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Annoranus. CyIIecTByeT MpsiMasi CBSI3b HEKOTOPBIX (PH3UYCCKAX CBOHCTB IPOCTHIX BEIICCTB (S-3JICMECH-
toB I u Il rpymm) meproanvecKoil CHCTEMBI 3IEMEHTOB C XapaKTepUCTHYECKOI Temmeparypoit [lebas TBepaoro
Tena. BeIsBIIeHA CBSI3b BaJICHTHBIX KOJICOAHH HEOPTAHNIECKIX U KOMIDICKCHBIX COCIIMHEHUH C TeMIIepaTypoin
JeGas meTana. YCTaHOBJIEHA XOPOIIasi KOPPEISINS CUIIOBBIX MTOCTOSHHBIX U YaCTOT BaJICHTHBIX KOJIeOaHUI
XUMHYECKOTO COCIMHEHUs ¢ TeMmeparypoii Jlebas metamma. CKOpOCTh JOHOPHO-AKIIEITOPHOTO B3aUMOJICH-
CTBUS PTYTH, KaJMHUsI, [INHKA, KOOAIBTA U JKeJe3a B TPSIMOM CHHTE3€¢ KOMIUIEKCHBIX COSTUHEHHM MTPH B3aUMO-
JNCHCTBUU C CANHIMIATHAHWINHOM B TUMETII(HOPMAMUIC HAXOAUTCS B HAJCIKHOW KOPPEIAIUN C TEMIIepa-
Typoil [lebas meramna. M3ydyeHa 3aBUCUMOCTh KOHCTAHT YCTOWYMBOCTH KOMILJIEKCHBIX COCAMHEHHUN OT TEM-
mepatypsl [lebas MeTaia-KoOMIUIEKCOOOpa3oBaTels Ha MpUMepe B3auMoecTBus s-aneMenToB | u II rpymm
MEPUOMUYCCKON CUCTEMBI C 1-TUAPOKCHAITHINACHAN(OCHOHOBOM KHCI0TONH. OTMEUCHA BBICOKAS HAICKHOCTh
KOPPENSLIMOHHBIX 3aBUCUMOCTEN JIJIsl METaNIOKOMIUIEKCOB TaKOrO TUMa. BhIsBieHa npsiMasi CBsI3b MEKaTOM-
HBIX PacCTOSHMM, SHEPTUM JUCCOLMAllMY, 3Heprun Ban-nep-Baanbca ranoreHua0B s-37eMEHTOB | rpynimsl ¢
temneparypoit [lebas metamna. [ KOMIUIEKCHBIX COSIUHCHHUN p- U d-2JIEMEHTOB C HEKOTOPHIMU OpTaHUYe-
CKHUMH KHCJIOTaMH COOJIIOIACTCs aHAJIOrMYHAasl 3aBUCUMOCTh KOHCTAHTBI YCTOWYMBOCTH KOMITJICKCHBIX COC/IU-
HEHU 0T Temriepatypsl [Jebas metamia ¢ ko3 puimerTaMu Koppemsium, OMH3KAMH K SIUHUIIC.

KiroueBble cJI0Ba: CKOPOCTh pEakIMM, METaUI-KOMIUIEKCOoOpa3oBarenb, Temreparypa Jlebas,
KOPPENALNOHHAS 3aBUCUMOCTbD.

THE RELATIONSHIP BETWEEN THE STABILITY CONSTANTS OF THE COMPLEXES
AND THE DEBYE TEMPERATURE OF THE METAL-COMPLEXING AGENT

L.D. Popov', S.A. Borodkin', V.Ya. Khentov?, V.V. Semchenko?,
Yu.N. Tkachenko!, S.I. Levchenkov?

Abstract. There is a direct correlation between some physical properties of s-elements in groups I and II of
the periodic system and characteristic Debye temperature of a solid state. A link between stretching vibrations
of inorganic and complex compounds and the Debye temperature of the metal was found. There is a good
correlation between force constants and frequencies of stretching vibrations of the chemical compounds and
the Debye temperature of the metal. The speed of donor-acceptor interaction of mercury, cadmium, zine, cobalt
and iron with salicylanilide in dimethylformamide in the direct synthesis of complex compounds is also in
good correlation with the Debye temperature of the metal. The dependence of stability constants of complex
compounds on the Debye temperature of the metal-complexing agent in the interaction of s-elements of I and
II groups of the periodic system with 1-hydroxyethylidenediphosphonic acid was studied. High reliability
of correlation dependences for metal-complexes of this type was noted. The direct dependence between
interatomic distances, dissociation energy, Van der Waals energy of halides of the I group s-clements and the
Debye temperature of the metal was revealed. For complex compounds of p- and d-elements with some organic
acids a similar dependence of the stability constants of complex compounds on the Debye temperature of
metals with correlation coefficients close to a unity is observed.

