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A new material of strontium tetraaquad[N, N'-bis(salicylidene)semicarbazidatocobalt(11)] dihydrate (I) with
the following composition: Sr[CoL'(H20)2]2 - 2H20, where HsL = N,N'-bis(salicylidene)semicarbazide was
synthesized. The molar mass of the extracted and dehydrated complex compound Sr[Co (C1sH14N3Os)]2 is 838.07
g/mol, and the number of valence electrons in one molecule is 256. A cylindrical sample with a mass of 0.09 g and a
volume of 17.67-10° m3was utilized for experimental studies. Experimental measurements and theoretical calculations
for main physical parameters of the synthesized material were performed. Such quantaties were calculated: the

substance density p =5,093-10%g / m®, the molecule mass m, =139,167 -10"%kg , the number of molecules in the test

cylindrical sample N,,,; = 6,467 10 molec. , the number of valence electrons N =8,38-107 , the bandgap AE =0,78¢B -
Dependences of specific conductivity, current density, resistance, the Hall coeficient and charge carrier concentration on

temperature were obtained.
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Introduction

The purpose of the study is to develop a new sensor
based on the synthesized heterometallic complex of
strontium tetraaquad[N, N'-
bis(salicylidene)semicarbazidatocobaltate (11)] dihydrate.

It is known from [1-6] that the heterometallic
complex compounds in solid compressed state have a
wide range of electrically-conductive properties, which
depend on features of a central atom, a heteroatom and
chelating and bridging ligands and vary widely from
dielectric to low impedance. In practical applications, the
compounds can be used as semiconductor material for
the thermistor manufacture.

I. Theoretical and experimental studies

In order to found out new heterometallic complex
compounds with semiconductor properties, a method of
synthesing the heterometallic complex of strontium
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tetraaquad
[N,N'-bis(salicylidene)semicarbazidatocobaltate(l1)]
dihydrate ()] with a composition of
Sr[CoL'(H20)2]2-2H;0, where HsL = N,N'-
bis(salicylidene)semicarbazide was developed.

Synthesis  of  strontium  tetraaquad  [N,N'-

bis(salicylidene)semicarbazidatocobaltate(l1)] dihydrate.
A portion of 1.79 g (0.01 mol) semicarbazone salicylic
aldehyde was dissolved in 20 ml of ethanol in a water
bath (t ~ 60 °C). Then, 2.39g (0.01 mol) of CoCl,-6H>0
dissolved in 20 ml of ethanol and 1.22g (0.01 mol) of
salicylic aldehyde were added to the solution. The
obtained mixture was heated to 60 °C, kept in a water
bath for 30-40 min and stirred intensively. A water-
ethanolic (1:1) solution of Sr(OH), was gradually added
to the heated mixture (t ~ 60 °C) to pH = 9 - 10. The
color of the reaction mixture was constantly changing
from green (at pH = 8) to brown (at pH = 10), the final
fine crystalline precipitate formating. The reaction
mixture was kept in a water bath for an hour, cooled,
filtered in the Schott filter, washed thoroughly with cold
ethanol, ether and dried in a desiccator with CaCl, till the
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mass became constant at room temperature. A fine
crystalline compound of brown color was obtained with a
practical yield of 2.62 g, which is 60% of calculated
theoretically.

The extracted complex compound | is insoluble in
water, benzene, chloroform, acetonitrile, ether, poorly
soluble in aliphatic alcohols and acetone, soluble in DMF
and DMSO.

Considering the data of elemental analysis and
physical-chemical analsis research methods (X-ray phase
analysis, IR-spectroscopy, conductometry,
magnetochemistry, thermogravimetry), the composition
of the heterometal coordination compound of cobalt (1)
and strontium with N,N'-bis(salicylidene)semicarbazide
was determined by the following chemical formula [7]:

Sr[COL'(HzO)z]z . 2H20, where L' = Ci5H10N3O3 or

L e JO
H |

O- H

The molar mass of the exacted and dehydrated
complex compound Sr[Co(CisH14N3z0s)]2 equals 838,07
g/mol, while the number of valence electrons in one
molecule is 256.

