ISSN 0041-6045

yX)K HAIIMOHAJIbHAA

AKAJTEMHS HAYK YKPAUHDI

et S | YKPAMHCKUM

2015 XUMUYECKUN
XYPHAN

Ne1-2
— http: // www.ucj.org.ua




YK 546.41°651'824-882°883 + 548.312.3

10.0.Tiros, M.C.Caoboasnuk, B.B.Yymak

YTBOPEHHS CIOJIYK A¢BgOs; 3 TETEPOBJOYHOIO LWIAPYBATOIO
MEPOBCHKITONMOAIBHOK CTPYKTYPOIO (A = Ca, Ln, B = Ti, Nb, Ta)

Hocaimkeno daszosi crippiaHowenHs y cucremax CazTayO7;—LnTaOy4, CaLnTiTaO7—LnTaOy4 (Ln = La,
Pr,Nd, Sm) ta CaLaTiNbO7—LaNbQ,. BcraHoBieHo YTBOPEHHS 3 CHCTEM CYMICHOOCAIKEHHUX TiAPOKCH-
kapbonartie Hosol crmonyku CasLasTi;TayOp 3 rerepo61o4yHOI0 WapyBaTOW MNEPOBCLKITONOAIOHOMO
CTPYKTYPOIO, 10 CKJ1aAy AKOI BXOAATh YoTHpHIWapoBuii 610k CasLa;yTiyTa;0 4 Ta aBowaposuii LasTayOy.
[Toka3aHo, WO MOKCIHBICTL KpHUCTANOXIMI4HOT cTabinizauil MeTacTalilbHHX NEepoBCHLKITONONIGHHX GNoKiB
Moaugikauiii Bucokoro Tucky B retepodiokax {(4)2)} cnonyk AgB4Oy; BH3HAUAETHCA BIIHOCHOIO pi3HH-
LEet0 peHTreHorpadiyHUX ryCTHH noiMopdHUX MoaHpikaLii.

BCTVII. T'erepobnoyHa wapyeata nepoBChbKi-
tonoaibHa crpvktypa (LUITC) cnoayk cimeitcTBa
A,B,03,:2 (A= Ca, Sr, La—Sm,Na, Cd;: B=Ti,Nb,
Ta.Ga, Fe,Cr, Al) yrBopeHa OJHOTHITHUMH TNEPOB-
cbKiTONoAiOHUMH OJ0KaMH JBOBMMIDHHUX LIapiB,
SIKI CKNANAKOTBES 3 N B3aEMO3B '43aHHX BEPUIMHAMM
oktaeapis BOg 1 “3wmTHX * Mixk cobolo 3a fomomo-
roto 3s’a3kis -O-A-O- [1, 2]. PesvasTaTn gocaii-
keHb (pa3oBUX cniesigHoweHsb y cucteMi LayTiyOy
(A, B, O340, n=4y—La;Ta,04 (A,B,05,-2, 1 =2) no-
Ka3aju iCH\f BaHHA HOBOIO FOMO/IOTIYHOTO paay wa-
pyBAaTHX CMOAYK THIY La4+24T]4T3240|4_3q 3 rere-
po0:104HOO LITIC. Bowa rnodyaoBaHa i3 CKNaaHUX
rerepo0okiB {p(4)g(2)}, B AKHX BIOPAAKOBAHO Hep-
ryioThes OHH (p =1) YOTHpHILAPOBHii (4) i Aekilb-
ka (¢=1-5) aBowapoBux (2) nepoecbkiTonozid-
Hux 6aokis oktaeapis BOg [3, 4]

Mera aaHoi po60TH — BCTAHOBAEHHS MOAUIH-
BOCTI YTBOPEHHS 1 YMOB ojepxaHHa HoBux Ca-
BMICHUX CMOAYyK 3araiabHoro ckiaay AgBgOoy 3
nadnpocriwoto rerepobaoyHoro LUTIC, rerepodio-
KM AKOT CK/1aAaroThCAd 3 OJHOTO YOTHPHLLIAPOBOTO
Ta 0JHOTO ABOWIAapoBOro 610Ky okraeapis BOg.