Keywords: reaction rate, metal-complexing, Debye temperature, correlation dependence.
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Puc. 1. 3aBHUCHMOCTh CKOPOCTH JOHOPHO-AKIEITOPHOTO B3aH-
mozeiicTsuA (V) ot Temmneparypsl Jebas meramta; R = 0,996

Fig. 1. The dependence of the rate of donor-acceptor interaction
(¥) on the Debye temperature of the metal; R = 0.996

BBEJIEHUE

Temneparypa Jlebast — Temneparypa, pu KOTOPOH
BO30YXIAIOTCSI BCe MOABI (HabOp XapaKTepHBIX JUIS
KOJIe0aTeNbHOM CHCTEMBI THUIIOB TapMOHHYECKHX KO-
nebaHuil) B JaHHOM TBepIoM Teie. JlanpHeiee yBe-
JIMYEHUE TEMIIepaTypbl HE NPUBOAUT K TOSBICHHIO
HOBBIX MOJI KOJIeOaHHH, a JIUILb BEACT K YBEITUUCHHIO
aMIUIUTYZl YK€ CYIIECTBYIOIIMX. Takyke TemIiepary-
pa Jlebast siBisercss (QHU3MUYECKOM KOHCTAHTOH Bellle-
CTBa, XapaKTEPU3YyIOLed MHOTME CBOMCTBAa TBEPABIX
TeJI — TEMJIOEMKOCTb, 3JIEKTPOIPOBOAHOCTD, TEILIO-
MIPOBOJIHOCTD, YIIUPEHHE JIMHUN PEHTTEHOBCKHX CIIEK-
TPOB U Jp.

Panee Hamu Oblna 1Moka3aHa 3aBHCHMOCTh HEKOTO-
PBIX (U3NUECKUX CBOMCTB MPOCTBIX BEIECTB (s-dI1e-
menToB [ u Il rpynm) nepuoamyueckor CUCTEMBI XHMH-
YECKUX DIIEMEHTOB C XapaKTEPUCTHUECKON TEMITEpaTy-
poii Jlebast TBepaoro Tena [1] u BbIsBIIEHA CBS3b Ba-
JICHTHBIX KOJICOAHUI HEOPTaHNYECKUX U KOMIUIEKCHBIX
coequHeHul ¢ Temreparypoit Jlebas meramia [2]. Tak-
e Obljla YCTaHOBJIEHA KOPPEJSIHUA CHIIOBBIX IOCTO-
SHHBIX M YacCTOT BAJCHTHBIX KOJICOAHUM XUMHUECKOTO
coequHeHns ¢ Temrieparypoii Jlebas metamna [3].

Xapakrepuctuueckas Temieparypa [lebas sBis-
eTCsl TaKKe BaXKHON MHTETPAILHON XapaKTepUCTHKON
TBEPJIOTO TeNa, M OHA JIOJKHA OKa3bIBaTh MPSAMOE BIIH-
SHUME Ha KWHETHYECKHE XapaKTEPHCTHUKU B TIpolecce
XMMHYECKOTO B3aUMOICHCTBUS TBEPAOTO TENA C KHUJ-
KUM DPEareHTOM, IJIaBHBIM 00pa3oM JOHOPHO-aKLEI-
TOPHOTO B3aMMOJIEHCTBUS METaJlIa C JIMTaHJOM B TIPO-
Hecce NpsSMOro CHHTE3a KOMIUIEKCHBIX COEIMHEHUH.

Hanpumep, kak ObUIO TOKa3aHO Hamu paHee [4],
CKOPOCTh JTOHOPHO-aKIIETITOPHOTO B3aMMOJEHCTBUS
PTYTH, KagMHus, IMHKA, KOOaIbTa U XkKeje3a B IPsSIMOM

CHUHTE3€ KOMIUIEKCHBIX COEIMHEHUI NpHU B3aUMOJEH-
CTBHUH C CAJTHIHUIATbAHWINHOM B TUMETHI(POPMaMHUIE
HaxOAMUTCSI B HAJIEKHOU KOPPEISILIUU C TeMIlepaTrypoi
Jebas metamna (puc. 1).

