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Abstract—Some electric properties of materials, containing nanofibers, are
discussed. It is shown that the electric field in the vicinity of the end of a fiber is
proportional to the external applied field and to the fiber length, whilst it isinversely
proportiona to the fiber diameter. Specific electrostatic energy of afiber in a sample
under the action of externa applied field is calculated. This energy appeared to be
negative and proportional to the ratio of the fiber length to its diameter. This means
that longer fibers are more stable than the shorter ones.

It is well known that materials, containing nanofibers possess many interesting and useful
properties. Here we shall consider some of the electric properties of such materias. In [1]
samples, containing parallel bundles of nanowires, submersed in a nonconductive media, were
studied. External electric field, parallel to the bundles, had been applied. The high intensity of
the field-induced electron emission and its low threshold were observed. These experimental
data were considered by the authors to be the consequences of a small individua wire diameter
and along bundle length. Here we suggest more specific explanation. In [2] the average value of
the electric field in a nonconductive matrix, acting upon metallic fibers, Ey, is discussed. It is
shown in [2] that the average value mentioned is described by the following relation:

En=(B)/(1-f). D

Here (E) denotes the uniformly applied in the direction of the fibers external field, and f is the
ratio of the volume of all the fibersin a sample to the volume of awhole sample.

Eg. (1) follows from the definition of the average field in a sample, (E) = fE; + (1 — f) Ey,
(here E; denotes the average field in the inclusions), and awell known fact, that an electric field
in an isolated conductor is equal to zero, when the only external action on the conductor is an
application of the external electric field. At f close to 1 (to my best knowledge such samples
were studied in [1]) electric field, acting on the fibers (see Eq. (1)), is essentially larger than the
external applied one.

There is something else. Asin [1] the external field was applied along the fibers, the charges
*q, giving rise to the electric field, which compensates that inside the fibers, occur only at the
fiber ends, where awell known concentration of the electric field in the vicinity of sharp objects
takes place [3]. Asthe length of the fiber | in [1] is much larger than its diameter d, the capacity
of both fiber ends C could be approximated as d/z [4]. In [4] afiber with flat ends (nanotube)
was studied. Electrostatic potentials of the field, produced by the charges xq, at the fiber ends
could be estimated as @1, = +ng/ed (here ¢ is the dielectric constant of the matrix), and local
electric field in the vicinity of the ends as E, = +2nqg/ed?. Potential difference between the
potentials on the two fiber ends could be approximated as 6¢ = 2rng/ed. From the other hand the
value of this potential difference is |Ey, so that the total potentials at both ends are equal. From
this follows that q = edIE/2r = edI{E)/2r(1 — ), and that the local concentrated field in the
vicinity of the fiber endsis asfollows:

Ep = 2IE/d = 2I(E)/d(1 —f) . )



Here Eq. (1) was taken into account. When f is comparable with unity, EqQ. (2) is rather rough
an approximation. These calculations show, that the electric field in the vicinity of the
conductive fiber ends is I/d(1 — f) times larger than the external applied field (E), but average
field in the matrix isonly 1/(1 —f) times larger than (E). Thus, the threshold of the field-induced
electron emission is achieved aready at relatively low external applied field. In such a way the
experimental data, obtained in [1] can be readily explained.

Charges at the fiber ends possess electrostatic energy. This energy consists of the intrinsic
energy of these charges, 2x0,50%cC = e(dI?/4n)[(E)/(1 — f)]? = ev(l/d)[(E)/n(1 — f)]? (here v =
0.251d?l — the fiber volume), interaction energy of the charges with electrostatic field in the
matrix, —2ev(I/d)[{E)/n(1 — f)]% and electrostatic energy of the interaction of these two positive
and negative charges situated on the fiber ends, —e(v/n)[(E)/n(1 —f)]>. Total electrostatic energy
per unit volume of the fiber (that is the specific electrostatic energy) in the adopted in this paper
approximation is as follows:

(UN) = —[(I/d) + (Um)][(E)/n(1 —)]% (3)

It is worthwhile to note that specific electrostatic energy of the fiber contains a factor
g(I/d)(E)?. The value of the factor &(I/d) is essentially larger than unity.

