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A method was worked out for the preparation oj dispersed powdered magne
sium, calcium and zinc Jerrites by precipitation in the medium oj molten salts. 
The synthesis oj compounds in melts, compared to the classical solid phase 
reaction and the preparation from a suitable precursor, has the advantage 
oj allowing the size, and sometimes also the morphology oj the crystals, to be 
controlled. However, the main advantage oj molten salts as a reaction medium 
is based on its convenient thermodynamic and transport properties. The study 
was concerned with investigating the e.ffect oj temperature and time oj heating 

on the dispersity and morphology oj the ferrites in question. lt was found that 
the synthesis can be effected at considerably lower temperatures than the direct 
synthesis Jrom oxides, and the products show a high phase purity and a compa
ratively narrow log-normal particle size distribution oj crystals with the mean 
size oj lesa than 1 µm. 

INTRODUCTION 

Inorga.nic ionic melts ha.ve been recognized as promising media. for the synthesis 
of some compounds, pa.rticula.rly those exhibiting outsta.nding electrica.l or ma.gne
tic properties, such a.s ferrites, chromites, tita.nates, etc. which find a.pplica.tion 
in electronics (1 through 7]. Some ferrites and chromites, a.nd possibly other com
pounds with a spinel or perowskite structure, a.re highly topical a.s inert anode 
ma.terials for electrochemical production of aluminium [8]. Tita.na.tes of va.rious 
meta.ls doped with a. suita.hle oxide in higher oxida.tion state a.re convenient a.node 
ma.teria.ls for molten ca.rbonate fuel cells [9]. 

The cla.ssica.l prepara.tion of these ma.teria.ls by solid state rea.ctions is char&cter
ized by a low ra.te of the reaction which is controlled by diffusion of the rea.cting 
compounds; this results in the use of high temperatures a.nd long times of firing. 
The technology ba.sed on suita.hle precursors such a.s hydroxides, a.lkoxides, ca.rbo
nates or nitrates [10] sa.ves energy, but does not a.How the dispersity of the fina.l 
product to be controlled. 

Precipitation of the compounds from a suitable mixture of molten salts is 
a.dvantageous not only from the standpoint of kinetics, but a.lso from that of the 
thermodyna.mic properties of the reaction medium, na.mely the va.lues of the Gibbs 
energy of the reacting substances. Use is made of the differences in the solubility 
of the reactants and those of the products, as well as of the high thermal and che
mical stability of the reaction products. The synthesis in molten salt media has the 
major advantage in that that the particle size, and sometimes even the morpho
logy of the product, can be controlled by suita.hle selection of reaction time and 
tempera.ture. Such a control is very significant for subsequent sintering of the 
powdered product into the final form with the desired porosity. 
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The main advantage provided by molten salts as the reaction medium for the 
preparation of mixed oxides is based on a substantial increase in the negative value 
of the Gibbs energy in the reaction producing the respective compound. Tahle I 

Table I 

Gibbs energy of the formation of ferrites 

ilG� 

Phase 
kJ mol-1 

Reaction No. 

1 100 K 
I 

1 200 K 
I

1 300 K 

MgFe204 I -203.5 -210.7 -216.8 (2) 
-6.7 -5.7 -�4.8 (1) 

CaFe204 -98.6 -111.7 -124.2 (2) 
-31.4 -32.4 -33.4 (1) 

ZnFe204 -164.1 -184.2 -198.9 (2) 
-21.7 -12.9 -4.1 (1) 

lists the values of Gibbs energies for the individua! reactions forming the ferrites 
by direct synthesis from the respective oxides and by precipitation in molten salt 
media. In the first case, the Gibbs energy values correspond to the reaction 

Fe203(s) + MeO(s) ---* MeFe204(s) 

and in the other to the reaction using chlorides, 

(1) 

Fe203(s) + MeC12(1) + Na2C03(l) ---* MeFe204(s) + 2 NaCl(l) + C02(g) (2) 

The values required for the calculation of Gibbs energy values were taken over 
from ref. [ll]. 

The first stage of research into the synthesis of mixed oxides in molten salt media. 
was aimed at working out a method for their preparation and identification. The 
effect of tempera.ture and time of heating on the dispersity and morphology of 
MgFe204, CaFe204 and ZnFe204 was studied. 

