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two bands undergo significant changes in both wave 
number and intensity on substitution of Y ;  e.g., com- 
pare the spectra of (M6C112)C162- with those of (M&112)- 
Bre2-. These changes signify strong mixing of the 
normal modes arising from the M6X1Z4+ unit and the 
M-Y bonds. However, the appearance of the strong 
bands a t  172, 192, and 256 cm-I in the spectra of 
(Nb&112)I6~-, (Ta6C112)Br62-, and (Ta&r12)C&~-, re- 
spectively, certainly indicates that  the M -Y modes 
should be assigned higher wave numbers than those 
given by Mackay and Schneider or by Mattes. 

I t  is notable that the spectra provided here by the 
(Ta~&z)Y6~- compounds each show six bands of suffi- 
cient intensity t o  merit designation as the six TI, funda- 
mentals. Only five of the fundamentals were recog- 
nized by Mackay and Schneider for the (Nb6C&2)Yn 
series and by Mattes for all of the compounds (M6X12)- 
X, (M = Nb, T a ;  X = C1, Br;  n = 2, 3, 4). The data 
given here still do not permit identification of the sixth 
fundamental in the (Nb&112)Y6n- complexes.8 Mattes 
associated the unobserved fundamental with the metal- 
metal stretching modes (TI"), whereas Mackay and 
Schneider associated i t  with the M-Y wagging modes 
(TI,). This hitherto unidentified band can now be de- 
signated for the tantalum cluster anions; it is the funda- 
mental of lowest wave number in the data given for 
each of these anions in Table 11. 

Data from the spectra of the DiMSO adducts in the 
region below 600 cm-I are given in Table 111. All of 

TABLE 111 

IN  THE REGION 40-500 C M - ~  
INFRARED SPECTRA" OF DMSO-CLUSTER ADDUCTS 

I* IIC I I I d  IVe Vf VI* 
435 YS 437vs 440vs 4297s 440s  433 s, br 
338 s, br 340 vs 334 vs, b r  337 w 330 vs, br 325 ms, br 
290 s, br . . .  . . .  312 w 262 m . . .  
252 s 270ms 268ms 262vs 2 4 7 m , s h  . . .  
2 4 0 m , s h  240s  240s 229vs 2 2 7 m  224 s 
198 mw , , . 196vw . .  , 192w 199 w 
118 vw . . .  133vw 165w 140w 145 w 

a Band maxima and intensities same as in Table I. b I = 

111 = (n'b&Xz)Brz(DMSO)a. IV = [(NbGBr12)(DMSO)G]- 
(c104)~. ' V = (Ta&112)Cla(DMS0)3. V I  = [(Tad&)- 

(NbsCliz)C13(DMSO)3. 11 = [ ( N ~ G C ~ I ~ ) ( D M S O ) G ]  (C104)p. 

(DMS0)61 (c104)~. 

these adducts have a strong band in the range 429-440 
cm-I, which may be assigned as the metal-oxygen 
stretching fundamental of coordinated DMSO. This is 
in accord with the assignment of the Nb-0 stretch in 
compound I1 at  439 cm-I by Mackay and S ~ h n e i d e r . ~  
Field and Kepertg also reported the Nb-0 stretch at  
417-449 cm-' in the spectra of a series of oxygen donor- 
cluster complexes. It is significant that the M-0 
stretching modes for these cluster adducts are in the 
same wave number range of 410-500 tm-' as reported 
for a large series of simple metal ion-DMSO com- 
p1exes.l" 

(8) T h e  number d bands in the region 400-600 cm-1 for (NbtiClu)F04- 
indicates a Compkdted structure where the  terminal fluorine atoms prob- 
ably occupy two o r  more noneipivalent positions in the  compound ((CrHs)r- 
N)A [(NbsClir)Fs]. 

(9) R. A. Field and D. L. Kepert, J .  I.ess-Commoiz Melals ,  13, 378 (1867). 
(10) B. F. G. Johnson and R. H. Walton, Spectvochim. Acta,  22, 1853 

(1966). 

