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ABSTRACT

Surface Raman ceattering using a spinning technique was

investigated for solia NaBO3° 4H20 and NaBO3' H20, as well as

for elwctron bombarded peroxyborates, for peroxyborates heated

for various times and at temperatures from 110-180° C, and for

solid Na202 and Baoe. The Raman spectra indicite taat the break-

dovn of peroxy groups 1is accompanied by the formation of trapped '
molecular 02. Quantitative Raman intaensity data were also obtained

‘as functisns of heating time at 115° C for the 1556 cm"1 line fron

0, and for th~ 890 and 705 om™1

the paroxy conaentration., These intensity data were treated by

lines whose Intensitiles scale with

“logistles theory, and th2y were found to be corsistent with a
second-orider auto-catalrzed fortard reaction dependent on the
product of the poroxy and O2 concentrations, plus a first-order reverse

reaction dependent only on the 02 concentration.
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INTRODUCTION

Peroxyborates(l) are borate compounds containing peroxy linkages.

They may be prepared as crystalline hydrates by evaporating the aqueous
metaborate(l) solutions with hydrogen peroxide. The structure of the
peroxyborate anion in the tetrahydrate,(Z) NaBO3e4H50, involves the
tetrahedral dimeric structure determined by Hansson,(3) Fig. 1. A
monohydtate,(Z) NaBO3#H20, can also be obtained by deliydration between

55-60°C according to thereversible reaction,
NaBO3e4H,0x3NaB03eH,0+3H20, (1)

during which the peroxyborate anion structure of Fig. 1 is thought to
remain unchanged. Careful additional heating between 100-130°C yields
an amorphous, slightly heterogeneous modification which releases up to
10 wt.?” of gaseous oxygen upon dissolution in water,(4»5) and

is highly paramagnetic. This modification is the effervescent Magnetic

Peroxy Borate (EMPB)(5) studied here.

Edwards et al.(5) have presented various types of data leading
to a reasonably complete structural description of EMPB's. Mass spectra

from samples in which both oxygen atoms in a peroxy linkage were labelled

with 180 demonstrated (1) that the oxygen released in water (active
oxygen) originates exclusively from the peroxy linkages in the parent

crystalline forms, and (2) that the breaking and reforming of peroxy
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Caption

Figure 1. Structure of the peroxyborate anion, [32(02’2(05)}-- Bond
% distances are B-04, 1.548; B-05, 1.44%; B-0g, 1.528; B-07, 1.428; 0g-07;

1.478. Figure and data from Hansson.(3)
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linkages is directly involved in forming the amorphous material. Infrared
and x-ray diffraction studies also demonstrated that the most extensively
reacted preparations still retain small amounts of the unreacted starting
material (NaBO3oH20), and that no new crystalline phase results. Further,
the presence of unusually high paramagnetic spin concentrations (to 4.6x
102} cm™3 assuming S=1/2, or to 1.7 xH}Q%l cm~3 for S=1) was revealed by

static susceptibility measurements. - .
The spin concentrations from static susceptibility measurements
exceeded the known impqrity content by several orders of magnitude, and
thus paramagnetic states were ascribed to various oxyanions. Two relatively
weak overlapping components in the ESR spectra were reliably attributed
to 02~ and 03'.(6) Moreover, the presence of 62 or oxyanions requires
changes in the boron coordination from 4 to 3. 11B - NMR spectra were
consistent with coordination changes of up tow15% for the total B in
extensively reacted EMPB preparations. Both the static susceptibility
and the overall ESR intensity were shown to correlate nearly linearly
with the wt.Z active oxygen. However, the magnetic susceptibility indicated
total paramagnetic spin concentrations.more than three times those estimated
by ESR. This and other considerations led to the suggestion (5,6) of
interstitial 07 molecules having S=1 spin states;. Such molecules would
contribute to the susceptibili'ty,bl',lt if not free to rotate, they
would escape ESR detectlon, because the zero field splitting
sullastantially exceeds the energles of the microwave quanta
involved in the experiment.(7)