Since the synthesized heterometallic coordination
compound of cobalt (II) and strontium with N, N'-
bis(salicylidene) semicarbazide contains water
crystallization molecules, electrically-conductive properties
were measured after having kept it in an oven at 105 °C until
the sample weight stopped changing.

Investigations of the electrically-conductive
properties of compound | in the form of a compressed
cylindrical sample showed that at the temperature of
20°C its specific resistivity was 8102 Ohm-cm.
Moreover, when the temperature increased from 20 °C to
150 °C there was a typical for semiconductor materials
rectilinear dependence between the specific resistivity (p)
and the temperature (T). The calculated values of the
temperature resistance coefficient (TCO) at 60 °C for the
compound | (-10.55% K) and the sensitivity (B) of
semiconductor materials (9055 K) substantiate that it is a
semiconductor of medium sensitivity in the operating
temperature range 20 - 150 °C in comparison with other
similar materials [8].

Experimental studies were conducted in the
temperature range from 293 K to 423 K, on their base a
mathematical model was obtained, which allowed
modeling in a wider range from 273 K to 493 K.

A cylindrical specimen with mass of 0.09 g and
volume of 17.67-10° m?® which was made of the
dehydrated complex compound (I) by compression
method, was used in experimental studies. The substance
density was calculated considering these data by the
formula (1):

p=m/v=5093-10°kg/m?, 1)
where p is the substance density; m is the test sample
mass; V is the test sample volume.

Formula (2) was applied to calculate the mass of one
molecule of the compound (1):
My =M /N, = 139,167-10 %°kg, @)
where mq is the mass of the compound’s molecule; Na is
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the Avogadro number; M is the molar mass of the
compound (I).

The total number of molecules in the cylindrical test
sample filled with the compound (I) was found from
formula (3).

Nmol =m/my = 6,467-10 molec. , (3)
where Nmoi is the total number of molecules; my is the
mass of one molecule of the compound (I); m is the mass
of the test sample.

The number of valence electrons was determined by
dividing the charge passing through the test cylinder per
time unit by the electron charge (4):

N=32_g38.10". @)
Qe

The charge carrier concentration in the structure with
sizes of 0.5x0.5x0.15 mm was calculated at the temperature
of 373 K:

n=N/V =2,3568-101m=3. (5)

The conducted studies of electrically-conductive
properties for the synthesized, dehydrated and
compressed strontium tetraaquad[N,N'-
bis(salicylidene)semicarbazidatocobaltate (I1)] dihydrate in
the temperature range of 293 -423 K showed that its
specific resistivity fell sharply from 8:10° Ohm'm to
6-10° Ohm-m with temperature rising, which was typical
for semiconductor materials.

Experimental measurements enabled to calculate the
specific conductivity of the material for these
temperatures. For T; = 293 K we got o1 = 12.5
10 (Ohm'm)*, and for T, = 423 K we got 62 = 16.6-
10® (Ohm-'m)?. These experimental studies enabled to
find out the width of the bandgap:

(ox
kin—L
0'2 _

1 1
L T

where T is the absolute temperature; ¢ is the specific
conductivity of the material; k is the Boltzmann constant.

The calculations proved that the material was a
semiconductor [9].

Dependence of the specific conductivity on temperature
was calculated considering the bandgap of the material and
experimental data [10]. The graph of the logarithmic
dependence of the conductivity on temperature is shown in

AE = 1,249-1071° 3 = 0,78¢B, (6)

Fig. 1.
Fig.1 demonstrates that the structure’s specific
conductivity increases from 1.3-10"2(Ohm'm)? to

3.46:10%(Ohm'm )?, with temperature increasing from
273 Kto 493 K.

Fig.2 demonstrates the material’s specific resistivity
changing with the temperature.