The strong cluster band a t  high wave number is pres- 
ent in the spectra of all of the DMSO adducts, and i t  is 
shifted only slightly from the value observed for the 
( M ~ X I Z ) Y ~ ~  - ions of appropriate cluster oxidation 
state. In the spectrum of IV the two weak bands a t  
337 and 312 cm-I evidently arise from a trace of free 
DMSO retained in the complex. The band in the 
region 224 to 240 cm-' becomes more intense with in- 
creasing substitution of DMSO on the cluster (compare 
the spectra of I and V with those of I1 and VI). Con- 
sequently this latter band may arise from a ligand-de- 
pendent mode, possibly M-0-S or X-M-0 bending. 
Finally, the bands at  290 cm-l in I and 262 cm-' in V 
apparently arise from the terminal Nb-Cl and Ta-C1 
stretching vibrations, respectively, since they are absent 
iqspectra of the ions completely substituted with DMSO. 

In summary i t  should be emphasized that definite 
assignments of all bands in these spectra cannot be made 
a t  this time. Indeed this must await a normal-coor- 
dinate analysis which takes account of mixing of the 
normal modes and which is based on more complete 
data, especially from Raman spectra. However the data 
reported here allow the following tentative conclusions. 

A band arising from the metal-metal stretching 
vibrations is not readily identified in M&12n+ clusters. 

Bands arising from the M-Y stretching vibra- 
tions are unambiguously identified only in those cases 
where they occur outside the immediate wave number 
range of the M&zn+ vibrational modes, e.g., as in 
(MBX12) or (Ta6Brls)Clen-. 

Only one of the four bands arising from the 
M6X12n+ vibrational modes (usually the one of highest 
frequency) undergoes little change in intensity or fre- 
quency with substitution of the Y atoms. 

The mixing of the normal modes appears to be 
less extensive in the Ta6X12%+ compounds-hence the 
requisite fundamental bands can be identified with 
greater confidence. 

(1) 

(2) 

(3) 

(4) 
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The recent syntheses of c s ~ N a A m C 1 ~ ~  and Csz- 
NaBkCle3 suggested that similar compounds might be 

( 1 )  (a) This work was performed under t h e  auspices of the  U. S. Atomic 
Energy Commission. (b) Participant in the  summer IJndergraduate Train- 
ing Program in Nuclear Chemistry. 

133 (1968). 
( 2 )  K. W Bagnall, J. B. Laidler, and PI. A. A. Stewart, J .  Chem. Soc., A 

(3) L. I<. Morss and  J. Fuger, Inoig.  Chem., 8, 1433 (1969). 
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stable for other trivalent cations of comparable ionic 
size. We have prepared and characterized such a set 
of compounds, of empirical formula Cs2NaMClfi, for a 
large number of trivalent cations M(II1). In each 
compound the trivalent ion is surrounded octahedrally 
(site symmetry O h )  by six chloride ions. 

Although a number of other hexachlorometalate(II1) 
compounds are known, 4 , 5  the chloro complex compounds 
Cs2NaMC16 possess a unique set of desirable properties 
which suggest their use in a variety of experimental 
situations : they are isostructural ; they are soluble in 
water or in dilute acids ; they have considerable thermal 
and chemical stability, particularly in comparison with 
the anhydrous trichlorides; they can be prepared by a 
variety of straightforward techniques ; and they can 
usually be grown as single crystals. 

The original preparation of CssNaAmC1fi2 involved 
simply evaporating a solution of 2Cs+-Na+-Am3+ in 
HCI to dryness. CsZNaBkClfi may be precipitated 
from dilute HC1 solution by blowing HC1 gas over the 
solution and cooling. Similar precipitation of CSZ- 
NaAmClfi from HC1 solution in this laboratory required 
higher HCl concentration and lower temperature, while 
no such compound of Pu(II1) could be precipitated 
under any conditions. We interpreted this precipita- 
tion behavior to mean that the solubility of CslNaMCls 
decreases with decreasing ionic size of actinide ion 
M(II1). This hypothesis has been tested with several 
other trivalent cations of decreasing ionic radius. 

Experimental Section 
The simplest technique for preparing Cs&aMCh is to evap- 

orate t o  dryness a hot aqueous HC1 solution of the appropriate 
cations. 7 his procedure was successful for the heavy lanthanides 
and for several other trivalent metals (Table I, preparation “E”). 
Some preparations obtained in this manner yielded a few X-ray 
powder diffraction lines of CsCI, NaC1, andlor  unidentified 
phases; therefore, this technique is not suitable for the prepara- 
tion of reproducibly pure complex chlorides. For two of the 
compounds, special conditions were required to  ensure the pres- 
ence of trivalent cations: CsnSaTICle was prepared in the pres- 
ence of H202, and CsnXaTiC16 was synthesized by dissolving T i  
metal in 2CsC1-NaCl-aqueous HC1 and evaporating t o  dryness 
under argon. 

