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Calculations were also carried out with Z = 6 and the 
values of AA obtained are about 3.57& smaller. 

Within the experimental errors the values of AAlll in 
mixtures of two nitrates (a and b) obey the linear rela- 
tion7 

AAl(mixture) = x,AAl(in pure a)  + xi,AAl(in pure b )  (6)  

where x is the mole fraction of the nitrates. This equa- 
tion was found to be followed by the C1- and Br- com- 
plexes of Ag(1) in XaN03 and K N O B  mixtures. In spite 
of the large difference between the ionic radii of Li+ and 
K+ this relation was used to calculate the value of A d 1  
for the C1- and Br- complexes of Ag(1) in pure LiNO3 
melt using the values of A 4 1  for pure K N 0 3  obtained by 
Manning, et al.,a and assuming that they are indepen- 
dent of temperature. The values found are given in 
Table IV together with the values for other melts. The 
values of -AA1 for the pure Liru’O3 melt seem large 

(7) hl. Blander in “Molten Salt Chemistry,” &I. Blander, Ed.,  Interscience 

(8 )  13. L. Manning, J. Braunstein, and hi. Blander, J .  Phys .  Chein., 66, 
Publishers, Xew York, N. Y . ,  1964, p 127 ff .  

2069 (1962). 

when compared with those for pure NaNO3 or KN03.  
This type of anomalous behavior of the melts containing 
LiNO3 has also been observed in the formation of CdBr+ 
and CdBrzg and ,4gC110 complexes in LiNOB-KNOa mix- 
tures. In these systems the values of - &I become 
larger as the mole fraction of LiNO3 increases and the 
values are larger than in the corresponding KaN03- 
Kru’O3 mixtures. These anomalous effects have been 
explained on the basis of a smaller effective radius of the 
nitrate ion in lithium-containing melts. 9-11 Thomas 
and Braunstein10 have pointed out some of the difficul- 
ties of emf measurements a t  high lithium nitrate con- 
centration and the solubility method reported here may 
be more effective for exploring high lithium systems. 
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Far-infrared spectra of M 3 [ C ~ ( S 0 2 ) 6 ]  (M = Sa,  K, Rb, and Cs) and M’aM‘’[Ni(N02)6] (&I’ = K and Na; M” = Ca aud 
Ba) have been measured down to 50 cm-1 at room temperature and liquid nitrogen temperature. Lattice vibrations due 
to  the displacements of the outer cations relative to the complex ion are observed below 200 cm-l. Those frequencies change 
depending upon the mass of the cations and the interionic potential constants. The far-infrared bands due to the lattice 
vibrations and the intramolecular vibrations in the complex ion were both interpreted for M3[Co(N02)6] and K2Ca- and K2Ba- 
[Ni(N02)e] by the normal-coordinate analysis of the crystal as a whole, on the basis of the Ta3 structure determined by the 
X-ray analysis, only the interaction between the outer cations and the oxygen atoms being taken into account. Saa[Co- 
(SO,),] reveals quite a different spectrum from those for the other complex salts, in the lattice vibration region as well as in 
the intramolecular vibration region. This complex spectrum has been interpreted satisfactorily on the bssis of the Cji de- 
formed structure. 

Introduction 
In  a previous report we discussed the lattice vibra- 

tions of hexanitrocobalt(II1) complex salts. We 
also reported that the Na salt revealed a much more 
complicated spectrum than the K, Rb, and Cs  salt^.^,^ 
From the viewpoint of the intramolecular vibrations 
we concluded that the Co(N02)~~-  ion in the Na salt has 
C3i ( S G )  symmetry instead of TI, ~ y m m e t r y . ~ ”  

A far-infrared spectral measurement a t  liquid nitro- 
gen temperature has recently enabled us to obtain more 
distinct bands than those a t  rootn temperature and we 

(1) Presented before the  10th International Conference on Coordination 

(2) (a) The University of Tokyo; (b) The University of Nagoya. 
(3) I. Nakagawa and T. Shimanouchi, Specl iochim.  A d a ,  22, 1707 (1966). 
(4 )  (a) I. Sakagawa, T. Shimanouchi, and K. Yamasaki,  I m r g .  Chein., 3, 

772 (1064); (b) I. Nakagawa and T. Shimanouchi, Sgecliochi i iz. Aclu ,  238, 
2090 ( lQ67) .  