Raman methods were used in this work because the infrared

method is insensitive to 02,(8) 44 well as the in-phase stretching




.more at 115° C (but not for NaBO,:<H,O samplas that were electron bom-

vibrations of (two) peroxy grouvs. Na303-&H 0, Na3B 3 *H 0 and EMP3

preparations werza examined and found to gilve infensn Raman spectra

when sample spinning wag employzd, (9) Further, a sharp'Raman line at

15562 cm“l was readily observed for EMPB samples heated for 2 h or
372

barded but not heated), Th2 1556 cm -1 frequancy is identical to that

reported for thz 0-0 stretching vibration of gzaseous 02.(10) thus

clearly indicating the presence of 02 trapped in heated EMPB's,

Raman spectra were also obtained fo" solid BaO, and Na,0 - A weak

At 3o oom™t 2 N
Raman line was observedeor Na202 in reasonable agrzement with the
(11)

0-0 stretching vibration of 02 EMPB samples both heated and

electron -bombarded weare examined for-oa" by Raman methods, but no

intensity near 11356 cm"1 was observed that could be direétly related
to the 02' concentrations involved. The ESR resonan;e identified in
Ref. (6) as the Z-resonance, most closely approximgtes the resonance
from N3202 due to O (6) The concentration corresnonding to the

Z-resonance in the EMPB samples studied here(s) ranged from ahout

18 20

4 x 100 em™3 to 1 x 10 cm‘3, i.e., too low for Raman detection

wherzs interfering vibrations are involved.

Quantitative Raman intensity measurements wsre also made of ‘ j

the 1555 et 0, intensity, and also of two lines at 705 and 890 em~ L !

3

whose intensitles scale with the peroxy concentrations, as functions

-

of heatinz time at 115° C, These and other Raman data are now

descrived.




EXPERIMENTAL

Raman spectra were obtained by a sample spinning method.(9 )

e A

Intensity data were obtained by using Na;SO; as an internal Raman standard.
An EMPB mixture containing a constant percentage by weight of NajS04 was
prepared. The Nap50, was evenly dispersed in the EMPB mixture by thorough

grinding. The corresponding Raman spectra contained contributions both

from the EMPB and from the 8042' ion. Because the 5042' concentration
was constant, the intensities from the EMPB's heated for various times
could be related quantitatively to the, V]A}, Raman intensity of 8042'

at 990 cm~1l.

The Raman spectra were obtained with an Instrument S‘A;'HG-ZS
holographic grating double monochromator. Radiation at 488.0 and 514.5ﬁm
from an argon ion laser operated at power levels near 1 W .was used for
excitation. Slit-widths used for the EMPB's corresponded £o ~5 em~1
and to 2 cm~l for the Ba0; and Nag0, samples. The detection and

recording apparatus have been described previously.<9 )
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SURVEY RAMAN SPECTRA

A zeries of survey Raman spectra was obtained prior to obtaining

Raman intensity data. This series involved spectra from: (1) NaBO3e4H,0,

(2) NaBO3sH,0, (3) NaBO3eH,0 subjected to low electron dosage 5.6 x 1014

electrons/cm?, (4) NaBO3oH,0 heated at 110°C and then subjected to high

dose 1.3 x 1016 electons/cm? electron irradition [(1)-(4), shown in Fig.
2}, (5) NaBO3eHy0 heated for various times and at various temperatures,
2-4 h at 125°C, 4-14 h at 155°C, and 5-6 h at 180°C, and (6) Nay05, and

(7) BaOy [(6) and (7), shown in Fig. (3)].

The Raman spectra from NaBO3e4H70 and NaBO3eH0, Fig. 2, (d)
and (¢), are similar in the vibrafional region from 0-1800 cm~l. Apérc
from some small differences below 600 cm—l, e.g., intensity variations
and half-width changes, the main spectral differences occur between 600-
1000 cm—l.,'Here, Raman lines from NaBO3#4H20 occur at 710, 900,'and 970
cm‘l, whereas lines from NaBO3#H70 occur at 705, 890, and 960 cm~l. Also
ratios of the 705-710 cm™} intensity to the intensities at 890-900 cm~1
or 960-970 cm™!, Fig. 2, are about twice as large for NaBO3eH20 as for
NaBO3e4H70. However, the gross featﬁres of the line patterns observed
from NaBO3sH70 or NaBO3e4H70 seem too similar to suggest any major change

in the peroxyborate anion structure with changing hydration, Fig. 1.

