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Поиск новых биологически активных соединений 
на основе 6-метилурацил-5-сульфохлорда и спиртов

Проведено исследование реакции взаимодействия алифа-
тических и ароматических спиртов с 6-метилурацил-5-сульфо
хлоридом (МУСХ). Показано, что удобней всего проводить вза-
имодействие 6-метилурацил-5-сульфохлорида с предварительно 
приготовленным алкоголятом в избытке исходного спирта. 
Предварительные исследования (использование программы 
РААS) показали, что среди полученных соединений имеются 
такие, которые проявляют антиоксидантные свойства и могут 
быть использованы в качестве цитостатиков.

Ключевые слова: биологически активные соединения, синтез 
алкилсульфонатов на основе 6-метилурацил-5-сульфохлорида 
и алкоголятов, реакционная способность.
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1. I ntroduction

The methods of obtaining whiskers for a long time con-
tinue to be a rather urgent problem for the study of modern 

science. This is evidenced by an increase in the problems 
of these issues during scientific conferences and seminars, 
since any obtained experimental result deserves discus-
sion and consideration. Scientists should clearly welcome  
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the fact that it is appropriate and necessary to cover 
the results and make critical remarks and constructive 
proposals.

The methods of obtaining whiskers are precisely related 
to the issues of wide discussion and construct. After all, 
it is this area of knowledge that is becoming increasingly 
important in modern conditions. And the range of its 
practical application is constantly expanding, affecting 
already electronics, solid state physics and other areas.

The methods of obtaining whiskers and their growing 
in the 20th century depended very often solely on the 
skill of the scientist conducting this or that experiment. 
However, over the last 30 years, the industry has taken 
steps forward, which has made the spectrum of obtaining 
this group of crystals very different.

These successes have been and are taking place thanks 
to an understanding of those phenomena that can take 
place in crystallization apparatuses and even more so on 
the surface of a growing crystal. Despite the complexity 
of the ongoing processes and the existing large body of 
physical and chemical phenomena, research in this area 
is successfully continuing and does not lose relevance.

2. �T he object of research  
and its technological audit

The object of this research is the methods of obtaining 
whiskers in composite materials.

In particular, the method of obtaining whiskers by 
reduction of metal halides by the example of the basic 
scheme of this process is considered and studied. The 
essence of this method and the processes of chemical gas-
phase interaction that occur inside the quartz tube are 
investigated.

According to another schematic diagram, the growth of 
whiskers of SiC by the «vapor-liquid-solid» (VLS) method 
is studied. The essence of this process is the ongoing 
reactions and conclusions on the processes performed by 
each of the studied methods.

A problematic issue of the application of both methods 
is the temperature interval for carrying out the processes, 
which can be associated with the process of recrystalliza-
tion of a particular whisker. And in this case, one should 
take into account the fact that each crystal has its own. 
And the temperature range is quite wide  – from room 
temperature and to the firing temperature. Therefore, it is 
difficult to determine which of the recrystallization pro-
cesses is more successful when using each of the methods 
and using a particular crystal.

3. T he aim and objectives of research

The aim of research is reviewing the existing ideas 
about some methods of obtaining whiskers in a composite 
material.

To achieve this aim, it is necessary to solve such problems:
1.	 To investigate the method of obtaining whiskers 

in the process of chemical interaction between a gas and 
a  whisker, followed by transfer of the reaction product 
to the deposition zone and its crystallization.

2.	 To investigate the method of obtaining VLS whis-
kers during the condensation of whiskers from the vapor 
phase to the solid phase through the intermediate-liquid 
phase.

4. �R esearch of existing solutions  
of the problem

Among the sources of literature that address issues 
related to the growth and growth of whiskers, the fol-
lowing can be attributed.

For example, in [1] the author studies in detail the 
growth of filamentous and lamellar crystals from vapor, 
and the emphasis of investigations on the obtaining of 
whiskers from the gas phase is indicated in [2].

The source [3] considers the gas-phase metallization of 
metallic crystals in carbonyls, and in [4] the problems of 
deposition of metal films and coatings through the process 
of decomposition of organometallic compounds are discussed.

