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Abstract. The fluorescent properties of products obtained by the hydrothermal treatment of 
organic raw materials are of great interest. Such products are usually colloidal stability in water, 
have low cytotoxicity, and high photostability. One of their advantages is a wide choice of starting 
materials and the relative simplicity of synthesis. The use of folic acid as a precursor for fluorescent 
nanostructures opens up the possibility of targeted imaging. This article shows a one-step synthesis 
of fluorescent nanostructures from folic acid and citrates. The effect of citrate concentration in the 
range from 0.05 to 2 mol/l on the optical properties of the synthesized structures is also studied.
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Аннотация. Флуоресцентные свойства материалов, получаемых гидротермальной обработкой органических молекул-прекурсоров, 
вызывают большой интерес. Такие наноструктуры обладают коллоидной стабильностью в воде, низкой цитотоксичностью и высокой 
фотостабильностью. Одно из их преимуществ – широкий выбор исходных материалов и относительная простота синтеза. Использова-
ние фолиевой кислоты в качестве прекурсора для флуоресцентных наноструктур открывает возможность направленной визуализации. 
В данной статье показана одноэтапная схема синтеза флуоресцентных наноструктур из фолиевой кислоты и цитратов, изучено влияние 
концентрации цитрата в диапазоне от 0.05 до 2 моль/л на оптические свойства синтезированных структур. 
Ключевые слова: флуоресцентные наноструктуры, одностадийный синтез, гидротермальный синтез, фолиевая кислота, лимонная 
кислота, цитрат натрия, водорастворимые наноструктуры
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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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Table. Fluorescence quantum yield of some pterins (λex 350 nm; air)

Сompound Structure Quantum yield acid (base) form [9]

Folic acid <0.005 (<0.005)

6-carboxypterin 0.27 (0.20)

6-formylpterin 0.12 (0.07)

Pterin 0.32 (0.27)

1. Experimental section

1.1. Synthesis of fl uorescent nanostructures
FNSs were obtained by hydrothermal co-treat-

ment of FA and citric acid (CA); or FA and sodium 
citrate (CitNa). The CA and CitNa concentration 
ranged from 0.05 to 2 mol/l, while the FA concen-
tration was constant (10-3 mol/l). CA was chosen 
because it has proven itself as a starting material 
for the production of highly fl uorescent structures, 
which are obtained by co-treatment with various 
amines [13–15]. This is usually attributed to the 
presence of several carboxyl groups in its structure 
[13]. CA salts, in particular CitNa, are interesting, 
since carbonyl and dissociated carboxyl groups re-
main available in their structure, and CitNa solutions 
have an alkaline medium, which contributes to the 
complete dissolution of FA.

Briefl y, a series of solutions containing 10-3 mol/l 
of FA was prepared, with additions of 0, 0.05, 0.1, 0.5, 
1, 1.5, and 2 mol/l СA or CitNa (except 1.5 mol/l). 
The resulting solutions were transferred to a Tefl on-
lined stainless steel autoclave and heated at 200 °C 
for 1 hour (Figure 1).

It should be noted that the mixtures of FA 
with CA before the hydrothermal treatment were 
heterogeneous (opalescence was observed), while 
those with CitNa were homogeneous. The homoge-
neity of solutions of a mixture of FA and CitNa is 
due to the fact that the solubility of FA in a weakly 
alkaline medium is much higher, than in a weakly 
acidic medium (solubility in water 4·10-6 mol/l 
(pH ~ 5.5); solubility at the pH ≥ 6 is ~10 -3 mol/l; 
data at higher pH values are not available in the 
literature understudy) [16]. 

The pH of the samples before and after hydrother-
mal treatment is the same and is shown in Figure 2, h. 
As a result of the hydrothermal treatment of the sam-
ples, opalescence disappeared. 

1.2. Quantum yield calculation
Calculation of the QY allows one to estimate 

the effi ciency of emission. The relative QY of FNSs 
was calculated using quinine sulfate in 0.05 mol/l 
H2SO4 as a reference. The QY was calculated with 
the following equation:

Φx = Φst·(Ax/Ast)·(Fst/Fx)·(n/no)2,
where Φ is QY, A is absorbance at the excitation 
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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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wavelength, F the integrated emission area across 
the band, and n is the refractive index of the solvent 
containing the samples (n) and the reference 
(no). The subscript “st” refers to the referenced 
fl uorophore (quinine sulfate in 0.05 mol/l H2SO4) 
with known QY and “x” refers as the samples for 
the determination of QY. Absorbance of sample and 
reference were kept 0.100 ± 0.002 at the excitation 
wavelength of 350 nm.

2. Results and Discussion

The absorption spectrum of FA has several 
bands; the position and shape of absorption spectra 
are highly dependent on pH. The pterin fragment 
of folic acid is responsible for its fluorescent 
properties and has a characteristic absorption band at 
350 nm. In this regard, for the best comparison of 
the samples, the fl uorescence spectra were detected 
at an optical density (0.100 ± 0.002) at a wavelength 
350 nm.

