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Abstract: Uncentrosymmetric oxygen tetrahedrons and octahedrons produce
piezoelectricity. In main biological molecules there are phosphorus-oxygen tetrahedrons.
Biological molecules is uncentrosymmetric, and phosphorus-oxygen tetrahedrons enhance
its reactivity. We suppose that oxygen octahedrons and tetrahedrons produce electricity in
living organisms, and the electricity is condition for many biological phenomenon.

Oxygen and silicon compose more 70% mass of lithosphere. Usually the silicon binds with 4
oxygen’s atoms and forms silicon-oxygen tetrahedron SiOa.

In silicates tetrahedrons SiO4 may be isolated or connected in circles, chains, plain nets
(phyllosilicate) or tridimensional structures (1).




Centrosymmetric SiOs-structures is not polarized. Without a center of symmetry SiOs-structures
exhibit piezoelectric properties. As example, optically active and piezoelectric left- and right-
twisted spirals of quartz.

Deformed silicates tetrahedrons have no center of symmetry, so it have piezoelectric
properties.

Ferroelectrics as substances capable of “spontaneous” polarization are divided into ferroelectrics
of the “displacement” type (transition to the ferroelectric phase is associated with the
displacement of ions) and the “order-disorder” type (with the ordering of dipoles). The main
structure of the first group ferroelectrics is oxygen octahedron.
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“Order - disorder” type ferroelectrics are divided into three main groups: potassium dihydrogen
phosphate (KDP), in particular, dihydrophosphates and alkali metal dihydroarsenates (KH2POs,
PdH2PO4, KH2As04, RbH2ASO4, CsH2ASOs), triglycine sulfate and liquid crystal ferroelectrics.
The materials of the KDP group are composed of oxygen tetrahedrons.

Biological molecules also have oxygen tetrahedron. For example, in the ATP molecule there are
three conjugated phosphorus-oxygen tetrahedrons.
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DNA and RNA molecules also have phosphorus-oxygen tetrahedrons without center of
symmetry due to the spiral structure of these molecules. It is well known, that the addition of
phosphate groups to proteins increases the reactivity of proteins.

The inorganic part of bones and teeth consists of calcium hydroxyapatite, i.e. phosphorus-oxygen
tetrahedrons. Apatite is able to exchange ions with the environment, and their structure can be
distorted depending on the radius of the embedded cations. It may cause the piezoelectricity.

Under mechanical load bone fractures heal faster. Initially researchers was thought that the
healing is stimulated by weak electric current in collagen structures, however Vasgquez-Sancho et
al. (2) show that hydroxyapatite is also capable of producing electricity under mechanical loads.

We suppose that oxygen octahedrons and tetrahedrons produce electricity in living organisms,
and the electricity is condition for many biological phenomenon.
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Ha pycckom A3bike

KucnopogHble TeTpasapbl U OKTa3apbl B 6uonorum
3bipaHosa H.B., Casenbes U., Makuwes-Pemnen M.

Kucnopoga n KpemHuit coctaBnstoT 6onee 70% maccbl autochepbl. Kak NpaBuio, KpemHuit cBA3aH C
YeTbipbMs aTOMaMM KMcnopoaa 1 obpasyeT KpeMHUEBO-KUCNOpOoaHble TeTpasapbl SiOa.

Takue TeTpasapbl MOTYT COEANHATLCA B LLENOYKMU, 06pa3OBbIBaTb KpPyru, neHTbl, AByMeEpHbIE C/1I0N U
TpexmepHble KapKachbl.

Ecnv Takne CTPYKTYPbl LEHTPOCUMMETPUYHbI, TO OHWN HE CK/AIOHHbI K NONAPU3aLLMM, @ MPU OTCYTCTBUU
LEeHTPa CUMMETPUN — NPOABAAIOT NbE303/1EKTPUYECKME CBOMCTBA. Hanpumep, KBapu, 06pasytowmii
NeBO- 1 NPaBO3aKpyYEHHbIE CNUPAIM, ONTUYECKU aKTUBEH U ABNAETCA Nbe303/1EKTPUKOM.

