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Using Born's theory rhc sccular equation Ilus bren f o ~  m ~ ~ l m t i ~ l f o r  tile rlytramics 
oj'fhe rrrtile structuye. (;roup throretical meihod has been used to decompose it 
irilo s?naller degree equations at the centre of the Brillouin zone. On account of 
(he elect~ostatic confrihution to tlie elements cf the secular. eqzmtion, rhe.re elrmenrs 
do not have mique i~aiues at fhe wave vecror q = 0, hut rather depend on the 
di~ectio~ itr which the wave vector tends to zero. 111 order to get rhe expressions 
/or all the infiaredacti~ c Lmnswrsc arid longitudinu1 moar,r, il is necessary lo make 
?he calculsiions .for the wave vecior-O along the two non-equivalent crystallugraphic 
axes of the rutile strurrurr. Tht, .fi?quencim of vibration of iron .fluoride, Mango- 
m e  .rlr:oridr., rnagni~siznn fluorid? and rlarili. h o e  becn calcuiared wing rigid ion 
model with .short r q e  axiol/)~ . Y ) ~ ~ Z ~ C I ~ I ( .  ./'orce.s and lung range Cozrlornh jbrers. 

Recently for the interpretation of the Raman and infrared spectra of  
rutile, a group iheorelical analysis of the vibration spectrum at zero wave 
vector was carried out by Guhanm and Shur'. Some of the symmetry 
relations, however, used by them appear to be incorrect. r h e  formulae for 
the frequencies of the various ,nodes o f  the  rurilc structure2 as p . O  have been 



The unit cell of rutile Lattice ma)' be talion as show11 in  Fig. 1, consisting 
of 2 Ti4' and 4 5" ions dldngriislicd by the indices k-1, 2 . . . 6 as 
indicated. The vibration frequencies are obtained as 1 he solutions of the 
secular equ3tion2, 

The symbols have their uwal m e a n ~ n g ~ .  On accoc~nt of Ihc ionic hrces  In the 

lattice, the coeiEcients wdl not have unique valuc at tlie centre ofthe 

Brillouin zone but depend on the direction in which rhe wave vector 
q approaches zero and since the two directions, namely a, and a,, 
are non-equivalent, the syrnmety relations existing between the 

coupling coefficients k\at q = O  are not same for these two directions. 
!.PI 

The symmetry relations betwzen the quantities 

symmetry of rutile structure for q-5 in  the direction nZ are given in Table 1. 
For the wave vector q+O in the direction a j ,  these relations can be obtained 
from the Table 1 by making use of the following equrtlities. 

FIG.  1 

The Unit Cell of Rutile Lattice. 



TI? order to factorise the secular determinant into smaller dcgrze cquarions 

haw to find the unitary matrix O such that? I' '' U is r d u c e d  ro 
B i  

dhgon.~l form. This matrix can bz obtained with the help of the symmetry 
caord,nates for the stiucture. The  lav~er are obtained with the hclp of h e  
foilowing relation. 

+ I - -  ,X, (R) R q, 



where, +' is a symmetry coordinate corresponding to the i th irreducible 
representation, X i  (Rj is the character under the operation R and q, is the 
mass weighted displacement vector of the ion in the direction & ; (a =x, y, I . ) .  

]in case where more than one normal mode belong to the same irreducible 
representation, the vectors $' obtained may not be linearly independent, 
However, using Schmidts process of ortho_eonalization they can be made 
linearly independent. The unitary matrix can now be obtained using the 
relation, 

The mairix U thus obtained is given in Table 2 in {he following form 

[I= U" N [71 

where N is a diogonal matrix. 

