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The paper presents a technique for obtaining the complex p-methoxy (copper (I1), bismuth (111)) acety-
lacetonate, CusBi(AA)s(OCHzs)s, where HAA = H3C-C(O)-CH2—C(O)-CHs, and results of studying the elec-
trical parameters of this substance. The studied material has been established to be a semiconductor. The
composition, structure, and physicochemical properties of the synthesized heterometallic g-methoxy (cop-
per (1), bismuth (111)) acetylacetonate were verified by elemental, X-ray phase, magnetochemical, IR spec-
troscopy and thermogravimetric examination. A molar mass and a number of valence electrons in one mol-
ecule were calculated for a selected complex compound (AA)s(OCHa)s (I). The molar mass was equal to
950.5 g/mol, and the number of valence electrons was 229. For experimental studies, a cylindrical sample
with a mass of 0.1 g and a volume of 17.67 10-° m3 made of the complex compound (I) by a pressing meth-
od was utilized. Investigation of conductive properties of u-methoxy (copper (Il), bismuth (I111)) acety-
lacetonate in compressed form within the temperature range 50-120 °C showed that the electrical resistivi-
ty sharply decreases from 8-10° to 7-10% Ohm-cm with increasing temperature, which is typical for semi-
conductor materials. Conductivities of the material were calculated considering the experimental meas-
urements: o1 was equal to 1.25-10-8 1/(Ohm'm) for' 50 °C and o» was equal to 1.4-10-2 1/(Ohm-m) for
120 °C. The influence of a magnetic field on the electric field strength inside the test sample of the sub-
stance was investigated. The magnetic field induction dependence of the Hall voltage for the sample sub-
stance was obtained as well. The operating temperature range is from 50 to 220 °C, with chemical com-
pound decomposing at 260 °C. The charge carrier concentration increases from 7.8-1017 m-3 at 50 °C to
4.14.1022 m-3 at 220 °C, while the Hall constant decreases from 9.43 m3.C -1 to 1.8-10*11@:*1, when

the temperature increases from 50 to 220 °C. The Hall voltage varies from 1.97-10-5 to 1.9

3V in the

magnetic field range from 0 to 1000 mT. The new magnetically sensitive element based on a synthesized
semiconductor material will be used to develop magnetic field sensors.

Keywords: Temperature properties, Magnetic field, Charge carrier concentration, Semiconductor materi-

al.
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1. INTRODUCTION 61

The measurement of magnetic field parameters is Zi
now a relevant scientific and technical problem. At .,
present, a large variety of primary magnetic field
transducers (sensors) are mass-produced by industry. ..
They differ both in their principle of operation and in .
the operating parameters [1, 2]. 68

In recent years, much attention has been paid to
the problem of designing new materials with specific
electro-physical properties, for the manufacturing of
magnetic field sensors [3, 4]. From this point of view, -,
materials created on the basis of complex compounds -,
are causing considerable interest [5, 6]. It can be ex-,
plained as follows: they, on the one hand, have a much 75
greater variety of structural and physicochemical prop- 76
erties compared with traditional inorganic semiconduc- 77
tors and metals, and on the other hand, have the possi- 78
bility of their chemical modification. It is worth men- 79
tioning the important method of modifying complexso
compounds associated with the production of composite s1
materials based on them, which allows changing the s2
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mechanical and electrophysical characteristics of these
substances smoothly and in the right direction.

The development of new electrically conductive ma-
terials enables to implementation of new physical prin-
ciples, which, in turn, are supposed to improve the
quality, reliability, and efficiency of many products as
well as significantly to reduce the consumption of ma-
terials for them [7, 8].

The aim of the study is to develop a new magnetic
field-sensitive element based on a synthesized semi-
conductor material.

2. DESCRIPTION OF OBJECTS AND
INVESTIGATION METHODS

It is known that heterometallic and complex com-
pounds have semiconductor conductivity [3, 4, 7] and
their operating temperature range depends on the
nature of central atoms, bridge ligands, and metal-
ligand environment stereochemistry. They can be used
as a semiconductor material for making thermistors
[9, 10].