In [5] electric conductivity of PVC films was studied. Spontaneous reversible transitions
between the two states of the films, with high and low conductivity, were detected. It is reported
in [5] that studied PV C films have a complex micro- and macromolecular structure and contain
microscopic quasicrystalline and amorphous domains. Such a complex structure of the films
allows authors to suggest (with a view to understanding the experimental results, obtained by the
authors) the presence of domains with relatively high conductivity.

It is worthwhile to note that negative specific electrostatic energy of domains discussed in the
present paper, as one can see from Eq. (3), contributes to the domain stability at its elongation, as
its specific electrostatic energy is decreased essentially during the elongation. Conductivity
jumps reported in [5] could occur as a result of growing of some number of high conductivity
fibers through the film, or overlapping of the fibers, leading to the percolation process. Decrease
in the electrostatic energy in the course of these processes contributes to their advance. One
cannot also exclude the contribution of the field-induced electron emission to the observed
increase in the electric conductivity of the samples, the same way asit was also found in [1].

Observed and reported in [5] transitions could be a manifestation of some first-order phase
transformation. In this case one can expect that the direct transition takes place at a greater value
of the external applied field compared with the value of the field at which the reverse transition
occurs. Unfortunately, the phenomenon of the presence or absence of hysteresis mentioned here
isnot discussed in [5].
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PaccmaTpuBaloTCsi HEKOTOpBIE JJIEKTPUYECKHE CBOWCTBA MaTEpHUalioB, COAEpKAIIUX
HaHOBOJOKHA. [Toka3zaHo, UTO AMEKTPUUECKOE T0JIe BOJU3HM TOPIIOB BOJIOKHA MPOTIOPIIMOHATBEHO
BHEIIEMY MPUJIOKEHHOMY IIOJI0, UIMHE BOJIOKHA U OOpaTHO MPOMOPLHOHAIBHO IUAMETPY
BOJIOKHA. PaccunmraHa yaenbHas OJEKTPOCTAaTHYECKas »JSHEpPrus BOJOKHA B oOpasiie,
HaXOJAIIeMcs TOJ JIEHCTBUEM BHEIIHEro OIHOPOJHOTO 3JEKTPUYECKOTO MOJs. DTa SHEeprus
OKa3ajach OTPHIATEIBHON, MPOMOPIHUOHAILHON OTHOIIEHUIO JUIMHBI BOJIOKHA K €r0 JHAMETPY.
3TO0 3HAYUT, YTO YCTOWYMBOCTH BOJIOKHA BO3POCTAET MIPH €r0 yITNHEHHH.

W3BecTHO, UTO MaTepuabl, CoAepKallle HaHOBOJIOKHA, 001a/1al0T MHOTUMU UHTEPECHBIMHU U
MOJIE3HBIMU CBOMCTBaMHU. 3J€Ch Mbl PACCMOTPUM HEKOTOpHIE SJIEKTPUUYECKUE CBOMCTBA
nogo0HBIX MaTepuanoB. B pabore [1] m3ywamuch 00pasIipl, COCTOAINIME W3 TMapauieIbHBIX
My4KOB HAHOMNPOBOJOK TOMEIIEHHBIX B HENpoBoAsmylo cpeny. [lapamiensHo mydkam
OIHOPOAHO  TPHUKJIAABIBAIOCH  BHEIIHEE JJeKkTpuueckoe rmone. M3mepeHa  Bbicokas
WHTEHCHUBHOCTb TOJIEBOM AMUCCUU DJIEKTPOHOB M €€ HU3KHUI MOpOr. ITH SKCHEPUMEHTAIbHBIC
JaHHbIE TMPHUIKCHIBAIOTCA MAaJOMY DPaJdyCy WHIUBUAYAIbHBIX IPOBOJIOK W OONBIION JIMHE
nyu4ka. [Tornbiraemcst 00bACHUTH O0JIee KOHKPETHO 3TH 3KCIIEPHUMEHTaNIbHBIE TaHHbIE. B pabore
[2] oOcyxknmaeTcs BeTWYMHA CPEIHETO 3HAYCHHUS JJICKTPUYECKOTO TIOJNs B HEMPOBOJSIICH
Matpuue, Eyn, aeicTBylonero Ha MeTalIMyecKe BOJIOKHA, HAXOASAIIMCS B 3TOM maTpule. B [2]
BbIBe/IeHa (hOpMyIIa JUIsl 3TOTO CPEAHETO IMOJIsL, KOTOPOE NEHCTBYET Ha METAJUIMYECKHE BOJIOKHA!

