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Introduction  
Currently, iodine-containing RCA have been extensively used 

for contrast studies. However, these agents have a number of 
drawbacks. They produce a toxic effect on blood, liver, kidneys, 
pancreas, the central nervous system, and the endocrine system 
(especially on the thyroid gland). They have a local irritant action 
on mucous tunics, including epithelium of tracheobronchial tree, 
hepatic and pancreatic ducts, endothelium of arterial, venous, and 
lymphatic vessels and heart, as well as arachnoids membranes. 
Besides, they exert various allergic reactions, anaphylactic shock 
included. Therefore, the search for new effective RCA without 
such drawback is being well under way. In this paper we describe 
new RCA in the form of liquid gels, which are suspensions 
based on bulk- and nano solid solutions La1-xGdxTaO4 and Gd2O3. 
Tantalates La1-xGdxTaO4 has different K-absorption jumps of La, 
Gd and Ta. Therefore, using the substances that contain these 
chemical elements, it is possible to vary the radiation absorption 
and to change smoothly the image contrast [1,2].

Materials and Methods
Nanopowders (NPs) LaTaO4 and Gd2O3 were obtained 

using radiation technologies from targets made from bulk 
samples. The bulk substances La1-хGdхTaO4 (x = 0 – 0.18) were 
synthesized from the corresponding oxides in the solid phase. 
As raw materials used reagent Ta2O5, La2O3 and Gd2O3 with the 
maintenance of the basic substance not less than 99.99 % the 
blend was annealed at temperature 1450 to 1500 °С during  

 
40 h with intermediate recrushing of blend. To synthesize  
La1-хGdхTaO4 samples used LaTaO4 and GdTaO4 compounds 
taken in the relations corresponding the stekhiometricheskikh. 
X-ray diffraction analysis was performed using a DRON-2.0 
diffractometer (CuKα radiation) and ICDD database. The NPs 
were produced by evaporation of ceramic targets in air (residual 
pressure 4 Pa) using pulsed electron beam [3]. The targets – 
circular disks 20-30 mm in diameter, to 20 mm in height, made 
on a hand press from phosphor powders – were produced by 
annealing of disks at 1400 °C for 40 h. The target was fixed on 
a graphite substrate placed in a stainless-steel sample holder to 
eliminate possible contamination of NP in case of deep melting of 
the target or if the beam hits the surface of the metal holder. The 
electron energy was 40 keV, the electron beam pulse energy was 
1.8 J, the pulse duration was 100 μs, and the pulse frequency was 
100-200 Hz. The target evaporation time was 40–60 min. The 
target rotation rate was 8.3 rpm. The powders were deposited on 
large 4-mm-thick non-cooled glass substrates placed around the 
target. The distance between the target and the substrate was 
not less than 10-15 cm. 

The obtained NPs of LaTaO4 and Gd2O3 are colored greyish 
powders with an average particle size of ~ 5 nm.The specific 
surface of the NPs was determined by the Brunauer-Emmett-
Teller (BET) method on a Micromeritics TriStar 3000 facility. 
The microscopic analysis of NP was performed on a JEOL JEM 
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2100 transmission electron microscope. The contrast properties 
of the bulk- and NPs were estimated in vitro in comparison with 
urografin. The gel suspension was prepared with concentrations 
10 % (La1-хGdхTaO4) The compared RCA were placed into 10 ml 
glass vials. RCA contains tantalate NPs, natural polysaccharide 
and water. The main problem which managed to be solved consists 
in possibility of use as the agent for contrasting tantalates rare-
earth elements in the form of nanoparticles with the average size 
of 5 nanometers in a wide energy interval of the x-ray radiation, 
covering all range of energy of x-ray radiation for medical x-ray 
diagnostics. There were experimentally established interaction 
conditions of tantalates nanoparticles and the liquid dispersive 
environment in the form of natural polysaccharide. 