The Raman spectra from NaBO3sH,0 subjected to low~dose electron
irradiation, Fig. 2 (b), are also not grossly different from those of

untreated NaBO3eH70. The most conspicuous difference involves : _hange
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Caption

Figure 2. Raman spectra from solid EMPB's (a) heated at 1]10°C and
irradiated with 1.3x1016 electrons/cmZ, (b) 5.6 x 1014 electrons/cm?

but no heating (c) NaBO3eH;0, and (d) NaBO3e4H)0. Spectra were obtained

with 514.5 nm excitation using slit widths of S=caEwat 5-8 cm~l and

laser power levels from 0.6 -1.0 W. The effective gains (intensity

scaling factors) for (d), (c), (b), and (a) are, respectively, 1, 0.7,
2 and 4. The sharp Raman line from trapped molecular.oz at 1556 cm™! is

indicated by (*). An intense plasma line from A} near 520 cm~l is indicated

by (X).
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Caption

Figure 3. Raman spectra from solid Naj0; and Ba0y. The spectra were
obtained with 488.0 nm excitation at a power level of 1 W using a slit:
width of 2 cm™! and a scanning rate of 5 em~1/min. The gain in the
lower spectrum from Naj02 was increased by a factor of 3.33 to record the
weak maximum due to 02~ at 1136 cm~l, see region to the left between

about 1120~1150 cm~l.




from a sharp line for NaBO3eH,0 at 960 cm~l, to a weaker unresolved

doublet having peaks near 955 and 975 cm~] after the electron dose.

The Raman spectra from NaBO3jeH20 heated at 110°C, and then
subjected to high-dose electron irradiation, Fig. 2(a), differ significantly
from those of untreated N,;BO3eH0. The spectra show new features, e.g.,
at about 725-745 cm™l, 865-890 cm™l, and 1556 + 2 em™l. The sharp line
at 1556 cm~! agrees with the 0-0 stretching vibration reported for gaseous
02.(10) The broad new features near 725-740 and 865-890 cm~l also are
present in spectra corresponding to long heating times (no electron
bombardment). Hence, they may refer to vibrations of groups remaining

“after the peroxy groups have reacted to form molecular 0j.

In Raman spectra from samples heated, for example, for 14 h at
& ) 155°C, the sharp f;atures near 705 and 890 cm~! are not observed, and
‘ the 1556 cm™1 peak height is the largest in the spectrum. Raman spectra
from less rigorously treated samples, e.g., 2 h at 125°C fall between
those from unheated and strongly heated samples. Such spectra suggest
that the 0p concentration increases as the concentration of the peroxy
groups decreases. Further, comparisons with spectra from samples that
.;i were only electron bombarded suggest that heating may have the greater
. : effect. Certainly, the 1556 cm™] line is not seen from samples subjected

to low-dose electron irradiation alone, whereas mild heating, 2 h at

ek L o
B S e

115°C, readily produces it in the spectrum.

3 v Raman spectra from Na0,, Fig. 3 (b), reveal an intense

‘ asymmetric line at 738 cm~l (with an unresolved low-frequency shoulder),
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and two weaker lines at 791 and 1136 cm'l. The int2nsity of the

1 1

11365 em™ " line is roughly one-tenth that of the 738 em™ " line,

It 1s assizn~2d to 02' in reasonable agreement with the previously

reported valuz of 1145 cm‘l.(ll) In contrast, the spectrum from

1

H

solid Bao2 do23 not disnlay any line in the vicinity of 1136 em”

Fiz. 3(a). This spectrum yields an intense line at 84k cm™t with

a resolved foct near 832 cm'l. Thz intense lines at 738 and 84 em™t

are acssigned to symnetric 0-0 stretching vibrations of 022’

different environments, The electron irradiatéd samples correspond-

in

12 -
inz to Pigs. 2(») and 2(a)$ yleld 0," concentrations as determined .

