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The classification of stable symmetries of the Jahn-Teller systems for common symmetry groups 
with degenerate relativistic and non-relativistic electronic states is elaborated. The results ob
tained by epikernel principle and by the method of step-by-step symmetry descent are compared. 
The deficiency of the epikernel principle is demonstrated on some examples of the Jahn-Teller 
phase transitions. 

The Jahn-Teller (JT) effect has a prominent role in many branches of physics and 
chemistry. H. A. Jahn and E. Teller discovered the energetic instability1,2 of the 
non-linear geometric configuration of nuclei in degenerate electronic state - except 
Kramers degeneracy due to relativistic effects. Such an electronic state is hereafter 
denoted as the unstable one. In such a way formulated JT theorem implies the exis
tence of at least one stable nuclear configuration in non-degenerate non-relativistic 
electronic state or in double degenerate relativistic electronic state (Kramers degener
acy). Such an electronic state is hereafter denoted as the stable one. The rise of 
a stable electronic state may be mathematically formulated as a consequence of 
splitting the original unstable electronic state of the parent symmetry group simul
taneously with the symmetry descent 'of the whole nuclear system (some symmetry 
elements are destroyed). 

In this context the problem arises how to determine the stable nuclear configura
tions of JT systems. It may be solved, in principle, by two alternative treatments 
based on the study of 

(i) JT active coordinates, 
(ii) unstable electronic states. 

The oldest treatments are based on the study of an analytic shape of the adiabatic 
potential surface which may be derived by the perturbation theory3. However, these 
are handicapped by enormous complexity for larger systems. In addition the ob
tained results never may be regarded as complete. Among the methods based on 
the group-theoretical analysis of JT active coordinates, the method of epikernel 
principle4 is the most elaborated one. It may be applied to pseudo-JT systems, too. 

Collect. Czech. Chem. Commun. (Vol. 55) (1990) 



2120 Breza: 

The theory of step-by-step descent in symmetry5,6 belongs to the methods based 
on the analysis of symmetry properties of the electronic state. It represents the most 
complete solution of the problem and it may be applied to such pseudo-JT systems 
which are treatable as the JT systems in excited electronic state, too. 

The results of the methods based on group-theoretical analysis may be directly 
applied to the crystals6 , too. The symmetry properties of the crystal are determined 
by its unit cell symmetry. For real crystals all the electronic states (their probabilities 
depend on temperature) and likewise also all the mutual orientations of IT centres 
are to be considered. The practical verification of the obtained results may be carried 
out by the phase transitions scheme for the compounds with JT ative centres9 that 
has been elaborated under these assumptions and that has been successfully applied 
to some complex compounds of transition metals. 

THEORETICAL 

The symmetry properties of electronic states and nuclear coordinates may be des
cribed as the representations of the pertinent symmetry group of the nuclear system. 
In accordance with the rule of JT instabilityl ,2, the following relations hold for 
the symmetries of JT active coordinates, A, and the electronic states, r. 

(i) A c: [r Q9 r] for non-relativistic electronic states described by single-valued r 
representations, 

(ii) A E {r Q9 r} for relativistic electronic states described by double-valued r 
representations. 

The symbols [ ] and { } denote the symmetrized and antisymmetrized direct 
product, respectively. The system symmetry is not changed by the fully-symmetric 
coordinates of at type therefore they are usually not included among the JT active 
coordinates. 

If A corresponds to the degenerate or reducible representation, i.e. if it contains 
some symmetry components, the multidimensional distortion space4 is treated 
instead of the single distortion coordinate. The symmetry operation under considera
tion is conserved during the nuclear displacement change only if the invariance of 
pertinent nuclear coordinates under change is preserved. It means that its representa
tion has the same character values as the identity operation. The minimal symmetry 
subgroup preserved during the coordinates change like this is denoted as the kernel, 
K( G, A), where G is the parent (unperturbed) group and A is the pertinent coordinate 
representation. The epikernels are the intermediate subgroups during this distortion 
between the parent group existing in the origin of the distortion space only and 
the kernel group preserved in all distorted structures. There are often several epi
kernels for the pertinent G group and A representation. These epikernels may re
present the independent symmetry descent ways that lead in different routes to the 
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kernel group. If the coordinate representation is reducible, i.e. composed of two 
or more different irreducible representations, the kernels of the pertinent subspaces 
are the epikernels of the aggregative representation. 