MOoXHO OXUJATh HATUYMs MPSMON 3aBUCUMOCTH
KOHCTaHT YCTOWYMBOCTH KOMILJICKCHBIX COCIUHE-
Hu#t [5] ot Temmeparyps! Jlebas MeTaia-KOMIIEKCO-
obpazoBares.

PE3VIIBTATBI 1 OBCYXIAEHUNE

Mbl M3y4YnIM 3aBUCHUMOCTH KOHCTAaHT YCTOMYHMBO-
CTH KOMIUIEKCHBIX COEIMHEHUN OT Temmeparypsl [e-
Oas MeTasura-KoMIuIekcooOpa3oBarelii Ha IpuMepe
B3aUMOJICHCTBUS S-IEMEHTOB C |-THAPOKCUATHIIU-
nenaudochonoBoi kucnoroit. Ha pucynke 2 nokazana
3aBHUCHUMOCTH KOHCTAHTBl YCTOMYHBOCTH KOMIUIEKCHBIX
COEIMHEHUN S$-3J1eMEHTOB | rpynmnel nepHoandecKoi
cuctemsl (Li*, Na*, K*, Cs"), a Ha pucynke 3 — 3aBu-
CUMOCTh KOHCTAHTBI YCTOHYHMBOCTH KOMIUIEKCHBIX
coelMHEHU s-3meMeHToB Il rpynmnel nepuoanyeckoi
cucremsl (Be?, Mg?, Ca*, Sr*") ¢ 1-ruapoKCHITHIIH-
neHnndochoHOBOM KUCIOTOH oT Temneparypsl lebas
MeTala.

HeoOxomuMo OTMETHTH BBICOKYIO HAJCKHOCTD
KOPPEJSIITUOHHBIX 3aBUCUMOCTEH. DTO 0OCTOSITEINb-
CTBO XapaKTepHO JUIS S-2JIEMEHTOB IPH HM3YYCHUH U
JIpyTUX TTApaMeTPOB — (PU3NIECKIX CBOMCTB MPOCTHIX
BEIIECTB, PHEPTHU CBSI3U AIEMEHTOB, HH(paKpacHBIX
crektpoB [1-4]. OTMmeueHa HaAeKHas CBSI3b MEXK-
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Puc. 2. 3aBUCHMOCTh KOHCTAHTBI YCTOMUMBOCTH KOMILIEKCOB
(1gK) Li*, Na*, K", Cs* ¢ 1-runpoxcustrinaeH1udochoHoBOH KHC-
J0TOM OT TeMnepatypsl [lebas metamia; R = 0,990

Fig. 1. The dependence of the stability constants of the complexes
(1gK) Li*, Na*, K*, Cs* with 1-hydroxyethylidenediphosphonic acid
on the Debye temperature of the metal; R = 0.990
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ATOMHBIX PAaCCTOSIHUM, SHEPTUU JIUCCOIUAIUU, SHEP-
run  Ban-nep-Baanbca TanoreHMoB  S-3JIEMEHTOB
I rpymmmet ¢ Temmeparypoit Jlebas metanna [6].

Y4uuThEIBas XOpOIIUE PEe3YIIBTAThI IS S-2JIEMEHTOB,
MBI PEILUIIA UCCIICA0BATh TAKOW THIT 3aBUCUMOCTH JJIst
p- ¥ d-snemenToB. Kak okazanock, B ciydae KOM-
IUIEKCOB DTHUX DJIEMEHTOB COOJIIONAETCS aHAJIOTMYHAas
3aBUCUMOCTh KOHCTAHTBl YCTOWYHMBOCTH KOMILICKC-
HBIX COCJIMHEHUH OT Temmepatypbl Jebas mertamia ¢
ko3 puneHTaMI KOPPETSAIH, OMH3KUMHU K CIHHUIIC
(Tadm. 1).

