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A new material tetrakis-u3-(methoxo) (methanol)-pentakis (acetylacetonate) (tricuprum (I1), neodymium (111))
methanol (1) was synthesized as [CusNd(AA)s(OCHz)sCH3sOH] CH3sOH, where HAA = H3C-C(O)-CH2-C(O)-
CHs. Based on the data of elemental analysis and physical-chemical research methods, it was found that the
obtained coordination complex (1) contains atoms of Copper (I1) and Neodymium (I11) in the ratio Cu:Nd = 3:1,
and its composition corresponds to the gross formula: CusNdO16Cz1Hss. The measurement of electrical conductivity
of the obtained material was performed in the compressed form. For the coordination complex (1), the number of
valence electrons in one molecule was calculated to be 270; the mass of one molecule was calculated to be 163.65 -
10729 kg; the total number of molecules in the volume of a cylindrical sample weighing 0.125 g and having volume
of 17.74-10° m® was calculated to be 7.638 - 103 molec; and the total number of valence electrons as 20.6232 -
105, In the temperature range of 303 — 423 K, the specific resistance of the compressed sample decreases from
2-10*? to 5-10* Ohm:cm, which confirms that the isolated compound is a semiconductor with a band gap of
1.6125 eB. The electrical conductivity properties of the coordination complex as a thermosensitive element were
studied; for this purpose we used an experimental sample of compressed material with geometric dimensions of

1:10°mx0.5-10°mx0.5-103m.

Keywords: temperature, thermistor, concentration, semiconductor, electrical conductivity properties,

coordination complex.

Received 02 February 2022; accepted 30 November 2022.

Introduction

A thermistor is one of the products of electronic
engineering with electrical resistance to depend greatly on
temperature. Many systems of remote and centralized
temperature measurement and control, thermal control of
machines and mechanisms, fire alarm, temperature
compensation circuit of various electric circuit elements,
high frequency radiation power measurement, liquid and
gas velocity measuring devices, etc. are developed and
operate using thermistors [1-6]. Most industrial types of
thermistors with a negative temperature coefficient of
resistance (NTCR) are manufactured using semiconductor
materials with oxides of 3d-metals [1-6]. In industry, such
semiconductor materials are obtained by co-precipitation
and further wet mixing of raw materials with subsequent
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grinding in ball mills and long-term high-temperature
sintering of the main components [5, 6].

However, such oxide semiconductor materials have a
number of disadvantages: compositional change due to
electric current flow, chemical instability of the material
in the operating temperature range and high sensitivity to
dopants that may occur in the manufacture of thermistors,
as well as low ability to reproduce initial parameters
(nominal resistance values and NTCR). In addition,
practical use of oxide semiconductors does not enable to
obtain materials with a wide range of resistivity, which
limits the ability to manufacture products of the same
dimensions with a wide range of nominal resistance
values.

Consequently, the synthesis of new semiconductor
materials with significant conductivity and high values of
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NTCR is relevant as they will allow to develop thermistors
with high sensitivity to temperature changes.

In the field of new functional materials development
an important role belongs to coordination complexes in
which B-diketone is a chelating and in some cases a
bridging ligand [7-14]. Nowadays, the spheres of practical
use of functional materials containing B-diketonates of
metals are constantly expanding. In particular, they are
used in gas sensors, molecular thermometers, in the
production of optical fiber and light-converting materials
as well as they are the source for obtaining the materials
with valuable electrical, optical, catalytic and other
properties [7-14]. Of particular interest among this class
of coordination complexes belongs to heterometallic f3-
diketonates which have semiconductor properties [15,16].

I. Theoretical and experimental
research

The purpose of this research is the synthesis of
heterometallic (copper, neodymium) acetylacetonate and
the study of its thermoresistive properties. It is known
[15,16] that heterometallic  p-diketonates have
semiconductor properties, the performance of which
depends on the nature of both metals and ligands, as well
as on the stereochemistry of the coordination complex.

In order to find new heterometallic -diketonates with
semiconductor properties, a method for the synthesis of a
tetrakis-p3-(methoxo)  (methanol)  (methanol)-pentakis
(acetylacetonate) (tricuprum (I1), neodymium (111)) methanol
coordination complex was developed, which has a
composition:

[CusNd(AA)s(OCHz)4CH3OH] -CH3OH

where HAA = H;C-C(O)-CH>—C(O)—CHs.