CerHeTosNeKTPMKN — BeLLLeCTBa, CNOCOBHbIE K «CMOHTaHHOMY» NOMAPU3aLMK, - NOAPA3AENAIOTCA Ha
CErHeTo3NEeKTPUKM TUNA «CMelleHne» (Nepexon B CEerHeTosNeKTpuyeckyto pasy cBA3aH Co CMelleHnem
MOHOB) 1 TMNa «nopAaok-6ecnopaaok» (c ynopagodveHmem aunoneit). CErHeTo3NEKTPUKN NEPBO
rPYnmnbl COCTOAT U3 KUCOPOAHbIX OKTasapoB.
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CerHeTo3N1eKTPUKM TUMa «NoPAAOK - HecnopasoK» AeNATCA Ha TPU OCHOBHbIE rPynMbl: Fpynny
anrngpodocdarta kanma (KDP) — aurnapodocdatbl U aurngpoapceHatbl WwenovHbix meTannos (KH2PO,,
PdH,P0,, KH2As04, RbH;As04, CsH2AsO4) 1 nx aentpuresble aHanoru, rpynny TpuranuuHcynbdata (Trc)
— (NH2CH>COOH3%xH;S04) M }KNOKOKPUCTANIMYECKME CETHETOINEKTPUKM. MaTepuansi rpynnbl KDP

COCTaB/1IEHbl KNCNIOPOAHbIMU TETPA34PAMMN.
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M Bce 3Tu BewecTBa 061a4at0T CNOCOBGHOCTLIO NOAAPM30BATLCA NPU AedOopMaumsX, TO eCTb, MPU yTpaTe

LeHTPa CUMMETPUM.

B 6Monormyeckmx mosiekynax TakKe ecTb KUCopoaHble TeTpasapbl. Hanpumep, B monekyne ATO tpu
conpAKeHHbIX GpocPop-KMCAOPOAHbIX TETPAILPA.



— YHMBEpPCanbHbIA UCTOYHUK
3HEepruun B KNeTke

MaKpoapqueCKMe CcCBA3N

B monekynax HK, PHK TakKe ecTb dpocdop-KnucnopoaHblie TETPasapbl, NpUYemM, BBUAY CNUpaabHOM
CTPYKTYPbl 3TUX MONEKYA, OHU NNLLEHbI LEHTPa CUMMETPUM.

MN3BecTHO, 4YTo NpucoeanHeHmne GochaTHbIX FPynn K 6enkam ysenmuymsaeT peakLuMoHHOCNOCOBHOCTb
6enkKos.

HeopraHunyeckas 4acTb KOCTel 1 3y60oB COCTOMT, rNaBHbiM 06pa3om, U3 rMApOKCHanaTmTa Kaibumsa, To
ecTb, $ochop-KMCNOPOAHbIX TETPAIAPOB. ANAaTUTbI CNOCOBHBI 0OMEHMBATLCA MOHAMM C OKpYKatoLwen
CPeaon, U NX CTPYKTYPa MOXKET MCKaXKaTbCA B 3aBUCMMOCTM OT paanyca BCTPaMBaEMbIX KaTUOHOB.
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Y CTaHOBJIECHO, YTO MTPH MEXaHUYECKUX HArpy3Kax MepeioMbl KOCTEH 3)KUBAIOT ObICTpEe.
[TepBoHAYAEHO CUNTATIOCH, YTO CTUMYIUPYET 3a)KUBJICHUE CITA0BII SJIEKTPUICCKUI TOK B KOJJIar€HOBBIX
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CTPYKTypax, 0THaKo B padore F. Vasquez-Sancho ¢ coaBropamu
(https://onlinelibrary.wiley.com/doi/abs/10.1002/adma.201705316) 6s110 TOKa3aHO, YTO THAPOKCHATIATHT
TaKkKe CIocoOCH MPOIYIHPOBATE MIEKTPHISCTBO MPHU MEXaHUIECKUX HAarpy3Kax.

Ms1 ipenonaraeM, 9To KUCIOPOIHBIE OKTadAPhl M TETPAdAPHI BEIPAOATHIBAIOT SJIEKTPUIECTBO U B
YCIIOBHSIX KUBBIX OPTaHU3MOB, U IMEHHO 32 CUET 3TOTO MPOTEKAIOT MHOTHE OMOIOTHYECKHE PEeaKIInu.
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