In accordance with the epikernel principle4 the stable symmetries correspond to 
kernels and/or epikernels, as a rule of maximal symmetry. The epikernels correspond 
also to unstable symmetries lying on the symmetry descent route to the stable sym
metries. All the above mentioned kernels and epikernels refer to non-fully sym
metric vibronic active coordinates only. 

In accordance with the theory of step-by-step descent in symmetryS.6 the un
stable electronic state is split simultaneously with the symmetry descent of GO parent 
group till the G" symmetry subgroup with pertinent stable electronic state is reached. 
The whole method is based on the following procedure: 

(i) The symmetry elements of the "perturbed" system constitute the immediate G" 
subgroup of the parent system: G" eGo. 

(ii) The irreducible r" representation describing the electronic state of G" sub
group originates in splitting the multidimensional rO irreducible representation cor
responding to pertinent unstable electronic state in the GO parent symmetry group. 

(iii) If r" corresponds to the stable electronic state (one-dimensional single-valued 
or two-dimensional double-valued irreducible representation) then the Gil subgroup 
corresponds to the stable system geometry. Otherwise the system continues in the 
symmetry descent and the whole procedure is repeated for the G"+ 1 subgroup that 
is the immediate subgroup of G" group: G,,+l c G". 

Considering that the symmetry groups usually have several immediate subgroups 
and the irreducible representations of dimension higher than two may be split into 
the irreducible representation of different dimensions, usually there are several 
symmetry descent routes. Only few of them have been observed in real systems. 

Individual symmetry descent routes, the above mentioned methods are dealing 
with, may be applied to the structure phase transitions6•9 • All phase transitions that 
may be described by these symmetry descent routes or by their combinations are 
denoted as the JT phase transitions. The above mentioned theory does not solve 
the problem of phase stability, it indicates the possibility of the phase existence 
only. It implies that only some of the predicted phase transitions will be observed. 

RESULTS AND DISCUSSION 

The obtained results are shown in Tables I-V. For each of the symmetry point 
groups, GO, both the possible irreducible representations of electronic states, ES, 
and corresponding JT active coordinates, JTC, and stable symmetry subgroups 
according to epikernel principle, EP, and according to the method of step-by-step 
descent in symmetry, SO, are presented. The representation dimensions are as follows 
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TABLE I 

Cyclic groups 

Group ESa JTC' Epc SDd 

C 3 E e C l C l 

C4 E b C z C z 

Cs El ('2 C l C l 

E z e l C l C I 

C6 E l , E z ez C 2 C l , C z 

C 7 E\ e2 C\ C l 

E2 e3 C 1 C 1 

E3 l'1 C l C 1 

C a E 1 ,E3 ez C z C z 
E z e l C4 C4 

S4 E h C z C z 

S6 Eg,EU ey C j CI,C j 

Ss E I ,E3 ez C z C 2 

E2 b C 4 C4 

SIO Ejy,Elu e1y C j Cj,C j 

E 2g , E 2u e\9 C j Cl,C j 

S12 E l , E5 ('2 C 2 C j ,C2 
E 2, E4 ('4 S4 C j , C z, S4 

E3 Ii C 6 C 6 , C 2 

C 3h E/,E" e' Cs CI,Cs 

C4h Eg, Eu bg C 2h C 2, C Zh 

C Sh E 1, E'{ e2 Cs Cl,Cs 

E 2, E2 ei Cs C l , Cs 

C6h Ely, E 2g , E lu , E Zu l'2y CZh C l , C j , C" C 2, C Zh 

C7h E;,E'{ {'2 Cs C l , Cs 

E 2,E2 e3 Cs C l , Cs 

E;, E~ e; C s C l , Cs 

C Sh Ely, E\u' E 39 , E3u ely C 2h C 2, C 2h 

E Z9 , E zu by C4h C4, C4h 

C3v E e Cl,Cs C l , Cs 

C4v E iii' li2 C z, C 2v C 2, C Zy 

C Sv El e2 C" Cs C l , Cs 

E2 ('\ C l , Cs C l , Cs 
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TABLE I 

(Continued) 

Group 

El , E2 

E[ 
E2 
E3 

E 1 , E3 

E2 

JTCb 

e2 

e2 
e3 
e 1 

e2 
bl , b2 

2123 

Epc SDd 

---------

C z , C zv C l , Cs' C z , C Zv 

C1,Cs C[,Cs 

C t , Cs C[,Cs 

C t , Cs C l , Cs 

C z , C 2v C 2, C Zv 

C4 , C4v C 4 , C4v 

C Degenerate electronic states3,7,S; b Jahn-Teller active coordinates (except fully-symmetric 
ones)3,7.S; C subgroup symmetries obtained according to the epikernel principle4 ; d stable sub
group symmetries obtained according to the symmetry descent theorys,6. 