When a hot solution of 0.1 iVf Bi3+, 0.2 M C s + ,  and 0.1 M Ka+ 
in 2 iM HCI was cooled slowly, octahedral crystals of CsaNaBiCh 
up to  2 mm thick were obtained (preparation “X,” Table I) .  
By contrast, similar solutions of Au3+ or Fe3+ formed acicular 
crystals which did not yield cubic powder patterns. 

Cs~h-aXmCI6 and Cs?NaBkCle were crystallized from aqueous 
solution by cooling and increasing HCI concentration (preparation 
“H,” Table I) .  The only lanthanide compound which could be 
prepared in this fashion was Cs&aI,uC16. d solution of 0.05 111 
Lu3+, 0.1 AI Cs‘, and 0.05 M Ka“ was cooled t o  -23’ (CClr 
slush) while bubbling in HC1 gas. Although small crystals of 
Cs&aLuCl6 were collected, powder patterns showed some CO- 

precipitation of FaCl  (which IS quite insoluble in concentrated 
HC1) and the yield was low. 

Pure single crystals of chloro complex compounds could be 
prepared from a melt; this technique (“A,” Table I )  is suitable 
if the partial pressure of MC13 in the melt is not dangerously high. 
The appropriate trichloride (commercially available or prepared 

(4) W. E. Hatfield, R.  C. Fay, C. E. Pfluger, and  T. S. Piper, J .  Aiiiri.. 

(8) 11. Brown, “Halides of the Lanthanides and Actinides,” Wiiey, 
Chein. SOL.,  85, 268 (1963). 

London, 1968, pp 158-159. 
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Fe 
Ti  
s c  
In 
TI 
Lu 
Tm 
E r  
T 
DY 
Sb 
Gd 
Bk 
Eu 
Sm 
Bi 
Am 
Pu 
S d  
Pr  
Ce 
La 

TABLE I 
CoiwocsDs Cs~XaMCle 

Lattice parameter a ,  
Prepn“ a 

E 10.3329 (6) 
E 10.3940 (11) 
E 10 4875(10) 
E 10. 5313 (9) 
E 10.6231 13) 
A, E, H 10.6550 (4) 
E 10.6860 (8) 
A 10.7043 ( 5 )  
A, E 10.7315 (15) 
A 10.7426 (9) 
E 10.7780 (20) 
A ,  E 10,7918 (8) 
H 10 8060(10) 
E 10,8095 (8) 
E IO. 8341 (9) 
E, X 10.8386 (10) 
E, H 10. 8848 (8) 
A 10.8890 (6) 
A,  E 10.8894 (IO) 
A ,  E 10.9118 (13) 
A 10.9458 (7) 
A 10,9923 (9) 

Oxide ionic 
radius (CN 6),A 

0,645 
0 .67  
0.73  
0.79 
0 .88  
0.848 
0,869 
0 ,881  
0 .  S9’! 
0 .908 

0. R 3 X  
0. 9.54 
0 9,io 
0.964 
1 . 0 2  
0.985 
0 987 
0.995 
1.013 
1.034 
1.061 

A,  heating anhydrous chlorides in quartz tube; E, evaporat- 
ing HCI solution to dryness; H,  precipitating from cold concen- 
trated HCI; X, growing crystals from dilute HCI by cooling- 
evaporation. 

by dehydrating hydrated trichloride6) is purified by sublima- 
tion in a quartz tube under high vacuum. The sublimate is 
melted into a side arm, which is then sealed off under vacuum and 
crystallized if possible by gradient s~lidification.~ Under a dry 
atmosphere, a few grams of trichloride is added t o  the stoichio- 
metric amounts of CsCl and NaCl (dried by heating) in a quartz 
tube of -4-1n11i i.d. After evacuation, heating to 550’ (any 
higher will sublime CsCl) to  drive off residual water and adsorbed 
gases, and sealing off the quartz tube, the mixed chlorides arc 
heated until molten (over 800”), mixed by inverting the tube, 
and lowered slowly through the temperature-gradient furnace 
used for the trichloride. Transparent crystals over 1 cni in 
length have been prepared. 

It may be possible to  prepare other compounds of this type, 
since all trivalent cations and solvent systems have not been in- 
vestigated. The  only failures encountered were with A4u(lII) 
and Al(II1). 