EXPERIMENTAL 

The following reagents were used in the synthesis of the ferrites: Fe203, A. R. 
grade, USSR, MgC03, A. R. grade, Neratovice, CaC03, A. R. grade, Lachema, 
Ca.Cli. 2 H20, C. P. grade, Lachema, ZnC03, C. P. grade, Lachema, ZnC12, A. R. 
grade, anhydrous, Merck, NaCl, A. R. grade, Lachema, KCI, A. R. grade, Lachema, 
and Na2C03, A. R. grade, Lachema. The dehydration was effected by vacuum 
dr,ving at 200 °C in the presence of P205• 

The initial mixtures of salts were weighed in a platinum crucible and fused in 
a muffle kiln heated at the chosen temperature. The total amount of the rnixture 
was about 15 to 20 g. Use was rnade of a three-fold excess of sodiurn chloride (at 
900 °C), potassiurn chloride (at 800 °C) or an equirnolar NaCl-KCI mixture (at 
700 °C). After cooling, the rnixture was dissolved in hot water, the undissolved 
residue rinsed several tirnes with distilled water and filtered off on a Bi.ichner 
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funnel. ,The filter cake was dried at 120 °C. The C'ompounds thus· ·ptey,ared were 
-identified by X-ray diffraction analysis.

The morphology -and particle size distribution of the powdered,products wern 
determined by means of the scanning electron microscope.· The percent oc.curence 
of crystals in the individua! size clasrns was. determined on SEM micrographs 
hy measuring the mean size of the rnparate graim: as the arithmetic mean of the 

Table II 

Logarithmic-normal size distribution parameters of MgFe204 crystals 

t T I a - -

I- - -- ln d; <1 (ln d) N 
oc h 

I 
µm 

I 
. 

700 2 0.241 -1.446 0.279 120 

800 2 0.319 -1.187 0.449 120 

900 2 0.409 -0.486 0.415 100 

1000 2 0.512 -0.658 0.294 85 

900 1 0.326 -1.199 0.320 90 

900 3 0.549 -0.630 0.306 110 f 
900 4 0.678 -0.433 0.283 85 

l 

Table III 

Logarithmic-normal size distribution parameters of CaFe204 crystals 

t I 
a 

� 

--

I I 
I 

T ln di <1 (ln d) N 
oc h 

-� 
µm 

II 

800 2 0.946 -0.098 0.422 110 

900 2 1.089 -0.023 0.492 70 

1000 2 1.190 -0.061 0.484 65 

900 0.5 0.384 -0.894 0.395 95 

900 1.5 0.768 -0.652 0.357 75 

900 3 1.350 0.074 0.283 60 

900 3 1.280 0.051 0.326 55 

' 

Table IV 

Logarithmic-normal size distribution parameters of ZnFe204 crystals 

I 

i 
• l

t T a 
�--·� 

- - - - ln d; a (ln d) N 
oc h µm 

---

700 2 0.438 -0.084 0.234 95 

800 2 0.475 -0.942 0.499 125 

900 2 0.519 -0.624 0.289 90 

1000 2 0.569 -0.279 0.378 80 

900 1 0.382 -1.107 0.405 120 

I
900 3 0.888 -0.155

I 

0.334 100 

900 4 1.162 0.213 0.413 75 
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J.a.rgest and the sm&llest dimension. The rela.tive representa.tion of crysta.ls in the 
size cla.'lses wa'l described by means of log-norma.I distribution and the mean crystal 
size in the sample wa'l determined. On the ba.sis of this evaluation, the dependence 
of mean crystal size on the tempera.ture and time of heating was established. The 
respective values of mean crystal size, standard devia.tion of the loga.rithm of 
cysta! size (dia.meter) a.nd tota.1 occurence of the whole set are listed in Ta.hles II 
through IV for the temperature3 a.nd times of hea.ting studied. 

RESULTS AND DISCUSSION 

The magnesium ferrite, MgFe2O4, wa.s prepa.red by rea.cting ferric oxide with 
magnesium ca.rbona.te in the medium of molten sodium chloride, pota'lsium chloride 
or their mixture. The possibility of using a.nhydrous magnesium chloride with 
sodium ca.rbonate wa.:1 a.lso verifi.ed. In both ca'!es the rea.ction yielded magnesium 
ferrite, MgFe2O4, a.nd the alternative utiliza.tion of magnesium chloride or ca.rbona.te 
had no effect on the morphology of the fina.l product. The effect of tempera.ture 
and time of heating on the size of crysta.ls wa'l studied over the tempera.ture 

.· range of 700 to 1000 °C and times of heating from 1 to 4 hours. Fig. 1 shows the 

1,2 

E 
1,0 

I-O 

QB 

0.6 

0.4 

700 800 900 1000 
t/°C 

Fig. 1. Mean crystal size vs. temperature at a constant heating time oj 2 hours; 
o -MgFe204, A -CaFe204, a -ZnFe204 .

