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shells together with the morphology to be similar 
before and after electric fi eld application indicate a 
mechanical nature of the process.

Jonclusions
In this study, the effects of short electric fi eld 

pulses on the suspension of hollow silver alginate 
microcontainers with magnetite nanoparticles im-
mobilized within the shells were studied as a pro-
spective tool for remote activation of microcontain-
ers. Non-thermal alternations of microcontainer’s 
shells were shown to occur as a result of exposure 
to electric fi eld pulses. Theoretical analysis allowed 
to conclude dipole-dipole interaction between na-
noparticles to be the main reason of the alternations 
revealed after exposure to an electric fi eld which 
were observed experimentally. In this way the ef-
fect of the electric fi eld pulses was found to depend 
on the microcontainer’s composition. In particular, 
the presence of magnetic nanoparticles within the 
shells signifi cantly enhances alterations after ex-
posure of microcontainers to electric fi eld pulses. 
The proposed microcontainers can be employed as 
carriers in new effective systems for encapsulation, 
targeted delivery, and controlled release of various 
substances in aqueous media responsive towards 
electric and magnetic fi elds which are promising 
in a wide range of biomedical tasks and other ap-
plications. 
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Introduction
Folic acid (FA) is a member of the B vitamins, 

the pterin family. FA is involved in many biological 
processes. In this regard, the presence of FA in the 
body is vital. Cells metabolize FA using specifi c 
folate receptors. FA molecules interact with recep-
tors through the pterin fragment [1]. It is known 
that the activity of folate receptors in cancer cells is 
signifi cantly higher than in healthy cells [1,2]. This 
allows FA to be used as a targeting ligand for cancer 
cells. As a result of the functionalization of vari-
ous carriers with FA, magnetic-resonance contrast 
agents [3,4], radiopharmaceutical imaging agents 
[5], chemotherapy protocols [6], rapid tests for FA 
detection [7], were developed. Obtaining such sys-
tems is usually a diffi cult task and usually includes 
the steps of modifying of carrier surface with folic 
acid [8] or preparing conjugates [7]. In this regard, 
new approaches to synthesis of FA-functionalized 
structures are needed.

Pterins exhibit intense fluorescence in the blue 
region of the spectrum, while the FA molecule has 
a low fluorescence quantum yield (QY). This is 
due to the fact that the substituent of glutamyl-p-
aminobenzoic acid acts as an “internal quencher”, 
as evidenced by the values of the QY of various 
representatives of pterins (Table). At the pH range 
3 to 13 most pterins can exist in several acid-base 
forms. The dominant equilibrium includes an am-

ide group (acid form) and a dissociated phenolic 
group (base form). At pH 4.9–5.5 and 10.0–10.5, 
pterins exist by more than 99% in acid and base 
forms, respectively. The QY value for the basic 
forms is lower than for the acidic ones (Table), 
this is due to the fact that at a pH above 11, the 
fluorescence of pterins is quenched by hydroxide 
ions [9]. 

Ultraviolet irradiation [10] or heat treatment 
[11,12] of FA solution can signifi cantly increase its 
emission QY. Some articles describing the thermal 
treatment of FA have reported an increase in the QY 
due to its degradation or nanoparticle formation. 
However, the solo use of such a product as targeting 
and visualizing ligand remains diffi cult. This is due 
to the fact that the spectrum of FA fl uorescence, as 
well as the products of its heat treatment, coincides 
with the autofl uorescence of most of the cells.

Based on the studied literature, we assume 
that the structures obtained by us have nanometer 
dimensions. Therefore, we call the resulting product 
fl uorescent nanostructures. In the future, we plan to 
study their size and morphology.

Thus, development of a simple synthesis of 
targeting systems with FA, having long-wavelength 
fl uorescence is a challenging task. In this manuscript, 
we report synthesis and properties of fl uorescent 
nanostructures (FNSs) via hydrothermal co-treat-
ment of FA and other organic precursors. 
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Fig. 1. Scheme of the synthesis of fl uorescent nanostructures based on folic and citric acids, and their photographs in daylight 
and ultraviolet light: a – folic acid sample (10 -3 mol/l) without any additives, b–g – samples with citric acid additives 0.05, 

0.1, 0.5, 1, 1.5, and 2 mol/l, respectively (colour online)

Fig. 2. Fluorescence spectra of the samples obtained at different excitation wavelengths and fi xed value of optical density for 
350 nm (0.100±0.002) (a–g); the values of the quantum yield and of samples obtained on the basis of folic and citric acids, 
folic acid and sodium citrate (h). Additional designations: a – folic acid sample (10-3 mol/l) without any additives, b–g – 

samples with citric acid additives 0.05, 0.1, 0.5, 1, 1.5, and 2 mol/l, respectively (colour online)
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(the concentration of the maximum additive). The 
resulting structures (future CA-FNS) have a lower 
intensity than FA-FNS and FA-CA-FNS (quantum 
yield less than 1%). In this regard, it is not advisable 
to compare the original fl uorescence spectra.

Figure 4 shows the excitation spectra at a 
maximum emission of 450 nm and fl uorescence at 
an excitation wavelength of 350 nm normalized to 
unity for the following samples: FA-FNS, CA-FNS 
and FA-CA-FNS. 

Normalized excitation spectra (Figure 4, a) 
demonstrate that excitation in the region of 400 nm is 
characteristic only for the sample FA-CA-FNS. The 
location of emission maxima (Figure 4, b) allows us 
to conclude that as a result of hydrothermal treatment 
of FA and CA, a product with new properties is 
formed, which also has fl uorescent fractions from 
FA-FNS and CA-FNS.

Thus, the combined hydrothermal treatment of 
folic and citric acids leads to the formation of new 

Fig. 3. Excitation spectra obtained at the emission wavelength of 450 and 500 nm, respectively 
(A, B); fl uorescence spectra obtained at excitation lengths of 350 and 410 nm, respectively (C, 
D); dependence of the intensity at the maximum (blue, triangles) and maximum fl uorescence 
(red, squares) on the concentration of citric acid at excitation lengths of 350 and 410 nm, respec-
tively (E, F). Additional designations for spectra: a – folic acid sample (10-3 mol/l) without any 
additives, b–g – samples with citric acid additives 0.05, 0.1, 0.5, 1, 1.5 and 2 mol/l, respectively 

(colour online)
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Abstract. Background and Objectives: Xhere are known \abi oscillations between the basic 
states of a two-level system, and the preparation of any qubit states is possible using these oscilla-
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