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RhC16(H20)?- to Rh(Hg0)63+ because the increase 
must cease and be reversed for the entry of chloride 
into Rh(Hz0)c3+, a very slow process occurring via an 
ion-pair intermediate. The aquation of Rh(H20)sClZ+ 
must necessarily be very slow indeed to give a forma- 
tion constant greater than l o 3  M-l, as reported in the 
l i t e r a t ~ r e . ~  This point of view is confirmed by the 
fact that prolonged boiling of RhC13(H?0)3 with con- 
centrated HClOl is required to expel all coordinated 
chloride in the preparation15 of Rh(HzO)a3+. 

The ever-present question of cis-trans isomers of 
RhC14(Hz0)2- deserves a comment. Kleinberg, et ~ l . , ~  
found no evidence for the existence of cis and trans 
isomers in their chromatographic studies nor did Gar- 

(15) G. H. Ayresand J. s. Forrester, J .  Inovg. NucZ. C h e m . ,  8, 365 (1957). 

Notes 

ner, et aLj5  in the chloroiridium(II1) system. Figure 2 
also gives the spectrum of pure KzRhC15(H?O) in aque- 
ous acid medium of ionic strength 4. There are three 
distinct isosbestic points a t  398, 443, and 493 nip, re- 
spectively. The full spectral change occurring upon 
aquation of the aquopentachlororhodium(II1) ex- 
hibited three isosbestic points a t  399, 445, and 494 mp, 
respectively, for more than 60% of the equilibrium 
hydrolysis reaction. It is clear that  the aquopenta- 
chlororhodium(II1) anion hydrolyzes to a single prod- 
uct which may be one isomer only or an equilibrium 
mixture of cis- and trans-diaquotetrachlororhodium- 
(111). Considering the experimental conditions used 
by Kleinberg, et U Z . , ~  it  is more likely that, in fact, 
they obtained the equilibrium mixture nhose spec- 
trum is given here in Figure 2. 
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Although Wolsey, Reynolds, and Kleinberg2 had 
isolated a series of chloroaquorhodium(II1) complexes 
by ion-exchange chromatography, they reported only 
one tetrachloro species. Robb and Harris3 studied the 
aquation of hexachlororhodate(II1) anion but did not 
isolate any tetrachloro complex produced by the 
secondary aquation. Since Fine4 had found the cis- 
trans isomers of tetrachlorodiaquoruthenate(II1) anion 
and Garner and co-workers5 recently isolated the cis- 
trans isomers of tetrachlorodiaquoiridate(II1) anion, 
both by ion-exchange chromatography, we decided that  
i t  should also be possible to obtain the cis-trans isomers 
of tetrachlorodiaquorhodate(II1) anion by ion-ex- 
change chromatography. Furthermore, the aquation 
of pentachloroaquorhodate(II1) anion cannot be studied 
until the product of this aquation is identified. 

Procedure and Results 
The tetrachlorodiaquorhodate(II1) anion was pro- 

duced by two methods: the aquation of hexachloro- 
rhodate(II1) anion and the chloride anation of hexa- 
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aquorhodium(II1) cation. In the aquation method, 
5 ml of a 50 m F  solution of Na3RhClb.12H20 in 1 F 
HClOk was heated a t  about 100" for 1.5 min, and the 
resulting solution, after cooling in ice-water, was chro- 
matographed on a 15-cm NOS- Dowex AG 1-X8 (100- 
200 mesh) column a t  2", using a jacketed condenser- 
type column with ice water circulated through the 
jacket. After eluting the cationic and neutral species 
completely with 0.001 F HC104, a pink band was eluted 
next by 0.3 F HNOa. Only one pink band was eluted 
by 0.3 F HN03,  and all fractions of this effluent gave 
similar visible absorption spectra. The C1: Rh atom 
ratio of this complex, designated as complex X, was 
found to be essentially 4 (3.93-4.12 for seven different 
samples). Rh was determined spectrophotometrically 
by the method of Ayres, et a1.,6 and ligand chloride was 
determined by the method of Clarke' after decomposing 
the complex with excess NaOH.* Chromatography of 
the aquation solution on an HSO4- Dowex AG 1-X8 
column a t  2' gave the same result: one pink complex, 
which has essentially the same C1: Rh  atom ratio (4.01- 
4.10 for three different samples) and the same visible 
absorption spectrum as complex X, was eluted by 0.3 F 
HzS04. The visible absorption spectrum of this com- 
plex was the same, within experimental error, both in 
the original effluent and in a solution made 6 F in HC1: 
A,,, 492 h 2 and 392 h 2 mp (E 101 and 113 M-l 
cm-l, E392/€492 = 1.12) and Amin 440 * 2 mp (E 48.3 
21.f-l cm-1). 

In the chloride-anation method, about 0.3 g of hexa- 
aquorhodium(II1) perchlorate, prepared by the method 
of Ayres and F ~ r r e s t e r , ~  was boiled in 2 F HCl until the 
color of the solution was changed from yellow to red. 