(the indices are omitted for the sake of simplicity): A(l), B(l), E(2), T(3), G(4), 
H(5), 1(6). The electronic states are denoted by capitals and the coordinates by small 
letters. In the tables such groups are omitted which cannot have any multidimensional 
irreducible representations, i.e. the unstable electronic states. The fully symmetric 
coordinates of at type are not presented among the coordinates that can be active 
in the Jahn-Teller effect, too. Besides the two-dimensional irreducible representa
tions of electronic states of E type and such symmetry groups which can have the 
one- and two-dimensional double-valued irreducible representations only are omitted 
for the double groups. 

At a glance it is evident that the stable symmetry groups according to the epikernel 
principle method coincide with these' ones according to the method of step-by-step 
descent in symmetry for some simple parent symmetry group only (Cn, Cnv , Dn for 
n =l= 6, DZd' D4d , DSd)' For most cases the results obtained by the epikernel principle 
method are included in the results obtained by the method of step-by-step descent 
in symmetry. This fact is apparent as the epikernel principle method is restricted 
to the JT active coordinates resulting from the first-order perturbation method. 
From this point of view the method of step-by-step descent in symmetry is morE 
complete. 

In some cases any groups obtained according to the epikernel principle do not 
occur among the stable subgroups according to the step-by-step descent in sym
metry. As a matter of fact, in D6d parent group for E2 electronic state in the case of 
S6 subgroup and for E3 electronic state in the case of C6 subgroup the degeneracy 
is already removed at their supergroups. DSd subgroup for Gg or Gu electronic states 
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TABLE II 

Dihedral groups 

Group ESa JTC' Epc SDd 

D3 E e C 1,CZ C 1,CZ 

D4 E b 1,bz C z , D z Cz,Dz 

D5 El ez C t , C z C[,CZ 
E z e[ C[, C z C I , C z 

D6 E 1, E z ez C z , D z C 1,Cz ,Dz 

D7 E[ ez C 1,CZ C 1,CZ 
E z e3 C[, C z C I , C z 
E3 e1 CI,CZ C 1,CZ 

Ds E I , E3 ez C2,Dz Cz , D z 
E z b l , b z C4,D4 C4,D4 

D3h £',E" e' Cs, C Zv C t , C z , Cs, C Zv 

D4h Eg, Eu big, b zg C Zh ' DZh C z , D z , C Zv , C Zh , D2h 

D5h El.E'{ e2 Cs• C zv C t , C z • C., C Zv 

E 2,E2 el Cs, C Zv C t , C z , Cs, C Zv 

D6h £1g. E 1u' E zg , E zu eZg C Zh , DZh C 1• C z • Cs• C j, D z • 
C Zv• C Zh , DZh 

D7h Ei,E'{ e' z Cs, C Zv Cl'CZ'Cs'Czv 

E 2.E2 e' 3 Cs• C Zv C I • C z , Cs, C Zv 

E3,E3 el Cs• C Zv C I • C z • Cs• C 2v 

DSh E 1g, E lu' E 3g• E3u ezg C Zh , DZh C z • D z , C Zv • C Zh • DZh 
E Zg• E zu big. b zg C4h • D4h C4• D4• C4v , D4h• C4h 

D Zd E b 1,bz Cz.Dz,Czv C z , D z , C Zv 

D3d Eg, Eu eg C j• C Zh C 1• Cs, C z , C j• C Zh 

D4d E 1.Ez e C z , D z , C Zv C z , D z , C Zv 
E z b1.bz C 4• D4 , C4v C4• D4• C4v 

DSd E 1g.E1u eZ g Cj,CZh C 1, C j • C z • Cs' C Zh 
E Zg• E Zg e lg C j , C Zh C 1• C j , C z , C., C Zh 

D6d E 1.E5 ez C 2, D z , C Zv C I • Cs, C 2, D2 , C 2v 

E 2.E4 e4 S4, D Zd C 1• CS' C Z• D 2• C Zv• D Zd 
E3 b1, b z C6 , D6, C6v C z , D z • C Zv , D6 , C6v 