18 c

by ESR measuram:ants of al'! x 10 m'3 and 81 x 1020 cm'3, resp.(6)

Both samples also yield a weak Raman line near 1124 cm'1 However,

this line cannat reliably be relaied to 0,7, Fiz. 3, because lines

at similar frequencies were seen for untrqatzd MaB30,-4H.0 and
3 2

Ma30,°*'H,0, and also the 02 concantrations detérmiged by ESR(6)

32
are too low for Raman deiection,

Finally, the 0? Raran line at 1856 cm'l.was obsz2rved from
samples heated 14 h at 155° ¢, and, with diminished intensity,

from samplaes haated 6 h at 180° €, Thus, it seems reasonable to

conclude that both the final deccmpozed zmorphous witerial, as w2ll

as the partlally amorphizad TMPB, effectively trap O2 molacules,




A
‘ : ' Quantitative Raman Intensity Data
£
f

Raman intansitv data for the 1585 el 1ine of 0,, and for
thz 892 anad 705 cm'l lin=s, the forrmer of which 1o diraectly
assisned te peroxy grouns, are showm as functionz of heatingz time
in hours, t, at 115° C in Fiz. L (a)-(c). The intensity, 11556(t)’
Fiz. 4(a), 1s seen to inecrease in a sizmoidal fashion from about
zero at t=0, to = constant value at t)6 h, Simultancously, the
intensitics Iggo(t) and 1705(t), ®iz. L(b) decrease and reach
constant, but nonzero, values for t)5 h, The 890 and 705 em™t
intensities aleo hehava in the sam2 way with time, as 1s evident
from Flz. 4{b), and particularly from Fiz. 4(ec) as shown by the
constaney cf the intensity ratios, This constanzy, 1.636.1,
iniisates that tha fwd vidrations involved refer to a common
structural unit, e.z., [%2(02)2(03)412-. } "

The infens ty data shown in Fig. 4(a) and (v) are character-
istie of those arisinz from loglstics theory(13) and were treated

4

according to that theory, see Apnendix I,
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Figure 4. Quantitative Raman intensities, Ij(t), versus heating time

in hours at 115°C for (sodium) EMPB samples. The intensities refer

to peak heights corrected for overlap of neighboring components relative

to the peak height from a S0,2" internal standard at 990 cal. )
The intensity data, I, (t), were fitted by least squares using
logistics theory and the quantity L, (t) defined in Appendix I,

'&._._-—--

In (a), I, (t) = L, (t) Howev«ar, _*n (b) I (t) = I (o) - L1(t) "
1705(0) = 1,021, and 1890(0) = 1.634, A
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The differential equation from logistics theory for the case
where ®#(t) = -a ‘{5 readily shoun to be identical to the equation corresponding

see Appendix I,

to second order auto-catalyzed reactions/ For the auto-catalyzed reaction

(14)

A+B, the rate law is,
-a[A)/dt = ky [A] [B], ' @)

But when: y=[A], kp=9% (¢t) = -_-%, and k= [A] + [B] (mass conservation), Appeﬁdix 'I,
eqn. (2) is identical to eqn. (B). (Note that P[A]xl,ws- or 13‘]0 9

[B] = (k-y)otll556 ' ] A = peroxy, B = 02..>

Eqn. (), however, requires that [A] =0, whereas Fig. 4 (b)
indicates that Iggg (=) or Ijgs (=) are nonzero. To resolve this
difficulty consider that the correct rate equation for the present case

is given by, IR
-d[A)/dt = kp[A) [B) - k;[B]. I

Eqn. (3) implies that [A) # O because A is replenished by a first order:
reverse reaction in B. In this case if kj=ky[A],, eqn. (3) takes the

form,
~d[A}/dt = -4([A]-[A] )/dt = ky([Al-[A] ) [B]. “h

Moreover, because d[A]/dt = 0 when [A] = [A] , intensities

proportional to [A], that is, Iggg and Ijps must approach nonzero values
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at t =e0, as observed, Fiz, 4,
Eqn. (4) has a solutisn of the form (deletins brackets for

concentration),

1n [’3/ (A - A»oﬂ = Kplpt *+ 10 [30/@0 - Aeoﬂ’ (5)

vhere k = A+ 3= Ay + By = An+ Bg (note that zcz), and re-

arrangenent of eqn. (5) ylelds the B concentration,

I:Lo/{ +[(" Q,g}/ exp(-Xk ,o} (6)

vhich 1is seen to b2 2 sn»acial case of z2qn. {(8).