En=(B)/(1-f). D

3necr (E) o0o3nHauaer BHelIHee OJHOPOJHO MPUJIOKEHHOE B HAMPABICHUM BOJIOKOH
3JIEKTPHUECKOE T10J1¢, a f — oTHOIIeHne 00bEMa BOJIOKOH K 00BEMY BCero odpasiia.

®opmyna (1) cnemyer U3 ompezneneHus: cpeanero mois B obpasue, (E) = fE; + (1 — f) En
(3mecp E; oOo3nawaer cpemHee o€ BO BKIIOYCHHSX), H OOIIEU3BECTHOTO (hakTa,
3aKIJIIOYAIOIIErocss B TOM, YTO JJIEKTPUYECKOE MOJI€ B M30JMPOBAHHOM, HE IMOJABEPraronieMycs
IpyruM (KpoMe OJHOPOJHOTO MPHIIOKEHUS BHEIIHErO SJEKTPUYECKOTrO IOJs) BHEIIHUM
BO3JICHCTBUAM, MPOBOAHHKE paBHO Hymr0. [Ipu f Ommskmx k 1 (HACKOJBKO MHE H3BECTHO,
UMEHHO Takue oOpa3isl u3ydanuch B [1]) amekrpudeckoe none (1), melicTByrolee Ha BOJIOKHA,
3HAYUTENIbHO MPEBOCXOAUT BHEUTHEE NMPUIIOKEHHOE TOJIE.

Kpome Toro, Tak xak B [1] BHeLIHee 1oJie IPUKIIAABIBAIOCH TAPAJIENBHO BOJOKHAM, 3apsbl
+(], NpUBOASIIME K BOSHUKHOBEHUIO 3JIEKTPHUUECKOT0 MOJIs, KOMIIEHCUPYIOLIEr0 TAKOBOE BHYTPHU
BOJIOKOH, BO3HHMKAIH TOJILKO HAa WX TOpIAX, IJIe U MPOUCXOMIA U3BECTHAs KOHIIEHTpPAIUs
9JIEKTPHYECKOTO TOJISE BOJIM3U OCTPhIX 00bekTOB [3]. BBHay TOro, uro mnuHa BojokHa | B [1]
HAMHOT'O TIPEBOCXOIWIIA ero auameTp d, EMKOCTh KakJ0r0 U3 TOpioB C MOXHO CUATATh PaBHOU
dm [4]. B [4] paccMaTpuBajioCh BOJOKHO C IUIOCKAMH TopuamMu (HaAHOTpyOKa).
DNEKTPOCTATUYECKHE MOTEHINANBI, 00YCIOBIEHHBIC 3apsaaMu +(, Ha TOPIaX BOJOKHA MOXHO
OLICHHUTH KaK P72 = *ng/ed (3meCh € — MUIIEKTPUYECKas POHUIIAEMOCTh MATPHIIbI), a JIOKATbHOES
AJIEKTPUYECKOE TI0JIe BOIM3U TOPIIOB Kak Ep = ian/sdz. Pa3HoCTh MOTEHIIMATIOB HA ABYX TOPIIaxX
BOJIOKHA MOXXHO OIEHUTh Kak O¢ = 2ng/ed. C npyroii cTOpoHBI 3Ta pa3HOCTh MOTEHIMAJIOB
paBHa 1o BenuuuHe |En, Tak 4T0-0bI CyMMapHbIe MOTEHIIHAIBI Ha 000MX TOPIAX ObUTH PaBHBI