EKCIIEPHMEHT | OBFOBOPEHHA PE3Y:1b-
TATIB. Hogi ouikyBaHi cnoniyku THIy AgBcO,, i3
rerepobsiounoto LUTIC Hanexats a0 cucrem Ca,-
Ta,0—LnTaO,, CalnTiTaO;—LnTaO4 (Ln=
La, Pr,Nd. Sm) ta CaLaTiNbO—LaNbO,. Mo-
JKIHBICTb 1X YTBOpPEHHSA 32 CXEMaMH

CayTa,0,4 + LnyTayOg = CaylinyTagOy;
Ca,Ln,Ti;Tay0 4+ Ln,Tay0g =
= CapLnyTi,Ta 05,5,
Capla,TipNbyO 4+ LaNbyOg =
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= C32L34Ti2N b4022

o0yMOBJIeHa SK HalexHICTIO cTabinbHuX MOAHDI-
KaLUii BUXIIHUX KOMIIOHEHTIB 10 CIMEHCTBaA CroJIyK
THNY Aan03m2 (CazLalezN b2014 (ﬂ=4) [5],
Ln,Ta)Og (Ln=La,Pr) (n=2) [1,2]), Tak i icHy-
BAHHAM  HU3bKOTEMNEpPaTYypHO!  Moau(ikauil
Cay TagO4 (n=4) [6] | Moaudikauili BUCOKOrO THC-
ky (MBT) Ca,La,Ti,Ta)O,4 (n=4) Ta La;NbyOg i
NdzT&zOs (?3‘ =2) {7 - 9] i3 LUTIC.

[TonikpucTaniyHi 3pa3ku 10CIIUKYBAHUX OK-
CHHMX CIOJIYK CHHTE3YBa/H LISXQM TepMOoOpo-
OKH LIMXTH CYMICHOOCAIKEHHX FiApOKcHKkapboHa-
tiB (COT'K). Sk BUXiOHiI pe4OBHHH BUKOPHCTOBY-
Banu Hitpatu Ca, P3E Ta TiCl, mapku x.u., TaCls i
NbCls oc.u., a cyMicHe ocakeHHs MPOBOIMITH Y BO-
JIHOMY pO34MHI aMiaky Ta kapboHaty amoHiio 3 pH
~8.5. PentrenorpadiyHi 1ocniakeHHs BUKOHAHI Ha
andpaxromerpi JIPOH-3 (CuK-BUnpoMiHIOBaHHS ).

OCHOBHHMHU CKJ1aJOBUMH MPOAYKTIB TEpMOOO-
pobku wuxth COT'K i3 cniseigHowenHam Ca :Ln :
Ta=4:2:6 (Ln= La, Pr,Nd, Sm) € dasza tuny A, B, -
03,42 (n=4) i3 LLITIC Ta ¢asa 3i crpykTypoIo nipo-
xn10py (ITX). 3a onHakoBHX YMOB TepMOOOpPOGKH
KUTbKICHUIH BMICT (a3 3i CTPYKTYPOIO THITY X 3po-
CTac 31 3MeHLIEHHIM RLI‘I I, Blﬂl'lOBl,[lHO I'IpH UbOMY
3MEHILYETLCA BMICT pasu Tvny A, B, 05,5 i3 LUTIC.
O06uasi dasm aB110TH COO0I0, 0YEBHAHO, TBEP/LI PO3-
YMHH Ha OCHOBI NOJAIMOP(HHX MOAHIKaLLii TaHTa-
nary kansuito (CayTa 04 i3 IUTIC Ta CayTay05 3i
crpykrypoto I1X). YTBopenus cnonyk A¢BcO,, 3
rerepobnoynoro LUTIC 3a cxemamu Ca,Ta 04+
Ln,Ta;Og (Ln = La, Pr,Nd) ta CayTa40,4+ 2Sm-
TaO, He3adikcoBano.