Chemistry, Nikko, Japan, Sept 1967. 

have obtained well-defined far-infrared spectra in the 
region down to 50 cm-l a t  loir temperature as n-ell a5 
room temperature for a series of M3[Co(N02)~] com- 
pounds (M = Na, IC, Rb, and Cs). A similar measure- 
ment has been extended to the hexanitronickel(I1) coni- 
plex salts such as KzCa[Ki(NOz)6], K2Ba[Ni(NOz)G], 
and NapBa [Ni(N02)6] 

In  the present paper we give the summary of the ex- 
perimental results and discuss the nature of the lattice 
vibrations as well as the intramolecular vibrations, on 
considering the frequency shifts with the lowering of 
temperature. A normal-coordinate analysis of Naa- 
[ C O ( N O ~ ) ~ ]  has been made on the basis of the structure 
u-ith the space group C3,, without separating the lattice 
vibrations and the intramolecular vibrations in the 
C O ( N O ~ ) ~ +  ion. These results yield important infor- 
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mation regarding the interaction between the complex 
ion and the outer cations. 

Experimental Section 
Samples.-Rbs[Co( NO&] and cs3 [Co(NOz)6] were prepared 

by the reaction of RbCl and CsCl with Nas[Co(NOz)6], respec- 
tively. The colors of these samples are lemon yellow. 

KzBa[Ni(NOz)e] and K~Ca[Ni(Noz)6] were prepared by the 
method given in the literature.6,6 The former is lemon yellow 
and the latter is brownish yellow. 

Measurement of Spectra.-A Hitachi FIS-1 vacuum far- 
infrared spectrophotometer (500-50 cm-l) was used. The 
samples dispersed in a polyethylene sheet and a Nujol mull 
were used for the measurement of far-infrared spectra. Low- 
temperature measurements a t  liquid nitrogen temperature were 
made for the Nujol mull samples inserted into the two silicon 
plates contacted with the metal conductor in the low-temperature 
cell.‘ Observed low-temperature spectra are reproduced in 
Figures 1 and 2 .  

400 300 200 100(cm 

Figure 1.-Far-infrared spectra of hexanitrocobalt(II1) complex 
salts (Nujol mull) a t  liquid nitrogen temperature. 

Observed Frequencies.-Spectral measurements are limited 
to the transmittance, and throughout this study we regard the 
absorption frequencies obtained from the transmittance of the 
powder samples as yo’s (resonance frequencies or the minimum 
transmission frequencies as a thickness d -P 0). The difference 

(5)  D. M. L. Goodgame, Inorg. Chem., 3, 1389 (1964). 
(6) A. Rosenheim and I. Koppel, Z. dnorg. Allgem. Chem., 17, 35 (1898). 
(7) I. Harada and T. Shimanouchi, J. Chem. Phys., 46, 2708 (1967). 
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Figure 2.-Far-infrared spectra of hexanitronickel(I1) complex 
salts (Nujol mull) a t  liquid nitrogen temperature. 

between the resonance frequencies obtained from the reflection 
data of a crystal and those from the transmission data of a powder 
sample is less than 570 for the lattice vibrations of an ionic crystal 
such as KNiF3 and KMgF3, according to the results by Perry, 
et a1 .a 

For ionic cubic crystal systems the transverse and longitudinal 
optical modes may be split. However, the transverse frequencies 
v t  ’S correspond to the resonance frequencies Y O ’ S  and accordingly 
the observed values here may be regarded as v t ’ s  which can be 
determined by the local restoring forces cn the basis of the model 
of the molecular dynamics. 