X-Ray powder patterns were taken of all compounds and the 
cubic lattice parameters are given in Table I .  X-Ray techniques 
and data treatment have been described.8 A number of the 
preparations mere analyzed, with the results shown in Table 11. 

TABLE I1 
XSALYSES OF Cs&aMCls (7;) 

1 1 3 +  

Fe 
La 
Ce 
Kd 
Gd 
D y  
E r  
Lu 

_-- Na- -----R.I- 
Calcd Found Calcd 

4 .12 4.25 10.02 

21.84 
22 35 
23.88 
24 .48  
25.02 

3 .40  3 .40  25.86 

7 ,  

Found 

1 0 , l 5  

21 8 
’79 4 
23.6 
24 6 
24 7 
26 .0  

____ C1--- 7 

Calcd Found 

38.16 37.87 
33.2‘2 3 3 . 1  
33.16 33 1 
32 .45  3 2 . 8  
32.10 32 0 
32.04 31 .9  
31.82 31.8 
31.45 31.36 

Since the appropriate cations were mixed in stoichiometric ratios 
when preparing the compounds, the analytical data reflect only 

(6) M TI. Tay lo r ,  Clievt. Ruc., 62, 503 (lY62). 
( 7 )  I ) .  h i .  Gruen. J .  G. Conway, and I<. 3IcLaughlin. J .  C h u r n  P h y s . ,  26,  

1102 (1Y56). 
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the gross uniformity of composition and anhydrous nature of 
each product. 

Results 
Table I presents a list of all compounds c ~ ~ N a M c 1 ~  

which have been characterized. With the exceptions 
of the Ti compound (which appears to oxidize slowly 
to Ti(1V)) and the Y compound (which is attacked by 
water vapor), all appear to be stable in laboratory air. 
When prepared as powders by evaporation of solutions, 
many become noticeably hygroscopic after a few weeks. 

Lattice-parameter error limits represent standard 
deviations calculated from least-squares treatment of 
all diffraction lines of selected films; experience has 
shown that f o u r  such standard deviations correspond 
roughly to 95Gj, confidence limits, taking into account 
systematic errors such as sample eccentricity, non- 
uniform film shrinkage, sample impurities, and film 
readers' habits. When preparations were available 
both as single crystals and as evaporation residues, 
lattice parameters of both preparations were found to 
be within each other's error limits ; the weighted average 
lattice parameters are listed in Table I. For most sam- 
ples, the Nelson-Riley extrapolation for sample absorp- 
tion was applied. 

The X-ray powder patterns of all compounds Cs2- 
NalLIC18 could be indexed on the basis of a face-cen- 
tered-cubic lattice. When powders were prepared 
from single crystals, all lines were indexable. When 
the compounds had been prepared as a powder (by 
evaporation), a fen- extraneous low-angle lines were 
often present; most of these could be identified 
as CsCl or NaCI. X-Ray- powder pattern line lists 
for three representative compounds are displayed in 
Table 111. Observed intensities represent visual 
estimates (10, very strong; 0, trace). 9 s  in the case 
for CszNaBkC16," the observed intensities are con- 
sistent with the atomic positions of space group Fm3m 
(Oh5). The proposed structure is the "ideal cryolite" 
arrangement,8 typified by (NH4)3-41F6, which is one 
of many complex compounds of the general formula 
A,B'B''X32 in which the ionic radii of ,4 and X are 
comparable. To a good approximation the crystals of 
CszNah~~C16 contain "planes" of (Cs+ + 3C1-) which 
stack in cubic closest packing, ABCABCABC, n-ith 
Na+ and M3+ each filling half the octahedral holes 
formed by BC1-. Diagrams of the unit cell, which is 
similar to that of the "antifluorite" structure, are pre- 
sented by Wellss and by Cotton and Wilkinson. lo 

Figure 1 displays the lattice parameters of the lan- 
thanide compounds CsnNaLnC16 as a function of atomic 
number (equivalently as a function of the number of f 
electrons) of Ln(II1). The double-concave shape of 
the curve (compared to the dashed curve, a second- 
order polynomial fitted to the ions with spherical f -  

(8 )  A. F. Wells, "Structural Inorganic Chemistry," Oxford University 
Press, London, 1962, p 369. 

(9) Many compounds with the cryolite arrangement dci nut crystallize 
in the  highest possible space-group symmetry. Cryolite itself [KZL,AIIP<~) 
is monoclinic a t  imum temperature and cubic a t  650' 
(10) F. A. Cotton and G. Wilkinson, "Advanced Inorganic Chemistry," 

Interscience, S e w  York, N .  Y . ,  1066. p 113.  