Nor were the problems of growing whiskers grown in 
the gas phase during the chemical interaction, as described 
in [5], including in the melt medium [6].

It was in the second half of the 20th century that 
the perspectives of this issue were widely reflected during 
conferences and scientific seminars, the development of 
advanced technological processes using whiskers [7–11].

It should also be noted that the issue of obtaining (gro
wing) such crystals in an electric field, for example, using 
additional electric heating in crystallization chambers [12],  
is considered as a separate aspect. The problems of ob-
taining films of whiskers are discussed in [13, 14], which 
was also reflected in [7, 8].

In [10], the results of the use of grown (obtained) 
groups of whiskers in various industries are published. 
Of course, it should be noted that such topics are partly 
considered in the dissertational studies of recent years, 
for example, in [15].

Within the framework of the literature review, these 
questions are systematized in [16–18].

The development of industry, science and technology 
confirms the fact that the circle of metals that can be 
obtained in a single-crystal form becomes wider. But the  
growing of such group of crystals is actually called «art», 
because the crystal itself is a kind of perfection. More-
over, the grown crystal, which is obtained with the given 
properties, does not at all mean that it is suitable for 
carrying out the tasks for which it is created. This is 
technology and new technological processes.

«If it is necessary to measure a property, then 80  % 
of the effort and ingenuity is spent either on obtaining 
a  metal or alloy in a very pure form and growing a single 
crystal of appropriate purity ... and only 20 % of all effort 
is spent on the measurement of the property itself» [19].

The literature review shows that the most widely used 
method for obtaining crystals of both low-melting and 
refractory is the method of growing crystals from a melt 
in various interpretations. The advantage of this method 
is that it makes it possible to control the solidification of 
the crystal almost completely and, thus, to obtain crystals 
of the necessary orientation, as described in [20, 21].

Container methods for growing crystals have been dis-
cussed in detail in [22–25]. These methods of preparation 
allow the raw material to be heated to a temperature 
that would be higher than its melting point, and then 
leave the crystal to cool, which allowed the formation of 
a solid phase in a certain place. In the same sources it 
is pointed out that the growth conditions of crystals can 
be higher when using magnetic fields designed to reduce 
the effects of convection.
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The method of obtaining whiskers, called the Czo-
chralski method or «stretching», is described in [26–29].

The processes of growing crystals from molten metals 
are reflected in [30], and as a result of electric transport 
in the solid phase in [31, 32]. The research results on 
these issues form the basis for the method of preparing 
small amounts of crystals from refractory materials, which 
is reflected in [33, 34]. The conservation of the high-tem-
perature phase to room temperature is considered in [35],  
where it is shown by experiments that the obtained crystal 
modification may not be stable at low temperatures, and 
the electrodeposition method used for this is not effective. 
The problems of obtaining whiskers using electron-beam 
heating are described in [36], where it is shown that the 
probability of obtaining a single crystal with this method 
is significantly increased, which directly depends on the 
purity of the material.

Methods for obtaining crystals of refractory metals 
are considered in various versions:

–	 in [37] – with the introduction of arc furnaces;
–	 in [38] – with the introduction of the transfer method 
in the arc;
–	 in [39] – with the help of lasers;
–	 in [40] – with the introduction of crucible-free mel
ting zone with induction heating. True, in the latter 
case, the experiments did not take place with metals, 
but with solid alloys.
It should be noted that at the end of the last century 

the method of obtaining nanocrystals was very popular, 
which is described in [41–46]. These sources of literature 
describe the technology of evaporation and condensation 
methods for the production of such nanocrystals with 
a  rotating cylinder, in a rarefied inert gas atmosphere, 
usually helium and a number of other directions.

Issues related to the microstructure of nanocrystalline 
materials have also been considered in many sources, for 
example, in [47, 48]. It is here that the fact that a typical 
nanocrystal, as a rule, contains two components, crystallites 
and intercrystalline boundaries, is experimentally confirmed. 
True, such nanocrystal must consist of atoms of one kind.