[1pu npoxaprosanui wuxth COI'K i3 cniegia-
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@a3oBHii CKNaA TAa NEpioAH KPHCTANIYHHX IPaToOK NpPOAYyKTIB MociilosHoi Tepmoodpobkn wuxty COIK

i3 cnieBianowennsim Ca:La:Ti: Ta=2:4:2:4

YmoBH TepMo0oOpoDKH ‘

|

da3oBui cknal Ta NeEpiold KpUCTaliyHMX rpatok (a3, Hm

170K, 3roa
1370K. 2roa
1470 K. 2roa

1570K, 2roa
1670 K. 2rox
Biananeuwit (1670K. 2roa)
3arapToBaHHii po3nias

OnTuManbHi YMOBH

1170K. 3roa. 1670K. 2roa

I'erepobaouna {(4)(2)} da3za~ ¢asa tuny I1X + azn
lerepobaouna [(4)(2)] daza+ Ppaza tuny [1X + (au
[lerepodaouna {(4)(2)} ¢aza (a=0.3912(3). 6=2.0487(17), ¢=0.5574(3)) + (paza Tuny

[IX (a=1.0435(4)) + (asu

[erepobaouna {(4)(2)) (aza (a=0.3904(3). b=2.0398(17). ¢=0.5574(3)) + (aza Tuny

NX (a=1.0418(5)) + dazu

['erepoGaouna {(4)(2)} daza (a=0.3910(1). b=2.0408(7). ¢=0.5574(2)) + aza THny
X (a=1.0433(1))+ caian das
[erepobaouna }(4)(2)} daza (~ 60—70%) (a=0.3907(1). b=2.0425(6). ¢=0.5573(2))
+ ¢aza tuny I1X (a=1.0403(4))
Pa3oBHH cKi1al Ta MEPiOAM KPHUCTANIYHHX TpaTok (pas
lerepoGaouna {(4)(2)) ¢aza (>90%) (a=0.3909(1). 5b=2.0423(6). ¢ =0.5569(1)) +

caian dasu tuny X (a=1.039(1))

i170K. Sroa. 1670K. 7roa

lerepoGiouna {(4)(2)) daza (~ 60—70%) (a=0.3904(2). 56=2.0395(9). ¢=0.5565(5))
+ (paza tuny [X (a=1.0385(7))

HoweHHam Ca:La:Ti:Ta=2:4:2:4 (cxema Ca,Lay-
Ti,Ta,0,4+ La;Ta,Og) ocHOBHOIO cK1a10BOIO 0/€ep-
KYBaHHX NPOAYKTIB € (pa3a 3 HabOpOM MDKIMIOWMH-
HUX BifICTaHeH Ta CMIBBIAHOUIEHHAMH IHTEHCHBHO-
creit pepiexciB aHaNOTIYHUMM TaKMM AN CrIOAYK
LngTiyTay0,, (Ln=La,Pr) i3 rerepo61o4Hoio
({(4)(2)}) LUTIC (tabn. 1). MakciManbHUM KinbKi-
CHHI BMICT i€l (a3u MPH NOCAIIOBHOMY pPeXHUMI
Tepmoobpobku nocarae ~ 60—70 % y aBodasHux
3pa3kax BiANaJeHoro 3arapToBaHOro posriasy. Me-
TOAOM BapitOBaHHA PEXHMIiB TepMooOpoOKH Baa-
aocs nigidpaTH onTUManbHUH PEKUM TepMOooD-
pobku wuxtu COMK (1170K. 5roa; 1670K, 2 roa).
npu skoMy BMIcT ¢as3u 3 rerepobnounoto LUTIC y
neogazHux (daza 3 rerepodnoynoro LUTIC + da3za
3i cTpykTypoto Tuny [1X) 3pazkax nepesuilyBas
90 %. Pe3ynbraTh iHaekcyBaHHs BIAOMTTIB (asu 3
rerepobnoynoto LITIC Hasenexi B Tabn. 2. Chia
BIIBHAYMTH, WO npu Ginburomy (7 roa) yaci Tepmo-
00podku npu 1670 K uboro 3pa3ka BinbyBaerbes
3HWKeHHA (~ Ha 1/3) BMmicTy ¢asu 3 rerepobiou-
noto LLUTTC, ane 6e3 3MiHu 3HaueHb NepioaiB Kpu-
CTajiYHHUX TPaTOK CKNaJ0BMX ABOGhA3HOro 3pas-
ka (tabn. 1).

Xapakrep (a30BUX NepeTBOPEHb NP TEPMO-
06pobui wuxty COI'K i3 cnissigHowenHam Ca :

La:Ti:Ta= 2:4:2:4, 30kpema yTBOpeHHs | criBic-
HyBaHHA Qa3 i3 rerepodnoynoto LUTIC Ta 3i cTpyk-
Typoro tuny [1X, 06yMOBAEHHH, O4EBHAHO. 0COD-
JAUBOCTAMH HOTHPHLUAPOBHX CKNaA0BUX reTepo-
6nounoro Ca,LayTi,Ta 0,,.