The graph illustrates that the specific resistivity falls
from 7.69 -10* Ohm'm to 2.88-10° Ohm'm.

Fig. 3 illustrates the dependence of resistance on
temperature for the semiconductor with sisez 0.5x0.5%
0.15 mm.
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Fig. 1. Logarithmic dependence of the material specific conductivity on temperature.
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Fig. 2. Logarithmic dependence of the specific resistivity on temperature,
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Fig. 3. Logarithmic dependence of the material resistance on temperature.
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The figure shows that the material’s resistance falls
from 5.127-10 Ohm at the temperature of 273 K to
1.92-10 ° Ohm at the temperature of 493 K.

Fig. 4 demonstrates the dependence of the current on
temperature.

The graph shows that the current through the cylinder
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varies from 1.95-10"%° A to 5.19-10° A at the supply voltage
of 10 V.

Fig. 5 illustrates the logarithmic dependence of current
density on temperature at the supply voltage of 10 V.

The graph illustrates that the current density rises by 6
orders of magnitude from 2.6:10% A/m to 6.9'102 A/m in
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Fig. 4. Logarithmic dependence of the current on temperature.
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Fig. 5. Logarithmic dependence of the current density on temperature.
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Fig. 6. Logarithmic dependence of the concentration of charge carriers on temperature.
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the temperature range from 273 K to 493 K.

Calculating the bandgap and the dependence of the
semiconductor’s  charge carrier concentration on
temperature provides a graph of the charge -carrier
concentration dependence on temperature, presented in
logarithmic form in Fig. 6.

Fig. 6 shows the charge carrier concentration rising
from 3.25-10% m3 to 8.66-10%° m3in the temperature range
from 273 K to 493 K.

Calculation of the Hall coefficient at 373 K provided
the following results:

Ry =1/nq=2,66m>.C%, @)
where q is the electron charge; n is the charge carrier
concentration.

The quantum Hall coefficient was calculated by
formula (8):

Ry i =-37/8nq=312m°.C"", 8)

Having combined the equation of the charge carrier
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concentration dependence on temperature and formula
(8), we get the Hall coefficient dependence on
temperature (9):

RqH=——-ekT ) 9)

A logarithmic dependence of the quantum Hall
coefficient on temperature was obtained by applying this
formula:

The graph in Fig. 7 shows the value of the quantum
Hall coefficient for this complex compound falling from
2.26:10* m3-C1 to 8.49-10°m3-C? with temperature rising
from 273 to 493 K.

The mobility of charge carriers for a quantum case is:

My =Rqy -0 = 294108 m®.(B-c)™, (10)

Substitution of the dependence of the specific
conductivity and the Hall coefficient on temperature into
(10) proved that the mobility of charge carriers did not

Fig. 7. Logarithmic dependence of the quantum Hall coefficient on temperature.
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Fig. 8. Logarithmic dependence of the electric field strength in the semiconductor on the magnetic field induction.
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Fig. 9. Logarithmic dependence of the Hall voltage on the magnetic field induction.

depend on temperature.

Figure 8 shows calculation of the Hall voltage
dependences for the electric field in the semiconductor
with sizes 0.5x0.5x0.15 mm under action of the magnetic
field in the semiconductor.

Fig. 8 illustrates the voltage rising from 5.8-10° to
0.58 V/m in the range from 10 to 1000 mT.

The logarithmic dependence of the Hall voltage on the
magnetic field induction for the studied compound is
presented in Fig. 9.

The graph illustrates the Hall voltage rising from
2.94-10° to 2.94-10°° V in the range from 10 to 100 mT;
from 2.94:10° V to 1.17-:10* V in the range from 100 to
400 mT, and from 1.17-10* to 2.94:10* V in the range
from 400 mT to 1000 mT.