© 2023 Sumy State University
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In order to search for new heterometallic complexsi
compounds having semiconductor properties, a method 52
for the synthesis of heterometallic pu-methoxy (copper 53
(11, bismuth (111)) acetylacetonate (I) having the com-*
position: CusBi(AA)s(OCHzs)s, where HAA = H3C-C(O)-55
CH2—C(O)-CHs, has been developed. The heterometal- s6
lic complex compound (I) was obtained in a conical 57
flask with a circulating water cooler according to thess
following process: 120 ml of absolute methyl alcohol 59
containing 2.04 ml (40 mmol) of acetylacetone was s0
added to a mixture of 4.05g (30 mmol) of anhydrous 61
copper (I1) chloride and 3.16 g (10 mmol) of bismuth 62
(111) chloride. With permanent stirring, the mixture 63
was heated in a water bath (~50 °C) until the starting 64
materials dissolved, and then piperidine was added to ©°
the reaction mixture in small portions till pH =8.66
Then, the reaction mass was heated in a water bath 67
(=50 °C) with permanent stirring for two hours. After 68
cooling, a homogeneous blue crystalline residue was ©°
formed. It was filtered on a glass filter, washed with a’
small amount of absolute methanol, diethyl ether and 71
dried in a vacuum desiccator above silica gel. The prac- />
tical yield is 7.79 g, which is 82 % of the theoretical 3
one. The separated complex compound (1) is a crystal- &
line powder, well dissoluble in a mixture of dlmethyl—
formamide and chloroform (1:1), difficultly soluble |n
alcohols, ether, better dissoluble in dimethyl sulfomde, 78
dimethylformamide, and degradable in water. The
composition, structure, and physicochemical properties 20
of the synthesized heterometallic p-methoxy (copper .,
(1), bismuth (111)) acetylacetonate were verified on the .,
basis of elemental, X-ray phase, magnetochemical, IR g3
spectroscopic, and thermogravimetric studies [11; 12]. g4
The composition was determined, and the following
chemical bond placement scheme was proposed as a .
result of performing research (Fig. 1) in order to extracts;

the complex compound (). 88
_ — 89
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b~ 91
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Fig. 1 — Model of chemical bonding in p-methoxy (copper (11)103
bismuth (111)) acetylacetonate 104

A/molar mass and a number of valence electrons in"’
one/molecule were calculated for the selected complex106
compound (AA)4(©CHa)s (I). The molar mass is equal to"’
950.5 g/mol, and the number of valence electrons is’®
229, 109

For experimental studies, a cylindrical sample with !
a mass of 0.1 g and a volume of 17.67-10-9 m3 made of 1
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complex compound (I) by pressing, was used. Using
these data, the density of the material was calculated
by means of the formula (1):

p=m/v="5659-10kg/m>, (1)
where p is the density of the material, v is the experi-
mental sample volume, and m is the mass of the exper-
imental sample.

The mass of one molecule of the studied compound
(1) was calculated by the formula (2):

m, =M /N, =157.837-10 *° kg , 2
where mo is the mass of one molecule of the compound
), M is the molar mass of the compound (1), Na is the
Avogadro constant.

The total number of molecules in the volume of the
studied cylindrical sample filled with compound (1) is
given by:

(©)

where Nmol is the total number of molecules in the vol-
ume of the cylindrical studied sample, m is the mass of
the experimental sample, mo is the mass of one mole-
cule of the compound (I).

The total number of valence electrons is:

N, =m/m, = 6.335-10" molecules ,

N.< 229N, =1450.715-10". (4)
It allowed us to calculate the concentration of
charge carriers at the temperature of 120 °C:

n=N/V =8.89-102 m™=. (5)

3. RESULTS AND DISCUSSION

The study of the conductive properties of g-methoxy
(copper (I1), bismuth (I11)) acetylacetonate in com-
pressed form within the temperature range 50-120 °C
showed a sharply decreasing its electrical resistivity
from 8:10° to 7-103 Ohm-cm with increasing tempera-
ture, which is typical of semiconductor materials.

Conductivities of the material were calculated on
the base of the experimental measurements: o1 is equal
to 1.25:10-8 1/(Ohm-m) for 50 °C (71 =323 K) and oz is
equal to 1.4-10-2 1/(Ohm-m) for 120 °C (72 = 393 K). In
terms of the aforementioned data, the band gap is de-
termined as

kin %
%2 __349.10°3=2.18eV

11 e, O
T2T2

where k is the Boltzmann constant, o is the material
conductivity at various temperatures, T is absolute
zero.

Calculations confirm that this material is indeed a
semiconductor, and has current carriers of both signs.

Taking into account the band gap of a semiconduc-
tor and using the formula for the dependence of charge
carrier concentration on temperature, the logarithmic
graph was obtained. It is presented in Fig. 2a.

