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Cunmesosano Hosutl mamepianr cmpoHyiti mempaakséaouf N, N"-6ic(caniyunioen)cemurapbazuoamoxobaromam(Ill)]
ouciopam (I) maxoeo cknaody: Sr{CoL'(H:0)z]> - 2H>0, doe H3L = N,N'-6ic(cariyunioen)cemuxapoasuo.
Monapua maca sudinenoi ma 3negoonenoi komnnexcuoi cnoayku Sr[Co(CisH14N30s) ]2 dopistroe 838,07 e/mons, a
KLIbKICMb  8ANEHMHUX eNeKMPOHi8 6 OOHill moaekyni — 256. s nposedenHs eKCHepUMEHMAIbHUX OO0CTIONCEHD
BUKOpUCTOBY6aNU YUNiHOpusHULL 3pazox macoio 0,09 2 ma 06 'emom 17,67-107 a’.

IIposedeno excnepumeHmanbHi SUMIPIOGAHHA A MEOPEMUUHI PO3PAXYHKU OCHOGHUX (Qi3uyHUX napamempis

odanozo cunmesosanoeo mamepiany. Po3spaxoeano zycmumny peuosunu p=15,093 10°ke /2>, macy oowiei Monexynu

mg =139,167 102x2 , Kinbkicms Monexyn 6 06’emi 00cnioNCyearno2o yuniHOpuuHozo 3paska N, = 6,467 10" monex. ,

MO
KIIbKICMb 6ANeHMHUX eIeKmMpOoHi8 N = 8,38 107, wiupuny 3aboponenoi 30nu AE = 0,78¢B . /[osedero, wo oanuii mamepian €

Hanienpogionukom. OMpUMAnO 3aNeHCHOCMI NUMOMOI NPOGIOHOCMI, 2yCMuHU Ccmpymy, onopy, cmanoi Xoaia ma
KoHyenmpayii Hociig 3apsady 6i0 memnepamypu. B oianazoni memnepamyp 6io 273 K 0o 493 K: numomuii onip
mamepiany smenutyemocs 60 7,69 10" Omm 0o 2,88 10° Omm; xonyenmpayis nociie 3apsdy spocmace 3 3,25-10% m npu
273 K 00 8,66 10°° w3 npu 493 K; numoma nposionicme docnioxcysanoi cmpykmypu spocmac 6i0 1,3-10°2 (Omm)” oo
3,46-10° (Om'm)'; 2ycmuna cmpymy spocmae 6i0 2,6:10°% Am 0o 6, 9-10° A/m; xeammoea xonwcmanma Xonna
smenuyemocst 6i0 2,26°10¢ v Ki'oo 8,49-10°w° Kr'. Ompumano 3anescnocmi nanpysicenocmi eieKmpuunozo nojs,
scepeouni naacmunu posmipamu 0,5%0,5%0,15 mm, 8i0 iHOYKYII MacHIMHO20 NOA: HANPysCceHicmb 30inbuyemvcs 6i0 5,810

3 B/m 00 0,58 B/m ma nanpyeu Xoana: Xoaniecvka nanpyaa spocmac 6io 2,94-10 00 2,94-10B.

Key words: induction, temperature, magnetic field, concentration, semiconductor, heterometallic complex compounds.
Theoretical and experimental studies

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 (I11)] 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.

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

Synthesis of strontium tetraaquad [N,N'-bis(salicylidene)semicarbazidatocobaltate(Il)] 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,
2.39¢g (0.01 mol) of CoClz-6H20 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 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 I 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 (II) and strontium with N,N'-bis(salicylidene)semicarbazide was determined by the

following chemical formula [7]:

i :O' -Oj :
' [ //N\ — /NQ :
Sr[CoL'(H20)2]2 - 2H20, where L' = Ci5H;oN303 or C 'N=C C

H ! H

O
The molar mass of the exacted and dehydrated complex compound St[Co(CisH14aN30s)]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 (IT) 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 I in the form of a compressed cylindrical
sample showed that at the temperature of 20 °C its specific resistivity was 8-10'> 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 1 (-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 (I):

my=M/N, = 139,167 10 kg, 2)
where my is the mass of the compound’s molecule; Ny is the Avogadro number; M is the molar mass of the compound
@.

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

N,

m

o =mimy= 6,467 10" molec., 3)

where Ny 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=9=_g33107. &)
9

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=23568 10%m=>. )

The conducted studies of electrically-conductive properties for the synthesized, dehydrated and compressed
strontium tetraaquad[N,N'-bis(salicylidene)semicarbazidatocobaltate (II)] 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 T1 = 293 K we got 61 = 12,5:10"'2 (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:

kin L
AE:I—‘?=1,249 107° 7= 0,78 B, (6)

L, T
where T is the absolute temperature; o 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 Fig. 2.
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Fig. 2. Logarithmic dependence of the material specific conductivity on temperature

Fig.2 demonstrates that the structure’s specific conductivity increases from 13102 (Ohm-m)! to
3.46:10(Ohm-m )", with temperature increasing from 273 K to 493 K.

Fig.3 demonstrates the material’s specific resistivity changing with the temperature.
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Fig. 3. Logarithmic dependence of the specific resistivity on temperature
The graph illustrates that the specific resistivity falls from 7.69 -10'' Ohm'm to 2.88:10° Ohm'm.
Fig. 4 illustrates the dependence of resistance on temperature for the semiconductor with sisez 0.5x0.5%0.15 mm.
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Fig. 4. Logarithmic dependence of the material resistance on temperature

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. 5 demonstrates the dependence of the current on temperature.
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Fig. 5. Logarithmic dependence of the current on temperature

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

Fig. 6 illustrates the logarithmic dependence of current density on temperature at the supply voltage of 10 V.
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Fig. 6. Logarithmic dependence of the current density on temperature

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 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. 7.
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Fig. 7. Logarithmic dependence of the charge carrier concentration on temperature

Fig. 7 shows the charge carrier concentration rising from 3.25-10" m to 8.66-10?° m™ in the temperature range from
273 Kto 493 K.
Calculation of the Hall coefficient at 373 K provided the following results:
Ry =1/ng=2,66m> C", (7

where q is the electron charge; n is the charge carrier concentration.

The quantum Hall coefficient was calculated by formula (8):
R,y =-37/8ng=312m> C. (8)

Having combined the equation of the charge carrier concentration dependence on temperature and formula (8),

we get the Hall coefficient dependence on temperature (9):

3, ME

o7 ekl )
8qny

Rq H =
A logarithmic dependence of the quantum Hall coefficient on temperature was obtained by applying this
formula:
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Fig. 8. Logarithmic dependence of the quantum Hall coefficient on temperature

The graph in fig. 8 shows the value of the quantum Hall coefficient for this complex compound falling from
2.26:10* m3-C! to 8.49-10-m?C-! with temperature rising from 273 to 493 K.



The mobility of charge carriers for a quantum case is:
=R,y o =29410%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 depend on temperature.

Figure 9 shows calculation of the Hall voltage dependences for the electric field in the semiconductor with
sizes 0.5%0.5x0.15 mm under action of the magnetic field in the semiconductor.
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Fig. 9 Logarithmic dependence of the electric field strength in the semiconductor on the magnetic field induction
Fig. 9 illustrates the voltage rising from 5.8-107 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. 10.
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Fig. 10. Logarithmic dependence of the Hall voltage on the magnetic field induction

The graph illustrates the Hall voltage rising from 2.94:10 to 2.94-107 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%° m3 at 493 K, while the Hall coefficient falls from 2.26-10* m*-C! to 8.49-103 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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