D7d E 1g, E 1u eZ g C j , C Zh C 1• C j , C z , Cs, C Zh 
E zg, E 2u e3g C j ,C2h C 1, C j , C 2, Cs• C 2h 

E 3g, E3u e 1g C j , C 2h C I , C j , C 2, Cs, C 2h 
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TABLE II 

Continued) 

Group 

DSd E 1, E7 
E 2,E6 
E 3,E5 

E4 

2125 

e2 C 2, C 2v, D2 C 2, C 2v, D2 
e4 C4, D4 , C4v C4 , D4, C4v 
e6 C 2, C 2v, D2 C 2, C2v, D2 

b1,b2 C s , Ds, Csv Cs , Ds, Csv 

C Degenerate electronic states3,7,S; b Jahn-Teller active coordinates (except fully-symmetric 
ones3,7,8; C subgroup symmetries obtained according to the epikernel principle4; d stable sub
group symmetries obtained according to the symmetry descent theory 5 ,6 . 

TABLE III 

Cubic groups 

Group ES" JTch Epc SDd 

T E e D2 D2,Ct 
T e, t C 1,D2 C 1, C 3, D2 

Th Eg,EU eg D2h C 1, C j , D 2, D2h 

Tg. Tu eg, tg C j • D2h C 1, C j , C 3, D 2, S6' D2h 

Td E e D2, D 2d C t , Cs, D 2, D2d 
T I• T2 e, t2 C 1, Cs. C 2, D2 C I , Cs ' C 2, C3, D2, 

C 2v. C 3v' D 2d C2v, C3V• D 2d 

0 E e D 2,D4 C 1,C2,D2.D4 
T I , T2 e, t2 C 1, C 2, D2, D 3, D4 C t , C 2, C 3, D 2, D 3, D4 

Dh Eg, Eu eg D2h , D4d CI' C j , C., C 2, C 2h• 
D2, D4, D 2h , D2d• D4h 

T lg , T 1u, T2g, T2u eg, t2(1 C j , C2h , D 2h• C t , C j , Cs. C 2• C 3, C2h, 
D 3d, D4h C 2v, D 2, C 3v, S6' D3, 

D4, D 2d , D 2h , D 3d , D4h 

C Degenerate electronic states3,7,8; b Jahn-Teller active coordinates (except fully-symmetric 
ones)3.7,S; C subgroup symmetries obtained according to the epikernel principle4; d stable sub
group symmetries obtained according to the symmetry descent theory5,6. 
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and Ih subgroup for Hg or H" electronic states are unstable in the case of Ih parent 
group (the unstable electronic states described by degenerate irreducible representa
tions arise by splitting unstable electronic states of the parent group), thus the sym
metry descent continues. 

Diametrically opposite situation arises for the double groups. Supposing the 
same JT active coordinates the method of epikernel principle predicts the same 
results for single-valued and double-valued irreducible representations. According 
to the method of step-by-step in descent symmetry. however. these cases cannot be 
identified because the electronic state instability is removed immediately after the 
symmetry descent leaves the cubic or icosahedral groups. 

Under these circumstances such a requirement arises how to solve the problem 
of deciding between both the treatments, preferably on the basis of experimental 
data. For this purpose the scheme of phase transitions based on lahn-Teller effect 
may be used that has been elaborated generalizing the theory of step-by-step descent 
in symmetry9. In Table VI some data on phase transitions of some transition metal 
compounds are collected 9 - t t. The above mentioned phase transitions may be ex
plained as a combination of some symmetry descent routes (Table VII) finalized by 
a stable symmetry. 

TABLE IV 

Icosahedral groups 

Group ES" 

I T1• T z 
G 

H 

Ih T tg• T h . T2g• T2" 

Gg.G" 

Hg.H .. 

JTe/! 

h. 
g,1z 

g, Iz 

Izg 

gg.lIg 

gg.lIg 

Epc SDd 

Ct. C z• Dz• D 3• Ds Ct. C z• C 3• D z• D 3• Ds 
Ct. C z• C 3• Dz• Ct. C z• C 3• Dz• 
D3• Ds. T D3• Ds. T 
Ct. C z• C 3• Dz• Ct. C 2• C 3• Dz• 
D 3• Ds. T D3• Ds. T 

C j • C Zh • D Zh• Ct. C j • Cs• C 2, C 3• Dz• S6' 
D3d• DSd C 2h• D3• DZh • Ds. D3d• DSd 
C j • CZh • S6' DZh • Ct. Cs • C j • C z• C 3• Dz• S6' 