. plot of mean magnesium ferrite particle size vs. tempera.ture at a constant time 
of heating of 2 hours. There is au apparent increage in mean crystal size with rising 
tempera.ture, which can be attributed to more favourable mass transport properties 
of the melt at higher tempera.ture. Fig. 2 is a plot of the mean magnesium ferrite 
particle size vs. heating time at a constant tempera.ture 6f 900 °C. There is agai.n 
an increase in the value of mean crystal size resulting from isothermic growth in 
the presence of the liquid pha'3e. The change in the mean crystal size is obviously 
linear, which supports the a'!sumption of a reaction-controlled mechanism of crystal 
growth, i.e. a mechanism involving dissolution and precipitation of the crystalhzing 
phMe [12]. For comparison, Figs. 3 and 4 show micrographs of magnesium ferrite 
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prepared at 700 °C during 2 hours (Fig. 3) and at 900 °C during 3 hours (Fig. 4). 
Magnesium ferrite belongs to the group of spinels, crystallizing in the cubic system 
with space group Fd3m, and this was also the morphology of the crystals obtained. 

o 1 2 3 4 
'l'/h 

Fig. 2. Mean crystal size vs. time oj hwJ;ing at a constant temperature oj 900 °0; 
o - MgFe20•, "' - CaFe20•, a - ZnFe204.

The calcium ferrite, CaFe204, was prepared by reacting ferric oxide with calcium 
carbonate or anhydrous calcium chloride and sodium carbonate, in the medium of 
molten sodium chloride, potassium chloride or their mixture. In the ca.se of pre
pa.ration at 700 °0 in the NaCl-KCI mixture the rnmple was inadequately fused 
and remained syrupy, so that it had to be discarded from the experiment&! set. 
However, repla.cement of the flux with a Na.Cl-LiCl mixture (1 : 1 by wt.) 
resulted in the forma.tion of lithium ferrites LiFe02 and LiFe508 a.s proveď by 
X-ray powder diffraction and by the change in the morphology of the product a.s
revealed by SEM micrographs. In view of the size of the ca.lcium atom, Ca.Fe204 

does not belong to the spinels, crystallizing in the orthorhombic system with the
Pnma spatial group. The effect of tempera.ture over the range of 800 to 1000 °C
and the heating time from 0.5 to 3 hours was followed during the preparation of
calcium ferrite. The development of crystal morphology can be seen in Figs. 5
and 6, showing micrographs of calcium ferrite prepa.red at 900 °0 during 0.5 hour
(Ji'ig. 5) and at 1000 °C during 2 hours (Fig. 6). The plate-shaped crystals first
grow preferentially in the direction of one crystallographic axis, acquiring an
acicular forrn. Fig. I shows the tempera.ture dependence of mean crystal size of
calciurn ferrite at constant heating time of 2 hours, Fig. 2 the relation between
mean crystal size and the time of heating at a constant tempera.ture of 900 °C.
The favourable effect of tempera.ture, improving the transport properties of the
melt, and the isothermic growth of crystals in the prernnce of the liquid phase, is
a.gain obvious. The characteristic rnorphology of calcium ferrite crystals resulted
in a faster growth of the mean crystal size with increasing tempera.ture and time
of heating as a consequence of the preferential growth in the direction of one
crystallographic axis. The composition of the initial mixture was also found to
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a.ffect the morphology of the crystals obtained. With ca.lcium chloride, the crystals 
grow preferentia.lly in the direction of axis c whereas with CaCO3 the growth in this 
<lirection is not so marked. 

The zinc ferrite wac; produced by reaction of ferric oxide with zinc carbomLte 
or a.nhydrous zinc chloride and sodium carbona.te in the medium of molten sodium 
chloride, potassium chloride or the NaCl-KCI mixture a.t I : I ratio. The effect 
of temperature and heating time on the size of crystals was inestigated over the 
temperature range of 700 to I 000 °C and the heating time of I to 4 hours. The 
dependence of mean crystal size on temperature at a. constant heating time is 
plotted in Fig. 1, and that on the heating time at a. constant heating tempera
ture of 900 °C in Fig. 2. Among all the three ferrites studied, zinc ferrite showed 
the lea.st effect of tempera.ture on crystallization rate. The influence of the 
heating time is much greater. Fig. 7 shows a micrograph of zinc ferrite obtained 
at 700 °C during 2 hours, and Fig. 8 of zinc ferrite producerl at 900 °C also 
during 2 hours. The morphology of the crystals obtained corresponds to the spinel 
structure of zinc ferrite; there wa.s no difference between the use of zinc carbo
nate and zinc chloride. 