3AKJIIOYEHUE

Takum 06pa30M, MbI YCTAaHOBWJIM, YTO IJISI MCTAJI-
JIOKOMIIJICKCOB §-, p- U d->IIEeMEHTOB HA OCHOBE opra-
HHUYCCKUX KHCIIOT HaGJ’IIOI[aeTCH npsmMast 3aBUCUMOCTb
YCTOI\/'I‘II/IBOCTPI KOMIIJICKCHBIX COe,[[I/IHCHI/Iﬁ OT Ba)KHEH-
mero mapameTpa TBEpAOTO TEjla — XapPaKTCpUCTU4YC-
CKOH TEMIICPATYPhI MeTaJ’IJ’Ia—KOMHJ'ICKCOO6pa30BaTeJ'IH.

PaGora BhITONTHEHAa B pamkax peanu3anuu l[ocy-
napcrBenHoro 3aganus Ha 2016 . Ne 007-01114-16
TP 0256-2014-0009.
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Puc. 3. 3aBUCHUMOCTb KOHCTAHTBI yCTOMYUBOCTH KOMILIEKCOB
(1gK) Be*", Mg*", Ca**, Sr** ¢ 1-runpokcustiuaeHandochoHoBoi
KHCIIOTOH OT TeMneparyps! [lebas metamna; R = 0,999

Fig. 3. The dependence of the stability constants of the complexes
(1gK) Be*", Mg**, Ca*", Sr** with 1-hydroxyethylidenediphosphonic
acid on the Debye temperature of the metal; R = 0.999

Taéauua 1. 3aBUCHMOCTD KOHCTAHTHI YCTOHYMBOCTH KOMILUIEKCHBIX COSMHEHUH p- U d-3IEMEHTOB Ha OCHOBE OPTaHUUECKHUX KUCIOT

ot temreparypsl J{ebas metamia. R — ko3 HULHEHT KOppemsun

Table 1. The dependence of the stability constants of complex compounds p- and d-elements based on organic acids on the Debye

temperature of the metal. R — correlation coefficient

CocraB Koppensponnas
Won meranna Jurann KOMILJIEKCa 3aBUCUMOCTH R
Metal ion Ligand Complex Correlation
composition dependence
Fe*, Co*", Ni?*, Cu** METHIIUMHHOTUYKCYCHAs ML 1gK =21,9854 - 0,03150 | 0,940
KHCJIOTa
Fe2, Co¥, Ni2", Cu?* methyliminodiacetic acid ML, lgK = 31,1929 - 0,0380 | 0,850
Co?', Ni?', Cu?', Zn*, Cd*>* lgK =5,5436 + 0,01280 | 0,820
O-TUIPOKCU(PCHUTUMUHOH- ML
C02+, Ni2+, ZH2+, CdzJr YKCyCHasl KUCIIOTa 1gK = 4,9707 + 0,0134@ 0,980
Co*, Ni*, Cu*, Zn*>", Cd* o-hydroxyphenyliminodiacetic MHL 1gK =2,3936 +0,00510 | 0,790
Co™, Ni?*, Zn?", Cd>* acid lgK =2,1311 + 0,00540 | 0,990
Fe?*, Co*, Ni**, Cu** HUTPHITPAYKCYCHAS KHCIIOTA ML 1gK =22,9834 - 0,02850 | 0,830
Fe*', Co*', Ni¥", Cu?* nitrilotriacetic acid ML, IgK = 27,383 —0,02840 | 0,780
Mn?*', Fe*', Co**, Ni*", Cu?*, Hg* stuneHauaMuH-N,N,N’ N’- ML 1gK = 27,9062 - 0,02720 | 0,770
Fe*, Co*, Cu*, Hg?* TeTpa-ykCycHas kneiora 1gK = 29,3125 - 0,03080 | 0,987
ethylenediamine-N,N,N’ ,N’-
A", Ga*, In**, TI* tetraacetic acid [ML] 1gK = 36,0597 — 0,0480 | 0,865
STHITHUICHTETPATHOTETPA-
Fe?*, Co*, Ni**, Cu** YKCyCHast KHCJIOTa ML IgK = 12,0452 -0,01940 | 0,890
ethylidenetetratiotetraacetic acid
Mn?", Fe*", Co*, Ni*", Cu*', Zn* 1 -rUIPOKCUATHIICH TH- 1gKk =9,789 - 0,0013@ | 0,820
Mn2, Fe?, Co?, Ni*, Cu?* (hoconoras kucnoTa ML lgK = 21,1744 — 0,02670 | 0,910
) 1-hydroxyethylidenedi-
Fe?*, Co*, Ni**, Cu** phosphonic acid 1gKk =22,2106 — 0,02850 | 0,990
HAVKA IOTA POCCHUM 2017 Tom 13 Nel



