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DESCRIPTION OF MOLECULAR DISTORTIONS: V. ON THE JAHN-TELLER

DI STORT! ON IN SOl-lEHEXAAQUA COMPLEXES

Vladimir Petrusevski

Institute of Chemistry, Faculty of Science,
University "CyriI and Methodius", 91000 Skopje, Yugoslavia

The distortions of the hexaaqua ions in many compounds

are often ascribed to the Jahn-Te11er effect. The investiga'-

tion of tl-lOgroups of compounds (a1ums and Tutton salts) co--

ntaining [NUl 0) ]n+ "octahedra" in their structure reveals
2 6

that the distort ion indices of these octahedra are essenti-.

ally the same throughout the series, 1. e. the distortion is

(except [or the Cu-Tuton salts) independent of the nature of
the metal ion. One is then led to the conclusion that, as a

general rule, the Jahn-Teller effect is not the main cause

[or the distortion of the hexaaqua cations. It follows that
the immediate environment o[ these ions and their site sim-

metry are responsible [or the departure of the [NUl 0) ]n+2 6

groups from Oh (or, more rigor~usly, Th) symmetry.

I NTRODUCTI ON

It is well known that the symmetry of many molecules is lowered in the

solid state, compared to the symmetry of the "free" molecule [1-3]. This

decrease of the molecular symmetry may be quantitatively described in a va-

riety of ways. [4-10]. The lowering of symmetry in crystals containing XYs

groups is often ascribed to Jahn-Teller effect [11]. Thus, the tendency of

removing the degeneracy of the electronic states is reflected on the shape

of the molecule in the crystal, the larger effect producing larger distor-

tion, too. Is it really so? The present study, as we shall see, does not

seem to give support to this assumption.
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DEFINITIONS AND CALCULATIONS

sal ts

Two "families" of

- MIMII(RO ) .6H 02 4 2 2'
compounds were extensively studied by methods of both X-ray and

crystals: alums MIMIII(SO) .12H 0 and Tutton422
were chosen for the present investigation because

these

neutron diffraction [12-42].Distortionindiceswere used as a measure for

the distortion of the [M(H 0) ]n+ (hereafter MW) complex cations and were266
defined analogously as for tetrahedral molecules [3] :

i=6 MO.

DI( 110) = ~ 6M~
i=1 m

(1)

i =5 j =6

DI(0110) = i:1 j:i +1 [1

0 MO
0 ]

i j
i+3,j 120MOm

(2)

i=5 j=6

[ ] °iOj

DI(OO) = ~ ~ 1 - °i+3,j 1200mi=1 j=i+1

(3)

In the above equations, MOi are the individual M-O distances, °iMOj are the

O-M-O angles and 0 O. are the 0...0 separations. The subscript m denotes
i J -

the corresponding mean-values. The Cronecker 0 function in the above

equations ensures that summation is carried out only for those angles and

distances, in which li - jl = 3 (see Fig. 1 for atom numbering).
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Fig. 1. Designation of atoms in the l1W6 group

Bull. Chem. Technol. Macedonia 9 (19901



Description of molecular distortions... 15

The calculation was performed on CBM Amiga 500 microcomputer with a program

written in Microsoft Basic (the program is available upon request from the

author). The input data were the unit cell parameters and the fractional

coordinates of the seven (the central M and six 0) atoms.

RESULTS AND DISCUSSION

The results of the calculation are summarized in Table I and 11, for

Tutton salts and alums respectively. The distortion indices are largest for

the Cu-Tutton salts. This is a strong indication that in all these cases

Table I. Distortion indices in some Tutton salts

Compound DJ( 110) DJ (0110) DJ(OO) Ref.