High sedimentative stability of means is apparently the 
consequence of generation on the surface of the adsorptive 
layer particles owing to sedimentation molecules of the natural 
polysaccharide which existence complicates possibility of 
particles adhesion and consequently also formations of agregates. 
The gel suspension of Gd2O3 was prepared with concentrations 
0.75 %. For the preparation of PKC in gel form, the aqueous 
solution of the sodium salt of carboxymethylcellulose. X-ray 
studies were performed on an X-ray diagnostic digital complex 
APELEM BACCARA 90/20 under the following physical and 
technical conditions for LaTaO4 and Gd2O3: focal distance 50 cm, 
cassette size 18х24 cm. A RUM-20M X-ray unit was also used. 
The exposed X-ray film was treated using the usual technology.

Results and Discussion

Figure 1:  Dependences of the density of the blackening (S) of the 
X-ray film on the composition and particle size of La1-xGdxTaO4. I = 
40 mA, t = 120 mc. а: U = 40 kV; b: U = 52 kV.

Figures 1 & 2 demonstrates the dependence density of 
the blackening (S) of the X-ray film with these compounds. 
Characteristic dependences between the average density of 

the blackening of images on the X-ray film of vials with the gel 
suspensions of the examined substances and the composition 
x and the average particle size r are presented in Figure 3. The 
vials were irradiated with X-ray quanta under various physical 
and technical conditions; the r(x) dependence is also given. 

Figure 2: Dependences of the density of the blackening (S) of the 
X-ray film on the composition and particle size of La1-xGdxTaO4. I = 
60 mA, t = 120 mc. а: U = 40 kV; b: U = 52 kV.

Figure 3: Dependences of the density of the blackening (S) of the 
X-ray film on the nanosized of Gd2O3. PTC: U = 45 kV, I = 25 mA, t: 
1 – 160, 2 – 200, 3 – 250 mc.

The least S value was observed for the solid solution 
La0.82Gd0.18TaO4. The physical and technical conditions also affect 
the S value. If the voltage on the X-ray tube increases from 40 
to 52 kV, the opacity value of the X-ray film for this substance 
lowers. Therefore, this substance provides the highest X-ray 
contrast in the series of solid solutions. From the Figures 1 & 
2 it is well seen that by changing the quantitative composition 
of RCA containing the same chemical elements it is possible to 
change the radiation attenuation and, consequently, to alter the 
contrast of the substances, which is very important for designing 
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of new RCA. Thus, the specific efficiency of the substances can 
be continuously changed by varying smoothly their composition 
and the average particle size. From this Figures 1 & 2 it can be 

also concluded that the X-ray contrast of the substances can be 
controlled not only by variation of their composition, but also 
by alteration of the physical and chemical conditions of filming. 

Table 1: The degree of blackening of X-ray film after irradiation of vials with bulk and NP based on LaTaO4 (5 %).

Contrast agents LaTaO4 S, a.u. Error ΔS,  a.u.

U=52 кВ; nano 0,725 0,023

I=40 mA; t=0,12 c bulk 0,820 0,017

U=69 кВ; nano 1,584 0,084

I=40 mA; t=0,12 c bulk 1,799 0,009

U=52 kV; nano 0,960 0,026

I=60 mA; t=0,12 c bulk 1,228 0,119

In Table 1 are given to the degree of blackening of X-ray film 
after irradiation of vials with bulk and NP based on LaTaO4 (5%). 
It is seen that the density of the blackening of films obtained 
by irradiating an NP gel based on LaTaO4 is lower than for bulk 
LaTaO4. This confirms the higher NP contrast on the basis of 
LaTaO4 than bulk samples. Perhaps this is due to the aggregation 
of nanoparticles. In Figure 3 shows the dependence of the 
average density of the S images on an X-ray film of vials with gel 
suspensions containing NP Gd2O3with concentrations of 2.5, 5, 
12.5 % and urographine. The vials were irradiated with X-ray 
quanta under various physical and technical conditions (PTC). It 
is seen that the values of S for urographine and NP Gd2O3 with a 
concentration of 12.5 % are especially close at PTC U = 45 kV, I = 
25 mA, t = 160 mc. It is known that a shorter film exposure time 
corresponds to a shorter exposure time.

Conclusion
The gel suspensions based on the bulk solid solutions La1-

хGdхTaO4 (x = 0 – 0.18) allow of continuous and smooth alteration 

of radiopaque contrast agents thus expanding the fields of their 
application. Gel substances based on NPs LaTaO4 and Gd2O3 have 
a higher contrast than bulk substance.
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