As follows from Tables II through IV, the particle sizes of the ferrite crystals 
prepared all show log-normal distribution with a. standard deviation of the loga
rithm of crystal diameter in the range of 0.23 to 0.5, which indicates a relative 
narrow size distribution of the crystals. X-ray diffraction analysis showed that 
in some cas;es the final products were contaminated with unreacted reactants 
(ZnO, Ca(OH)2, etc.). Ev�n though this contamination wag at a low level, the 
final powdere<l product will have to be wMhed with dilute acid. This procedure was 
not employcrl in the present study in order to a,sess the quantitative course of the 
synthesis. 

It may be concluded that the preparation of mixed oxides by precipitation in 
molten salt me,lia appearil to be a very promising method for the following reasons: 

(i) the reacfrm can be effected at substantially lower temperatureR than the
<lireťt synthesis from oxides, 

(ii) in view of the favourable mass transport properties of molten salts it is
posRible to influence the particle size, the size distribution and possibl_,. also the 
morphohgy of the grains of the re3pective powders, 

(iii) the powdered products can be prepared with a high degree of purity as the
unde,irable admixtures or reaction pr0ducts are readily soluble or gageous, 

(iv) in al! the instances, the particle size distribution of the powders obtained
is described by a comparatively narrow log-normal distribution. ln most cases, 
the mean crystal size wag less than I µ.m, which is very favourable with respect, 
to forther processing of the powders. 
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SYN TÉZA NIEKTORÝCH FERITOV V PROSTREDÍ ROZTAVENÝCH 
SOLÍ 

Vladimír Daněk, :Cudmila Smutná, Kamil Matiašovský 

Ústav anorganickej chémie Centra chemického výskumu SA V, 842 36 Bratislava 

Rozpracovala sa metóda prípravy disperzných práěkov feritu horečnatého, vápenatého 
a zinočnatého precipitáciouvprostredí roztavených solí. Prednostou syntézy zlúčenín v taveninách 
oproti klasickej príprave reakciou v tuhej fáze a príprave pomocou vhodného prekurzora je najma 
možnost regulácie vefkosti a niekedy aj morfológie kryštálov. Hlavná výhoda použitia roztave
ných solí ako reakčného média spočívavo výhodných termodynamických a transportných vlast
nostiach reakčného prostredia. V práci sa skúmal vplyv teploty a doby záhrevu na disperzitu 
a rnorfológiu sledovaných feritov. Zistilo sa, že syntézu možno uskutočnit pri podstatne nižších 
teplotách ako priamu syntézu z oxidov, pričom produkty Ra vyznačujú vysokou fázovou čistotou 
a pomerne úzkym log-normálnym rozdelením vefkosti kryštálov so strednou vefkostou n,enšou 
ako 1 µm. 

Obr. 1. Závislost .,trednej velkosti kry.štálov od teploty pri konštantnom ča8e záhrevu 2 h; 
o - MgFe20•, A - CaFe204 , o -ZnFe204 . 

Obr. "�- Závislost strednej velkosti kryštálov od doby záhrem1, pri konštantnej teplote 900 °C; 
o - MgFe204 , A - CaFe20•, o -ZnFe20 •. 

Obr. 3. SEM mikrosnímka prášku MgFe204 pripraveného pri teplote 700 °C počas 2 h. 
Obr. 4. SEM mikrosnímka prášku MgFc204 pripraveného pri teplote 900 °C počas 3 h. 
Obr. 5. SEM mikrosnímka prášku CaFe204 pripraveného pri teplote 900 °C počas 0,5 h. 
Obr. li. SEM mikrosnímka prášku CaFe204 pripraveného pri teplote 1000 °C počas 2 h. 
Obr. 7. SEM_ mikro.mímka prášku ZnFe204 pripraveného pri teplote 700 °C počas 2 h. 
Obr. 8. SEM mikrosrdmka prášku ZnFe204 pripraveného pri teplote 900 °C počas 2 h. 