Thus, the results of the literature analysis allow to 
conclude that the methods of growing various groups of 
whiskers have been studied extensively. Although it should 
be noted that more detailed study of this process was in 
the second half of the 20th century.

The prospectivity of the research problem shows that 
there are still a lot of «spots» and unresolved issues in 
this area of research. And the final choice of technically 
optimal solutions for the methods of growing each group 
of whiskers is yet to come.

5.  Methods of research

The following methods are used during the research:
–	 statistical analysis (to determine the existing changes 
in the improvement of methods for obtaining whiskers 
for a certain period);
–	 analysis of research results (to determine the positive 
and negative aspects of the application of a method 
of obtaining whiskers);
–	 hypothetic and deductive method (when acquainting 
the actual research material in the field of threadlike 
crystals, which additionally requires the analysis of 
a  specific source of information);

–	 a method of generalizing the results (to establish 
the general properties and trends characteristic of dif-
ferent methods of obtaining whiskers).

6. R esearch results

6.1.  Method for the reduction of halide metal salts. 
When this method is used, the whiskers are grown through 
the chemical reaction of the interaction between the sub-
stance that evaporates and the gas that is introduced. 
Later, the reaction products due to mass transfer go to 
the so-called deposition zone where the material crystal-
lizes, as described in [49].

Fig.  1 is a schematic diagram of the process for ob-
taining a whisker as a result of such reaction between 
halogenated salt pairs that are formed as a result of heating 
and a reducing gas that is supplied to the reaction zone.

Fig. 1. Scheme of the process of obtaining metallic  
whiskers by the method of reduction of metal halides:  

1 – quartz tube; 2 – heater; 3 – thermocouple; 4 – «boat» with  
a halide salt; 5 – metallic whisker; 6 – gas collection container

When using the first considered method, it should be no
ted that an electric current is passed through the heater (2),  
which provides heating and a set temperature. In turn, 
the temperature is maintained and controlled by a ther-
mocouple (3). The volume of the quartz tube will be filled 
with a halide salt, which at the specified maintained tem-
perature will provide the necessary concentration of the 
evaporated substance.

The simplest gas-reducing agent is hydrogen, which, in 
turn, is further diluted with an inert gas. When using, for 
example, the salt of FeCl2, the following chemical reaction 
will occur inside the quartz tube, as indicated in [50]:

FeCl2(vapor)+2H2 → Fe(w)+2HCl↑.

Supporting all process parameters, whiskers, for exam
ple, iron, will grow directly on the wall in the form of 
outgrowths having a fluffy shape.

6.2. T he VLS method (vapor-liquid-solid). When this 
method is used, the whiskers are condensed from the vapor, 
but in this case the liquid (intermediate) phase passes.

Fig.  2 also shows a schematic diagram of an apparatus 
for growing SiC whiskers. In this scheme, the removable 
cover  (4) plays the role of the substrate on the water-
cooled container  (3).

The container in this scheme is a reactor where a  gas-
phase interaction occurs. The interaction temperature can  
reach up to 1500 °C. Inside the container, pure Si is placed, 
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or a charge (2), which, when heated, secures the release 
of vapors, in this case, silicon. In the boat (1) there is 
a  metal-dropping agent (for example, Fe or Ni), which is 
capable of decomposition with extraction of free metal vapor.

Fig. 2. Scheme of growing of SiC whiskers by the «vapor-liquid-solid» 
method: 1 – a boat with a metal-dropper; 2 – charge; 3 – container;  

4 – removable cover; 5 – drops of metal; 6 – whisker

The space inside the container is filled with a gas 
mixture that must contain hydrocarbons. With the help 
of heating, the metal evaporates, which condenses on the 
lid in the form of droplets (5).

At the same time, the charge is evaporated, which is  
a source of silicon vapor. The vapors, in turn, interact 
with the hydrocarbons, and form a gaseous product of SiC.

This interaction can be described by such reactions:

Si(vapor)+CO → SiC(gas)+О2

or

Si(vapor)+CН4 → SiC(gas)+Н2.

Condensation of metal droplets should be during the 
whole process of growth of whiskers. This, in a sense, 
feeds the gas phase in the reactor with the corresponding 
pairs of the metal-dropper. It is then that metal droplets 
trap SiC atoms, dissolve them and release them into the 
solid phase.