D3d• DSd' Th C Zh. D3• D Zh• Ds. D3d• T. Th 
C j • C Zb • S6. DZh • Ct. Cs • C j • C z• C 3• D z• S6' 
D3d• DSd' Th C Zh• D3• DZh• Ds. D3d• DSd 

U Degenerate electronic states3 ,7,8; b Jahn-Teller active coodinates (except fully-symmetric 
ones)3,7.8; C subgroup symmetries obtained according to the epikernei principle4 ; d stable 
subgroup symmetries obtained according to the symmetry descent theoryS.6. 
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BaTi03 • This compound is a typical pseudo-JT system. Their phase transitions 
(except phase V) may be explained as a combination of two basic symmetry descent 
routes finished by stable C2y and C3y groups. Td and D4h symmetry groups have 
not been observed. Phase V existence is explained as the combination of C2y and 
C3y stable groups and due to the presence of Mn admixtures. Too large number 
of formula units in the unit cell, Z, excludes the phase V as an origin of the symmetry 
descent route. The epikernel principle does not predict the existence of stable C2Y 

and C3Y symmetries. As the unstable C4Y symmetry is no epikernel of Oh group the 
epikernel principle does not predict it as the unstable one. 

NaNb03 • The phase transitions may be explained by two symmetry descent 
routes into single stable D2h symmetry point group which satisfies the epikernel 
principle, too. The unstable Th group does not belong to the epikernels of Oh group, 
thus it cannot be the unstable symmetry group according to epikernel principle. 

KNb03 • The phase trnsitions are analogous to BaTi03 (except phase V). 

TABLE V 

Some double groups 

Group ESa JTCb Epe SDd 

T G3/ 2 e,1 C l • D2 C 3,D2 

Th G3/2g, G3/2u eg,tg C j ,D2h C 3• D 2• S6' D2h 

Td G3/ 2 t. 12 C l • C 2• C •• D 2• C 3• D 2• C3y• Dld 
C2y• C 3y• D 2d 

0 G3/ 2 e.' t2 C l • C 2• D 2• D3• D4 C 3• D 2• D3• D4 

°h G3/2g• G3/2u ego t2g C j • C 2h• D2h• C 3• D 2• C3v• S6' D 3• D4• 

D 3d• D4h D2d • D 2h• D3d• D4h 

1 G3!2 h C l • C 2• D 2• D3• Ds C 3• D 2• D3• Ds 

15/2 g.1I C l • C 2• C 3• D 2• C 3, D 2• D 3• Ds. T 

D 3• Ds. T 

Ih G3!2g. G3!2u IIg C j • C 2h• D 2h• C 3• D 2, S6' D 3• D s ' 
D3d • DSd D 3d, DSd 

IS/2g.lsI2" gg,lIg C j • C 2h• S6' D2h• C 3, D 2, S6. D3• D 2h• Ds. 

D3d, D Sd' Th D 3d• D Sd ' T, Th 

a Degenerate electronic states3,7,8; b Jahn-Teller active coordinates (except fully-symmetric 
ones)3,7,8; e subgroup symmetries obtained according to the epikernel principle4, d stable sub
group symmetries obtained according to the symmetry descent theoryS,6. 
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TABLE VI 

Phase transition characteristics of some compounds! 0 -"12. Where appropriate, the range of data 
of various authors is given for phase transition temperatures. 