CuHTe30BaHUii 32 YMOB 3BU4AHHOIO THCKY 3pa-
3ok Banosoro ckiaay CalLaTiTaO; aumopduuit
(CaLaTiTaO; 3i ctpykrypoto Tuny [1X + HeBenuka Ki-
JBKICTD MOﬂHq)iKaLlill' CazLazTizTazom (AanO:’;rﬂ-Z’ n
=4) i3 LUTIC. [5] Oanak obpobka uporo aumop-
¢dHoro 3pazka npu 7-10°Ta, 1870 K 3 iioro HacTynmn-
HHWM 3arapTyBaHHAM 103BOJIAE OAepKaTH oaHODa3z-
Hy meracrabineny MBT Ca,La,Ti,Ta,04 (A,B,-
O3p42, n=4) i3 LLUTIC [7]. OueBuino, 3a NeBHUX yMOB
(30kpema, npu pexumi Tepmoodpobkm wnxt COIK
3i cniBBigHoweHHsm Ca:La :Ti: Ta=2:4:2:4 (1170
K, Sroa + 1670 K, 2 roa) mae micue maiixe Kinbkic-
HO mMoBHa ctabinizauis 4oTHpUILapoBHX O/IOKIB
Ca,La,Ti;Ta;0,4 ABowaposumu Gnokamu crony-
ku La,;TayOg twnaxoM yTBopeHHs rerepod10okiB TH-
ny {(4)(2)}. Oaxak BHacnigok MeractabifibHOro xa-
paKTepy HOTHpHLWAPOBUX ON0KIB TEPMOCTIHKICTD
Takoi rerepobnounoi LUITC 3anuwaerbes He3Hau-
HOIO | HaBiTb JHLIe 30UIbLIEHHS Yacy TepMooHpob-
KH 3pa3KiB NPHUBOANTL 10 HaCTKOBOT pvHHaLii rere-
pobiokiB i3 neperBopeHHsM rerepodioyol IHITC
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PezynbTatn iMaexkcyBauusi audpaxrorpamu 3paska Ca;LagTi;.
Tay042, onepxanoro Tepmoobpodkoro wuxTH COTK (1170K, 5 rox;

poto tuny [TX Bin iX KiNBKICHOTO BMicTy
y aBoa3Hux 3paskax (tabn.l) aae nia-
cTaBu ans igeHtudikauii nanoi ¢asm 3