Tetrakis u3-(methoxo) (methanol) pentakis
(acetylacetonate) (tricuprum (1), neodymium (I11))
methanol (1) was obtained by the following method:
3.62 g (15 mmol) salt weights of copper (Il) nitrate
trihydrate and 2.19 g (5 mmol) of neodymium (111) nitrate
hexahydrate were dissolved in 130 ml of methyl
alcohol absolute containing 40 ml of orthoformate and
kept for 2 hours at room temperature in a hermetically
sealed conical flask. Next, 2.7 ml (25 mmol) of
acetylacetone was added to the reaction mixture, the
conical flask was closed with a reversible water cooler and
placed on a heated magnetic stirrer. Then, with continuous
stirring and heating (~ 50 °C), piperidine was gradually
introduced into the reaction mixture to pH =8 with the
heating and stirring for one hour. After cooling, a
homogeneous blue fine-crystalline sediment precipitated,
which was filtered on a glass filter, washed with a small
amount of absolute methanol, diethyl ether and dried in a
vacuum desiccator over silica gel.

The practical yield is 4.07 g, which is 80% of
theoretical one. The isolated coordination complex (1) is a
fine-crystalline powder, which is poorly soluble in
dimethylformamide, preferably in dimethyl sulfoxide,
practically insoluble in alcohols, chloroform, benzene,
acetone, and decomposes in water.

For the synthesized coordination complex (1) in a dry
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powder state, elemental analysis was performed and it was
found that it contains:

Cu — 18.65%; Nd — 14.25%; C — 36.68%; H — 5.24%.

The presented data indicates that the ratio of metals in
complex (1) is Cu:Nd 3:1, and its composition
corresponds to the following gross formula:
CusNdO16Cs1Hss.  In - addition, magnetochemical, IR
spectroscopic and thermogravimetric studies were
performed for the isolated heterometallic complex (1) [17].

A detailed analysis of the obtained experimental data
of physical-chemical research methods allows us to
propose the following scheme of arrangement of chemical
bonds for coordination complex (1) (Fig. 1) [17]:
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Fig. 1. The scheme of arrangement of chemical bonds in
tetrakis-u3-(metokso) (methanol) pentakis
(acetylacetonate) (tricuprum (1), neodymium (lI1))

methanol (1).
Since the obtained complex
[CusNd(AA)s(OCH3)sCH3OH]- CHsOH  (I)  contains

crystallization molecules of methyl alcohol, which are
easily cleaved by heating, the study of its electrical
properties was performed after preheating in an oven at
383°K until termination mass changes.

To measure the electrical conductivity of the isolated
complex in the form of powder, we used a specially
designed pressing device, which was used to make a
cylindrical sample weighing 0.125 g with a volume of
17.74-10° m®. Based on these data according to formula
(1), the density of the manufactured experimental sample
of the test material in the compressed state is calculated
as:

p=m/v=7.046-103kg/m3, 1)
where p stands for the density of substance; m — for the mass
of experimental sample; v — for the volume of experimental

sample.
For coordination complex
[CusNd(AA)s(OCH3)sCH30OH]  (I) molar mass was

calculated which equals to 985.5 g/mol and the number of
valence electrons in one molecule is 270.
To find the mass of one molecule, we used formula (2)

()

where M stands for molar mass of the complex (I); mg — for

me = M/N, = 163.65 - 102%g,



Thermoresistive properties of (Copper, Neodymium) Acetylacetonate

the mass of one molecule of complex (I); Na — for Avogadro
constant.

The total number of molecules in the volume of a
cylindrical sample weighing 0.125 g with a volume of
17.74-10° m® was calculated by formula (3):

Nuon = 5o = 7.638 - 10 molec., 3)

where N,,., stands for the total number of molecules; mg — for
the mass of one molecule of complex (1); m — for the mass of
the experimental sample.

The total number of valence electrons is:

N =270 - Npppjoe = 20.6232 - 1015, (4

The experiment showed that in the temperature range
of 303 — 423 K the resistivity of the pressed sample of the
test material of complex (1) decreases from 2-10*? to 5-10*
Ohm-cm, therefore, the isolated complex is a
semiconductor.

Based on experimental data, the specific conductivity
of the complex for these temperatures was calculated. For
T1=303 K—061=5.0-10 (Ohm-m)*, and for T,=423 K- o,
=2.0-10%(0Ohm-m)™. According to these data, the band gap
was calculated as:

k12t
g2

=)
T2 Tq

where AE stands for the band gap of coordination complex
[CusNd(AA)s(OCH3)4CHsOH] (I); ¥ — for Boltzmann
constant; 7 — for absolute temperature; and o— for specific
conductivity of material.

The calculations confirm that this material is actually a
semiconductor with current carriers of both signs.

