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Th e Ra man s pec tra of s in l!ie c rys tal s of Ca WO ,. CaMoO,. l'bWO,. and l'bMoO, have been reo 
corded us ing a He - Ne laser (A = 6328 A) a nd a n Argo n ion lase r (A = 4880 A) as the exc itin g radiation 
so urces. The polar izat ion data have e nabled us to classify unambiguou s ly the observed fundam e ntal s 
into the Ram an act ive spec ies of th e point group c: "' to whic h these c r ystal s be long. The co mpari so n 
o f the s pec tra of these c r ys tals in the low freque ncy region has also e nabl ed us to make a roug;h c las· 
s ilica tion of the bands into the ro tat ional and the trans la tio na l latt ice vibra tion s . 

Key Words: i\ lo lybdates. Ra man s pec tra. tungsta les . 

1. Introduction 

Th e tun gs tates and molybdates of the a lk a line ea rth s 
present rather s impl e cases for correlation o f th e ir 
Raman spec tra with the crys tal s tru c ture. With th e 
ava il ab ility of hi f!:h-powered monochromatic laser 
radiation the R aman s pec tra of proper ly orie nted 

subsequ e ntl y cut a nd poli shed to the s hape of cubes 
with the edges coinciding with th e major crys tal
lographi c axes. 

, single crys ta ls can e nable an un a mbiguous c lass ifi 
cation 01 the vibrational modes into the respective 
species of the point group to which these c rystals 
belong. 

The Raman s pectra were record ed on a Cary 81 
spec trophotometer eq uipped with a Helium-Neon 
Lase r (A= 6328 A)~ with the incident li ght perpendicu
lar to th e (010) and (001 ) faces (i.e .. a lon g band (' 
direct ions). On e of the c rystallographi c axes was made 
to co in cide with the direc tion of polarization of the 
inci dent bea m and the scattered li ght with the compo
ne nts II and 1. to the direction of the in cid ent polariza
tion was recorded. The Raman spectrum of Ca W04 has bee n re ported 

by Russe ll and Louden [11.1 T he authors have been 
ab le to id e ntify 11 of the 13 ex pec ted lon g wavelen gth 
fundam e ntal s. A compari so n with the spectra of 
Pb W04 as well as the molybdates of calciu m and 
lead was co nsidered des irabl e in an effort to get 
de tail ed informat ion on th e nature of the vibrational 
mod es and to attem pt to iden tify the two missing 
vibrations of Ca W04 • The results of the analysis of 
these s pectra form the basis of this report. 

2 . Experimental Procedure 

'" The tungs tate and molybdate crystals were grown 
'by the Czoc hra ls ki method. They were then oriented 
by means of the Laue bac k reflection x-ray method, 
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S ince th e x and y crys tallograph ic directions are 
equival ent (as will be elaborated upon in the nex t 
sec tion) so me of the orientations gave identi cal spectra. 
The four independe nt traces for Pb W04 are reproduced 
in fi gure 1 (a-d). The corresponding traces for PbMo04 

are produced in figure 2 (a-d). 

3. Discussion 

The tungstates and molybdates of calc ium and lead 
belong to the well-known sc heelite s tructure (space 
group t4 1/,,-C1\,) [2, 3, 4J. The cell of the body-ce nte red 
te tragona l lattice co ntain s 4 molecules. Since the 
molecules at the body center are re lated to those 
at the corners by simple tran slation s the number of 
independent vibrational mod es of the lattice cor
res pond to those of only two molecules. The usual 
group theoretical analysis [5J gives the distribution 
of the vibrations into the irreducible representations 
of the point group C4h as follows 



The s pecies with the subscript g are infrared 
inactive a nd those with the subscript u are Ram an 
in active. The 13 Raman active vibrations may be clas
sified into two categories , namely, the internal modes 
of th e XO -' (X = W or Mo) units and the lattice modes 
involving the motion of the rigid units. Even though 
suc h a classification is convenient , it should be borne 
in mind that some of the internal modes (partic ularly 
the bending modes) may be in strong interaction with 
some of the latti ce mod es. 

The tetrahedral XO~= units occupy S~ sites in the 
latti ce. The correla tion diagra m below [5] gives the 
site as well as the factor group splitting of the internal 
modes. The last column in the table gives the proper 
co mbinations of the polarizability co mponents for 
the Raman active species for the group C~h. 