|670K, 2 ron) rerepo6iounoto LUTIC sk inauBizyans-
, | | f i ! ; Hoi rerepobnounoi cronyku cknagy Ca,-
11, :_.dck_m. Mkl I?dpmp. HM| Iy (Gexew BM.  hkl dyop, um La,Ti,Ta,05,.
' ' ' : Tepmoobpobika (1670 K) wnxtu COI'K
12 0.431 031 0.431 6 0.18547 0.11.0 0.18566 i3 cnieBigHoweHHamMu Ca:Ln:Ti:Ta=24:
8 0.408 050  0.408 6  0.18547 003 0.18563 2:4 (Ln=Pr,Nd,Sm) npusoauts p0 yr-
25 0384 110 0384 6 018547 191 0.18509 BOpeHHs ABO(a3HHX 3pa3kis ((a3za 3i cTpy-
6 0376 041 0376 9  0.18085 1.10.0 0.18101 Krypoto I1X (Ha octosi CaLnTiTaO,)+ ¢a-
9 0364 120 0365 31 017903 172 0.17906 33 Ha OCHOBi MOHOKIIHHOI MOAMQIKALLT
10 0340 060 0340 19 017607 250 o0.17631 Fr1a04abo asu 3icrpykryporo deprioco-
S 0329 051 0320 19 017607 0.11.1 017613 Ty HaocnosiM-LnTaO, (Ln=Nd, Sm).
X i Bincytnicts cnonyk Ca,LngTi,Ta0p
30316 11031619 017607 092 04791 b Ng Sm) 3 rerepoGoutiono LUTIC
150310 140 0310 3 017205 LIO1 01725 o5y onena’ ouesnaro, CyTTEBOR BaMiH-
83 0305 121 0305 15 0.16939 260 016949 yicrio Gysosw crpykTyp Ak CaLnTiTaO- (ni-
12 02998  Ilipoxaop 15 0.16808 251 0.16808  poxnopHuii TMN CTPYKTYpH mpH Ln = Pr,
62 02898 061 02904 12 016726 113 0.16712 Nd, Sm [5]), Tak i cTabinbHUX MoaAMiKaLLil
62 02898 131 0289% 9 0.16529 123 0.16547 LnTaO4 (Ln=Nd,Sm) (cTpykrypa Tuny
9 02823 150 02824 9 0.16287 063 0.16297 M-deprioconiry [9]) Bin 6ynosu LUTIC.
65 02780 002 02784 9  0.16287 133  0.16282 ®azoeuii aHaniz TepMo0OpoLeHOT
100 02711 141 02711 9 016287 0.12.1 o0.16276 "PH 1670K Nb-pmichoi wuxru COI'K i3
6 02564 160 02567 19 0.16221 270 0.16238  CHIBBUIHOLICHHAM €lEMEHTIB, AKe BIAMO-
1702338 170 02338 19 016221 261 016215 BAAE MOKIMBIA retepobaounid cnonyui
17 02338 161 02331 28 015999 202 015997 C22-@4TND4Oy nokasas, wo s usomy
BHUMNANKY OAEPHKYEMO ABO(AZHMH MPOAYKT,
6 02299 052 02301 28 015954 212 015949 g cinanaeThen 3 asH 3 CTPYKTYPOIO TH
25 02154 171 02156 28 015954 143 015931  py M-cheprioconity Ha ocosi LaNbO, Ta
25 0.2134 062 0.2153 9 0.15189 1.102 0.15176 3 BignoBigHOT YOTUPHIIAPOBOT (hasu THUMY
25 02154 132 02152 9 015022 1121 0.15026  A,B,03,.; (Ha ocHoBi Ca;La;Ti,NbyO,,).
19 02071 142 02073 9  0.15022 083 0.15014 OnepakaHi AaHi CBIAYATL NPO NPHHLM-
6 019811 152 019828 9  0.14481 262 0.14478 MOBY MOXIMBICTb CTabiNi3auil nepoBebKi-
46 019529 200 0.19545 6  0.13921 004 013922 TOnoaiduux 6nokis meracrabinbnux MBT
17 018824 082 018817 9 013567 282 013556 Y CKIadi cknanoro rerepobnoky {(4)2)}
17 018824 230 0.1878 12 013091 114 013088 CMoAYK B rerepobaouroto LITIC. TTpose-
12 0.13091 2.11.1 013084 JEHHH HaMH aHani3 rnokasas, WO NMOBHOTA

Takoi ctabimizauil 3al1eXuThb Bill BEIHYH-

y cTpykTypy Tuny [1X. 3icTaBieHHS ekcniepuMMeH-
TanbHOro (2.0423(6) HM) i ouikyBaHoro (2.039 um)
3HaueHb napamerpa b enemeHTapHOI poMOIYHOT
komipku Ca,lLasTi,Ta405;, po3paxoBaHoro 3 Bu-
KOpPHCTAHHAM MNEPIOAIB KPHCTaNiYHHX I'paTOK Mo-
audikauii Bucokoro Tucky CajlLa,TirTa)O4 Ta
La,Ta,0g, nokaszano ix xopowu# 36ir. [e, a Takox
MPaKTH4YHA HE3AaNEKHICTb MepioaiB KpHUCTaniuHHX
rpatok a3 i3 rerepodaounoro LUTIC i 3i crpykTy-
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HU BIZHOCHOI pi3HHUI peHTreHorpadidHux
ryctuH MBT Ta crabinbHol moaudikauii peuoBuHu
(M d= (dMBT _dcraﬁ. Mo.:uupy dcraé. Mozm-,b)-

3okpema, BenuunHa Ad/d npu neperBopeHHi
tuny [1X — LUTIC ana CalaTiTaO; aopisuioe 0.2
% [7], a npu neperBopeHHi THmy M-depriocoHit —
LUTIC Ad/d nns NdTaO,4 cknagae 1.1 i 2.4% ans
LaNbOy [8, 10]. BianoBiaHo, KinbKiCHUI BMICT re-
TepoONOYHOT CNONYKH B OAEPKYBAHWUX B YMOBaxX
3BMYAHHOIrO THCKY 3pa3kax Halbinewmit ana Cas-
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LayTi,Tas05, (>90 %), nemwo menwmui ana Nd;Tis-
TaO,, (~70—80%) [4], a yrBopenns CajLasTi,-
Nb,4O,, 3 rerepobnounoto LLUTIC He BinOysaeTses.

