtained the fluorescence and absorption spectra of Trp (Fig.4-5) and Tyr (Fig. 6-7).  214 

 215 
Figure 4. Absorption spectra of Trp with RhNPs of different concentration. Black spectrum - 216 

spectrum of Trp without RhNPs, bright green spectrum-spectrum of Trp with  RhNPs of 217 

highest concentration ( 2,09 ⋅ 10-11 М). 218 

 219 

As can be seen in Figure 4 the absorption spectrum shows two absorption maxima at 220 

220 nm and maxima at 280 nm which do not change their position. The absorption of Trp 221 



 

 

decreases and then increases with increasing concentration of RhNPs.222 

 223 
Figure 5. Fluorescence spectra of Trp in the presence of RhNPs with different 224 

concentrations.  Bright red spectrum-spectrum of Trp without RhNPs,  black spectrum - 225 

spectrum of Trp with  RhNPs of highest concentration ( 2,09 ⋅ 10-11 М). 226 

The fluorescence intensity of Trp decreases almost sevenfold with increasing 227 

concentration of RhNPs. The fluorescence maximum occurs at a wavelength of 353 nm and 228 

does not change its position. 229 

 230 

 231 
Figure 6. Absorption spectra of Tyr with RhNPs of different concentration. Black spectrum - 232 

spectrum of Tyr without RhNPs, bright green spectrum-spectrum of Try with  RhNPs of 233 

highest concentration ( 2,09 ⋅ 10-11 М). 234 

The absorption of Tyr increases with increasing concentration of RhNPs. The 235 

absorption maxima occur at a wavelengths of  220 nm and 275 nm. The positions of the maxima 236 

do not change throughout the experiment.  237 

 238 



 

 

 239 
  240 

Figure 7. Fluorescence spectra of Tyr in the presence of RhNPs with different 241 

concentrations. Bright red spectrum-spectrum of Tyr  without RhNPs,  black spectrum - 242 

spectrum of Tyr  with  RhNPs of highest concentration ( 4,41⋅ 10-11 М). 243 

The fluorescence intensity of Tyr decreases almost 16 times with increasing 244 

concentration of RhNPs. The fluorescence maximum occurs at a wavelength of 302 nm and 245 

does not change its position. 246 

In order to identify the mechanisms of Trp and Tyr fluorescence quenching by RhNPs 247 

Stern-Volmer dependencies (Figure 8) were plotted. Each fluorescence spectrum was 248 

integrated to calculate the area under the curve to construct a more accurate dependence of 249 

fluorescence intensity. The decay kinetics of the excited state of the both amino acids were 250 

recorded (Table 1)  and also  used to determine the mechanisms. 251 

 252 

  

Figure 8. Stern-Volmer plots for the systems: (a) Trp + NPs and (b) Tyr + NPs, where I0, I 

(𝑡0,t)  denote integral fluorescence intensities (lifetime) of aromatic amino acids in the 



 

 

absence and presence of quencher. 

 253 

Lifetimes of each aromatic amino acids in the presence of RhNPs were measured. It 254 

was determined that Trp fluorescence lifetime was practically unchanged and the average value 255 

was equal to 2.6 ns. Tyr fluorescence lifetime decreased linearly with RhNPs concentration 256 

increase and was in the range of values 3.14 - 1.99 ns (see Table 2). 257 

 258 

Table 2. Time resolved characteristics for Rh NPs-Tyr/Trp complexes. 259 

CNPS, M Lifetime,ns* 

Trp Tyr 

0  2,63 3,14 

4,4·10-15 2,62 2,93 

4,4·10-14 2,65 2,99 

2,2·10-13 2,77 2,96 

4,4·10-13 2,71 3,02 

5,5·10-13 2,58 2,8 

1,1·10-12 2,75 2,58 

2,2·10-12 2,63 2,47 

4,4·10-12 2,64 2,41 

5,5·10-12 2,55 2,57 

1,1·10-11  2,43 2,3 

2,2·10-11 2,34 1,99 

*The measurement error for TCSPC measurements was ± 0.1 ns for Tyr and ± 0,06 ns for Trp.  260 

As can be seen from Figure 4(a) Trp lifetime t does not practically change with 261 

increasing RhNPs concentration, while its inverse fluorescence relative intensity 
𝐼0

𝐼
  linearly 262 

increases, which provided evidence of a static quenching mechanism (ground state complex 263 

formation model). In this connection, Coulomb interaction results in non-fluorescent 264 

complexes formation between a Trp and negative charged RhNPs. The number of such 265 

complexes increases with the quencher concentration raise. The association constant was 266 

calculated according to formula (1): 267 
𝐼0

𝐼
= 1 + 𝐾𝑠[𝑄]                                                     (1) 268 

where [Q] denotes concentration of quencher, Ks  is an association constant, which can 269 

be estimated as a slope of (I0/I – 1) vs [Q] graph. The association constant was found to be 1.73 270 

· 1011 M-1 for Trp+RhNPs system. 271 

As can be seen from Figure 4(b), the dependence of lifetime ratios 
𝑡0

𝑡
 for the Tyr+RhNPs 272 

system is linear and increases with RhNPs concentration increase. Dependence of fluorescence 273 



