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attempts to explain the apparent nonexistence of this 
species. Included in past speculation about possible 
causes of the apparent instability of BrO4- are a num- 
ber of theoretical considerations which have been sum- 
marized by Cox and Moore.6 One kind of experimental 
measurement involved in attempting to account for the 
history of failures to prepare the BrO4- ion is the Raman 
intensity of the A1 lines and later bond orders obtained 
from these Raman intensities.’ In  view of general 
interest in the Br04- ion and the role played by Raman 
intensities in an attempt to account for the apparent 
nonexistence of the Br04- ion based on a possible low 
bond order for the Br-0 bond,’ it now seemed appropri- 
ate to measure the Raman intensity of the A1 line of the 
BrOl- ion and compare this intensity and resulting bond 
order to results for the C104- and IO4- ions. 

Experimental Section 
Chemicals.-Potassium perbromate was a gift from Dr. E. H. 

Appelman of Argonne National Laboratory. Reagent grade 
potassium perchlorate (Baker & Adamson) and potassium perio- 
date (Fisher) were used as received. 

Spectrometer.-Raman spectra were recorded on a system 
consisting of a Spex Model 1401 double monochromator equipped 
with a Coherent Radiation Laboratory Model b2 Ar ion laser 
source (-1.3 W a t  5145 A) and photon counting detection via an 
ITT FW-130 photomultiplier maintained a t  ca. -20’ by a 
thermoelectric cooler (Products for Research, Inc.). The inci- 
dent radiation from the laser was plane polarized and depolariza- 
tion ratios were measured using the analyzer method recom- 
mended by Scherer and Bailey.8 A polarization scrambler was 
located between the analyzer and the entrance slit of the mono- 
chromator. 

Intensity Measurements.-Raman intensities were measured 
using the V I  (AI) line of the perchlorate ion as the internal stan- 
dard following the procedure of Chantry and Plane.6~~ Observed 
depolarization ratios were indistinguishable from the expected 
value of zero for all three XOd- ions. Once this fact was estab- 
lished, the analyzer was removed from the optics to  enhance the 
signal and attempt to improve the accuracy and reproducibility 
of band area measurements on the very dilute solutions em- 
ployed. A total of fourteen measurements a t  two concentra- 
tions for perbromate and five measurements a t  one concentra- 
tion for periodate were made, concentrations being ca. (1-5) X 
lo-* M .  

Calculations.-For a tetrahedral molecule, the observed in- 
tensity for a totally symmetric (Al) Raman line is given bylo 

Band areas were measured by planimeter. 

(1) 
KM(vo - ~1)~[45(bE/bQ1)’] I =  

vl[l - exp(-hvl/kT)] 
where K is a constant, M is the molar concentration of the scatter- 
ing species, vo is the frequency of the exciting line, v1 is the fre- 
quency of normal coordinate Q1, z is the mean molecular polariz- 
ability, and I t ,  k ,  and T have their usual meanings. Since we 
wish to  relate the measured intensity to bond properties, the 
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Presumably the insertion of 1 mol of the isothiocyanate 
deactivates the heterocycle for further insertion. 

Chloral behaves similarly toward the phosphorus 
imidazolidine in benzene to give a 1:l adduct in an 
exothermic reaction 
I 0 n 
/ \  II H3CG hCH, 

H&N, ,NCH3 + C1,CCH - I I (4) 
P I Cl,CCyO,PC,H, 

With the boron heterocycle, on the other hand, 2 
mol of chloral was taken up in an exothermic reaction 
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The addition of carbon disulfide to the phosphorus 
imidazolidine is highly exothermic and produces the 1 : 1 
adduct as a blood red solid 
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A similar coloration was observed when bis(dimethy1- 
amin0)phenylphosphine was treated with carbon di- 
s ~ l f i d e . ~  

Our investigation shows that the reactivity of the 
boron and phosphorus imidazolidines toward insertion 
is in general similar but depends in the particular 
case on the inserting moiety. 
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The recent synthesis of the perbromate ion, Br04-, 
by AppelmanS and Brown, et aZ.,4 has ended the need for 
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yields 

Equation 1 is the special case of p - 0. All symbols are defined in the text 
except Y’Q the normal-coordinate derivative of the polarizability tensor an- 
isotropy. 
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polarizability derivative with respect to QI, E'Q bE/bQ1, 
must be transformed to a derivative with respect to an A-B bond 
stretch 

where M B  is the mass of atom B in an AB4 tetrahedral molecule. 
Long and Plane have proposed7 the following equation for the 

calculation of bond orders from experimentally determined 
polarizability derivatives 

(3) 

where n/2 is the bond order, u is the Pauling covalent bond char- 
acter, a0 is the Bohr radius, Z is the effective nuclear charge, g 
is the &function strength, and r is the internuclear distance. 
For a heteronuclear bond A-B, Z is taken to be the geometric 
mean of Z A  and ZB, (ZAZB)'/~, where Z is the atomic number 
minus the number of inner-shell electrons. The &function 
strength, g, is taken to be (XA'/~XB'/~) ' /~  WhereXA is the Pauling 
electronegativity of atom A. The Pauling covalent bond char- 
acter, r ,  is exp[ ( - l /4 ) (X~ - XB)']. 