Figures la and b give the Raman spectra of Pb W04 

with the incident radiation along the y-direction with 
the . e lec tri c vector II to the z axis and the scattered 
light collec ted with the vibration direction s of the 
analyser II and ..L to the z axis respectively. These two 
traces show, therefore , the vibrations for which 
a zz a nd aJ'!1 (res pec tively) are nonzero. Similarly, the 
spectra reproduced in hgure lc and d, shows the vibra
tions for which a xx (or a yy ) and axy (respectively) are 
nonzero. With these basic theoretical results in mind , 
the interpre tation of the spectra becomes fairl y 
s traight-forward . 

TABLE 1. Site and factor group splittings of the vibrational modes 
of the X 0 :; ions in the scheelite structure 

x- o Sym. 5 1. 

x 0 _, dcg. bend 

x- o asym. be nd 

X0 4 asym. bend 

T" S~ ('Ih 

v, tA ,) . A=======:=A !I 
~ B" 

v~(E) ~!I 
0JJ-Oyy . (XJ' /I 

Q'~'.r+a!lU· (Xu 

v"IF,)) E __ E" 
v,t F~) ---Ell 

Thus, the band at ~ 900 c m - I for which azz , a,r:r 
and a yy are nonzero is associated with the lJl(A,J mode. 
Th e bands at ~ 764 cm - I an d at ~ 748 c m ~ I which 
have the c haracteristi cs By and Ey respectively, appear 
to be the 2 split co mpon e nts of the lJ~(F2) mode of the 
XO -' ion. The corresponding bending mode V~(F2) 
also shows 2 components [353 c m - I (Ey) and 348 cm - I 

(By) I. A relatively smaller splitting of lJ~(F 2) com pared 
to that of vaCF 2) is quite general for the tetrahedral 
ion s and has received an ex planation by Greenwood 
[6]. In thi s co nn ection mention may be made of the 
observation of only one co mponent of lJ. in the spec
trum of Ca W04 reported by Ru ssell and Louden. Our 
traces for Ca WO~ show two components for lJ~ [403 
c m - I (By) and 397 c m - I (Ey)J. The doubly degenerate 
mode lJ2(E) should also be split in the lattice. The band 
is ra th er broad a nd a ppears with compone nts azz, 

a xx' , ayy, and axy. Apparen tl y, the small s plitting, if 
any, is los t in the band width. The internal modes of 
PbMoO. , CaWO~ and CaMoO. also show very similar 
res ults . The assignmen ts of the observed bands in a ll 
the spec tra are given in table 2. 
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TABLE 2. Assignments of the fundamental vibrational modes of 
AXO., A = Ca. Pb: X = W. Mo 

(Designated by wave numbers in em ') 

Ca lVO , PbWO., CaMoO., PbMoo., 

Russell & 
Louden 

86 (B,,) 86 (B"l 76 (B,,) III (B,,) 75 (B,,) A +-+-- A ' -+ 1st) z 
86 (E,,) 61 (E,,) II I (E,,) 61 (E,,) A ' • - A -+ I (s t) xy 

? 52 (B,,) ? 64 (13,,1 XO - - XO -- Ist)z 
118 (E,,) 116 (E"I 86 (E,,) 140 ([,,) 100 (E"l XO ; - - xo, - (51) xy 
180 '? 
196 (E"l 196 (E"l J87 (E,,) 189 ([,,) 190 (E"l R .rl/ 
210(A,,1 2 10 (A"I 178 (A,,) 204 (A,,) 164 (A"I R, 
281 (E"I 
334 (A"l 333 (A"I 322 (A"I 322 (A,,) 314 (A"I 

333 (B"I 322 (B"l 322 (B,,) 31 7 (13,,1 lJ.,! 

103 (B"I 397 (B"I 348 (B,,) 390 (B"I 348 (8,,1 
v, 

403 (E,,) 353 (E"I 404 (["I 356 (E"I 
794 (E"I 795 (E,,) 748 (E,,) 794 (E,,) 744 (E"l 
H38 (8,,1 838 (B,,) 764 (B,,) 844 (B"I 764 (8,,1 V:l 

'/22 (A"I 911 (A"I 900 (A"I 878 (Ay) 868 (A" I v, 

The bands below 300 c m- I are predominantly due 
to lattice modes and their assignme nts to the various 
species follow the same arguments as for the internal 
modes. Pb WO. and PbMoO. show six bands with 
the predic ted polarization characteristics for the 
fundamentals. Ca WO. and CaMoO. show fewer bands. 
A co mparison of the spectra of the four crystals and 
a rough description of the lattice modes might enable 
us to locate the missing modes in the latter two 
cr ystals . The lattice modes belong to the following 
irreducible representations of the gro up C4h . 

The mod e Ay involves torsional motion (R2) of the 
XO~ abo ut the z axis and the torsional motion about 
the two orthogonal axes (R r and R !I) in the x -y plan e 
have the Ell characteris ti cs. 