 

 

intensity ratio 
𝐼0

𝐼
 is non-linear. Deviation from linearity for the obtained dependencies showed 274 

that Stern-Volmer model is not optimal for describing the fluorescence quenching within static 275 

mechanism and can indicate the simultaneous existence of both static and dynamic quenching 276 

mechanism in the Tyr-RhNPs system. In this case, fluorescence quenching occurs due to the 277 

formation of nonfluorescent complexes of the amino acid with RhNPs and diffuse collision 278 

between tyrosine molecules and RhNPs. The modified form of the Stern-Volmer equation for 279 

combined quenching is a second-order equation, which accounts for the upward curvature of 280 

the line characteristic of the combined quenching mechanism (2): 281 
𝐼0

𝐼
= (1 + 𝐾𝐷[𝑄])(1 + 𝐾𝑠[𝑄])                                       (2) 282 

The contribution of dynamic KD quenching was determined using a linear 283 

approximation of the lifetime ratios from equation (3): 284 
𝑡0

𝑡
= 1 + 𝐾𝐷[𝑄]                                                         (3) 285 

The slope coefficient of the straight line determined the value of the dynamic quenching 286 

constant and was equal to 𝐾𝐷= 3,05 · 1010 M-1. The value of the dynamic extinguishing constant 287 

was used to estimate the static extinguishing constant in equation (2) and 𝐾𝑠 =7,5 · 1010 M-1. 288 

In addition, the following parameters of quenching efficiency were calculated: diffusion 289 

coefficient, diffusion rate parameter, quenching activation energy. Since the size of the 290 

quencher (RhNPs) and the fluorophore (Tyr or Trp) differed by an order of magnitude, the 291 

calculation formulas were determined as follows. 292 

The diffusion coefficient was calculated using the formula (4): 293 

 294 

𝐷 =
𝑘𝐵𝑇

6𝜋ƞ𝑅 
                                                              (4) 295 

 296 

where kB denotes the Boltzmann constant (1, 38 · 10-23 J/K), T is the temperature, ƞ is 297 

the viscosity, R is the RhNPs radius.  298 

The experiment was carried out at T = 20 ◦C. After centrifugation, removal of the 299 

supernatant and dilution of the precipitate, the amount of PVP in the precipitate became 300 

negligible, thus eliminating its influence on the experiment therefore ƞ = 1,005   was used to 301 

determine the diffusion coefficient. The deffusion coefficient was equal to 4,03·10-12 m2/sec.   302 

Diffusion rate parameter was calculated using the formula (5): 303 

 304 

𝐾 =
4𝜋𝑅𝐷𝑁

1000
                                                              (5) 305 

 306 

where N is Avogadro’s number (6,02 ⋅ 1023 M-1). The diffusion rate constant was equal to 307 

1616,84 m3 /sec∙M 308 

The activation energy was calculated using the Arrhenius equation (6): 309 

 310 

𝐾 = 𝐴 · 𝑒𝑥𝑝− 
𝐸𝑎
𝑅𝑇                                                             (6) 311 

 312 

where A is the multiplier, Ea is the activation energy, R is the gas constant (8,31 J/M∙K). The 313 

viscosity of water was indicated in the temperature range of 5-55 °C every 5 degrees and the 314 

corresponding parameters were calculated. All information you can find from Table 3. 315 

 316 



 

 

Table 3. Parameters of quenching efficiency. 317 

T, ◦С T, К ƞ, mPa∙sec D ∙ 10-15, 

m2/sec 

К,  

m3 /sec∙M 

ln(K) 1/T 

5 278,15 1,519 2,53 1,01 6,92264 0,003595 

10 283,15 1,308 2,99 1,20 7,090009 0,003532 

15 288,15 1,14 3,49 1,40 7,244984 0,00347 

20 293,15 1,005 4,03 1,62 7,388228 0,003411 

25 298,15 0,8937 4,61 1,85 7,522513 0,003354 

30 303,15 0,8007 5,23 2,10 7,649028 0,003299 

35 308,15 0,7225 5,90 2,36 7,768156 0,003245 

40 313,15 0,656 6,60 2,65 7,880808 0,003193 

45 318,15 0,5988 7,35 2,95 7,987882 0,003143 

50 323,15 0,5494 8,13 3,26 8,089576 0,003095 

55 328,15 0,5064 8,96 3,59 8,186431 0,003047 

 318 

As a result, Figure 9 was plotted and the -Ea/R was estimated as a slope of ln(K) vs (1/T). The 319 

activation energy was calculated as 19 080,5 J/mol or ≈19 kJ/M. 320 

 321 

 322 



 

 