When using the second method, shown in the sche-
matic diagram  (Fig.  2), metal droplets represent numer-
ous centers of whisker crystallization, in this case silicon 
carbide (6). With this method, the crystallization of the 
compound in the liquid phase occurs at much lower de-
grees of supersaturation. And this determines the cost of 
time (they will be smaller).

7. S WOT analysis of research results

Strengths. Strengths are the following when using the 
VLS method («vapor-liquid-solid»):

1.	 Large area of crystallization due to evaporation of 
metal droplets. The number of crystallization centers is 
constantly increasing when the process parameters are 
observed.

2.	 In the liquid phase, crystallization has a lower de-
gree of supersaturation, which in turn reduces the time 
required to produce a crystal and grow it.

3.	 Atoms of the precipitated substance have a higher 
accommodation coefficient for the atoms of this substance 
by the liquid, which in turn leads to an increase in the 
growth rate of the crystals.

Weaknesses. To the weak sides, which relate to various  
methods of growing crystals of refractory metals, one can 
include:

1.	 The problem of «cleanliness» and «perfection» of 
a metal, grown crystal does not mean that it meets the 
necessary requirements, but it’s economic costs, the role 
of the human factor, the imperfection of equipment.

2.	 It is difficult to trace the redistribution of its com-
ponents during crystal growth, this leads to difficulties in 
obtaining a crystal of the desired composition and often 
does not allow obtaining the desired phase at a given 
temperature.

3.	 Even having «perfection», «purity» and the neces-
sary orientation, it may not be suitable, since it needs to 
be shaped by rather complicated profiling methods.

4.	 The complexity of modifying crystal growth tech-
niques that could allow simultaneous production of crystals 
of the desired purity, shape, and orientation simultaneously.

5.	 Performing even existing (ideal) requirements for 
crystal growth, it is always necessary to have a starting 
material, for example, a single-crystal material for ob
taining a single crystal, which is not always possible.

Opportunities. The conducted studies on the first of 
the methods for obtaining whiskers in a composite mate-
rial show:

1.	 Using this process scheme and using halide salts of 
various metals, one can eventually obtain a sufficiently 
high vapor concentration of the evaporated substance.

2.	 It is economically advantageous to use hydrogen 
as a reducing gas in this method.

3.	 The process takes place fairly quickly and clear-
ly  (crystals grow directly «in front of»).

Threats. To the problem areas that prevent the intro-
duction of this product, it is possible to include:

1.	 The impossibility of combining in one operation to 
grow crystals of various technological factors, which leads 
to the impossibility of significantly saving time and effort.

2.	 Expensive, perfect and unique equipment, which 
would allow the use of grown crystals without additional 
processing.

8. C onclusions

1.	 The method of obtaining whiskers in the course of 
chemical interaction between a gas and a whisker, fol-
lowed by transfer of the reaction product to the deposition 
zone and its crystallization are investigated. It is shown 
that the use of such method makes it possible to obtain 
a  high concentration of solute, which ultimately affects 
the crystal structure.

2.	 Investigation of the method of obtaining «vapor-
liquid-solid» whiskers during the condensation of whis-
kers from the vapor phase to the solid phase through the 
liquid phase is carried out. It is substantiated that with 
the application of such method, the number of crystal-
lization centers increases significantly, which leads to an 
acceleration of the crystal growth process.
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Исследование методов получения нитевидных 
кристаллов в композиционном материале

Исследованы методы получения нитевидных кристаллов 
в  композиционном материале. Сосредоточено внимание на 
процессе получения нитевидных кристаллов путем химического 
взаимодействия между газом и контактным веществом, а также 
методом (пар – жидкость – твердое). Показано преимуще-
ство проведения процесса конденсации через жидкую фазу 
по сравнению с проведением процесса прямой конденсации 
из паровой фазы в твердую.

Ключевые слова: методы получения нитевидных кристал-
лов, композиционные материалы, химическое взаимодействие 
между газом и контактным веществом.
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