Conclusions

A new sensitive element based on the synthesized
heterometallic complex compound of strontium
tetraaquad[N,N'-
bis(salicylidene)semicarbazidatocobaltate (I1)] dihydrate
has been developed. The method of synthesizing this
material is given and the influence of temperature and
magnetic field on physical properties of this

semiconductor is investigated.

The investigation of  electrically-conductive
properties for the synthesized material in compressed
form at the temperature range of 273-493 K has
demonstrated that its bandgap was 0.78 eB and its
specific resistivity fell sharply from 7.69-10'! Ohm-m to
2.88°10°>-Ohm'm with temperature rising, which was
typical for semiconductor materials. The chemical
compound starts to decompose from 523 K, the charge
carrier concentration rises from 3.25:10% m at 273 K to
8.66:10%° m? at 493 K, while the Hall coefficient falls
from 2.26:10* m3C! to 8.49:10% m® C' with
temperature rising from 273 K to 493 K, the Hall voltage
varies from 2.94-10° to 2.94-10"*V in the magnetic field
range from 0 to 1000 mT.
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O.B. Ocanuyk, B.B. Maptusiok, T.1. Cunopyk, O.0. CemenoBa

®Di3n4yHI NapaMeTpu CUMHTE30BaHOI KOMILIEKCHOI cnorykH kooaabTy(1l) 3
n,Nn"-0ic(caginuiaigen)ceMuKkapoa3uIoM

Binnuyvxuii nayionanshuti mexnivnuil ynisepcumem, Binnuys, Yipaina, gyravié@gmail.com

Cunre30BaHO HOBHUH Matepian CTPOHLIH tetpaaxsau[N,N'-
Gic(canitmninen)cemukap6asunarokodansrar(Il)] murigpar (I) takoro ckiamy: Sr[CoL'(H20)2]2 - 2H20, ne
HsL = N,N'-6ic(caniumniaen)ceMukapOasm.

Mousipra  Maca BHJIUICHOI Ta 3HEBOAHEHOT komruiekcHoi croiykn Sr[Co(CisH1aN3Os)]2  mopisaioe

838,07 r/Monb, a KIJNBKICTh BaJIEGHTHHX €NEKTPOHIB B OAHIM Monekym — 256. J[lng mnpoBexeHHsS
EKCIIepUMEHTAIBHUX JOCIIJDKeHb BHUKOPHUCTOBYBAIM WWIIHAPWYHUHA 3pa3ok Macoro 0,09 r ta 06’eMom
17,67-10° M3,

ITpoBeeHO eKCIIepUMEHTAIbHI BUMIPIOBAHHS Ta TEOPETHYHI PO3PAaXyHKH OCHOBHHUX (Di3HYHHX MapaMeTpiB
AHOTO CHHTE30BAaHOTO Marepiany. Po3paxoBaHO TyCTHHY pPEYOBHHH p:5,093~1031<e//v13, Macy ojHiel
MOJICKYJIH mo:139,167.10*26;<g, KUTBKICTh MOJIEKYJT B 00’€Mi JOCHIKYBAaHOTO IMJIIHIPUIHOTO 3pa3Ka

N

AE=0,78¢B. JoBemeHo, mo [aHWi Marepiall € HamiBOpoBiTHHKOM. OTPHUMaHO 3aJIEKHOCTI MHTOMOL

wwl:6,467-1019M0ﬂeK_, KiNBKICTH BaJ€HTHUX €JIEKTPOHIB N =8,38-10', IUMpUHY 3a00pOHEHOI 30HU

MPOBIHOCTI, TYCTHHH CTPYMY, OMIOPY, CTaoi XoJ1a Ta KOHIICHTpaIlii HOCITB 3apsay BiJl TEMIIEPaTypH.
Kiwu4osi ciioBa: iHIyKIlis, TeMIIEpaTypa, MarHiTHE MOJIe, KOHIICHTPAIlisl, HAMBIPOBIIHUK, FeTePOMETAIUHI
KOMIIJICKHI CIIOJTYKH.
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