Results and Discussion 
(1) M3[Co(NO2)6] (M = K, Rb, and Cs).-The 

crystal structure is cubic with the space group T h 3  as 
shown in Figure 3.9910 The Bravais unit cell is com- 
posed of 22 atoms, Ma[Co(NOJe], one complex ion (Co- 
(N0.Je3-), and three outer cations (3 M+). The result 
of the factor group analysis is shown in Table I, from 
which ten vibrations of the Fu species are expected to be 
observed in the infrared spectra. The spectra shown 
in Figure 1 in the region below 500 cm-I reveal six bands 
for these complex salts. In the higher frequency region 
not shown here there are four bands, corresponding to 
the NO2 symmetric and antisymmetric stretching, NOz 
scissoring, and NOz wagging modes; therefore, the total 
number of the observed infrared bands is 10 as expected 
in Table I. The bands for each complex become sharp 
and shift to the higher frequency side with lowering 
temperature. In the region below 150 cm-’ there are 

(8 )  G. R. Hunt, C. H. Perry, and J. Ferguson, Phys.  Rev., 134, A688 
(1964); C. H. Perry, Japan. J .  A p p l .  Phys. ,  Suppl .  I, 4, 564 (1965). 

(9) M. Driel and H. J. Verwell, Z. Kuist., AQS, 308 (1936). 
(10) R. W. G. Wyckoff, “The Structure of Crystals,” Vol. 11, Intel- 

science Publishers, Inc., New York, N. Y., 1951, Chapters IX and X 
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Figure 3.-Structure of hexanitro complex salts with the  space group ‘ r h 3  and approximate modes of lattice vibrations v g  m d  Y I O  

TABLE I 
FACTOR GROUP ANALYSIS OF 

M3[Co(SO2)~]  (K, Rb, arid Cs). 
 TI,^ N T 3” R’ 11 

A, 3 0 0 0 3 R 
A, 1 0 0 0 1 ia 
E, 3 0 0 0 3 R 

1 ia 
I 7 R 
1 0 0 0 

0 1 1 
E“ 
F, 
F u  11 1 2 0 8 ir 

a Symbols: N ,  number of the total freedoms; T ,  number of 
the acoustical translational motions; T’, number of the optical 
translational lattice vibrations; R‘, number of the rotational 
lattice vibrations; n, number of the intramolecular vibrations of 
Co(N0&3- ion; R, Raman active; ir, infrared active; ia, inac- 
tive. 

- 

may primarily arise from the lattice vibrations due to 
the interaction between the complex ion and the outer 
cations. 

The optically active vibration frequencies of the 
crystal are calculated according to the procedure de- 
scribed in previous papersj3, l l  by using the potential 
function I/ = Vintia + Vinter, where Vintra  denotes the 
intramolecular potential in the complex ion, which we 
have discussed in several of our previous  paper^.^^*'^-'^ 
The values of the intramolecular force constants used 
in the calculation are listed in the Appendix. Villtcr 
denotes the interionic interaction potential and we 
assume that this term arises from the interaction be- 
tween the Mf ions and the neighboring 0 atoms. For 

(11)  T. Shimanouchi, R I .  Tsuboi, and T. Rfiyazama, J .  Chp?,~. P h y s . ,  36, 
1A!,7 (1961). 

two bands which change their frequencies considerably 

63 cin-l, for K, Kb, and Cs salts, respectively). They 

(12) I. Sakagawa a n d  T. Shimanouchi, s p e ~ i ~ ~ c h i ~ ~ .  A C ~ G ,  22, 750 (106G). 
(13) T. Shimanouchi and I. Sakapawa, I n o i , ~ ,  Chem.,  3, 1805 (1084). 
(14) J. Hiraishi, I. Sakagawa, and T. Shimanouchi, S p e c t ~ o c h i m .  Acta ,  20, 

