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The reaction of the meso-diol, A,A-[(en),Rh(OH)2Rh(en)2]4+, with aqueous H,O, and 1 equiv. of NaOH at 
YO" forms the pperoxo-p-hydroxo-bridged species ~l,A-[(en),Rh(O,,OH)Rh(en)~]~+ in a yield of cu. 50%. The 
compound was crystallized as perchlorate and trifluoromethanesulfonate salts. The structure of the latter salt was 
determined by single-crystal X-ray diffraction. The crystals are triclinic with space group P i  and lattice constants 
u = 11.895(5), b = 12.491(4), c = 13.053(5) A, a = 103.98(3), fi = Y2.59(3), y = 119.52(6)". The distances of the 
metal centres to the bridging peroxo ligand are 1.999(8) and 1.983(6) A. The 0-0 distance in the peroxo group is 
1.521(14) A, and the dihedral angle of the Rh-0-0-Rh unit deviates 65" from planarity. The peroxo complex 
reacts reversibly with acid, and spectrophotometric studies suggest that the reaction involves protonation of the 
peroxo bridge, with pK, = 2.70(2) at 25" in I M  NaCIO,. 

Introduction. ~ The existence of both monomeric and dimeric Rh(II1) complexes of 
the Werner -type containing peroxide and superoxide as ligands has been proposed in a 
number of papers during the last ten years [l-81. It is, however, only recently that true 
peroxo and superoxo complexes of Rh(II1) have been characterized [9] [lo] for the first 
time by crystal-structure analysis, viz. the yellow peroxo-bridged complexes fuc- 
[(H,O)(NH,),Rh(O2)(OH)Rh(NH,),1(C10,), and [(NH,),Rh(O,)(OH)Rh(NH,)41(C10,),, 
and the corresponding red superoxo-bridged complexes Jhc-[(H,O)(NH,),Rh(O,)(OH) 
Rh(NH,)4](N0,), and [(NH,),Rh(0,)(OH)Rh(NH,),](N0,)4. The former peroxo-bridged 
complexes are formed by reaction of the dihydroxo-bridged cation (NH,),Rh(OH), 
Rh(NH,),4' with H202 at 90", and they can be oxidized by e.g. Ce4+ to give the red 
superoxo-bridged complexes. 

In the reaction between (NH,),Rh(OH),Rh(NH,),4' and H,O, the yields of the two 
peroxo-bridged ammine species depend on the reaction time, and only the octaammine 
complex [lo] has been obtained in reasonable yield (16%), while the aquaheptaammine 
complex [9] was obtained in negligible amounts ( - 2%). The low yields of these peroxo 
complexes are primarily the result of facile hydrolysis of the ammine ligands. Hydrolysis 
of the non-bridging N-ligands should be considerably reduced in complexes containing 
the more stable polydenddte amines, and here we report on our results for the reaction of 
the meso-diol, d , A  -(en),Rh(OH),Rh(en):+, with H,O,. 
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Results and Discussion. - Syntheses. Heating a solution of equimolar amounts of the 
meso -diol (l), d , A  -[(en)2Rh(OH)2Rh(en)2](C104)4 and NaOH in aqueous H,O, (20%) at 
90" led to formation of the peroxo-bridged complex 2 (Eqn. I). 

The reaction was complete after 4 min, and the peroxo-bridged cation 2 could be 
crystallized as an anhydrous perchlorate salt (yield 5 1 70) or as a trifluoromethanesul- 
fonate salt (yield 45%). The latter salt was crystallized both as an anhydrous salt and as a 
dihydrate, and the crystal structure of the dihydrate is described below. 

In the reaction between 1 and H,O,, the color gradually changed from yellow to 
yellowish-brown during the first 3 min. Within the same period, a vigorous evolution of 
0, was observed. Subsequent addition of H20, did not lead to a similar (vigorous) 
evolution of 0,. Similar observations were made for the reaction between 
(NH,),Rh(OH),Rh(NH,)~ and H20,, but in this case a much more intense (and inter- 
mediate) brown color was observed [9]. The disproportionation of H202 into 0, and H,O 
seems to be associated with the formation of the strongly colored intermediates, but the 
nature of these is still unknown. 

