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( 5 )  K d  = (Cr2072-),'(HCr04-)L 

The K,, sulues a i  25.0' in solutions of unit ionic strength 
calculated using Kd = 98 are given in Table I. 

the great activation energy barriers are overcome. The 
possibility that  an argon-oxygen compound could also 
be formed without recourse to the fluorides cannot be 
ruled out, and from the foregoing one can conclude that 
species like HAr04- and Ar04 have a fair chance of 
being about as stable as, respectively, thr known 
HXe04- ion and xenon tetroxide (XeOl).lfi 

(16) H. Selig, H .  H. Claassen. C. 1.. Chernick, J. G. bIalm, and J. I.. 
Huston, Science, 143, 1322 (1964). 
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Chromium(V1) Species and Spectra in 
Acidic Solutions 

Sir: 
The first dissociation equilibrium quotient of Hz- 

Cr04, KI1, was first determinedl from the apparent ab- 

K11 = (HCr04-) (H+)/(H2Cr04) (1) 
sorptivities2 (il) of monomeric Cr(VI), determined a t  
different hydrogen ion concentrations, (Hf) ,  in the 
investigation of dimerization of Cr(V1) in acidic solu- 
tions. 

where ell and e12 are the molar absorptivities of HCr04- 
and H2Cr04, respectively. Since the ratios E 1 / ~ l l  a t  
25.0' in 1 ,if HC104, the most acidic solutions used, 
were only 0.922, 0.915, 0.909, and 0.911 a t  wave lengths 
370, 380, 390, and 400 mp, respectively, Kll was not 
determined with great precision. It was found that 
with the Kll value of 1.21 moles 1.-l determined in this 
manner, i t  was necessary to postulate the existence of 
HCr207- in order to account for the dependence of the 
gross dimerization quotient, K', on (Hf)  where 

K' = (total dimers)/(total monomers)2 

The apparent absorptivities of dimeric Cr(VI), E z j  which 
were determined with less accuracy than i l ,  did not 
show sufficient change with (H+) to offer spectral evi- 
dence a t  these wave lengths for the existence of HCrzOT-. 

There is an alternate interpretation of the earlier 
data, If one assumes that in solutions of (H+) 1 &f or 
less, the only dimer present was Cr20T2-, one can cal- 
culate Kll from K' ,  (H+), and Kd since 

(3) 

K11 = (HL)/[(Kd/K')'l2 - 11 (4) 

where 

(1) J. Y. Tong and E. L. King. . I .  Am. C!w% S O C . ,  78, 6180 (19,531. 
(2) T h e  symbols of ref. 1 are used in the present report. 

were calculated on tha t  scale. 

All concentra- 
tions of Cr(V1) species were expressed in g.-atoms 4, and the  absorptivities, 

Ahsorptivitie? were called extinction coef- 
ficients in ref. 1. 

TABLE I 
KII CALCl:I,AI.EI> FROM K' WII' I I  RQ. 4 AND K,i = 98 

(1-1 ' 1, . I I  4". K' Ki1 

0.2'77 86 4.10 
0.416 81 4.16 
0,693 72 4.16 
1 ,000 64 4 . 2 1  

The average K11 is 4.16 (standard deviation u = 
0.05). Since at the same (H+),  the ratio (K"/K')'/' 
differs from unity more than the ratios Z1/ell do, the 
calculation of K11 from K' is probably much more reliable 
than that from E1 if the assumption made concerning the 
dimeric Cr(V1) species is valid. Until other experi- 
Eental evidence shows otherwise, this interpretation is 
as good as, if not better than, our previous one. The 
values of eI2 calculated from g1 using the new value of 
K11 are 589 (u = 76), 405 (u = 43), 250 (U = 22), 
and 155 (F = 18) 1W-l ern.-' at 370, 380, 390, and 400 
mp, respectively. 

Recently Haight, et aZ.,3 reported a value for Kll of 
6.5 a t  25' and unit ionic strength calculated from i a t  
wave lengths of 260 and 350 mp. They used a Cr(V1) 
concentration of 4 X g.-atom/l. and assumed that 
the concentrations of dimeric Cr (VI) were negligible. 
Their value of K11 a t  unit ionic strength is probably too 
large since they used in their calculation €12 values, cal- 
culated from data at ionic strength 3.0, which were 
smaller than corresponding €12 values calculated at ionic 
strength 1.0. 

We have examined the absorption spectra of Cr(V1) 
at wave lengths 220-365 mp carefully a t  much lower 
Cr (VI) concentrations. The removal of reducing ini- 
purities from water used, the preparation of solutions, 
and the spectrophotometric equipment were similar to 
those reported earlier, except that  the cell thermostat- 
ing device has been improved. Reagent grade potas- 
sium dichromate was recrystallized. 
A pair of solutions of unit ionic strength and 4.98 x 

10-5 g.-atom/l. in Cr(V1) and 1.002 M and 0.001073 
dl in HC101, respectively (the ionic strength of the lat- 
ter was maintained with NaC101), was carefully scanned 
a t  wave lengths 320-365 mp a t  5-mp intervals a t  25.0'. 
The ratio of the net absorbance of the more acidic solu- 
tion to that of the less acidic solution, or approximately 
i1/el1, decreased from 0.99 at 320 mu to 0.93 a t  365 mp 
(0.94 a t  350 mp) and all were greater than those re- 
ported a t  wave lengths of 370-400 mp. A second pair 
of solutions, similar to the first but containing only 
2.00 X 10-j g.-atom/l. of Cr(VI), was scanned a t  wave 
lengths of 220-292 mp a t  2-mp intervals a t  15.0'. The 
ratio ranged from 0.98 to 0.92 (0.93 a t  260 mp). There- 
fore, none of the wave lengths in the 220-365 m p  region 
examined offered a better &'e11 ratio for the determina- 