‘Vith the Outer cations ‘09’ 94 cm-l and loG’ “’ 
819 (1964). 
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c o  

Figure 4.-Positions of oxygen atoms and outer cations for M~[CO(NOZ)~] (M = K, Rb, and C s )  and r\.Ta3[CO(NOz)6]. 

these complex salts the nearest and the second nearest 
M f -  * a 0  distances are 2.80-3.15 A (q2(M”. . .O) )  and 
3.05-3.30 A (ql(M’. . O ) ) ,  respectively (see Figure 4 and 
Table 11). The interaction between the atoms whose 
distances are longer than 3.5 A is not taken into consid- 
eration. 

The calculated frequencies and the interionic 
potential constants are shown in Table 11, where only 
the vibration frequencies of the F, species are given to 
save space. We can see that the observed bands for 
this series of complex salts are explained satisfactorily 
by the above potential function and by the use of the 
interionic potential constants f(M+. * + O )  of ca. 0.1 
mdyn/A which change slightly depending upon the 
interatomic distances. 

The displacement of each atom is obtained from the 
elements of the L, matrix (the eigenvector of the M-l- 
F, matrix and the transformation matrix between 
the Cartesian displacement coordinates X and the nor- 
mal coordinates Q, X = L,Q).2 We can see from this 
calculation that M’ and M” displace in the same direc- 
tion for the v s  mode and in the opposite direction for the 
v10 mode, though in the v g  vibration for the K and Rb 
salts the lattice modes are coupled appreciably with the 
intramolecular modes. A sketch of the approximate 
motion is given in Figure 3. 

(2) Nas [Co(N02) B].-No structural analysis has 
been made for this complex salt. As shown in Figures 
1 and 2 the spectrum of the Na salt is quite different 

1 

TABLE I1 
Observed and Calculated Frequencies 

(em-’) of M3[Co(NO&] Salts 
Ka [Co(NOz)6] Kha [Co(NOz)6] C~%[Co(N0z)s] 
Obsd Calcd Obsd Calcd Obsd Calcd Vih modes 

1386 1393 1399 1393 1400 1393 NOyantisymstr 
1332 1325 1327 1325 1326 1325 K02symst r  
827 818 827 818 832 817 h’O~scissor 
637 619 633 619 630 618 hT02wag 
416 421 413 421 409 420 Co-N str 
293 293 287 288 281 286 NO2 rock and 

skel def 
195 201 191 181 186 170 Skeldef a n d M ’  

lattice 
154 157 141 149 136 141 Skel def, NO2 

rock, and M ”  
lattice 

132 162 109 117 94 95 M”andM’1at -  
tice 

106 106 74 76 63 59 M’and M”1at- 
tice 

iterionic Potential Constants and Interatomic Distances of 
M3[CO(NO2)6] Salts 
K+. R b + *  * e 0  c s + .  .o 

fi, FdynlA 0.11 0.10 0.08 

fi, mdyn/A 0.14 0.12 0.10 
PI, ‘4 3.05 3.15 3.30 

%?, A 2.83 2.95 3.15 

from those for the K, Rb, and Cs salts. In the previous 
note we attributed this remarkable difference in the 
spectrum to the lowering of the symmetry of the Co- 

ion from T h  to cai (SS) through the analysis of 
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the intramolecular vibrations (see Figure 1 of ref 4a). 
This C3i structure where the NOz plane rotates about 
the Co-N axis may be understood by the smaller ionic 
radius of the Na+ ion, since for the T h  structure four 
interatomic distances, ql(Na’. . .O) in Figure 4, are too 
large to form a stable crystal. %’hen the C O ( N O ~ ) ~ ~ -  
ion takes a Cal structure, two of the ql(Na’. . .O) dis- 
tances become shorter and a stable crystal may be 
formed (see Figure 4). In order to see whether this 
CR1 structure may explain the lattice frequencies as well 
as the intramolecular vibration frequencies for the Na 
salt, we made a calculation of optically active vibra- 
tional frequencies of crystal as a whole. In our 
assumed structure, Na+ cations and Co atoms are lo- 
cated a t  the lattice points as shown in Figure 3 as in the 
case of a cubic crystal. However, owing to the twist- 
ing of the NOz plane, the crystal structure is no longer 
cubic. On the basis of the C31 structure with a twisting 
angle of 30” and a = 10.00 8, the interatomic distances 
q(Na. .  .O) are calculated as: ql(Na’. . .O)  = 2 55 8, 
ql’(Pu’a’...O) = 3.42 8, and q*(Na”...O) = 2.62 
(see Figure 4). 