CHHTE3 JIEHOTOPhIX <DEl'PHTOB B CPE.[(E PACIIJfABJIEIJHlilX 
CO .TI E ii 

Bml)\11Ml1 p .IJ:aHor,, ,lIJO/:(Mll:ra CMyTHa, lfaMn:r '1aTl!alllOB('Kll 

I/11cmumy111 neop<'llllU'{ť{;J.(J{l Xll.ttULl l{e1t!IIJ!ll Xll.\tll'{ťCJ.OcO llCCJieaoaa/iUR, CAi-!, 
8 42 36 B panrnc.11,aaa 

l_,1,1.:1 pa:ipa60TaH MCT(J;\ mmy•JCH11H /\llťl!CpC'H!,IX nop0lll!WB cpeppnrn Mill'HIIH, Kam,Q11H 
11 l\l!HKa npe1�H1l11Tal\llCÍi B cpe;1e pacn:raB.TJCHIU,IX ('OJieH. llpeHMYIQC('TBO Cl!HTC3a ťOC/1,ll
HCHllii B pacnmrnax no cpaBHCHHIO ť :n;IaťťH'!Cl'.101M uo:1y•reHHCM IIYTCM peam\llll B TBCp/1,0H 
cpa:ic li no cpaBHCHHIO (' IT0JIY'IeHIICM C H0M0!IU,IO np!ff0/\H0r0 npeKypropa :lilKJIIO'laCTCH 
npmn/\C Beeru B Bo;JM0IBH0ťTll pery:mpoBaTb paaMep ll l!H0J')\a ll MOp<pOJIO!'ll!O KpllCTaJIJI0B. 
OcHOBHOC npe11MyIQCCTB0 np11MCHCHl!H pacn;rae:reHHhJX COJieÍÍ B Ka'IeCTBC peam�110HHOH 
cpeni.1 11MCCTťH B 1Ip111'0/\Hh!X TCpM0/\l1HilM11'1CťKl1X li TpaHcrropTHbIX CBOHCTBax peaKQl!OHHOH 
cpe)\J,J. B npe;:vrarneMoii pa6oTC pacťMllTJ>11BflCTťH BJil1HHIIC TCMrrepaTypu II BpCMCHll HarpeBa 
Ha ,!l;llťIICJ>C'110HHYIO cnoco6HOCTL II MOpcpo.rronIIO 11CCJICl\YCMLIX cpeppnTOB. EuJIO ycTaH0BJICH0, 
'!TO CllHTC3 M0IBH0 rrp0B0/\IITb rrpn cyu�eCTBCHH0 6oJiee HII3K11X TCMnepaTypax '!CM y 
npHM0I'0 CHHTeaa na 0KCII)\0B, rrpn•reM np0AYKTbl 060311a•1em,1 BhlCOKOli cpa30B0li 'll!CTOTOH 
H 0TH0CIITCJibH0 Y3K11M ,IOl'-H0pMaJibHh!M pacnpeµ;eJICHHCM pa3Mepa KpIICTallOB co cpe)].Hl1M 
pa:iMepoM HHiKC t µM. 

Silikáty č. 2, 1989 103 



V. Daněle, E. Smutná, K. MatiaBovslcý:

Puc. 1. 3aeucu.Mocmb cpeaHeeo paa.Mepa Kpucma.a.n,o/J om me.Mnepamypbi npu nocmo11,HH0.M 
epe.MeHu Haepeea 2 "·; o - MgFe204; .o. - CaFe20•, o - ZnFe204• 

Puc. 2. 3aeucU.MoCmb cpeaHeeo paa.Mepa -,;,pucma.11,.rw11 om epe.MeHu Haepeea npu nocmo.<J,HHoii 
me.Mnepamype 900 °C: o - MgFe204; .o. - CaFe204, o - ZnFe204. 

Puc. 3. SEM .Mu-,;,porjiomoeparjiu11, nopouo.a MgFe204, no.11,y'l/.eHHoeo npu me.Mnepamype 
700 °C u epe.MeHu 2 "· 

Puc. 4. SEM .Mu-,;,porjiomoepaif,u11, nopout-,;,a MgFe204, no.iY"eHHoeo npu me.unepamype900 °C 
u e pe.MeHu 3 "· 

Puc. 5. SEM .Mu-,;,porftomocpaif,u11, nop01u-,;,a CaFe20., nMytteHHOcO npu me.Mnepamype 900 °C
u epe.Me11,u 0,5 "· 

Puc. 6. SEM .Mu-,;,porjiomoepa<jju11, nopow-,;,a CaFe204, no.iy'l/.e11,11,oe0 npu me.Mnepamype 
1000 °C u epe.Me11,u 2 "· 