The addition of base is important and heating 1 with H20,  alone gave only minor 
yields of 2. The reaction between 1 and H,O, to give 2 produces acid, and 2 is unstable in 
acidic solution (see below). Also from a thermodynamic point of view, it follows from 
Eqn. I that formation of 2 is facilitated by the addition of base. Finally, a high pH may 
also be of kinetic importance in the reaction, e.g. HO; would be a better nucleophile than 
H202. 

The formation of 2 must clearly proceed in (at least) two consecutive steps: formation 
of a singly bonded peroxide complex 3 with subsequent bridge formation. 

H H 

OH, OOH 

3 2 
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The initial step could be the Reaction(s) 3 between H,O, (or HO,-) and 1, which 
would be in accord with the observation that the analogous Reaction(s) 4 between H,O 
(or OH-) and 1 is known [l 11 to be shifted to the right and to be Fast ( t x  for Eqn.4 is ca. 2 
s at 90"). The fact that establishment of the Equilibrium 4 is fast implies, however, that the 
formation of the singly bonded peroxide intermediate 3 might equally well occur via the 
substitution Reaction 5 between the singly bridged species 4 and H,O,. 

H H 

/ \  0 / O \  
A,A-(en),Rh, ,Rh(en)P + H,Oed,A -(en),Rh Rh(en),' 

0 I I 
OH2 OH H 

1 4 

(4) 

H H 

I I 
OH, OH 

4 

I 1 
OH, OOH 

3 

It should be noted that the bridged complexes 1 and 2 have the same configurations A,A 
with respect to the ethylenediamine rings, and this is in agreement with the general 
tendency of Rh(1II) to undergo thermal substitution without rearrangement. 

It seems likely that the Reacfion I may serve as a general method for the preparation 
of peroxo-bridged complexes not only of Rh(II1) but also of other trivalent metal ions 
such as Co(II1) and Ir(II1). Peroxo-bridged complexes of Co(II1) are well-known [12] and 
can be made easily by oxidation of Co(I1)-amine complexes with dioxygen. Oxidation of 
Co(en),(H,O):+ gives a mixture of the meso- and rac-isomers of (en),Co(O,)(OH)Co(en):' 
in a ratio of ca. 1 : 1 [ 131, and both isomers have been isolated. However, the fact that the 
meso -complex isomerizes to the rac-isomer under the basic conditions used in the prepa- 
rative procedure makes it difficult to prepare this isomer in good yield. It is, therefore, of 
interest that we found that the reaction between d,A -(en),Co(OH),Co(en)F and H,O, at 
pH - 6 gives the pure meso -isomer of (en),Co(O,)(OH)Co(en)~. Preliminary experi- 
ments show that the reaction between A,A-(en),Ir(OH),Ir(en)4,' and H,O, also gives a 
peroxo-bridged complex, and this aspect is now being pursued. 

Spectra. Spectral data for 2 in various media are given in Table 1. It is seen that the 
first ligand-field band of 2 is obscured by a very intense charge-transfer band 

= (5020,289). A similar intense band is also observed in the corresponding am- 
mine-Rh(II1) complexes and in the analogous Co(II1) species, and may be assigned as a K' 
+dg. transition [12] [14-161. Spectral data for acidic and basic media are discussed below. 

Acid- Base Equilibria. The peroxo-bridged complex is kinetically stable in neutral and 
basic media, and the fact that the spectra in I M  NaCIO, and in 0. I M  NaOH, 0 . 9 ~  NaCIO, 
are identical implies that the acid-base Equilibrium 6 must have pK, 72 13. That the 
tripositive cation 2 is a very weak acid is in keeping with the fact that the tetrapositive 
cation 1 has pK, > 14 [ll]. 
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Table 1. Spectroscopic Data of Peroxo-Bridged DirhodiumiIII) Complexes 

Compound Medium ( c J ) r n a x  ( 4 r n a x  ( 4 ) m i n  

~I,A-[(en)~Rh(0,)(0H)Rh(en)~](ClO~)~ I M  NaCIO, (5010,289) (10400,221) (3210,261) 
d,A  -[(en)2Rh(0,)(OH)Rh(en),l(CF,S0,), I M  NaCIO, (5020,289) (10200,221) (3220,261) 
~ 0 . 1 ~  NaOH, 0 . 9 ~  NaCIO, (4930,289) (10300,221) (3130,261) 

~ 1 .OM HC104 (822,330),, (1320,290),, ') 
0 . l M  HCIO4, 0 . 9 M  NaCIO, (829,330),+, (1351,29O),h ") 

") These values correspond to the spectrum of the p-hydrogenperoxo-p-hydroxo complex and were obtained 
from measurements at 1.0" and extrapolation back to the time ofdissolution. The remaining spectral data were 
obtained at 25". 