Mexkay coboit. Orcioma crneayer, uro ( = edlEy/2n = edKE)/2rn(l — f), a mokambHOE
KOHIICHTPHPOBAHHOE I0JI€ BOJIM3U TOPIIOB BOJOKHA BEIPAKACTCS CIICAYIONIMM COOTHOIICHHEM:

Ep = +Ey/d = £I(E)/d(1 - ). )

3nech mpuHATO BO BHMMaHue coortHomicHue (1). CoorHorrenue (2) B ciaydae He Manbix f
SBIISICTCS JIOBOJIBHO TpyObIM mpubmmkeHueM. [IpuBenéHHbIE OLIEHKM MOKa3bIBAIOT, YTO IOJIE
BOJIM3M TOPIIAa IMPOBOIAIIETO BOJOKHA OoJbIe BHElHero npumokernsoro momns (E) B 1/d(1 —f)
pas, a B cpeareM Toibko B 1/(1 —f) pa3. Takum 0Opazom, mopor mojaeBOi SMUCCHU DIIEKTPOHOB
AOCTUTACTCA IPpHU OTHOCUTCIIBHO HU3KOM BHCUIHCM IMPUIIOKCHHOM ITO0JIC. Takum 06pa30M MOXHO
KOHKPETHO OOBSICHHUTH KCIIEPUMEHTAIBHBIC JAHHBIC, TOTy4eHHbIE B [1].

3apsapl,  BO3HUKAOIIME HA  TOpPIAxX  paccMaTpUBaeMOro  BOJIOKHA,  OOJamaroT
AJIEKTPOCTATHYECKOM dHEPTUEH. DTa SHEPTUsl COCTOUT U3 UX COOCTBEHHOU IHEPTHUH, 2><0,5q2/8C
= e(d¥4n)[(E)/(1 - £)]? = ev(l/d)[(E)/n(1 — £)]? (3zech v = 0.25nd°| — 06BEM BOIOKHA), SHEPrUN
BBaHMOI[eﬁCTBHH 9TUX 3apgaoB C JJICKTPOCTATUYCCKUM IMOTCHIMUAJIOM B MaTpule —28
V(I/A)[(E)/n(1 - f)]? 1 sekTpocTaTHUecKoil SHEPIUH B3aUMOICHCTBHS JBYX IPOTHBOIOIOKHBIX
3apsioB Ha Topuax BonokHa, —e(VIT)[(EY/n(Ll — f)]% IlomHas snekTpocTaTHYecKas SHEpTHS B
pacuére Ha eAMHHUIly 00BEMa BOJIOKHA, TO €CTh YHENbHAas 3JIEKTPOCTaTUYecKas SHEprHs, B
NPUHSATOM B HACTOSIIIEH CTaThe MPHOIMIKCHUN UMEET BH]T

(UNV) =—[(1/d) + (Um)][(E)/n(1 - F)]°, 3)

CnexgyeT OTMETUTBH, 4YTO YJelbHas DSJIEKTPOCTATHYECKash DHEPIUs BOJOKHA COJEPXKUT
muoxurens &(I/d)(E)?. Bennanna muosxutens £(1/d) 3Ha9HTEIBHO IPEBBIIACT CAHULLY.