1 . 1  I I I I I !  I I I 

IO 65 
La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Y b  L d  

Figure 1 -Lattice parameters of CspXaLnC16 

electron configurations) may be compared with similar 
curves obtained for the lattice parameters of the iron 
garnets'l or the heats of formation of aqueous lantha- 
nide complexes.12 The effect is similar to but smaller 
than the more pronounced effects in the 3d series:13 
superimposed upon the overall contraction of the lan- 
thanide ions (as the effective nuclear charge on the outer 
electrons increases) is the additional contraction due to 
lanthanide ions with nonspherical f electron configura- 
tions. The nonspherical electron distribution enables 
ligand ions to be drawn closer to Ln(III) ,  yielding a 
small shrinkage in the lattice parameter. The shrink- 
age in u appears to be greatest a t  about f Z  (PrdT) and 
f g  (Dy3+) 

Figure 2 shows the fairly linear relationship between 
the lattice parameter of CsnNaMCl8 and ionic radius 

1100 i 
0 Lanthanides 
rn Actinides 
A Other trivalent Ions 

1 0 4 6  T 'A  -t 

i 

A Fe I 
I I I I I 1 I 1 1  

1030 1 

065 070 075 080  085 090 095 100 105 

" h i d e "  ionic radius of trivalent ion ( 8 )  (CN=61 

Figure ?.-Lattice parameter of CsaNaMClc t ' s .  M ( 1 I I )  "oxide" 
radius. 

(111 G. 1'. l%spinwza. J .  C I I P U I .  P i iys . ,  37, 2314 (l<JU), 
(12)  I,. A K. Stavely, I). I<.  Mat-kham, and ??I I< Jones f. i , io rg  .\ rrci 

(13) See ref 10, pp 681-881. 
Chem , S O ,  231 (1968). 
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of M(II1). The ionic radii are sixfold-coordination 
"oxide" radii (Table I), taken from the compilation of 
Shannon and Prewitt14 with the exception of the acti- 
nide ions, which are those tabulated by Peterson and 
Cunningham. I 5  

Acknowledgments.-We wish to thank Professor 
B. B. Cunningham for many helpful discussions. 

(14) R. D. Shannon and C. T. Prewitt,  Acta Cvyslallogi,. ,  in press. 
(15) J. R. Peterson and B. B. Cunningham, Inovg. Nucl. Chem. Lett.,  3, 327 

(1967). 
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We report here a new method for the preparation 
of the three complexes cis-Pd(NH&Xz (X = C1, Br, 
I). The preparation of the iodo complex has not 
previously been fully described.' According to Layton, 
et a1.,2 the method of preparation given by Grinberg 
and Shulman3 for the cis-dichloro and cis-dibromo com- 
plexes yields impure products that  isomerize in the solid 
state (the bromide more rapidly than the chloride) to 
the corresponding trans complexes. This has also 
been the experience in our l a b o r a t ~ r y . ~ , ~  

Durig and Mitchell6 developed a method for ob- 
taining more stable specimens of the cis-dichloro and 
cis-dibromo complexes that involved carrying out a t  
low temperature the reaction used by Grinberg and 
Shulman. However, attempts to prepare cis-Pd- 
("&I2 by these methods always yielded the trans 
isomer. The main evidence for the identity of the 
products in the above experiments comes from infrared 
spectra, as we have not been able to find any solvent 
that  would allow dipole moment measurements to be 
made. The results given by Perry, et al.,7 which are 
representative of several reports in the literature, show 
that, for the chlorides and bromides, there are marked 
differences between the infrared spectra of the cis and 
trans isomers. Other tests that have been used for 
distinguishing the cis from the trans isomers are not so 
conclusive. The cis- and trans-chloro complexes have 
both been investigated using X-ray techniques2s8 

(1) J. S. Coe, M. D. Hussain, and A. A. Malik, Inovg.  Chim.  Acta, 2, 65 
(1968). 

(2) R. Layton, D. W. Sink, and J. R. Durig, J .  Inoug. Nucl. Chem.. 28, 1965 
(1966). 

(3) A. A. Grinberg and V. M. Shulman, Compl. R e i d .  AcaJ. Sci. U R S S ,  
215 (1933). 