AE =
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As can be seen in Fig. 2a, the charge carriers con- 33
centration increases from 7.8-107 m-3t04.14-1022 m-339

within a temperature range from 50 °C to 220 °C. 40
The calculation of the Hall constant at 50 °C gives 41
the following results: 42
3 43
1030 Lnn, m 44
45
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Fig. 2 — Logarithmic dependence of charge carrier concentra- /8
tion on temperature (a), and logarithmic dependence of the 79

gquantum Hall constant on the temperature (b) 80
81

R, =1/nq=8.012 m*.C™*, (7 5

83

where n is the concentrationof charge carriers, q is the g,
electron charge. 85

Estimation of the quantum Hall constant was com- 86
mitted by means of the formula (8):
Ry = —37/8nq =-9,43.m*.C™*, (8)
The expression (9) was obtained using formula (8)
and the equation for the dependence of carrier concen-

tration on temperature. It defines the dependence of
the Hall constant on temperature:

Ry = —— 25 ©)
8qn, kT

Using the formula (9), the logarithmic dependence of
the quantum Hall constant on temperature was calculat- 87

ed, which is shown in Fig. 2b. As can be seen in Fig. 2,b, s
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the value of the quantum Hall constant of the studied
material decreases from 9.432 m3-C-1t0 1.8:10-11 m3.C-1
while the temperature increases from 50 °C to 220 °C.

In order to find epy charge carrier mobility. using
experimental resistivity data at 50 °C, the conductivity
o=1.25-10-8 S/m was calculated as

M, = Rg-o (20)

The carrier mobility for the quantum case can be

defined as
fy = Ry -0 =1.18:107 m*-(V/s) . (11)

When substituting the dependencies of the Hall
constant and conductivity on temperature;. it was de-
termined that the charge carrier mobility u is invaria-
ble and equals to 1.18:10-7 m3/(V-s) and does not de-
pend on temperature.

A test sample with dimensions of 0.5 x 0.5 x 1.0 mm
was made to carry out experimental measurements
with the synthesized material of the complex compound
(1). The dependence of the resistance of the test sample
on temperature has been studied.

The studied sample's resistance declines rapidly: for
instance, at a temperature of 273K, it is equal to
5.41-1017 Ohm, at 323K it is equal to 3.2:1011 Ohm,
whereas at 493K resistance is equal to 0,6 Ohm. It
means- that -heterometallic g-methoxy (copper (I1), bis-
muth (I11)) acetylacetonate can be used to form tem-
perature-sensitive resistors or more complex instru-
ments that can operate in a wide temperature range
with a sensitivity of 2.46-101> Ohm/K.

On the base of the law of charge carrier concentra-
tion dependence and material resistance on tempera-
ture, the change in the magnitude of the current pass-
ing through the studied test sample at the temperature
was determined for voltage 10 V.

At the temperature 273 K and supply voltage value
of Us=10V the current value is 1.85-10-17 A. The
maximum value of the current is reached at a tempera-
ture of 493 K: at the supply voltage value Us =10 V the
current value is 16.6 A.

The logarithmic dependence of the Hall electric field
inside the semiconductor on the magnetic field induc-
tion at various temperatures is given in Fig. 3a.

The plot in Fig. 3a shows that within the range from 0
to 100 mT, the electric field strength increases by 10

10

0 B, mT
400 600 800 1000

10

10°

102 LnEy, V/m
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Fig. 3 — Logarithmic dependence of the electric field strength 38
inside a semiconductor on the magnetic induction (a), and the 39
logarithmic dependence of the Hall voltage on the magnetic 40
field induction (b) 41

times, and within the range from 400 to 1000 mT, the ‘2
curve is getting linear i.e., the electric field strength 4
nearly does not change.

A similar dependence is observed for the Hall volt-
age. The logarithmic dependence of the Hall voltage on
the induction of the magnetic field is shown in Fig. 3b. 43

It can be seen in Fig. 3b that the Hall voltage in- 49
creases from 1.97:10-5 to 3.93-10-4 V within the range so
from 0 to 200 mT, from 3.93:10-4 V to 1.18-10-23 withins1
the range from 200 to 600 mT, and from 1.18:10-3V to s
1.96-10-3 V within the range from 600 mT to 1000 mT. s3

The dependencies of the intensity of the Hall field

45
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inside a semiconductor on the magnetic field induction
at various temperatures (Fig. 3a) and the Hall voltages
(Fig. 3b) show that these values are independent of
temperature, and their curves are coincident.