B pabote [5] u3ydanach 3J€KTPONPOBOAHOCTb MOJIUBUHIIXJIOPUAHBIX MIIEHOK. OOHAPYKEHBI
CIIOHTaHHbIE OOpaTUMBbIE MEPEXOAbI MEXKIY JBYMS COCTOSIHUSIMH IUIEHOK, C BHICOKOW M HU3KOU
IPOBOIUMOCTBI0. OTMEUaeTCs UTO MCCIIeIOBAHHbIC B [5] MONMMBUHMIXJIOPUIHBIC TNIEHKH UMEIOT
CIOXKHYIO MHKPO- U MAaKpOMOJIEKYJSIPHYIO CTPYKTYPY M COJEp>KaT MHUKPOCKOIMHYECKHE
KBAa3MKpUCTAJUIMYECKHE M aMopdHble oOpa3oBaHus. Takoe CIOXHOE CTPOCHHE IUIEHOK
MO3BOJIIET aBTOpaM [5] mOpennoyiokuth (C LEIbl0 TMOHUMaHHS MOMYyYEHHBIX aBTOpPaMU
IKCIIEPUMEHTAIBHBIX PE3YJIbTATOB) HAJMYME JIOMEHOB, HMMEIOIIUX OTHOCUTEIBHO BBICOKYIO
POBOJAUMOCTD.

Crnenyer OTMETUTh, YTO OTpHLATENIbHAS  yAEIbHASA  AIIEKTPOCTATUYECKAas DHEPrus
pPacCMOTPEHHBIX B HACTOSIIEH CTaThe JOMEHOB, Kak BHAHO U3 (3), sBiseTcs ¢HakTopom
NOBBIIAIONIMM YCTOMYMBOCTH JOMEHA TpU €ro YAJIMHEHMH, TaK Kak ero yJjelbHas
JMIEKTpOCTaTUYECKass  SHEpPrus  MNpd  ATOM  CYIIECTBEHHO  moHmkaercs.  Ckauku
AIIEKTPONPOBOTHOCTH, COOOWIEHHBIE B [5] MOrYyT NpPOHCXOOUTh B pe3yibTaTe CKBO3ZHOTO
MPOPOCTaHUS TUIEHKH HEKOTOPHIM YHCIIOM XOPOIIO MPOBOJSAILINX BOJOKOH, WJIM MEPEKPbIBAHUS
3TUX BOJIOKOH, NPUBOJALICTO K SBJICHUIO TNPOTEKAaHUS. OTH TPOLECCHl CTUMYIHPYIOTCS
MOHIKAIIEHCs B X0JIe UX MPOTEKaHUS 3JIEKTPOCTaTHUECKON SHepruu. Henb3s Takxke UCKII0UUTh
BKJIaJl TIOJICBOM SMHCCHM DJIEKTPOHOB B HAONIOJaeMOE YBEIMYECHUE DJICKTPONPOBOAHOCTU
00pasIoB, TaK k€ Kak U yBEIMYCHHE IEKTPOIPOBOTHOCTH 00pa31ioB, coodmmeénHoe B [1].

Bo3MosxHO, 4TO HabM01aeMble U COOOIIEHHBIE B [5] mepexopl CBsI3aHbI C MPOUCXOISIIUMHU B
U3y4aeMbIX IUIEHKAaX (Da30BBIMU MpeBpalleHUsIMU TepBoro pojaa. B »ToM cioydae MOXKHO
0KUJIaTh, YTO MPSMOU MEPEX0 ] MPOUCXOAUT MPU OOJIBbIIEM 3HAUEHUH BHEIIHETO MPUII0KEHHOTO
MOJIL 10 CPaBHEHHUIO CO 3HAUEHHUEM IOJIA MpPU KOTOPOM IMPOUCXOIUT oOpaTHbli mepexoa. K
COXAJICHUIO, SBJICHHUS HAIWYMs WM OTCYTCTBUS YINOMSHYTOT'O 37€Ch THUcTepe3nca B [5] He
00CyXTaroTCHl.
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