(NR ) Cu(SO ) .6R 0 0.0525 0.0093 0.0269 12
4 2 4 2 2

(NR ) Cu(SO ) .6R 0 0.0612 0.0093 0.0316 12
4 2 4 2 2

(NR ) Z(SO ) .6R 0 0.0104 0.0086 0.0068 13
4 2 4 2 2

(NR ) Ni(SO ) .6R 0 0.0099 0.0100 0.0079 14
4 2 4 2 2

(NH4)2Mg(S04)2.6H20
0.0128 0.0042 0.0077 15

(NH ) Cd(SO ) .6R 0 0.0108 O.0178 0.0140 16
4 2 4 2 2

(NR ) Mn(SO ) .6H 0 0.0092 0.0105 0.0097 17
4 2 4 2 2

(NH ) V(SO ) .6R 0 0.0092 0.0116 0.009 18
4'2 42 2

(NR ) Fe(SO ) .6H 0 0.0121 0.0103 0.0091 18
4 2 4 2 2

(NH ) Co(SO ) .6R 0 0.0078 0.0119 0.0094 18
4 2 4 2 2

(NH ) Cu(SO ) .6R 0 0.0419 0.0105 0.0215 19
4 2 4 2 2

(NR4)2Cu(S04)2.6R20
0.0448 0.0102 0.0230 20

(NH ) Co(BeF ) .6H 0 0.0116 0.0121 0.0095 21
4 2 4 2 2

CNH4)2NirCr04)2.6H20
0.0089 0.0166 0.0131 22

(NH4)2Ni(Se04)2.6H20
0.0042 0.0114 0.0089 23

(NH ) Ni(BeF ) .6R ° 0.0086 0.0108 0.0091 24
4 2 4 2 2

(NH4)2Cu(Se04)2.6H20
0.0483 0.0119 0.0248 25

(enH )Ni(SO ) .6H 0 0.0012 0.0127 0.0103 .26
242 2

(ND4)2Ni(S04)2.6H20
0.0058 0.0083 0.0065 27

K22n(S04)2.6H20
0.0205 0.0057 0.0101 28

K Ni(SO ) .6H 0 0.0134 0.0062 0.0338 :::9
242 2

K CurSeD ) .6H 0 0.0652 0.0156 0.0338 30
242 2

rnac. XCM. "CXHon. lIaXCJ:lOHl<Jd8 (1880)
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Table 11. Distortion indices for some alums

Compound

CsMo(SO ) .12H 0
422

CsAI(SO ) .12H 0
422

CsTi(SO ) .12H 0
422

CsRh(SO ) .12H 0
422

CsIr(S04)2.12H20

CsV(SO ) .12H 0
422

CsCr(SO ) .12H 0
422

CsMn(SO ) .12H 0
422

CsCo(S04)2.12H20

CsFe(SO ) .12H 0
422

CsAI(SO ) .12H 0
422

CsGa(SO ) .12H 0
422

Csln(SO ) .12H 0
422

(CH NH )AI(SO ) .12H 0
3 3 422

(CH NH )AI(SO ) .12H 0
3 3 422

(CH NH )Cr(SO ) .12H 0
3 3 422

(NH OH)AI(SO ) .12H 0
342 2

NH AI(SO ) .12H 0
442 2

NH AI(SO ) .12H 0
442 2

RbAI(SO ) .12H 0
422

RbCr(SO ) .12H 0
422

KAl(SO ) .12H 0
422

NaAI(SO ) .12H 0
422

DI(NO)

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

DI(0110)

0.0110

0.0083

0.0028

0.0233

0.0379

0.0107

0.0084

0.0107

0.0214

0.0131

0.0101

0.0069

0.0150

0.0020

o.0106

0.0025

0.0031

0.0038

0.0021

0.0034

0.0344

0.0037

0.0001

DI(OO)

0.0086

0.0065

0.0022

0.0183

0.0298

0.0084

0.0066

0.0084

0.0168

0.0102

0.0079

0.0054

0.0118

0.0016

0.0083

0.0020

0.0024

0.0030

0.0016

0.0027

0.0270

0.0029

0.0000

Ref.