H 

/ o ,  Kd / o ,  
A,A-(en),Rh\ ,Rh(en)pSA,A-(en),Rh\ ,Rh(en):+ + H+ (6) 

0-0 0-0 

2 5 

An instantaneous and reversible reaction of 2 with acid was demonstrated spectro- 
photometrically. This reaction is followed by a slower reaction (see below), and the 
tabulated spectra in acid media were, therefore, obtained by extrapolation of the absor- 
bancies back to the time of dissolution. 

The initial and fast reaction with acid is reversible, since addition of an excess of 
strong base to acidic solutions of the complex reforms 2, shown spectrophotometrically. 
Considering the well-known kinetic stability of Rh(II1) complexes it seems unlikely that 
the process involves bridge-cleavage reactions, and it is, therefore, assumed to involve 
only acid-base equilibria. 

The spectral changes as a function of pH could be interpreted on the basis of a singe 
acid-base equilibrium, and from measurements in the [H'] region lo- '  - 1 . 0 ~  at two 
temperatures (1 .On and 25") the acid dissociation constant for the protonated species was 
determined to be pK, = 2.70(2) at 25" in I M  (Na,H)C10, ( A H "  = 14.8(16) kJ mol-' and 
AS" = -2(6) Jmol-IK-'). Spectral data for the protonated species ( 0 . 1 ~  HClO,, 0 . 9 ~  
NaClO,, or I M  HC10,) are given in Table 1 and Fig. I .  

Two sites of protonation are possible, viz. the hydroxo and the peroxo bridge. 
Protonation of the hydroxo bridge seems unlikely for several reasons: kinetic studies [ 111 
[ 171 of the acid hydrolysis of corresponding dihydroxo-bridged complexes suggest that 
aqua-bridged dirhodium(II1) complexes are very labile and that they are strong acids with 
pK, < 0. The intense charge-transfer band, which is characteristic of peroxo-bridged 
complexes of Rh(II1) and Co(III), is observed for 2, but not for its protonated form, 
which also suggests that it is the peroxo bridge which is protonated rather than the 
hydroxo bridge. Furthermore, it is noted that a similar spectral change has been observed 
for A,A -(en),Co(O,)(NH,)Co(en)~+ and its protonated form [ 181. The initial and fast 
reaction with acid is, therefore, proposed to involve formation of a p -hydrogenperoxo-p - 
hydroxo species, as shown in Eqn. 7. 

Owing to the instability of the peroxo-bridged species in acidic solution, attempts to 
crystallize salts of the protonated cation 6 have so far been unsuccessful. Corresponding 
protonation of peroxo-bridged dicobalt(II1) species has also been reported. The amido- 
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Fig. I .  Absorption spectra o f2  (A) urrd 6 (6) (at 1.0" i n  1 . 0 ~  (Na,H)CIO,) 

H H 
/0 \  (Ka1-l / 0 \  

d,A-(en)>Rh, /Rh(en)? + H+ d,A-(en),Rh, Rh(en)F 
0-0 0-0 

(7) 

2 

H 

6 

bridged complex d,/i -en,Co(HO,)(NH,)Co(en)? has pK, = 0.9 and is, therefore, signi- 
ficantly more acidic than the present dirhodium(II1) complex [ 181. Kinetic studies of the 
acid decomposition of p-peroxo-p -hydroxo-dicobalt(II1) species to give Co(I1) and di- 
oxygen have been interpreted in terms of the formation of protonated intermediates, and 
p K ,  values in the region 0.4-2.5 have been reported [12] [13] [19] [20]. 

Decomposition in Acid. As mentioned above, the peroxo-bridged complex decom- 
poses in acidic solution, and the rate of decomposition increases with increasing [H']: at 
25" t ,  GZ 15 min in M HClO,, l~ NaClO,, and t ,  z 4 min in 0.1141 HClO,, 0 . 9 ~  
NaCIO,. Several Rh(II1) species are formed and preliminary studies have shown that the 
product distribution depends on the Rh(II1) concentration. Among the products is a red 
species (L,,, = 503 nm) which, in keeping with the chemistry of the analogous ammine- 
rhodium(II1) systems [9] [lo], is assumed to be a p-superoxo-p-hydroxo dimer. This red 
superoxo-bridged complex can also be made by oxidation of 2 with oxidants such as Ce4+ 
and S,Oi: and these reactions are currently being investigated. 