Compound Phase Symmetry ZQ Phase Temperature 
transition K 

BaTi03 Vb D~h-P63/mmc 6 I -+ V ~1 330 
I O~-Pm3m 11-+1 ~395 

II Clv-P4mm III -+ II 273 
III q~-C2mm 2 IV -+ III 153···173 
IV Cjv-R3m 3 

NaNb03 I O~-Pm3m 1 lIn -+ I ~910 

Ir Dlh-P4/mbm 2 lIn -+ II' ~850 

II' DH-Cmcm 8 II -+ II' ~790 

II D~~-Pnmm 8 III-+11 ~740"·"750 

III' D~~-Pnmm 24 III -+ III' ~620"""650 

III D~~-Pbma 8 

KNb03 I O~-Pm3m 11-+1 ~710 

II Clv-P4mm III -+ II ~5oo 

III C~~-Bmm2 2 IV -+ III 263 
IV Cjv-R3m 3 

Rb2 W04 
2 -D3d-P3ml 2 I -+ II 738 

II D~~-Pnma 4 III -+ II 663 
III D~~-Pnma 4 IV -+ III 513···568 
IV C~h-C2/m 4 

FeNb04 Dlt-P42 /mnm I -+ II ~1620 

II D1t-Pnab 2 II -+ III ~1 270 
III Clh-P2/c 2 

K 2 Mo04 D~~-P3ml 2 I -+ II 713 
II D1~-Pnma 4 II -+ III ~580"··590 

III C~h-C2/m 4 

Rb2 Mo04 D~d-P3ml 2 I -+ II 772 
II D1~-Pnma 4 II -+ III ~370"""570 

III C~h-C2/m 4 

K 2 W04 D~d-P3ml 3 I -+ II 700 
II D1~-Pnma 4 II -+ III 643 
III C~h-C2Im 4 

RbIn(W04h D~d-P3ml 2 I -+ II 1098 
II D~~-Pnma 4 II -+ III 723 
III r:-Fd3 4 
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TABLE VI 

(Continued) 

Compound Phase 

II 
III 

Symmetry Zo 

4 
4 
3 

2129 

Phase Temperature 
transition K 

I ---> II "" 1 260"'1 370 
II ---> III "" 1 030 

a Number of formula units in the unit cell; b pure crystals cannot be obtained (stabilized by Mn) 

TABLV VII 

The symmetry descent scheme for phase transitions 10. Space symmetry groups (in Schonflies 
and Hermann-Mauguin notation) are listed only if group-subgroup relations hold also for them. 
Unobserved phases are in parentheses 

Compound 

3 

NaNb03 3 

KNb03 3 

RbzW04 2 or 3 

FeNb04 2 

K2 Mo04 2 or 3 

RbzMo04 2 or 3 

K2 W04 2 or 3 

RbIn(W04h 3 

NaFe02 3 

Symmetry descent routes 

O~-Pm3m ---> (D4h) ---> CL-P4mm ---> C Zv 
O~-Pm3m ---> (Td) ---> C~,-R3m 
O~-Pm3m ---> (D3d) ---> Cj,-R3m ---> (Cs) 

D 6h "" C3v X C Zv 

0h ---> D4h ---> DZh 
0h ---> (Th ) ---> D2h 

see BaTi03 (except D 6h) 

(Oh) ---> D5d-P3mi ---> C~h-C2lm 
(Oh) ---> (Th or D4h~ ---> DZh 

D4h ---> DZh 
D4h ---> (C4h ) ---> C Zh 

(Oh) ---> D5d-P3mi ---> C~h-CJ/m 

see K zMo04 

see K 2 Mo04 

(Oh) ---> D3d 
(Oh) ---> (D4h) ---> DZh 
COh) ---> Th ---> (S6) 

COh) ---> (0 or D4h) ---> D4 ---> (Dz) 
(Oh) ---> (Td or D4h) ---> DZh 
(Oh) ---> D3d 

a Starting IR dimensions of the unstable electronic states; h only for three-dimensional starting IR. 
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RbIn(W04h. The phase III of Th symmetry exists at lower temperatures than the 
phase II of its D2h symmetry subgroup. This fact is explained by another symmetry 
descent routes (D2h and Th must not be on the same symmetry descent route). The 
observed stable symmetries satisfy the epikernel principle, too. The unstable Th 
group is not included into the epikernels of Oh group, thus the epikernel principle 
is not satisfied (see above). 

NaFe02. The phase transitions of this compound may be explained in various 
ways (see Table VII). The observed unstable Th group does not belong to the epi
kernels of Oh group what is at variance with the epikernel principles (see above). 

The explanation of phase transitions of the remaining compounds may be under
stood simply from Table VII. Some of them may be equivalently explained assuming 
either two- or three-dimensional irreducible representations of Oh group. The ob
served phase transitions are explainable by the epikernel principle as well. 

CONCLUSIONS 

The methods of step-by-step descent in symmetry and epikernel principle provide 
the equal results for some simple symmetry groups with non-relativistic electronic 
states only. In many cases, mostly for relativistic electronic states, the obtained 
results are significantly different. In most cases the results obtained by the method 
of epikernel principle are contained in the results obtained by the method of step-by
-step descent in symmetry. This fact is a consequence of the perturbation treatment 
restrictions (JT active coordinates result from the first-order perturbation theory). 
Applying the obtained results to the experimentally observed phase transitions due 
to JT effect9 , the method of step-by-step descent in symmetry may be successfully 
verified. 
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