(6) G. H. Ayres, B. L. Tuff ly ,  and J. S. Forrester, A d .  Chem.,  27, 1742 
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Five ml of the resulting solution was then chro- 
matographed on a 20-cm C1- Don-ex AG l-XS column 
a t  2 " ,  after first svirling the solution with ca. 15 g of H f  
Don-ex AG 50V-XS (100- 200 mesh) to remove excess 
cationic species. The elution was again made first with 
0.001 F HClOL to remove the residual cationic and 
neutral species and then with 0.3 F HXOa. The 0.3 F 
HNOy eluted two overlapping pink bands, the lower 
being of lighter color. The lon-er band (designated 
as complex Y) gave a visible absorption spectrum simi- 
lar t o  that reported by Wolsey, et d . , z  for their tetra- 
chloro species but with higher molar absorptivities : 
X,,,, 484 * 2 and 384 * 2 nip ( E  99.0 and 78.2 M-' 
cm-l, E ~ J - I ' E ~ S I  = 0.78) and Amii l  429 f 2 my ( E  35.5 
Jf-' cm-l). lo The upper band (designated as complex 
2)  gave the same visible absorption spectrum, within 
experimental error, as complex X. The determination 
of C1:Rh atom ratio of complexes Y and 2 was not 
possible because excess chloride n-as present in the 
solutions : Fine4 and Wolsey, et a!. ~ encountered the 
same difficulties in their work. Attempts to chromato- 
graph the chloride-anation solution on a NOa- DoTvex 
AG 1-XS column xvere unsuccessful. 

Since the chloroaquorhodate(II1) anions aquate quite 
rapidly a t  room temperature, all solutions being eluted 
were kept in ice; and all visible absorption spectra 
n-ere measured a t  about S o ,  using- a Beckinan DB spec- 
trophotome ter. 

Discussion 
The procedure of Wolsey, et n l . ,?  for the production 

of tetrachlorodiaquorhodate(II1) anion was tried but 
without success. One wide! red band was eluted by 2 F 
HC1, as reported by JTolsey, but the visible absorption 
spectra of the different fractions of the effluent were not 
consistent. On the other hand, if the elution was 
made with more dilute acids, three overlapping bands 
of yellow and orange colors were eluted by 0.001 F 
HClO, and two overlapping pink bands were eluted by 
0.3 F FINOa. The yellow and orange bands must be 
neutral arid cationic species, and the identification of 
these species will be reported in a later communication. 
The two pink bands appeared to be the two isomers of 
tetrachlorodiaquorhodate (111) anion because of their 
elution behavior. 

It is quite obvious that, from the C1:Rh atom ratio, 
complex X is a tetrachlorodiaquorhodate(II1) anion. 
Since its visible absorption spectrum is different from 
that reported by Wolsey, et nl., for their tetrachloro 
species, complex X and their complex must be the two 
isomers of tetrachlorodiaquorhodate(II1) anion. Fur- 
thermore, tn-o complexes mere eluted by 0.3 F HNOR in 
the chromatography of chloride-anation solution, and 
the visible absorption spectrum of one corresponds to 
the tetrachloro species reported by Wolsey while that  
of the other corresponds to complex X. The fact that  
these two complexes were both eluted by 0.3 F HN03 
further suggests that  they have the same charge and 

( l o )  W-ulsey, el al . ,  reported Aman 488 and 383 mfi ( E  72.0 and 54.1 ~ V f - 1  
23.0 31-1 cm-1) as  interpolated cm-1, ~ 3 6 5 . : ~ ~  = 0.i5) and A m i n  430 mr 

f r o m  the spectrum in ref 2 .  

similar structure. This elution behavior is similar to  
the corresponding iridium(II1) complexes.8 From these 
considerations, i t  was concluded that complexes X and 
2 are the same and are the cis isomer, and complex Y 
is the trans isomer of tetrachlorodiaquorhodate(II1) 
anion, the assignment of configuration being made 
based upon the order of elution from the ion-exchange 
column. 
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Although the literature contains reports on the "e 
wide-line spectra of the solids beryl, chrysoberyl, 2b 

and beryllium oxide,3 the nmr signal of the "e nucleus 
in solution apparently has not been reported. There- 
fore, owing to the recent interest in beryllium chemis- 
try and the variety of structural problems encount- 
ered,4 Tve have undertaken an investigation of high- 
resolution $Be nmr spectroscopy in order to determine 
its suitability for structural studies. This investiga- 
tion has led also t o  a brief study of the I9F spectra of 
ammonium tetrafluoroberyllate, (NH,)2BeFI, solutions. 

Results 
9Be Spectra.-Spectra of the following compounds 

Tyere observed : BeCl2.2 [O(C2Hj)2] in diethyl ether; 
beryllium acetylacetonate in chloroform ; beryllium (8- 
hydr0xy)quiiialdinate in chloroform ; ammonium tetra- 
fluoroberyllate, 1 11, in water; beryllium sulfate, 0.1 
M ,  pH 2.8; beryllium sulfate, 1.1 - I f J  pH 1.8; beryl- 
lium sulfate, 1.9 Ad, pH 1. All of the compounds 
showed a single resonance line; the width a t  half- 
height of the band was generally 5-10 cps. Within the 
limits of experimental error (ca. G cps) no chemical 
shifts from the basic beryllium acetate standard were 
observed, except for ammonium tetrafluoroberyllate 
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