To use this complex as a thermosensitive element, the
test sample was pressed in the form of an 0402 type SMD
thermistor with geometric dimensions
1:10° mx0.5-10°mx0.5-10° m.

With a given width of a semiconductor band gap, using
the formula for the concentration of charge carriers
dependence on temperature, we obtained a graphical
dependence of the concentration of charge carriers on
temperature, which is shown in Fig.2.

AE =

=258-10719] = 1.6125eV, (5)
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Fig. 2. Dependence of charge carrier concentration on
temperature.
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As it can be seen from Fig. 2, the concentration of charge
carriers in the temperature range of 273 + 493 K increases
from 3.53-102m no 6.61-10®m?, The calculations for the
obtained coordination complex (1) and the study of the
effect of temperature on the electrical parameters of this
substance show the following results.

The graph shows that at 273 K the specific conductivity
was 5.67-10% (Ohm'm)!, and at 493 K it was
1.063 (Ohmm)™. The graph of dependence of resistance
change of the material being studied on temperature is given
in fig. 5.
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Fig. 3. Dependence of specific resistance on temperature.

As we can see from Figure 3, in the temperature range
from 273 K to 493 K the specific resistance changed from
1.76:10* Ohm'mto 0.94 Ohm-m.

The graph of the dependence of specific conductivity on
temperature is given in Fig. 4.
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Fig. 4. Dependence of specific conductivity of
semiconductor material on temperature.

As we can see from Figure 5, the resistance of the sample
decreases rapidly, so at a temperature of 273 K it is equal to
7.04:10% Ohm, and at 303 K it is 7.99- 10" Ohm, while at 493
K it equals to 3763.02 Ohm. The difference in 13 items
indicates that this material can be used to create
thermosensitive resistors or to be the basis to create more
complicated devices that will operate in a wide temperature
range.

Having applied the law of dependence of material
resistance and charge carrier concentration on temperature,
the dependence of the amount of current passing through the
test sample on temperature is obtained. Graphical
dependence of current on temperature at voltage U =10V is
shown in Figure 6.
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Fig. 6. Dependence of current on temperature at voltage U
=10 V.

The graph shows that at a supply voltage of 10 V and a
temperature of 273 K the current value is 1 = 1.42:10%° 4, and
at atemperature of 493 K | = 2.65:103 4.

Therefore, the nominal supply voltage for such material
will be tens of volts.

The logarithmic dependence of current density on
temperature at supply voltages of 1 V and 10 V is shown in
Fig.7.

The graph (Fig. 7) shows that the current density reaches
zero at a temperature of 333 K. The value of current density
varies from 1.9-10%°4/m? to 354325 A/m? within
temperature shift from 273 K up to 493 K.

Based on the obtained dependences we can say that the
use of synthesized material to create thermosensitive
elements is quite perspective.

The calculation of the Hall constant at 30 °C shows the
following results:

Ry =1/nqg = 2009.6m3-C71, (6)
where n stands for charge carriers concentration; and g — for
electron charge.
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Fig. 7. The dependence of current density on temperature
at voltage U =10 V.

The calculation of the quantum Hall constant was
performed by formula (7):

Ry = —3m/8ng = —2366.39m3 - C 71, @)

Using formula (7) and the equation of the dependence of
charge carriers concentration on temperature we obtained

formula (8) which shows the dependence of the Hall constant
on temperature:

AE
T ekT |

(8)

Regu =—
KB H 8nqo

According to formula (8), the logarithmic dependence of
the quantum Hall constant on the temperature is constructed,
which is given in Fig. 8
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Fig. 8. Dependence of the quantum Hall constant on
temperature.

As it can be seen from Fig. 8, the value of the quantum
Hall constant for such a material, with increasing temperature
from 273 K to 493 K, decreases from
2.08:105m*C*t0 1.1:107 m>-C™.,

To find the mobility of charge carriers from the
experimental data of resistivity at 303 K and
p = 2:10*20hm cm, the specific conductivity
6 =5.0-10sim/m was calculated.

Un =Ry 0. €)

Let us determine the mobility of charge carriers for the
quantum case:
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Up =R H 0=1183-10""m3- (V-sec)™t. (10)

Substituting the dependences of the Hall constant on
temperature and the specific conductivity on temperature, it
was determined that the mobility of charge carriers is a
constant value p = 1.183x107 43/(V-s) and does not depend
on temperature.