The form of eqn. (6) 1is convenient for deternining the
product 1c23,°. However, 1t is nocessary to substitute Bo- B
in the left hand side for A ~ A 5 to ohtain the inf.:ensity ratio
B/(Bao" 3). This substitution allews the intensity ratio for
each of the three sz2ts of intensity d2ta to be deternined
individvally. 2 logarithielc plot of the intensity ratios is
3 shovn in Fig. 5 (10\,10[3/(3 - B )] versus t), .(T.-«"or this plot

B= I,(t) for 1 = 1556 cm™, and B = I,(0) - I,(t) for 1 = 705 and

: 890 cm’l.) Generally zood agreement 1s evident between the three
sets of data up to t = 3 or & h, and this agrzement suggests that
the data refer to a conmon process, egn. (3).

The data of Fig. & were treated together by least squares for
0<{t <3 k, and the result is shown by the solid line, For ‘t»3or 4 h

conciderable deviation of fhe data {rom the solld line 1s apparent,
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Figure §. The intensity ratio B/ (B,g- B) nlotted on a
logarithmic scale (10310) versus t for heating of EMP3's

at 115° C. Solid heavy line refers to least squares fit of
the data to 3 h. B= L (t) + k/(1 + C) for 1 = 1556 cm™
and B = L(0) - I,(t) + k/ (1 + C) for 1 = 705 and 890 cm™>.

Filled circles, crosses, and open circles refer, respectively,
to 705, 890, and 1556 cm™ T,
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Howevar, inspoction of Fiz., M clearly indisatns that the intensity
data do not yield reliable rate information for t >3 or N h, and
henee the diser2pancy 1s probably not very important,

From the least squaras fit, Fis. H, it is possidle to

obtain the slone S (in terns of natiral logarithms), 3 = K3
-1

1.6 + 0,1 k™", To obtaln a value of k, in units of liter O,
mol2"2 h™Y 1t is necossary to know Beo+ If By 1s considered to

b

(€]

1zlisidle, as observed, the initial concentraftion (t = 0)

o¢ 1in mole 0, liter'l, is given by P/, where
2

¥ = 99.8 =z, and \9 = 72,10 x 10-

of peroxy grouds, A

2 11t=3r'1‘(13) MNote that one mole

e O

of peroxy 02 ic ascoclatzd with onz2 molz of Na in .Iaaf)a H 02 or

NauOJ H,0. T, A '= 21,0 mole 9, 1 ‘oer“l. Further, fron Raman

intensities, Fig. 4, and th2 assumniion that I, ‘( }0([ aroxy 2]
(1 = 705 or 990 cn™Y), Ag= R.30 mols O, liter }.ngaen from
L wt Bo + Bo= 12.7 mole O, liger™~, T e:"fCTf‘, from

-

Np3go = 1.6 £ 0.1 h™, x,=(1.3%0,1) x 10~ liter 0, mole”

Pl

o ai i o b

(of Ka304-4,0) n"t at 115° c.

Finally, in resard o machanisms, the rasults of Fiz, J in

conjunction with cqus, 3 - 6 inply that the peroxyborate anion
decomposes to yleld trapped molecular O, such that the sum of the '

p2roxy and trapned O consentratinn is constant, TFurther, as the

"

- ¥ Thet Pl
PP gy W SE R bt

concentration of molecular O2 inzreazes, it increasingly cataly=zes
tho decomposition of the peroxyborate ion., Howesver, as the concen-

+tration of molzcular 02 rises, a reverse reaction also occurs that

e

increasingly opposes thls rise, such that 705(00) or I890(oO) £ 0,

1 Z

RIS s o= 7 77730
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This, because of mass concervation, means that 11556(00) does not
rise as high as it would if 1705(a9) or 18906*9) wvere zero, i.e.,
k - A, is smaller for Q*)# 0 than for 4 = 0. A plausible
explanation for the reverse reaction is that there 1s a limit to
which the concentration of trapped molecular 02 can rise because
the void volum2 1In the amorphous EMPB is limited., Anotner feature
of the present results 1s that the molecular 02 concentration
cannot be identically zero at t = 0, Low concgntrations of mole-
cular O, would be difficult to detect at 0Lt <1 h, and further
the quantity {k/ (1 + c)] which makes L;(0) 0 1s within the
noise level of the 1556 cm"l line, Thus trace amounts of mole-
cular O2 would seem to be present in the unrceacted EMP3 to
catalyze the initial decowposition of the pero:xy zgrouns, or the