28 JLI. IIOIIOB u np.

CIINCOK JIUTEPATYPBI

1. XentoB B.41., I'acano B.M. 2015. O cBsi3u pu3n4ecKUX CBOMCTB
MIPOCTBIX BEIIECTB C MX XapaKTEPUCTHYECKOHW TeMIepaTypoil.
Hnorcenepno-pusuueckuil scypran. 88(3): 729-732.

2. Khentov V.Ya., Semchenko V.V., Hussain H.H. 2015. Connection
of valency vibrations of inorganic and complex compounds
with metal Debye temperature. European Journal of Analytical
and Applied Chemistry. 2: 46—48.

3. Khentov V.Ya., Hussain H.H., Semchenko V.V. 2015.
Interrelations of valence fluctuation frequencies and force
constants with the Debye temperature of a chemical compound
metal. Austrian Journal of Technical and Natural Sciences.
5-6: 154-156.

4. XentoB B.S., Benukanosa JI.H., Cemuenko B.B., Cnabun-
ckast A.b. 2007. M3BnedeHne MeTamIioB U3 TEXHOTCHHOTO ChI-
pst. Kypran npuxnaonoi xumuu. 80(7): 1057-1063.

5. Hdsatnosa H.M., Temkuna B.S1., [Tonos K.W. 1988. Komniexcorwi
u Komniekconamol memannios. Mocksa, Xumus: 544 c.

6. XentoB B.Sl. 2014. CBsi3b OCHOBHBIX NMapaMeTPOB KPHCTAIIOB
raJOreHNI0B s-dIeMeHToB | rpymmer ¢ Temmeparypoit Jlebast
metaiuia. B kH.: [lepcnexmuewt pazeumusi Hayunolx ucciedo-
eanuil 8 21 eexe: cOOpHUK Mamepuanos 4 mMexcoyHapooHoll Ha-
yuHo-npakmuyeckol xKoumgpepenyuu (Maxaukana, 28 ¢hespans
2014 2.). Maxaukana, Anpo6arust: 12—14.

REFERENCES

1. Khentov V.Ya., Gasanov V.M. 2015. On the relationship
between physical properties of elementary substances and their

characteristic temperature. Journal of Engineering Physics and
Thermophysics. 88(3): 756-759. doi: 10.1007/s10891-015-
1247-x

2. Khentov V.Ya., Semchenko V.V., Hussain H.H. 2015. Connection
of valency vibrations of inorganic and complex compounds
with metal Debye temperature. European Journal of Analytical
and Applied Chemistry. 2: 46—48.

3. Khentov V.Ya., Hussain H.H., Semchenko V.V. 2015.
Interrelations of valence fluctuation frequencies and force
constants with the Debye temperature of a chemical compound
metal. Austrian Journal of Technical and Natural Sciences.
5-6: 154-156.

4. Khentov V.Ya., Velikanova L.N., Semchenko V.V., Slabinskaya
A.B. 2007. Recovery of metals from raw materials of industrial
origin. Russian Journal of Applied Chemistry. 80(7): 1027—
1031. doi: 10.1134/S1070427207070014

5. Dyatlova N.M., Temkina V.Ya., Popov K.I. 1988. Kompleksony i
kompleksonaty metallov. [The chelators and complexonates of
metals]. Moscow, Khimiya: 544 p. (In Russian).

6. Khentov V.Ya. 2014. [The relationship between the main
parameters of the halides crystals of the s-elements in group I
and the Debye temperature of the metal]. In: Perspektivy
razvitiya nauchnykh issledovaniy v 21 veke: sbornik materialov
4 mezhdunarodnoy nauchno-prakticheskoy  konferentsii.
[Prospects of development of scientific research in the
21¢" century: collection of materials of the 4" international

Hocmynuna 22.12.2016

scientific-practical ~ conference  (Makhachkala,  Russia,
28 February 2014)]. Makhachkala, Aprobatsiya: 12-14.
(In Russian).

HAVYKA IOT'A POCCHUM 2017 Tom 13  Nel