(4) J. S. Coe and A.  A. Malik, It20i'g. I v t ~ c l .  Cht'm. I>f'tt., 3, 99 (1967). 
( 5 )  M. I). Hussain, Ph.D.  Thesis, London I'niversity, 1968. 
(6) J. R. Ilurigand 33. 12. Mitchell, A p p l .  Spectvy . ,  21, 221 (1967). 
(7) C. H. Perry, 13. P. Athans, E. F. Young, J. 12. Durig, and B. 11. Mitch- 

(8) F. G. Mann,  D. Crowfoot, D. C. Gattiker, and N. Wooster, J .  Chem. 
ell, Speclvochim. A d a ,  ZSA, 1137 (1067). 

Soc. ,  1642 (1935). 

but their structures have not been fully established 
in this way. The uv spectra of cis- and trans-Pd- 
(NH&C12 in aqueous solution (containing about 10% 
ethanol) show only small  difference^.^ The cis-dichloro- 
and cis-dibromodiammines also differ from the respec- 
tive tran:, isomers in their reactions with potassium 
iodide solution. 

Experimental Section 
Tetraamminepalladium(I1) perchlorate (I)  was prepared as 

described previous1y.l 
cis-Dihalodiamminepalladium(I1) Complexes .--A 2.3-g sample 

of I was dissolved in 75 ml of 0.2 M perchloric acid and allowed to 
stand overnight a t  room temperature. To the yellow solution 
was added a concentrated solution of sodium halide whereupon a 
solid precipitated immediately and was filtered rapidly, washed 
with water, alcohol, and ether, and dried in  uucuo over silica gel. 
The chloro and bromo complexes were dull yellow microcrystal- 
line solids and the iodo complex was brown. 

Anal. Calcd for Pd(NH3)zClz: N, 13.25; H ,  2.84; C1, 33.55. 
Found: N, 12.9; H, 2.9; C1, 33.0. Calcd for Pd(KHt,)zBra: 
N, 9.33; H, 2.00; Br, 53.23. Found: N, 9.3, H ,  2.0; Br, 
52.6. Calcd for Pd(h"s)zIa:  N, 7.10; H, 1.52; I,  64.39. 
Found: 

On adding NaSCN to the yellow solution, a pink precipitate 
was deposited. Anal. Calcd for [Pd(iiH~)r] [Pd(SCN)a]. C ,  
9.36; H, 2.34; N, 21.84. Found: C, 9.4; H ,  3.3; S, 21.7. 
No precipitate was formed on adding either NaK02 or NaOC?;. 

Infrared measurements (in the range 4000-550 cm-l) were 
made on Nujol mulls with a Perkin-Elmer 457 spectrophotom- 
eter. The uncertainty in the infrared measurements was f 3  
cm-'. 

N, 6.5; H ,  1.4; I,  64.4. 

Results and Discussion 
When an aqueous solution of tetraamminepallad- 

ium(I1) perchlorate is treated with excess perchloric 
acid, the aquation of the Pd(I1) ion proceeds only as 
far as the replacement of two ammonia molecules.' 
The addition of chloride ion to a dilute solution of the 
diaquodiammine results in a rapid change in the uv spec- 
trum, presumably owing to a fast anation reaction and 
the formation of chloro complexes. Solutions contain- 
ing different concentrations of acid and chloride differ 
in their uv spectra and the spectra also change with 
time. However, in the spectra of several such solu- 
tions a shoulder a t  290 nm was observed and, as this 
had been reportedQ to be a feature of aqueous cis-Pd- 
(NH&C12, i t  was suspected that the original diaquo- 
diammine solution probably contained at  least some 
cis isomer. Rasmussen and J@rgensen,l' on the basis 
of much less slender evidence, have concluded that 
the diaquodiainminepalladium(I1) ion exists mainly 
in the cis form. The present results support this con- 
clusion. As anation reactions of Pd(I1) complexes 
are expected to be fast and as all the known pallad- 
ium(I1) dihalodiammines are only slightly soluble in 
water, the addition of halide ions to a concentrated 
aqueous solution of the diaquodianirnirie would be 
expected to result in precipitation of the dihalodiammine 
of the same configuration as the aquo ion. The dis- 
tinctive infrared absorptions (in the region 1200-YO0 

(9) A. J. P6e and 11. H. Vaughan, Inorg. Chinz. A c t a ,  1 ,  2 5 5  (1967). 
(10) L. Rasmussen and C. K. Jgrgensen, Acta Chein. Scmd.,  22, 2313 

(1968). 