31

32

33

34

34

35

35

35

35

35

35

35

35

36

37

38

39

37

40

40

41

40

42

the Jahn-Teller effect is pronounced and could be invoked as an explanation

for the departure of the hexaaqua cations from Oh symmetry. However, in all

other cases no clear relationship between the distortion and the nature of

the divalent metal could be identified. For instance, the distortion of

MgWs' ZnWs and CdWs is larger than in Ni Ws' CoWs and MnWs' although Mg is

an s-element and Zn and Cd have filled d-subshells. Admittedly, this conc-

lusion could not be considered as definite because a number of Tutton salt-

structures have been refined more than 20 years ago and hence they are un-

derstandably less accurate. Moreover, it may be difficult to

MWs is more distorted because both bond-Ienght and angular

decide which

Bull.Chem.Technol.Macedonia 9 (1990)
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be present in this class of compounds and may

independent.

be considered as mutually

The last problem has been overcome when the distortions of MWe groups

in alums were considered (cf. Table 11). As a consequence of the high site-

symmetry of the tf+ cat ion (S), it follows that the DIUIO) values ares
equal to zero for any alum. In that case, the ratio DI(OHO)IDI(OO) is cons-

tant throughout the series of alums, its value being 1.213. Thus, a single

parameter, say DI(OHO), could be taken as a measure 'for the distortion of

the MW octahedra in alums. It should also be noted that the structures of
s .

many alums have been precisely refined, hence the results in Table 11 are

more reliable than the corresponding results for Tutton salts.

It is expected that the Jahn-teller distortion is very pronounced in
~ ~ '

Cu and Mn complexes. Contrary to that, the distortion of MnWs is far

from being the largest (cf. Table 11). The distortion of InWs is

considerably large, compared to the distortions of the aqua complexes of V,

Cr, Mn, Fe, Mo - which are all d-elements. The situation resembles the one

mentioned earlier, in the case of Tutton salts.

CONCLUSION

The present results clearly show that, although important, the Jahn-

Teller effect coul~not be considered as a main cause for the distortions

found in hexaaqua complexes. The site-symmetry and the details of the

crystal structure (the immediate environment of the MWs groups) seem to

have a dominant role. It would be interesting to study in an analogous way

other complexes of the same metals, e.g. [M(NH) ]n+ and [M(NH ) ]n+ and to3 4 3 s

compare the results thus obtained with the present ones.

Acknowledgement: The author Is Indebted to Dr Anders ErIksson from the

University of Upssala, since the Idea for the present work was born during

the discussion concerning the details of the structure In some Tutton
salts.
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onHC HA nE~OPMAUHHTE KAJ MOnEKynHTE: V. JAHN-TELLER-OBCKH nE~OPMAUHH

KAJ HEKOH XEKCAAKBA KOMnnEKCH

B~auKM~p neTpyweBcKK

.l!e<l>opMauKKTeHa xeKCaaKBaKOMn~eKCHHTe jOHH Kaj pa3~WIHH coellKHeHHja

4ecTonaTK ce npHnHwYBaaT Ha Jahn-Teller-oBcKHOT e<l>eKT.HcnHTYBa~eTo Ha lIBe

rpynH coenKHeHHja (CTKncK K TYTOHOBK CO~H), KOK COllpJKaTM( H2O) 6 "OKTaellPK"

BO cBojaTa CTpYKTypa, nOKaJKYBa neKa ne<l>opMauKoHHTe KHlIeKCH Ha OBHe OKTaenpK

ce, r~aBHO, KOHCTaHTHH 3a ue~aTa cepHja. .l!e<l>opMauHjaTa e, cnopen Toa (co

HCK~40K Ha TYTOHOBKTe CO~H Ha Cu), He3aBHCHa Oll npHponaTa Ha MeT~HHOT

jOH. Bp3 OCHOBa Ha Toa, 3aK~Y4eHO e lIeKa Jahn-Teller-oBcKHOT e<l>eKT He e

r~aBHa npH4KHa nopauH Koja 1I0ata 1I0 lIe<l>opMauKjaHa xeKcaaKBa KaTjoHHTe.

DKTHa y~ora 6H HM~e, Oll lIpyra CTpaHa, KpHCTa~aTa OKO~KHa Ha KOMn.neKCHKTe

jOHH M HMBHaTa site-cKMeTpMja.

MHCTHTYT 3a xeMHja, nM$,
YHKBep3KTeT "KKpH~ H MeTollHj"
CKonje, Jyroc~aBHja
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