Conclusions

A new thermosensitive element based on the synthesized
semiconductor material has been developed. The study of the
conductive  properties of  heterometallic  (copper,
neodymium) acetylacetonate in a compressed form in the
temperature range of 273 — 493 K showed that with
increasing temperature the resistivity decreases sharply from
1.76:10% to 0.94 Ohm-m, which is typical for semiconductor
materials, and the resistance of the sample decreases rapidly
so that at a temperature of 273 K it is equal to 7.04-106 Ohm,
and at 303 K it is 7.99-10'® Ohm, while at 493 K it equals to
3763.02 Ohm, as well as at 273 K specific conductivity was
5.67-10% (Ohm'm)?, while at 493 K it was 1.063 (Ohm m)
1

At a supply voltage of 10 V and at a temperature of

273 K the current value is | = 1.42:10% 4, and at a
temperature of 493 K | = 2.65:10 4. The value of current
density varies from 1.9-101° 4/m?to 35432.5 4/m? within the
temperature shift from 273 K to 493 K. The range of
operating temperatures is from +30 to + 220°C, and the
decomposition of the chemical complex occurs from 250°C,
the concentration of charge carriers increases from

3.11'10% m® at 30°C to 6,61:'10° m?® at 220°C; at this
condition the Hall constant with increasing temperature from
30 to 220°C decreases from 2366.39 m*-C™ to
1.11-107 m-C™.
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TepMope3ucTUBHI BJIACTHBOCTI (KYNPYyM, HEOIMM) BMiCHOI'0 AlleTHUJIALIETOHATY

 Binnuyoruii nayionanvnuii mexniunuii yuieepcumem, martynyuk.v.v@vntu.edu.ua,
2Binnuyvkuti nayionanvnuti meouunuii ynieepcumem im. M. I. ITupozosa,
3 )Kumomupcoruil giticoxosuii incmumym imeni C.I1.Koponvosa

CHHTE30BaHO HOBHUI MaTepian TeTpakic-u3-(MeTokco) (MeTaHOIN)-TIEHTaKic (aleTHIaleToHaTo) (TPHKYIpyM
(I1), veomum(II)) meranon (I), Takoro cxnany: [CusNd(AA)s(OCH3)sCH3OH] - CH3OH, ne HAA = H3C-C(O)-CH2—
C(O)-CHs. Ha ocHOBI qaHHX eleMEHTHOro aHami3y Ta (i3MKO-XIMiYHHX METOIIB JOCIIIKEHHs BCTAHOBJIEHO, IIO
oTprMaHa KoMIuikekcHa crioiyka (I) micruts aromu Kynpymy(Il) Ta Heoqumy(I1l) y criBBinHOmeEHHI
Cu:Nd = 3:1, a 11 ckiman BimnoBimae Opyrro-¢popmyni: CusNdOi16CsiHss. BumiproBaHHsS eqeKkTponpoBiIHOCTI
OTPUMAHOTO MaTepialy MPOBOIWIN B IpecOBaHOMY BUTIAL J{11 kommuiekcHOI conykH (I) po3paxoBaHO KiIbKICTh
BAICHTHUX EJIEKTPOHIB B OfHiil Momekynmi — 270; macy ommiei Momexymu - 163,65 - 10720 kr,; 3aranpHy KiTbKicTh
MOIIEKYJI B 06’ €Mi IIIIHAPHIHOrO 3paska Macomo 0,125 r ta 06’emom 17,74:10-9 M3 - 7,638 - 1013 mMosek.; 3aranpry
KiJTbKicTh BaJeHTHHX eekTpoHiB - 20,6232 - 1015, B inTepsani Temnepatyp 303 — 423 K muTomuii omip mpecoBaHoro
3pas3ka 3MeHmyerhes Big 2:1012 o 5-104 Om-cM, e miaTBep KY€, IO BUALIEHA CIIOIyKa € HalliBIPOBITHHKOM, 3
mupuHo 3aboponenoi 3ouu 1,6125 eB. JlocnimkeHo eneKTpONpOBiAHI BIACTUBOCTI KOMIUIEKCHOI CIIONYKH, SK
TEpMOUYTIMBOTO €IEeMEHTY, A bOr0 BUKOPHCTOBYBAIIM E€KCIEPUMEHTAIBHHI 3Pa30K CHPECOBAHOTO MaTepiamy 3
reomMeTpuaHAMHE po3mipamu 1107 Mx0,5:102 Mx0,5:103 m.

KurouoBi ciioBa: Temmeparypa, TepMOpPE3UCTOpP, KOHIIEHTpPaLlisl, HaliBIPOBITHHUK, €EKTPOIIPOBIIHI BIaCTHBOCTI,
KOMIUIEKCHA CITOJIyKa.
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