Description of the Structure. The asymmetric unit contains one discrete binuclear 
complex cation, three anions and two crystal waters. Fig. 2 shows an ORTEP plot of the 



204 HELVLTICA CHIMICA ACTA - Vol. 69 (I 986) 

big. 2 .  ORTEP drawing oj’thr structure 0/’2 

cation. The 0-0 distance of 1.521(14)A marks it as a true peroxo compound, although 
the bond length is significantly longer than that found for the corresponding dicobalt 
compound [ 131 (1.460( 13)A). The Rh( 1)-O( 1)-0(2)-Rh(2) unit is nonplanar, as it was 
found in all previously determined structures of binuclear p-peroxo-p-hydroxo com- 
plexes, and the dihedral angle is 62.8(5)”, which is close to the values being observed for 
dicobalt and dirhodium species [9] (62.2(5)” in (NH,),Rh(O,,OH)Rh(NH,):c [lo]). The 
coordination octahedra are distorted, bond angles are ranging from 82” to 97”, whilst 
bond distances are differing in the small range of 1.999 to 2.099 A. 

Experimental. ~ Muterials. d , A  -[(en),Rh(OH),Rh(en)2](C104)4 was synthesized as described in [I I]. A , A -  
[(en),Co(OH),C0(en),](N0~)~ was prepared from the chloride salt [21], as described in [22]. CF,SO,Na was 
prepared from CF,SO,H (3M Company) and Na,CO,. All other reagents were of anal. grade. 

Instrumenrs. A Zeiss D M R  21 spectrophotometer was used for all spectrophotometric measurements. Data 
are given with the molar extinction coefficient E in I mol-’ cm-‘ and the wavelength 1 in nm. Crystal-diffraction 
data were collected with a CAD4 EnrufNonius diffractometer equipped with a fine focus Mo tube and a graphite 
monochromator to select MoK, radiation. 

Anutyses. C, H, N, and S analyses were performed by the Microanalytical Laboratory at the H. C. Brsted 
Instilute, Copenhagen. 

Prepurutions. d , A  -[(en)2Rh(0,)(OH)Rh(en)2](C104)3 (meso-p-Peroxo-p-hydroxobis(bis(ethylenediumine)- 
rhodium(III)] Perchlurute). A soln. of A , A  -[(en)2Rh(OH)2Rh(en)2](C104)4 (0.5 g, 0.569 mmol) in a mixture of I M  
NaOH (0.56 ml) and 30% H,02 (1.0 ml) was heated to 90 (+I)” .  The color of the soh. changed from yellow to 
yellowish-brown during the first 3 min. Within the same period, a vigorous evolution of 0, was also observed. 
After 4 min, the mixture (pH - 8) was cooled in ice and a sat. soln. of NaC10, (1.0 ml) was added. Pale yellow 
crystals of the perchlorate salt of 2 precipitated. After 10 min, the crystals were filtered off, washed with several 
portions of 96% EtOH and finally with Et,O. The product was dried in the air. This gave 0.23 g (51 %) ofan almost 
pure perchlorate salt which was reprecipitated as follows: 0.2 g was dissolved at r.t. in H,O (4 ml), and a sat. soln. 
of NaCIO, (2 ml) was added to the filtered soln. The crystals were isolated as above (yield 0.16 g). Further 
reprecipitation did not change the spectrum, which was identical to that of the trifluoromethanesulfonate salt (see 
Table I) .  Anal. calc. for [Rh2(C2N,H8),(0,)(0H)](C10,),: C 12.11, H 4.19, N 14.12; found: C 12.30, H 4.16, N 
14.20. 



HELVETICA CHIMICA ACTA -- Vol. 69 (1986) 205 

Caution: We have observed that this perchlorate detonates violently when exposed to a mechanical shock. It 
must, therefore, be handled with caution and should not be prepared in quantities larger than those described 
above. 