, initial catalysis may also involve paramagnetic spgcies produced
by the heating process, 2.%., the ESR resonances déé;gnated as

X, Z, and Y in Ref. (6) which correspcnd %o 803057, 0,", and

- 2 - -
03 » and whose concentrations are about '.LO‘l cm 3, 1019 cm 3

(6)

2

1 -
and 10 7 cr 3, resn.
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Summar

Raman spectra from a series of EMP3 preparations and from
Na202 and Bao2 ware obtained by surface scattarinz from spinning
samples., The data from the heated peroxyvorates are conéistent
with the breaklown of peroxy groups in the peroxyborate anion to
form molecular 02 trapnad by the amorphized network, The kinetics
of this reaction were treated using quantitative Raman intensity
data obtained as a function of heatinz time at 115° C., Pitting
of the data by 1ogisticé theory indicates that the breakdovn of

peroxy gzrouns is auto-catalyzed by the 02 formed, but that a

g

(&)

),Ju

verse reaction also involving O, limits the reaction at 115° C.

However, data at elevated temperatures indicate that most (or all)

] - of the peroxy oxyzgen can ve converted Lo trapped 02; For example,

at 155° € the forward rate constant, K is ap

‘G
xf_\)
H
o

o]
<t
}.J
(%]

le]

o g

greater than the reverse rate constant, k,, because k,/ ¥k, = 1/A o,

and Agn is very small as evident from low values of 1705 and 1890’

[V

“
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According to lozisti=zs theory(lJ) 2 rate equation of the type,

av/at = (t) ¥ (¥-k), . h

has a solution,

¥ - 1:/[1 + c.eg(t)], (3)

where the funetion =(%) in equation (8) 1s ziven by,

a(t) = kﬁg(t) at. 9




rEd

The simple‘case whare iﬁ(t) = -a/% which gives g(t) = -at, is found
to be sufficiently accurate for the present nurnoses, and this leads
to a solution of the form 7 = k/ (1 + Cc"at).

At t = 0, the solution y has a finite value, k/(1 + C), while
at large t, it has a Qalne k. In Flg, 4(a), it can be scen that
the 15%6 cm"1 intensity 1s virtvally zero at t = 0, Vhile a direct
fit of the function y to the intensity Ii(t), for 1 = 1556 cm'l,
produces only a small value at t = o, comparable to the noise
level of the 1556 em™1 intensity, it is convenient to constrain
that value to be 1ldentically zecro by considering, instead of y,
the function,

1) =[ v ] - o @ 0] - (1o

The e:xcellent least squares fit of cqn., (J0) to the 1556 em~t gata

is shown by the solid curve in Fiz, 4(a). The results of similar
‘fits of Li(f) to I,(0) ~ I,(%) are shown by the solié eurves in

Fiz., 4(») for 705 and 890 cm-l. In the latter casecs, Ii(o) has

values of 1.021 and 1.63L for 705 and 890 em™%, resp. A direct
comparison of the curves Li{t) is made in Fig. 6, and the least

squares values for the parameters a, C, and k are given in the

caption for that figure. The favorable comparisons between (a) .

and (b) in Fig. 6 suzgest that molecular O, is formed at the expense
> 2

S iee o

of peroxy groups in the pz2roxyhorate anicn, i.e., the sum of the

o2V Py

s o 2 e o>

concentrations of the pzroxy groups and melecular O, is constant
2

vy

L ma e

(subsaquently described by k = [A]+ [B_], where A refers to peroxy,
and 3 to 0,).