4. CONCLUSIONS

A new magneto-sensitive-element based on a syn-
thesized semiconductor material has been developed.
The study of the conductive properties of p-methoxy
(copper (I1), bismuth (I11)) acetylacetonate in com-
pressed form within the temperature range 50-120 °C
showed that while the temperature is increasing, its
resistivity sharply decreases = from 8:10° to
7-103 Ohm-cm, which is typical of semiconductor mate-
rials. The operating temperature range is from + 50 to
+ 220 °C, with the chemical compound decomposing at
260 °C. The charge carriers concentration increases
from 7.8-1017 m3 at 50 °C to 4.147-102° m3 at 220 °C,
while Hall constant decreases from 9.43m3.C-! to
1.8:10=11 m3.C-1 when the temperature increases
from 50 to 220°C. The Hall voltage varies from
1.97-10-5 to 1.97-10-3 V in the magnetic field range
from O to 1000 mT.
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VY po6ori mpencraBaeHU CII0cid OTpUMAHHS KoMILIeKCHOro p-Mmetokcw (mimi (1), Biemyty (111)) amerma-
metoHary CusBi(AA)4(OCH3)s, ne HAA = HzC-C(0O)-CH2-C(0)-CHzs i pe3yibraTu JOCTIAKEHb eJIeKTPUIHUX
mapameTpis Iriel pedoBrHU. BeTaHOBIIEHO, 110 JOCTKYBAHUN MaTepias € HamBapoBigaukom. CriIas, cTpy-
KTYyPy Ta (PI3UKO-XIMIYHI BJIACTUBOCTI CHHTE30BAHOTO rerepoMerasieBoro u-meroxcu (migi (11), Biemyty (111))
aIeTUIAIIETOHATY IePEeBipeHo eJIEMEeHTHNM, PEHTTeHO(ha30BUM, MATHITOXIMIYHUM, [Y-CIIeKTPOCKOIIIHIM Ta
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TepMorpaBiMeTpudHUM Aociimkeruasamu. s sugtenol xomrutekcHoi crosyku (AA)s(OCHSs)s (I) pospaxo-
BAHO MOJIAPHY MAacy Ta KLIBKICTH BAJIEHTHUX €JIEKTPOHIB B OHIN MoJieKysi. MojgpHa mMaca JOpiBHIOBAa
950,5 r/M0JIBb, @ YKCJI0 BAJIEHTHHUX eJIeKTPOHIB — 229. J[Jisg eKcHepuMeHTAIBHUX TOCTIIKeHDb 0yJI0 CTBOPEHO
MWHHAPUIHTHA 3pa3ok macoo 0,1 r1o6’emom 17,67-10-° M3 i3 komriutekcHol coyku () MeTomom mpecyBaH-
Hs. JlocaiKeHHS eJIeKTPOIPOBIIHIUX BIACTUBOCTEH artermiarieronary p-merokcu (mimi (11), Biemyry (111)) y
BUIJIAAL B iHTepBasi temmneparyp 50~120 °C mokasasio piske SHUKEHHS IIMTOMOTO eJIeKTPUIHO-
1 8:10° mo 7-10% OM ‘¢M 3 IMIABHINEHHSA TEMIIEPATYPH, 10 € XapaKTePHUM J1JIsI HAIIIBIPOBIIHUKO-
i, EjlekTpuunHy MpoBiIHICTE MaTepialy po3paxoBYyBAJIM 3 YPAXyBAHHAM eKCIIepUMEHTATbHUX
BUMIpIOBaHbL: o1 nopiBHIOE 1,25:-—10 8 1/(Om'm) mis 50 °C 1 o2 mopisaioe 1,4-10-2 1/(Omemr) gz 120 °C. Hoc-
JII?KEHO BILIWB MATHITHOTO II0JIS HA HAIIPYIKEHICTH €JIEKTPUIHOTO II0JIS BCePEIUHI JOCHIIKYBAHOTO 3pa3Ka
pedoBuHu. Taxosx 0yJI0 OTPUMAHO 3aJI€KHICTh HAIIPYTH XO0JIJIa BIJ IHIYKI[lI MATHITHOTO IIOJIS IJIS PEeYOBUHN
3paska. Jliamason pobounx temmeparyp Bix +50 qo + 220 °C, ximiuHa cmosyka poskaamaerses mpu 260 °C.
Koumenrparis zHociiB 3apsamy 3pocrae Bixg 7,8-1017 m-3 mpu 50 °C mo 4,14-102° M~ 3 mipu 220 °C, a mocriiiHa
Xosna amenmyerbes 3 9,43 m3-C-1 oo 1,8-10-117 @1, mpu maBuineHH Temueparypu Bix 50 mo 220 °C.
Hampyra Xosra amimmoerses Bim 1,97-10-5 B g 7-10-3 B y miamasomi marmiTHOTO moJist Bim O 1o
1000 mTs1. HoBuit MArHiTOYyTIMBUI €JI€MEHT Ha OCHOBI CMHTE30BAHOI0 HAIIBIIPOBLIHMKOBOIO MaTepiasy
OyJ/ie BUKOPUCTOBYBATHUCS JJIsI CTBOPEHHS JATIYNKIB MATHITHOTO TIOJIS.

Knrouori ciioea: Temmneparypsi Biactusocti, Maruitae moste, Korienrpains HocliB sapsany, Hamisopogi-
HUKOBHUU MaTepiaJl.
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1
Выделение

1
Выделение

1
Записка
5) It must be “1.8·10-11” instead of “1.8·10-117”

1
Записка
4) Please, delete one letter “о” in the word “оопору”