A,A-[(en)2Rhj0,)(OH)Rh(en)2](CF3S03), (meso-p-Peroxo-p-hydroxobis(bis(ethylenediamine)rhodium- 
~III)]trif?uoromethane Sulfonute). A,A-[(en)zRh(OH)2Rh(en)2](C104)4 ( I  .O g, 1.14 mmol) was reacted with 11d 
NaOH (1.14 ml) and 30% H20,  (2 ml) as described above. The mixture was cooled to r.t. and then solid sodium 
trifluoromethanesulfonate (1.0 g) was added. The precipitate was filtered off, washed several times with 96% 
EtOH, once with EtzO, and dried in the air. This gave 0.48 g (45 %) of an almost pure trifluoromethanesulfonate 
salt which was reprecipitated as follows: 0.2 g was dissolved at r.t. in H 2 0  (6.0 ml), and solid sodium trifluorome- 
thanesulfonate (0.8 g) was added to the filtered soln. The crystals were isolated as above (yield 0. I 5  g). Anal. calc. 
for [Rhz(CzN2H,),(02)(OH)](CF3S03)3: C 14.02, H 3.53, N 11.89, S 10.21; found: C 13.80, H 3.68, N 11.76, 
S 10.32. 

Spectral data are given in Table I .  Reprecipitation at 0" gave a dihydrate. A soln. of the trifluoromethanesul- 
fonate salt (0.25 g) in H 2 0  (5 ml) was cooled in ice and solid sodium trifluoromethanesulfonate (0.5 g) was then 
added. Crystals of the dihydrate separated and were collected as described above. Yield 0.2 g. Anal. calc. for 
[Rh2(C2NzH,),(02)(OH)](CF,S0,),~2 H20:  C 13.50, H 3.81, N 11.45, S 9.83; found: C 13.45, H 3.69, N 11.55, S 
10.0. The spectral data for the dihydrate in 1~ NaCIO, ( ( E , A ) ~ ~ ~  = 5090,289) agreed with those for the anh. salt, see 
Table I. The crystals which were used in the X-ray determination were obtained by this method, but using a smaller 
amount of sodium trifluoromethanesulfonate. 

(meso-p-Peroxo-p-hydroxobis/bis (ethylenediamine) cobalt- 
( I I I ) ]  Triperchloratr Hydrate). A,A -[(en),C0(0H)~Co(en),](NO~)~ (1 .O g, 1.56 mmoi) was reacted at pH 6.3 with 
30% HzOz (5 ml) at r.t. The pH was maintained constant by addition of 1 .OM NaOH by the application ofa  pH-stat 
instrument. A total amount of 1.6 ml of I M  NaOH was added. The soh.  was kept at 15" for 24 h. The color changed 
slowly from deep violet to brown, indicating that a peroxo-bridged complex had been formed. Solid NaC104~H,0 
(0.8 g, 5.7 mmol) was added, and crystals of A,A-[(en)2Co(02)(OH)Co(en)2](C104)3~H20 separated (0.57 g, 51 %). 
The crystals were identified by comparing unit cell parameters and space group of the overall structure [13] by 
Wei.ssenberg photographs. 

A, A-((en j ,Co ( 0 2 , 0 H j  Co (en)2] ( C104/3. H 2 0  

Table 2. Summary of Crvstal Data, Intensity Collection, Structure, Solution. and Refinement 

Formula Cl  lH37F9N8014RhZS3 
Mol. wt. 978.45 

a [A1 1 I .895(5) 
b [A1 12.49 l(4) 
c [A1 13.053(5) 
a ["I 103.98(3) 
P ["I 92.59(3) 
Y ["I 119.52(6) 
z; v [A'] 2 ;  1606.39 
D,,,,. [g ~ n i - ~ ]  2.024 
Fo00 980 
Diffrdctometer EnrafNonius CAD4 
Radiation [A] MoK, ( A  = 0.71069) 
Scan type Q/20  
Reflections measured *h,&k,l (144 check reflections; intensity loss 10%) 
@ma, ["I 23 
Unique total data 4452 

3979 
Atoms/asymmetric unit 84 
No. of variables 37 1 
Phasing technique Patterson 
R 0.0894 
Rw 0.1014 
w = (u2(2F0) + g(F,)Z)-1 