Caption

'Figure 8. Logistics function, Lj(t), as defined in the text used to

fit the data shown in Figure 4. The least squares Logistics coefficients
are: (1) i=1556cm™1; k=0.236 , €=20.8 , a=1.46 ; (2) i=890 cm™l;
k=1.02 , C=28.8 , a=1.94 ; and (3) i=705cm™1® k=0.646 , C=22.0 , and
k=1.86 . The stars shown on the three curves refer to inflection points

corresponding to (k/2) - [k/(1+C)].
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Visval insnection of the curves shown in Figs. 4 and 6
indicates inflections near 1,5 - 2,0 h in all cases, More
accurate positions can be determin2d using logistics theory
from which inflections occur when é'(t) +§:(Lt)(2y-k) = 0,
where the prime denotes differentiation with respect to ¢,
Hence, when §(t) = -a/k, the inflcction must occur at y = k/2.
However, when Li(t) is used, the corresponding'inflection occurs
at Li(t) = (k/2) - [k/(l + c)] . Accordingly, in Fig. & the
inflections ocenr at L1556(t) = 0,1071, at ngo(t) = 0,4772,
and at L705(t) = 0.2948. The corresponding times in Fig. 6 are
2.1 h for (a) an? 1,75 h and 1.70 h for (b). These times refer
to maxima in the correzsyponding defivatives dIi/dt, and hencg to
the times when the rate of chanze of the peroxy and molecular 0,
concantrations ore wmaxinnl, The range 1.70-1.75 h is ccnsidered
to be a more accurate estimate than the value c¢f 2.1 h, however,

1

becaus2 the 1556 cm ~ intensity that leads to the 2.1 h value

is subject to larzer errors,




APPENDIX IL

It is knovm that the 0-0 stretching freoueoney gonz2rally

Increases az elzctrons are removed, cf., 02", 723-8ht cm'l,

- - 21 -
thiz vork; O, , 113% em ~, this worl, or 1145 cm *(1*);

2)
1566 o 1(33). ana, 0.F, 1875 cm‘1{~°). Similarly, the principal

Ramman frequency from Naeoe cceura at 738~cm'1, whereas that from
the oresumably less nogative peroxide lon in 320, occurs at 84k cn
Also, 0-0 strelching cccurs at 877 cm'1 for H?Oz:(lﬁ) and between
3950-915 crn"1 for asome covalent orgzanic eroxides.(l7) Hence, 1t
-1

(=

s reasonable to assizn the intensz2 line at 220 caa to Peroxy

stretzhing in the peroxyborate anion, dbut it seewms unresasonadble to
aszizgn the 70% cm'l line tc an loniz peroxy group, 2s might be
reavired by the ahove comparisons. ; -, |
The presant Raran datz indicate that the 705 and 830 on
intonsities scale quantitatively tozether, Figs, & ang 6§, and
examinations of Raman spactra obtained between 110° C and 180° C
indicate that the 9A0 cm"1 intensity, Flg. 2, als2 scales quali-
tatively with the 705 and 890 cm'1 intensities. However, because
therc are only two peroxy bonds 1in the peroxyhorate anion. no nmorea
than two peroxy valence vihrations, ;;55) stretching along the
doubla bond direction, can be expected. These twd valence vib-~
rations would he degenerate if the intraionic couplinz is weak,
but if the coupling 1s strong, the in-phasz valence mode would be
intense in the Raman spectrum, with the out-of-phase valence mode

w2ak, (or vice versa for the infrared spectrum). Hence, one strong

-1

[ 4
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peroxy stretching line would be cxpected in the Raman spectrum,

rathar than two or three, and it would b2 mosi{ likely to occur

1 1

at 8920 em™ ", Azcordinzgly, the 705 and 960 cn™~ linss probably

arise fron other vidrations, and if they arise from the 32(02)2

ring of the peroxyhorate anion, their intensities would probadbly <

1

scale with the 890 cm™ ~ peroxy intensity because all three modes

would be assoclated solely with unbroken B2(02)? units, However,

the totally syametrle stretching and asymmetrilce stretching vibra-

1l

tions of the tetrahedral B(OH)Q' ion occur af TAT-754 cm™ = and

9U5-950 cm™™

of H3BO3 occurz at 1060 cm

1! . :
, respectively,(’s) and the symmetric 3~-OH stretching

-1 (18) s the possibility that the

795 and 960.cm'1 lines are related to B-OH  or B-OH groups of
the peroxyborate ion cannot bhe ruled out,

Finally, infrared spectra were not obtained in this work,
Howaver, several spectra have been rsported for NaBO3'HQO,

gsee for examnle Nzf., (19).
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