Puc. 7. SEJI .Mu-,;,po<jfomoepaif,u11, nopoutr.a ZnFe20•, no.11,y'l/,e11,11,oeo npu me.Mnepamype 
700 °C u epe.Me11,u 2 "· 

Puc. 8. SEM .Mu-,;,porjiomoeparjiu.</, nopow-,;,a ZnFe204, no.11,y"e11,11,oeo npu me.Mnepamype 
900 °C u epe.Me11,u 2 "· 

MODERN CRYSTALLOGRAPHY IV
1
- PHYSICAL PROPERTIES OF CRYS

T ALS (Moderná kryštalografia IV - fyzikálne vlastnosti kryštálov; preklad z ruského originálu 
„Sovremennaja kristallografi.ja"). Editor L. A. Šuvalov. Springer-Verlag Berlin Heidelberg New 
York London Paris Tokyo 1988. 583 str., 270 obr., 65 tab., cena 198 DM. 

Štvrtý diel kompendia „Sovremennaja kristallografija" je venovaný kryštalofyzike, recenzie 
predošlých troch dielov pozri Silikáty 26,354 (1982); 27,106 (1983); 29 191 (1985). Obsah je rozde
lený do ósmich kapitol_: 

1. L. A. Šuvalov: Základy tenzorového a symetrického opisu fyzikálnych vlastností kryštálo v 
(tenzorový aparát kryštalofyziky a všeobecné problémy symetrie fyzikálnych vlastnosti kryštálov) 
49 strán, 16 odkazov. 

2. A. A. Urusovskaja: Mechanické vlastnosti kryštálov (elastické vlastnosti, plastické sklzové 
deformácie, pohyb dislokácií, difúzne mechanizmy, mechanické dvojčatenie, lom, a príslušné, 
experimentálne metódy). 128 strán, 104 odkazov. 

3. I. S. Želudev: Elektrické vlastnosti kryštálov (polarizácia, vodivost, dielektrické straty, 
piezo-, pyroelektrické javy a elektrostrikcia, doménové štruktúry a elektrické vlastnosti fero
elektrík a antielektrík spolu s vybranými príkladmi konkrétnych štruktúr, fázové transformácie 
feroelektrík) 89 strán, 23 odkazov. 

4. A. V. Zalesskij: Magnetické vlastnosti kryštálov (neusporiadané a usporiadané magnetiká, 
doménové štruktúry feromagnetík a magnetizačný proces, anizotropia feromagnetík, štruktúry 
niektorých magneticky usporiadaných kryštálov, piezo- a magnetoelektrické javy). 81 strán, 
17 odkazov. 

5. S. A. Semiletov: Polovodivé kryštály (základné vlastnosti polovodičov, p- n prechody). 
28 strán, 12 odkazov. 

6. S. A. Semiletov: Transportné javy v kryštáloch (elektrická a tepelná vodivost, termoelektric
ké efekty, galvano- a termomagnetické efekty). 29 strán, 9 odkazov. 

7. B. N. Grečušnikov: Optické vlastnosti kryštálov (šírenie elektromagnetických vln v anizo
tropnom prostredí, jedno- a dvojosové kryštály, dvojlom, interferenčné javy, absorpcia, optická 
aktivita, elektro-, magneto- a piezooptické vlastnosti, disperzia, nelineárna optika, základy 
teórie kryštálového poia, lasery, polarizovaná luminiscencia, elektrónová paramagnetická rezo
nancia iónov nečistot). 108 strán, 85 odkazov. 

8. I. G. Čistjakov, S. A. Pikin: Kvapalné kryštály (základnó charakteristiky, textúra a optické 
vlastnosti, teória kvapalnokryštalického stavu, magnetické, elektrické a teplotné vlastnosti). 
57 strán, 18 odkazov. 

Jednotlivé kapitoly sú napísané prístupným spósobom, vhodne na seba nadvazujú a text sa 
<lobre číta. Obzvlášť potešiteiná je dokonalá znalost modernej krystalografie a dósledné používanie 
jej pojmov a aparátu. L. A. Šuvalov si zaslúži uznanie za vzorný editorský výkon. Kniha je 
výbornou príručkou pre vedeckých i výskumných pracovníkov ako aj pre vysokoškolských 
učitefov a nemala by chýbat v knižnici žiadneho ústavu s kryštalografickým a materiálovedným 
zameraním. 

Ď'll,rovič 
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