BHUCHOBKH. TakuM 4HHOM, Y pe3ynbTaTi aoc-
nipkeHb (a3oBUX cniBBiAHOLIEHL Y cHcTemax Cas-
Ta,07—LnTaOy, CaLnTiTaO7—LnTaO4 (Ln = La,
Pr,Nd, Sm) Ta CaLaTiNbO+—LaNbO, ycraHoB-
JjleHa MOKJIMBICTb YTBOPEHHS 3 aMOP(HHUX CHCTEM
CYMICHOOCA/DKEHHX TifIpOKCHKapOOHaTIB | BHU3Ha-
yeHi YMOBH iICHYBaHHS HOBOI reTepo0io4HOT Wapy-
gatoi cnonyku Ca,La Ti,Ta 0,y, y cTpykTYpi sikOT
BMOPSAAKOBAHO YEPryloTbCs YOTHPHLIAPOBHH 610K
Ca,La,TiyTay)0,4 i aeowaposui 610k LayTa,0g.
IToka3aHo, O B YMOBaX 3BHYAaHHOr0 THCKY MOM-
JMBE YTBOPEHHA Ta ICHYBaHHA B CKIaji rerepo-
onokie Tuny {(4)2)} meracrabiibHUX NEpOBCHKi-
tonoaibuux 6nokie MBT A, B,0O3,;, waixom ix
crabinizauii iHWHMH, TEPMOAHHAMIYHO CTabTbHHU-
MM MepoBCbKITONOAIOHUMHU B610KaMH CNONYK LibO-
ro ciMeHcraa.

PE3IOME. Hccnenosansl ¢a30Bble COOTHOLLIEHHS B
cucremax Ca,Ta,0;—LnTa0O,, CaLnTiTaO,—LnTaO,
(Ln= La, Pr,Nd, Sm) u CaLaTiNbO;—LaNbO,. Ycra-
HOBJIEHO 00pa3oBaHHE M3 CHCTEM COBMECTHOOCAMKIAEH-
HbIX ruapokcokapboHaToB HOBOrO coeanHenus Ca,La,-
Ti,Ta 0,, c retepoba0OYHO# CTOMCTOR MEPOBCKUTONONO-
OHOM CTPYKTYpO#i, B cocTas rerepoboka KOTOPOH BXO-
ST YeTbipexcnoiublii 6nok Ca,La,TiTa,Op4 u aByx-
cnoiinelit 610k La,Ta,0q4. [TokaszaHo, 4TO BO3MOXKHOCTS
KPUCTaNJIOXHMHYECKO I cTabUNM3aLuK MeTacTabuabHBIX
nepoBCKUTONON0OHbIX 6/10K0B MOAH(HKALMIA BEICOKOTO
nasnexus B rerepobnokax {(4)(2)} coenunennii ABgO,,
OMpe/ieNseTcs OTHOCHTENLHOM pasHOCTBIO pEHTreHorpa-
(prueckMX NAOTHOCTEH NoJAUMOpPOHBIX MOAH(UKALMHA.

KuiBcbknii HauiOHanbHUH YHIBEpCHTET
im. Tapaca LlepueHka

20

SUMMARY. Phase ratios in systems Ca,Ta,0;—
LnTaO,, CaLnTiTaO;—LnTaO, (Ln = La, Pr,Nd, Sm)
and CaLaTiNbO,—LaNbO, are investigated. Forma-
tion from the systems of co-precipitated hydroxycarbo-
nates new compound Ca,La,Ti,Ta,0,, with heteroblock
layered perovskite-like structure, which heteroblocks
includes four-layer block Ca,La,Ti,Ta,0,, and two-
layer block La,Ta,Oyq is established. It is shown that the
possibility of crystallochemical stabilization of metastable
perovskite-like blocks of high pressure modifications in
heteroblocks {(4)}(2)} of compounds A¢BO,, is determi-
ned by relative difference of roentgenographic density of
polymorphous modifications.
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