The result of the factor group analysis is shown in 
Table 111, from which both A, and E, vibrations are 
expected to appear in the infrared spectrum. In the 
A, and E, species two NO2 txisting modes are included, 
whose intensities may be very weak. The calculated 
frequencies are given in Table IV, together with the in- 
terionic potential constants, where those for the A4, and 
E, species are not included to save space. In this cal- 
culation the intramolecular force constants are the same 
as those for the K, Rb, and Cs salts (see Appendix). 
IVe can see in Table IV that the calculated frequencies 
for the Csl crystal structure correspond with the ob- 
served frequencies. 

TABLE 111 
FACTOR GROUP AkSALYSIS O F  N ~ , + [ C O ( S ~ ~ ) G ] ~  

c 3 1  s T T’ R’ 72  

& 10 0 1 1 8 R 
All 12 1 2 0 9 ir 
E, 10 0 1 1 8 R 
E“ 12 1 a 0 9 ir 
a See Table I for the meanings of N ,  T ,  T’, R’, n, R, and ir. 

I n  the spectrum of Na3[Co(NO2)6], each band shifts 
by 2-5 cm-l to the higher frequency side with a lower- 
ing of temperature. Among them we see a remarkable 
frequency shift and an intensity enhancement for the 
band a t  214 cm-I. The reason for this feature is not 
certain. According to the calculation shown in Table 
IV, this band is assigned to the lattice vibration where 
the Na+ ion displaces primarily. 

(3) KzCa[Ni(N02)6], KzBa[Ni(NOz)6], and NazBa- 
[Ni(NOz) 6].-For these complex salts we have two 
kinds of outer ions M’+ and However, the 
crystal structure of KzCa [Ni(NOn)6] and KzBa- 
[Ni(N02)6] is cubic (a = 10.34 and 10.67 8, re- 
spectively), with the space group T h 3 , g  as in the case of 
&[Co(NO2)6] (141 = K, Rb, and Cs). N o  struc- 
tural analysis has been made for NazBa[Ni(N02)~].  

A, 
Y‘ 

Y 2  

Y 3  

Y 4  

US 

” 8  

Y7 

us 

Y Q  

u10 

”11 

Calcd 
1389 
1324 

662 
382 
270 

219 

178 

163 

802 

1 OY 

94 

TABLE IV 
Calculated and Observed Frequencies 

(cm-1) of Kas[Co(S02)G] 
Vib modes E, Calcd Vib modes 

NO% antisym str  PI‘ 1391 NOz antisym str  
NO? sym str  Y Z ‘  1324 NOnsym str  
NO2 scissor va’ 801 902scissor 
N0z wag ~ 4 ’  630 Pionwag 
CO-N str  Y&’ 441 Co-N sts 
NO2 rock and YG’ 283 KOz rock and 

skel def S a ”  lattice 
S a ”  lattice ”7’ 237 Nd’ and S a “  

Skel def and S a ’  ”3’ 194 S a ”  lattice and 
and Xa” lattice Son rock 

Skel def and A-a’ us’ 158 Skel def and Ka’ 
and Sa” lat- and Na” lat- 
tice tice 

Na’ lattice and YIO’ 133 Skeldef 
skel def 

A-On twist nii‘ 94 NOztwist 

lattice 

Obsd 
1425 
1333 
845 ,831  
623 
4 4 9 , 3 7 2  
276,  249 

214 

195, 183 

147 

123 

. . .  
Interionic Potential Constants and Interatomic Distances 

(Ka+.  . . O )  
Value, Value, 

Constant mdyn/h Distance h 
fl 0 . 1 5  41 2 . 5 5  
.fl‘ 0.05  41’ 3 . 4 2  
f2 0 . 1 8  P2 2 . 6 2  