FA in its individual form has fl uorescence, 
the maximum of which is located in the region of 
450 nm and is observed at an excitation wavelength 
of 350 nm, but the QY does not exceed 1%. Since the 
pterin component of the molecule is responsible for 
the fl uorescent properties of FA, other pterins have 
similar emission characteristics. This will partially 
allow us to conclude what contribution the pterin 
fragment makes to the fl uorescent properties of the 
obtained samples.

As a result of hydrothermal treatment of a 
colloidal solution of FA (further FA-FNS), its 
fl uorescence increases and the QY increases to 12% 
(Figure 2, a). The maximum fl uorescence and the 
optimal excitation wavelength of FA-FNS coincide 
with those for FA without any processing.

The samples obtained on the basis of FA and 
CitNa (further FA-CitNa-FNS) have low fl uorescence 
intensity and high pH (in the range from 7 to 9), 
the QY does not exceed one percent (Figure 2, h). 
The shape of the spectrum does not change and 
is similar to that of FA-FNS (Figure 2, a). From 
the data obtained, it can be assumed that CitNa 
does not lead to the formation of new fl uorescent 
structures, but serves as an alkaline media for FA. 
This also explains the low values of quantum yields 
compared to FA-FNS without additives with similar 
hydrothermal treatment.

The samples obtained on the basis of FA and 
CA (further FA-CA-FNS) have bright fl uorescence 
in the blue-green region of the spectrum (Figure 1, 
b–g). The fl uorescence spectra of samples obtained 
at various concentrations of CA additives are shown 

in Figure 2, b–g. The pH of the samples is acidic 
(in the range from 1 to 2). With an increase in the 
CA concentration, the shape of the spectrum and the 
spectral characteristics change signifi cantly, which 
can be caused by the presence of several fl uorescent 
fractions in the samples, the emission maximum of 
which is located at 450 and 500 nm. Since the cal-
culation of the quantum yield was carried out by the 
relative method using quinine sulfate, the fraction 
with the emission maximum at 450 nm makes the 
main contribution to the value of the quantum yield, 
and for the fraction with the emission maximum at 
500 nm, the used excitation is less effective. In this 
regard, the value of the QY of the samples is 7–10% 
and varies within the determination error. We plan 
in the future to carry out the determination of the 
QY according to several standards.

Of greatest interest are the spectra of the sam-
ples obtained upon excitation of 350 nm (typical for 
the pterin fragment of FA) and 410 nm (maximum 
intensity at the maximum concentration of CA ad-
ditive). With an increase in the concentration of the 
СA additive, the ratio of the intensities of fl uorescent 
fractions, the excitation of which occurs at 350 and 
410 nm, changes. 

At the maximum concentration of CA additive, 
the maximum fl uorescence of FA-CA-FNS is located 
in a longer wavelength region than of FA-FNS. In 
this connection, the excitation spectra were recorded 
at the emission maximums of 450 and 500 nm.

On the excitation spectra of FA-CA-FNS at an 
emission wavelength of 450 nm (Figure 3, A), with 
an increase in the concentration of the additive, a 
decrease in the excitation maximum in the region 
of 350 nm is observed. The fl uorescence spectra at 
this wavelength (Figure 3, C) also show a change 
in fl uorescence and a shift of the maximum to the 
long-wavelength region (Figure 3, E).

Excitation spectra of FA-CA-FNS at an emission 
wavelength of 500 nm for the sample with the lowest 
additive concentration (0.05 mol/l) exhibit a charac-
teristic maximum for FA at 350 nm (Figure 3, B, a, b). 
However, with a further increase in the concentration 
of CA, a new band appears in the excitation spectra 
in the region of 410, the intensity of which increases 
(Figure 3, B). An increase in intensity is also ob-
served in the fl uorescence spectra at this wavelength 
(Figure 3, D), the position of the maximum changes 
insignifi cantly (Figure 3, F). 

To exclude the possible formation of FNS based 
on CA with the same optical properties, we carried 
out a hydrothermal treatment of CA solution with 
a concentration of 2 mol/l under similar conditions 

E. A. Mordovina et al. Fluorescent nanostructures based on folic acid and citrate



Изв. Сарат. ун-та. Нов. сер. Сер.: Физика. 2021. Т. 21, вып. 3

290 Научный отделНаучный отдел

(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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fl uorescent nanostructures, which consist of several 
fl uorescent fractions with maximum radiation at 450 
and 480 nm (optimal excitation 350 and 410 nm, 
respectively). With an increase in the concentration 
of citric acid additive, the fl uorescence of the fi rst 
fraction decreases, and the fluorescence of the 
second fraction increases.

Conclusions

As a result of the work, the effect of citric acid 
and sodium citrate on the optical properties of fl uo-
rescent structures based on folic acid was shown. 
The combined hydrothermal treatment of folic and 
citric acids leads to the production of bright fl uo-
rescence in the blue-green region of the spectrum 
with a quantum yield of 7–10%. The fl uorescence 
of the obtained structures is located in a longer 
wavelength region than that of FA. The presence of 
FA and bright blue-green fl uorescence opens up the 
possibility of further use of the obtained structures 
for targeted imaging.
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