The ass ignment Rz (~ 178 cm - I in PbW04 and 
164 c m- I in PbMoO.) is quite unambiguous as thi s is 
the only band possessing nonzero a xx, ayy, and a zz ~ 
components. For the most favorable arrange ment in 
a c ubic lattice RJ " R", and Rz wo uld coincide. Con
seque ntly, the band ' adjacent to Rz ( ~ 187 c m- I ) 

hav ing nonzero a x z and a yz componen ts is assigned to 
Rx and Ry (Ey). The bands at 61 cm - I (Ey) and 76 c m- I 

(By) in the spectrum of Pb WO. have almost exac t 
counterparts in that of PbMoO~ and, therefore, a re 
assigned to Pb-Pb stretches in the x-y plane (Ey) and 
along the z axis (By) respectively. The remaining two 
bands, nam ely 52 cm- I (By) and 86 cm- I (Ey) in the 
spectrum of PbWO. [64 cm- I (By) and 86 c m- I (Ey) 
in PbMoO.1 may be ass igned to the translatory latti ce 
modes involving motions of the XO':/ units . 

Only four of the six lattice modes of CaW O. and 
CaMoO. can be assigned with certainty (table 2). 
However, an examination of the spec tra reveals that 
the band at ~ 86 cm - I in CaWO.1 ( ~ nO c m- I in 
CaMoO.) have both By and Ey polarizations. It is quite 
likely that the modes involving tra nsla tion s of Ca++ 
along the z axis and in the x-y plane still retain their 
degeneracy. The other missing mode (pres um ably 
involving translation of the XO~ units along the z di
rec tion) is presumably too weak. Russell and Louden 



have reported two weak bands, one at ~ 180 c m- I 
with un spec ified pol arization and the other at ~ 281 

r c m- I(E,,) in the spectrum of CaW04 . Our record s also 
show these two bands, but the former appears in all 
orientations and the latter is rather broad , a nd may 
be due to the second order processes . 
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FI CU HE 1. Ril lIlllII spectnun oj PbWO" spectral slit width - 3 e m- ' . 
(a) au compone nt s lwwin{! All vibra t io ns 

i ll ) n'll t ""-- (~II::) ('o llll'un Cn l s howinl! E" vi bratilJll s 

(d au co rnpulll'll l :s howin ~ A ll and B)I vibration s 

(d ) crIll curn pull t' l l' s lHlwin~ B)I vibralinll s. 
Weak res idual component s of All and ~, in (b) a re due tu ('unver~cn('e of the scall e red 

heul l l. 

F ina ll y, a remark on the traces in fi gure Id a nd 
fi uure 2d is ca ll ed fo r. It is see n that the band at 
~"'900 c m- I [v l(A '!J) ] appears with a n appreciab.le .i n
te ns ity with a.l"Y pol arization in appare nt co ntra~lctlO n 
with th e selecti on rules. A s imilar anomaly JI1 th e 
v , (A ,,,) band of calci1 e (~ 1086 c m- I) has bee n n? ted 
in 1 he pas t a nd it s explanation in terms of uns peCifi ed 
converge nce e rror has bee n atte mpted. 3 

:1 SI't' n,ft'n'!ll'e 7 il ild the C TOSS n' fen: n('cs ind icated the re. 
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By a de tail ed analysis of the Ram an scatte rin g in 
calcite, Porto e t al. [7], have conclud ed tha t th e 
polariza tion errors can be quite large if th e in cid ent 
(convergent) or the scattered light travels a long th e 
optic axis of a uniaxial c rystal. For a ray divergin g as 
little as 1° from the optic axis th e de polarization IS 

)\~ 

(d l 

o( XY 

~ ~ m ~ ~ ~ 300 ~ 00 

6. j)(CM' ) 

FI GUHE 2. Raman spectmm of PbM oO.,. 
Captio ll s in the figure have th e same meaning as ill fi~ ure l . 

more or less comple te after the bea m trave rses a path 
le ngth of ~ 5 mm. The s pec tra re ported in fi gure Id 
and figure 2d were recorded with the in cident li ght 
along the z axis (optic axis) from a focused lase r 
be am with x polarization a nd the scattered ligh1 with 
the y co mpone nt was collected within a co ne of a n 
estimated 6° half angle, th ere by giving a finit e inte nsit y 
to th e A!J ba nds. 

The authors are inde bt ed to E. N. Fa rabaugh for 
th e x-ray orientation of the c rysta ls used in thi s s tud y 
a nd to H. S. P eiser [or e ncou rage me nt a nd he lpful 
di scussions. 
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