Figure 9. Dependency of ln(K) versus 1/T. 323 

 324 

It is worth noting that quenching can also occur as a result of the overlap between the 325 

absorption spectrum of the quencher and the fluorescence spectrum of the donor. The size of 326 

the NPs and the geometrical arrangement of the donor and acceptor influence the energy 327 

transfer mechanism. The close proximity of two molecules (or two parts of a molecule) can 328 

lead to an overlap in the electronic state functions of the molecules. In this region, the electrons 329 

of the molecules are indistinguishable, which can lead to two-way electron exchange. Such 330 

energy transfer occurs in an exchange resonance manner (charge (electron) energy transfer 331 

mechanism) [44] (Dexter's mechanism). Realisation of the exchange-resonance mechanism of 332 

energy transfer occurs in the near field at small distances between the donor and acceptor, 333 

which usually does not exceed 1 nm [45]. Another transport mechanism is inductive resonance 334 

energy transfer (dipole-dipole energy transfer (FRET)). The Forster model explains the 335 

mechanism of energy transfer between distant molecules at such a distance that no overlapping 336 

of electron orbitals occurs. The Ferster mechanism is based on the long-range dipole-dipole 337 

Coulomb interaction between electrons or excited donor molecule and acceptor molecule, 338 

initially in the ground state, using the coupling of their respective transition dipole moments 339 

[45]. 340 

Energy transfer can be described by nanometal surface energy transfer (NSET) [46,47]. 341 

In the case of NSET, the PM is considered as a two-dimensional (2D) dipole array [48] is a 342 

nanosurface having many single dipoles. This transition from a one-dimensional dipole to a 343 

two-dimensional dipole array, occurs due to the small size of the NPs, on the order of < 80 nm 344 

[46,49,50], where surface and volume are indistinguishable. As is known, the energy transfer 345 

rate is related to the donor-acceptor interaction. The key point is that, unlike FRET, NSET does 346 

not require a resonant electronic transition. The process of energy transfer via NSET arises 347 

from the interaction of the electromagnetic field of the donor dipole with the free conduction 348 

electrons of the host metal [51]. In this theoretical model it is assumed that the field reflected 349 

from the surface is negligibly small and does not interfere with the dipole field [52], and also 350 

does not depend on the size, shape of nanoparticles and the degree of spectral overlap between 351 

the donor and acceptor [53]. The inclusion of size dependence in NSET was proposed in the 352 

Chance, Prock and Silby-Kuhn (CPS-Kuhn) model, which is discussed below. According to 353 

the literature, the process of quenching of fluorophore emission is usually described by FRET, 354 

NSET, G-N, and CPS - Kuhn models. To summarise, we assume NSET quenching in the 355 

investigated complexes and this model will be tested in our further studies. 356 

Since there are no data on the use of rhodium nanoparticles with proteins, it is possible 357 

to assume the possibility of using such particles in transport proteins, such as HSA [54]. In this 358 

case, the nanoparticle can be embedded in the binding centres of the protein [55], thus changing 359 

its conformation and photophysical properties. The structure of HSA contains several metal 360 

binding sites. These binding sites play an important role in the transport of metal ions during 361 

certain physiological or pathological processes in vivo, allowing the reversible binding of 362 

various metal ions. The existence of these metal binding sites has led to extensive research on 363 

HSA as a template for the synthesis of inorganic metal nanomaterials, including silver sulphide 364 

(Ag2S), gadolinium oxide (Gd2O3), manganese dioxide (MnO2) and copper sulphide (CuS) 365 

[56]. The results obtained in this article demonstrate the possibility of controlling photophysical 366 

processes in nanosytems, as well as the prospects for the application of such systems in 367 

biophysics. 368 

 369 

Conclusions 370 



 

 

RhNPs with a hydrodynamic radius of 53 nm and plasmonic absorption in the UV range 371 

have been synthesized. Trp and Tyr fluorescence spectra and decay kinetics in the presence of 372 

RhNPs have been recorded. It was shown that static quenching of Trp fluorescence takes place 373 

in Trp + RhNPs system while Tyr fluorescence is quenched by RhNPs due to dual mechanisms. 374 

Parameters of quenching efficiency: diffusion coefficient, diffusion rate parameter and 375 

quenching activation energy were calculated. At present there are known works with quenching 376 

of fluorescence of amino acids with other metals, for example, with silver and gold. 377 

Researchers are also investigating complexes based on such nanoparticles, for example [38]. 378 

However, since the plasmonic maximum of silver and gold is in the visible region, researchers 379 

apply FRET-based models to calculate the energy transfer in this case. In our case, the NSET 380 

model is assumed in the case of quenching, while the PIRET model is assumed in the case 381 

where enhancement would be observed. The addition of metal-containing compounds and 382 

nanoparticles can alter the photophysical properties of the complex through the effects of 383 

quenching and fluorescence enhancement. The use of rhodium nanoparticles for such 384 

applications may be useful for isolating a specific fluorescent protein in urine, selectively 385 

binding to it and then quenching it. It is also possible to modify the nanoparticles with specific 386 

linkers, for example to the P2Y12 receptors on platelets, and evaluate the conformation of its 387 

receptor environment. The main idea for possible future applications of rhodium nanoparticle-388 

based nanosystems is the spectral overlap described above. This provides an opportunity to 389 

exploit quenching mechanisms to realise optical sensing effects in UV. 390 
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