(3)  G. P. Haight ,  Jr., D. C. Richardson, and K .  Hall, paper presented 
before t h e  145th Kational Meeting ot t he  American Chemical Society, NPW 
York, N. Y. ,  Sep t . ,  1863;  I?zoug. Chem,., 3, 1777 (1964). 
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tion of Kll from il than what the wave lengths 370-400 
mp offered. 
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Infrared Spectra and Force Constants of 
Ammine Complexes 

Sir : 
Watt and Klett suggested that the nature of Co-N 

stretching and deformation modes of cobalt-ammine 
complex ions remains to be reso1ved.l Recently we 
have extensively measured the far-infrared spectra down 
to 80 cm. -l for various metal-ammine complexes. We 
have made a normal coordinate analysis of the infrared- 
active species where the vibrations in the NH3 ligand as 
well as those for the skeletal part are taken into con- 
sideration and obtained the force constants associated 
with the metal-ligand bonds and those for the ligand 
vibration.2 

600 500 400 300 200 100 
Cm. -1. 

Fig. 1.-The far-infrared spectra of trans-[CoClz(NH~)ajCl (upper 
curve) and tmns-[CoCl~(en)~]Br (lower curve). 

a real one, although it is very weak.4 The metal- 
nitrogen stretching bands for Co(III), Pt(II), and Pd- 
(11) are very weak, that for Cr(II1) moderately weak, 
that for Cu(I1) medium, and those for Ni(I1) and Co(I1) 
fairly strong. The values of the metal-nitrogen force 
constants vary in the order Pt(I1) > Pd(I1) > Co(II1) 
> Cr(II1) > Cu(I1) > Ni(I1) > Co(I1). The intensity 
for the metal-nitrogen stretching vibrations increases as 
the value of the force constants decreases. This trend 
is plausible, because the ionic character of the metal- 
nitrogen bond seems to increase as the force constant 
decreases, causing a larger transition moment (bp /dr ) .  

TABLE I 
OBSERVED AND CALCULATED FREQUENCIES ( CM.-~)  OF METAL-AMMINE COMPLEX IONS 

Calcd. E, 
Obsd. 
Calcd. E, 
Obsd. 
Calcd. Flu 
Obsd. 
Calcd. Flu 
Obsd. 
Calcd. FI, 
Obsd. 

Calcd. E, 
Obsd. 

Calcd. Flu 
Obsd. 
Calcd. Flu 

Obsd. 

VI Y2 

v(NH)a U(NH)S 
3231 3155 
3236 3156 
3240 3164 
3268 3142 
3240 3164 
3240 3170 
2396 2265 

2450 
3268 3191 
3260 3205 

(3140) 
3310 3231 

3270 

3393 3310 
3370 b 

3338 3258 
3330 3250 

Y8 Y 1  

G(NH8)d G(NHs)e 

1619 1344 
1563 1325 
1613 1304 
1601 1285 
1615 1323 

-1600 1325 
1165 1009 
1155 1016 
1612 1292 
1600 1310 

1610 1251 
1610 {;;;) 
1606 1197 
1610 1175 
1605 1171 
1605 1160 

us 
Q(NH& 

846 
842 
7 74 
797 
830 
820 
661 
665 
759 
745 

708 
713 

672 
678 
625 
634 

YE 

v(MN) 

509 
510 
493 
49 1 
501 
503 
454 

474 
470 

419 
420 

335 
330 
323 
318 

. . .  

Y7 

G(NMN) 

295 
297 
296 
295 
328 
325 
291 
310 
267 
. . .  

249 
~ 2 5 0  

214 
-215 

184 
. . .  

K(MN) ,  HWNM),  
mdynes/ mdynes/ 

A. A. 
1.92 0.180 

1 . 7 1  0.1,50 

1.05 0.169 

1.05 0.169 

0.94 0.123 

0.84 0.107 

0.34 0.095 

0.33 0.065 

The results are summarized in Table I. With regard 
to [CO(NH&]~+ we reported three bands, a t  503, 
492(?), and 464 cm.-l, in the region from 500 to 450 
cm.-l in the previous paper.3 However, it was found 
that the band a t  464 cm.-l is due to the stray light and 
is not a real band.4 The band a t  503 cm.-' is definitely 

We have made the calculation of the normal modes of 
vibration (the elements of the L-matrix) and the per 
cent potential energy distributions among the sym- 
metry coordinates (PED, the diagonal elements of the 
matrix LFLA-I, FiiLih2/X). The results for the [Co- 
("&I3+ ion are given in Table I1 as an example. 

(4) I n  [CoX(NHdalZ+ and tvaws-[CoXz(NHs)al+ ions, where one or two 
NH3 ligands are substituted by halogens, t he  bands observed in the  region 
500-450 cm -1 enhance their intensities, and these bands are primarily 
assigned t o  metal-ligand stretching vibrations 2 3 For [Co(NHs)e]Brs we 
have made very careful measurements using two different instruments and 
we could not regard the band a t  464 ern.-' as a real band, 

(1) G. W. Wat t  and D. S Klett, Inorg. Chem , 8, 782 (1964). 
(2) I. Nakagawa and T. Shimanouchi Spectrochim. Acta, t o  be pub- 

J. Hiraishi, I. Nakagawa, and T. Shimanouchi, zbzd , t o  be pub- 

(3) T. Shimanouchi and I. Nakagawa, Spectrochzm. Acta, 18, 89 (1982). 

lished; 
lished. 