The result of the factor group analysis given in Table I 
can be applied to the case of K2Ca [Ni(NOa)6] and K2Ba- 
[Ni(NOs)6]. The spectra shown in Figure 2 in the 
region below 500 cm-’ reveal seven bands for these com- 
plex salts and we have three bands (NOz stretching and 
scissoring vibrations) in the higher frequency region. 
Therefore, the infrared spectra of these complex 
salts are consistent with the cubic structure T h 3 .  The 
calculated frequencies of K&a[Ni(N02)6] and KzBa- 
[Ni(NOz)e] are given in Table V, together with the in- 

TABLE V 
Observed and Calculated Frequencies (cm-’) of 

K2Ca[Ki(K02)6] and KaBa[Ki(KO%)s] 
-----KnCa[Si(NOn)s]------. 7-- K,Ba[Ni(K02)6]--.-- 

Obsd Calcd Vib modes Obsd Calcd Vib modes 
1355 1388 NOn antisym str 1343 1387 NOS antisym str 
1326 1325 NOzsymstr 1306 1325 NOssym str 

834 838 SO2 scissor 838 837 NOzscissor 

458 461 NOzwag 433 460 NOzwag 
284 306 Xi-N str  and 491 304 Ni-N str  and 

NOn sock and NOz rock and 

255 244 NOn rock and 255 230 NO2 rock and 

192 196 Klatticeandskel 173 180 K lattice and 

176 154 Ca lattice and 130 132 Skel def and K 

135 140 Skel def and KO? (130) 107 Skel def and 

105 84 Ca and K lattice 80 73 Balattice 

(813) 

wag wag 

Ca lattice skel def 

def skel def 

skel def lattice 

rock NO, rock 

and skel def 

Interionic Potential Constants and Interatomic Distances 
--KEa[Ni(XOn)G]-- -KzBa[Ki(KOd61-- K+...o Ca2+ . . . O  K +  ...O Ba2+ ...O 

?I, mdyn/A 0 . 1 2  0 . 1 0  

fz, mdyn/A 0 . 1 5  0 . 1 2  
41. A 3 . 0 1  3 . 1 3  

92, A 2 . 7 7  2 . 9 3  

terionic potential constants. For K2Ca[Ni(N02)6] the 
vibrations below 200 crn-l show very complicated 
modes in which lattice modes of K +  and Ca2+ ions and 
intramolecular deformation modes are mixed in a com- 



Vol. 7, No. 7 ,  July 1968 RARE EARTH ORTHOGALLATES 1337 

plex manner. This may be due to the fact that  the 
intrinsic intramolecular vibration frequencies of Ni- 

are lower than those of C O ( N O ~ ) ~ ~ - .  
In  the spectrum of NazBa[Ni(NOz)e] shown in Figure 

2, the band around 200 cm-1 shifts considerably with a 
lowering of temperature. Such a frequency shift was 
also seen for the band a t  214 cm-1 of Na3[Co(NOz)6]. 
Therefore, the band around 200 cm-I of NazBa[Ni- 
(NOZ)~]  may be assigned to  the lattice mode related to 
the Na+ ion. The lowest band around 80 cm-l which 
also exists in the spectrum of KzBa[Ni(NOz)6] is 
assigned to the lattice mode related to the Ba2f ion. 