N,), V,' = Nil &,, 81,. 

and it takes into account the normalisation of the basic vectors 

Carrying out the transformation of the matrix 1 ",I with the matrix U 

obtained above, one obtains as expected, a matrix which is diagonal except 
for the irreducible representations to which more than one normal mode 
belong. The frequency expressions thus obtained for wave vector q-0 
along u ,  are given below : 



Lattice Dymmirs of Crystals having Rutile Structure 

where m, and rnl are the masses of titanium and oxygen atoms respectively. 
We notice that due to the presence of the macroscopic f idd the degenerate 
infrared active modes split up into corresponding transverse and longitudinal 
vibrations for the wavevector q + 0 along a, and since the atomic motions 
in the A*, mode are confined to the z direction, we get an expression for the 
transverse frequency when the limit (7-0 is taken in th.: direction aZ The Raman 
active mode Eg, however, relnains degenerate as tho motions of the anions in 
opposite directions does not ~ r o d u c e  any change in the macroscopic dielectric 
polarisations. The atomic motions of &,, modes are confied to the xy-plane 
and therefore for a wavexector q -+ Q along as the normal modes corresponding 
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to  representation are purely transverse and the degeneracies are not removed. 
The frequency expression A,,, mode will yield the corresponding longitudinal 
frequency for rhis direction. The modified forniulae for the infrared active 
vibrations for the wave vector (I-> 0 along a:, are given below : 

A*,, : iuZ6 (L.O.) =[(m, +2?~i,)/2m,m,] (a,,+ h',) 

E, : w,, (T.O.), w , ~  (T.O.), o,, (T.O.) 

4 1 - w 2  '412 I 4 2  A,, A,, 

I -423 4 - o 2  1 

where 

The frequency expressions for the normal modes belonging to the other 
irreducible representations are, however, the same as for q -r 0 along a,. It 
may be noticed that these formulae for normal modes are different from those 

derived by Gubanov and Shurl. They took the coefficients as equal lo I J  ,. 
zero. We do not find any justification for equating these coetFi~iencs to zero 
as the symmetry of the structure does not impose any such condition. 
Consequently their short range forces are charge dependent [Eq. 10 of ref. I ]  

, and vanish when the effective charges on ihe ions are zero. Secondly, their 
formulae do not account for the electrostatic splitting of the infrared active 
modes. 

For the calculation of the vibration frequencies of the ciyswis having 
ruiiie structure, the long range Coulomb forces of attraction between p o h  
ions and the repulsive forces between neighbouring ions were cons:dered. 
The short range potential function was assumed to be ax~ally symmetric and 

" k k' 
the corresponding coupli~g coefficients [ ,g] a i r  given in reference 3 The 

electrostatic co-&cienls cGQ ( ,:, ) for variius cry3iitls hrr;n$ rutile iauitWi 



are given in Table 3 and these can be used .to obtain the Coulomb part of 
" k k' 

the coefficients [ a with the help of the following equation : 

The structural parameters used in the calculation of these coefficients 
are those reported by Ban~%nd are given below : 

a r 21 

Isonfluoride 4.696118 3.30908 0.300 

Manganese fluoride 4.87348 3.30998 0.305 

Magilesium fl~loride 4.6210B 3.05008 0 303 

It is to be mentioned thal in the earlier calculations on magnesium 
flu or id^^'^ and rutile6 the value of u wed was 3.31 as reported by Wyckoff7 
and therefore it was found necessary to repeat those calculations using the 
ralues of u as repolted above. 

The elemcnts of the dynamical nlatrix can now be written as 

In order to esrimate the values of the short range parameters and the 
effective charge on the ions, a least square analysis was carried out so as to 
give the best fit to Lhe observed Raman and infrared frequencies. The 
parameters rhus obtained are given in  Table 4 and the calculated and 
observed frequencies a:a listed Table 5. The observed Raman frequencies 
are those given by Portos er a/. and the infrared frequencies by Barkeig. 
Eagelslo. Parisor" and Balkanski et a1.l1 A comparison of the calculated and 
observed freque~cies in  these crystals shows a very good agreement between 
the two except for A,,, transverse optical mode, especially in rutile. This 
discrepancy is probably due to the neglect of the polarisation forces in these 
crysrals and therefore a model which takes account of these forces should 
give a better fil to the experimental values. 



TABLE 3 

Coulomb coe4icients Cap (&) for crystals having ruillc struetore 

q kk' Iron Manganese Magnesium 
fluoride fluoride Rutile 



Pararnercrs fur Crys:als having Rotile Structure 
------- - - - -- 
parameter 

Tron Manganeir Magnesium 
fluoride fluoride fluoride Rutile 
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