Space group P i  

Data in refinement [F, > 2 u (F,)] 

g = 0.00035 

8 
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Determination of pK, j b r  the ~-Hydrogenperoxo-~-hydroxorhodiun~(III)  Carion. The acid dissociation con- 
stant K, for the hydrogenperoxo-bridged cation d,A -[(en)2Rh(H02)(OH)Rh(en),]4+ was determined from spectro- 
scopic measurements on s o h .  of d,A -[(en)2Rh(0,)(OH)Rh(en)2](CF3S03)3 in 1 M (Na,H)CIO, at 1.0" and 25". 
The reversibility of the reaction with acid was shown as follows: A 3 . 1 0 - 4 ~  soln. of A,A-  
[(en)2Rh(02)(OH)Rh(en)2](CF,S0,)3 in 0.1 M HCIO,. 0 . 9 ~  NaC104 was kept at 0" for 14 s, and was then mixed with 
an equal volume of 0 . 2 ~  NaOH, 0 . 9 ~  NaCIO,. The UV spectrum of this soh.  showed = (4800,289), which 
is nearly the same as found for 2 in 0 . 1 ~  NaOH, 0 . 9 ~  NaCIO,. A similar result was obtained when base was added 
to the acidic soh.  after 20 s. 

The spectra of acidic s o h .  of 2 changed with time, and the molar absorbances at the time of dissolution, E,, 

were, therefore, obtained by extrapolation. At 1.0", E, values at three different wavelengths (310, 300, and 290 nm) 
were obtained by linear extrapolations based on 2-3 absorption curves recorded within 1 4  min after dissolution. 
Such extrapolation led to a correction of about I YO. At 25", the reaction with acid is fast ( 1 %  % 4 min in 0 . 1 ~  
HCIO,) relative to the time required to obtain a full spectral curve ( - 1 min). At this temp., the absorbances were, 
therefore, measured at a constant wavelength, 1 = 290 nm, and E, values were calculated by linear extrapolations 
based upon ahsorbances measured within 20-SO s after dissolution. The corrections due to extrapolations were 
never greater than 10%. The absorbances of the deprotonated species were obtained from measurements in I M  
NaCIO,. Spectral data for solns. with [H+] = 0. I ,  0.2, and 1 .OM were almost identical, and were, therefore, assumed 
to correspond to the pure protonated species, (see also Table I ) .  

The acid-dissociation constant was then calculated from the Eqn.8 using E~ values measured for s o h .  with 
[HCIO,] = 0.001,0.002, 0.005, and 0 . 0 1 ~  and with [Dimer] z 2.  1 0 - 4 ~ .  This gave K, = 1.19(6). IO-'M at 1.0", and 
K,  = 2.01(6). 1 0 - 3 ~  at 25". 

X-Ray Structure Determination. Crystal data and details of data collection are given in Table 2. Unit cell 
parameters were determined from accurate centering of 25 independent strong reflections. No correction for 
absorption was applied. A three-dimensional sharpened Patterson map yielded the positions of the metal centres. 
Difference Fourier maps and subsequent least-squares refinements located the remaining atoms. H-atoms were not 
considered. The programs used were developed by Sheldrick [23] and by us. Scattering factors for Rh3+ and neutral 
atoms were those of Cromer el al. [24]. The trifluoromethanesulfonate anions are disordered, and F-atoms were not 
included in anisotropic refinement steps. Atomic positional and thermal parameters are given in Table 3, whilst 
selected bond distances and bond angles are given in Table 4 .  A full list of bond distances and bond angles as well 
as a list of observed and calculated structure amplitudes are available from M . Z .  

Table 4. Selecred Bond Distances and Bond Angles in the Cation 

Bonds Distance {A1 Bonds Angle ['I 
Rh( l)-Rh(2) 
Rh(l)-pO(l) 
Rh(l)-~O(3) 
Rh( I)-N( I )  
Rh( 1)-N(2) 
Rh( 1)-N(3) 
Rh( l)-N(4) 
Rh(2)-~0(2) 
Rh(2)-P0(3) 
Rh(2)-N(5) 
Rh(2)-N(6) 
Rh(2)-N(7) 
Rh(2)-N(8) 
LJ O( 1 )-LJ O(2) 

3.448(3) 
1.999(8) 
2.046(7) 
2.085( 12) 
2.096( 10) 
2.073(9) 
2.054(11) 
1.983(6) 
2.043(9) 
2.085(11) 
2.054(12) 
2.099(8) 
2.046( 10) 
1.521(14) 

115.0(3) 
107.3(5) 
107.0(5) 
85.7(3) 
87.8(3) 
83.2(4) 
94.0(4) 
92.6(4) 
84.2(5) 
97.0(4) 
92.8(4) 
62.80(5) 
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