Conclusion 
The far-infrared bands due to the lattice vibrations 

and the intramolecular vibrations of the hexanitro 
complex salts were both interpreted by the normal- 
coordinate analysis of the crystal as a whole, only the 
interaction between the outer cations and the oxygen 
atoms being taken into consideration. Low-tempera- 
ture spectra yield useful information on the interpreta- 
tion of the observed bands. 

Lattice vibrations due to the displacements of the 
outer cations relative to the complex ion are observed 
below 200 cm-I. Those frequencies change depending 
upon the mass of the cations and the interionic force 
constants. In order to establish the characteristic 
frequencies of the lattice vibrations arising from the 
outer cations, further investigations on the far-infrared 
spectra of various types of complex salts are in progress. 

Appendix 
For the intramolecular potential, Vintra, the mod- 

ified Urey-Bradley force field (MUBFF) has been used 

and the use of this type of potential in the vibrational 
analysis of the complex ions has been fully discussed in 
several previous p a p e r ~ . ~ ~ , ' ~ - ' ~  Force constants used 
in the present study are summarized in Table VI, where 

TABLE VI 
INTRAMOLECULAR POTENTIAL CONSTANTS (MDYN/A) 

FOR CO(NO~),,~- AND Ni(N01)84- a 
Co(N0z)ea- Ni (NO$ n 4  - 

Fdi,(Mr\; Str) 1.50 0.80 
Fdia(N0 str) 9.30 9.30 
Fdi,(NMN def) 1.10 0.60 

Fdi,(MNO def) 0.50 0.40 

Fdia(N02 wag) 0.55 0.32 
Fdi,(N02 twist) 0.03 (assumed) 0 03 

F ( 0 . .  . O )  3.00 3 .00  

pWO,NO) 0.50 0.50 

Fdi,(ONO def) 1.78 2.00 

0.30 (Na salt) 

F(N* - * N )  0.05 0.20b 

F(M.a .0 )  0.20 0.10 

a In the Urey-Bradley approach, diagonal elements of the F 
matrix corresponding to the bond stretching modes include F as 
well as K and those for angle deformation modes include F as 
well as H. The off-diagonal elements are expressed in terms of F. 
* Taking into account the appreciable interaction between the 
Ni-N stretching and NMN deformation modes, the effective 
value of F(N. . . N) was assumed to be large.4b*12 

K ,  H ,  and F denote the bond stretching, the angle de- 
formation, and the repulsion between nonbonded atoms, 
respectively. Fdi l l  means the diagonal element of the 
F matrix (potential energy matrix) for the correspond- 
ing mode. p(N0,NO) is the resonance interaction con- 
stant. The value of fl(MN,MN) cannot be determined 
unless the frequencies of the g species are available. 

~ 
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Single crystals of the rare earth orthogallates, REGa03 with RE = Sm-Lu, have been synthesized by the decomposition 
of the respective garnets a t  high pressure in the presence of a flux. Previously reported crystals of LaGaOa, PrGaOl, and 
NdGaOa have been prepared by the flux method a t  atmospheric pressure. The rare earth orthogallates are isostructural 
with the rare earth orthoferrites; namely, they have the orthorhombic perovskite-like structure. Their lattice parameters 
have been calculated by the least-squares method. The parameters a and c increase smoothly in going from Lu to La. 
However, the lattice parameter b goes through a maximum. It seems that this anomalous variation of the b parameter can 
be explained in terms of a variation of the coordination number of the rare earth cation. 

Introduction The new orthogallates are isostructural with the re- 
In  a recent notel we reported the synthesis and the SPeCtive orthoferrites; namely, they have the ortho- 

crystal structure of GdGa03, YbGa03, and YGaO3. rhombic perovskite-like structure. An interesting fea- 
They were synthesized by decomposition a t  high pres- ture is that  the rare earth orthoferrites can be synthe- 
sure and hiph temDerature of the resDective garnets. sized a t  atmospheric pressure, whereas a pressure " u 

greater than 45 kbars is needed to synthesize GdGa03, 
YbGa03, and YGa03. This was explained in terms of 
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