Results and Discussion 
The results of intensity measurements on Br04- and 

IO4- using 5145-A excitation are presented in Table I 
along with the X-0 stretching force constants for X04- 
ions of group VI1 . Molecular polarizability derivatives 
were calculated using eq 1 and 2. These were placed on 
an absolute scaleg using sfT of 2.04 A2 for ccI4 (see foot- 
note f of ref 7) which changes the clod- value from 
1.73 A2 used by Chantry and Plane6j9 to that shown in 
Table I. 

TABLE I 

Bond orders were calculated from eq 3. 

v1, E'Q, 
cm-1 Ra .kl(amu)-"2 &',Az %/ZC fx-od 

(2104- 935 0.675 0.88 1.76 1.79 8.24 
Br04- 800 1.56 i 0.06 1.22 1 0 . 0 2  2.44 i= 0.04 1.93 6.05 
1 0 4 -  792 2 . 2 5  i 0.17 1 455 3=0.05 2 . 9 1 +  0.11 1.95 5.90 

(2.79)b (1.84)b 
5 R is molar intensity, relative to R[v1(CC14)] = 1.00, L e .  

where the term in the second set of brackets has been taken to 
be 0.675 as determined by Chantry and Plane.e$g The correc- 
tion for instrumental sensitivity was estimated to be 0.75%.e 
The uncertainties shown for R and for the polarizability deriva- 
tives are probable errors a t  the 9OOj, confidence level based on the 
reproducibility of the measured band areas. Values in paren- 
theses are original values from ref 7 recomputed using new values 
for z'? of Clod-. Bond orders were calculated using the follow- 
ing parameters: Xci = 3.00, X B ~  = 2.80, XI = 2.50, XO = 
3.50, Zcl = Z B ~  = 21 7 7,Zo = 6. Bond lengths were taken to 
be 1.44, 1.61, and 1.79 A, respectively, for C1-07, Br-0,' and I-O7 
bonds. d Force constants in millidynes per Ingstrom taken from 
ref 4. e The instrumental response curve with 5145-A excitation 
has not been determined for the instrument used in this study. 
However, since the frequency of the internal standard is very close 
to those of the molecules of interest, the correction is expected to 
bevery small. The estimate of O.75y0 was based on numbers 
presented in a paper by H. J. Sloane, et al., a t  the 1970 Pittsburgh 
Conference on Analytical Chemistry and Applied Spectroscopy. 
(The paper is available from Cary Instruments under the title 
"Analytical Raman Spectroscopy I1 : Intensity Considerations.") 
Since our value for periodate is a little larger than that of Chan- 
try and Plane,6 we may have underestimated the correction factor 
somewhat. Even so, the conclusions reached in the paper will 
not be affected by any small changes in the instrument sensitivity 
correction. f S. Siege], B. Tani, and E. Appelman, Inorg. Chem., 
8,1190 (1969). 

Since the concentrations used in this study were con- 
siderably lower than those in previous work on XOI- 

ions, we have also remeasured the intensity of the A1 
line of periodate. The agreement between our value 
and that of Chantry and Planes is within 4%. 

Examination of bond orders in Table I leads to a not 
unexpected conclusion : the perbromate ion exhibits a 
considerable degree of multiple bonding which is similar 
in magnitude to periodate. This similarity in bonding 
has also been suggested by Brown, et aLJ4 using the 
X-0 stretching force constants in Table I and thermal 
stabilities of perhalates. Thus, the measurement of 
experimental Raman intensities provides further evi- 
dence for the normal stability of the perbromate ion. 
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A previous paper' described the preparation of a num- 
ber of bridge-substituted group IV derivatives of penta- 
borane(9) and the isomerization of several of these to 
the corresponding 2-substituted derivatives in the pres- 
ence of ethers (for the purpose of this paper group IV 
refers to all group IV elements except carbon). Subse- 
quently we have found that gas-phase thermolysis of 
p-(CH3)3SiB5H~ a t  about 80" also results in irreversible 
formation of 2-(CHs)3SiB5Hs a t  a moderate rate. At 
higher temperatures further isomerization occurs to 
produce l-(CH3)3SiBbHs. This isomerization, however, 
is reversible and 1-(CH3)3SiB5Hs predominates by a fac- 
tor of about 3.3 at  120". Gas-phase thermolysis of 2- 
H3SiBbHs at  150" results in a similar conversion to 1- 
H3SiB5H8, This isomerization also appears to be re- 
versible. (Traces of l-H3GeBsHs are observed when 
2-H3GeB5Hs is passed through a Pyrex-glass spiral 
heated above 300". Other reactions predominate, how- 
ever, and no conclusion about the relative thermody- 
namic stability of 2-H3GeB5H8 and 1-H3GeB5Hs can be 
made a t  this time.) 

Formation of 1-(CH&SiB5H8 can also be achieved at  
room temperature by using selected moderately strong 
Lewis bases such as 2,6-dimethylpyridine or, better, 
hexamethylenetetramine, The starting material may 
be either p- or 2-(CH3)3SiB5Hsl as both give rise to an 
equilibrium mixture of 1- and 2-(CH3)3SiB5Hs in which 
the 1 isomer predominates by a factor of about 4. 
Isomerization experiments were carried out in nmr tubes 
so that llB nmr spectra could be obtained periodically 
without disturbing the system. These experiments 
(1) D. F. Gaines and T. V. Iorns, J .  Amer. Chem. Soc., 90, 6617 (lQ6W 


