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The Role of OGgen in the Copper-Catalyzed 
* Decomposition,of Phenyl Borates in Aqueous Alkaline 

Solutions 0 
By M. Lee Hyder 

Westinghouse Savannah River Company 
Savannah River Site 

Aiken, South Carolina 29808 

Abstract 
The effect of oxyg& on the copper-catdyzed hydrolysis of phenyl boktes 
containing from one to four phenyl groups was studied in 1 M aqyous 
sodium hydroxide solution at 59 'C. Oxggen concentrations were followed 
using a YSI oxygen meter and electrochemid probe. Oxygen was found to . 
have a significant effqt on hydrolysis for each compound studied, although 
the nature of this effect varied greatly among the phenyl borates. The 
hydrolysis -of the tetraphenylborate ion was. not measurable in the presence of 
air, but became signScant in anaerobic solutions. Triphenylboron hydrolyzes 
slowly in aerated solutions, but more rapidly in anaerobic solutions. In 
contrast, both diphenylborinic acid and phenylboronic acid hydrolyze very 
quickIy in the presence of air, but much slower in anaerobic solutions. 
Phenylboronic acid hydrolysis in anaerobic solutions was too slow to be 
quantified. 

* "he results e tentatively explained ifthe e&tive ;catalyst for each of the 
reactioIls i8 either cupric or cuprous ion, with the latter being present in 
significant concentration only in the absence of air. . . 

Introduction 
The h-T& Wpifation process recovers and concentrates radioisotppes 
ficom high-level waste solutions at the Savannah River Site (SRS). The 
principal soluble radiokotop in such solutiom is ~ C S ,  which is isolated by . 
precipitation wi& the tetraphenylborate (TPB-) ion: The resulting cesium 
tatraphenylborate is very insoluble, and can be separated &om the h l k  
solution by filtration. 

The tetraphenylborate ion is stable under normal conditions in neutral and, 
alkaline solutions. In the SRS high level waste process, acid hydrolysis with 
copper catalysh (Cu = 1 gfL) is d to mmoye the organic components &om 
feed to the glass melter. The TPB- ion was expected to be quita stable ixi the 
IllkRline radioactive waste solutions, in which the solubilities of multivalent 
metal ions are very small. It w q  therefore surprising when, during initial 
operation of the In-Tank procesS during late 1995, dissolved TPB- was 
observed to decompose quantitatively over a period of a few month into 
benzene and other products. 1 Subsequent laboratory tests have confkmed 

3 . 
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that btalytic hydrolysb of TPB- can occur ixi alkaline aqueous solution,2 
although the solubilities of dissolved catalysts such as copper at high pH are 
in the range of milligrams or tens of milligrams per liter.3 Copper has been 
confirmed as a catalyst for the hydrolytic decomposition of dissolved TPB- in 
Illkrrline solutiom, and there is evidence that other components in the waste 
may also have catalytic The laboratory studies also showed that 
hydrolysis is strongly dependent ontemperature. Elevated temperatures (50 
to 55 "C) were generated in the plant process by the mechanical heating h m  
operation of circdating pumps.1 

8 Initial laboratory investigations suggested a role for oxggen in the copper- 
catalyzed decomposition of TPB-? Phenol was observed & a hydrolysis 
product in the presence of oxygen, and there w a ~  also evidence that oxygen 
could affect the onset of hydrolysis. The studies regrted here were 
undertaken in response to a Technical Task Request ('M!R) 4 to gain 
definitive information on the involvement of oxygen in the TPB- 
decomposition. Task5 and &A6 plans were developed and followed 
throughout this work. 

Experimental' 

Oxygen measurements rep~rted here were made using a Model 68 oxygen 
meter and Model 5739 probe manufactured by YSI, Inc., of Yellow Springs, 
Ohio. (Figs. 1,2) The probe consists of a small efectrochemical cell enclosed 
in a cylindrical plastichousing. The cell contains KCl solution as an 
electrolyte, and is separated h m  surrounding air or liquib by a fluoroc&bon 

. membrane (about 1 cm in diameter) that is permeable to oxygen but not to. 
liquids. When a voltage ia imposed on this cell, a current is generated 
proportional to the rate at which oxygenis reduced. Because the reduction of . 
oxygen is fast compared to its diffusion through the semi-permeable 
membrane, this current is proportional to the flow of oxygen throwh the 
membrane. The rate of oxygen flow across the membFe, from the 
gurmunding medium containing oxygen into the cell, is determined by the 
oxygen activity in the external medium. Thk activity is the same in air as in 
air-saturated fluids, so the cell is readily calibrated using ambient air as the 
Standard.  

TheysI imtrumant wm made fim USB in measuring oxygen concentrations in 
natural waters, and was not intended for tise in caustic chemicals. However, 
because all the exposed surfhces of the probe are made h m  plastics and . 
polymers that are inert to c a d c  solutions, it proved to be sdiciently . 
resistant to the chemicals used in this study. Although output readings 
expressed in terms of percent of saturation were consistent, and corresponded 
well to the degree of saturation (as established by tests with aerated and 
deoxygenated solutions), the alternative output readings in terms of mg 
orrggen per liter are significantly bigher than the true values in these 
solutions. This is because the oxygen solubility in water, for which the 

.. . .  
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' internal calibrations of the instrument are set, is significantly higher than 
the corresponding value for 1M NaOH. 

The Model 58 meter ala0 contains a temperature sensor, &d automatically 
corn& for temperature effects. These corrections may not be entirely 
accurate for the solutions used. However, the relative readings are belimed 
to bevalid. I 

* Uniform heating of experimental samples W ~ E I  achieyed by placing them in 8 
Fisher constant temperature bathMth water as a working fluid. Tests with 
a calibrated thermometer showed that the readout from the thermocouple 
built into the bath is about 3 to 4 degrees higher than the actual bath 
temperature. EarIy experiments, in which a bath temperature of 60 "C was 
.intended, were foimd-to have only reached 59 "C when carefidly measured 
with a NIST traceable thermometer, and this temperature wm rnaiuhined in 
nearly all subsequent work. The bath proved very stable, maintaining the 
water temperature within a range of less than 51: 0.6 OC. 

These stu&es emphasized chemical simplicity and reproduubiliQ. The 
process solutionk of interbt contain solid potassium, cesium, and sodium 
tetraphenyl borates, in addition to &solved TPB; sodium hydroxide, sodium 
nitrate, and sodium nitrite. In these experiments there was no solid 
tetraphenylborate phase present, the nitrate and nitrite sal& were omitted, 
and only one concentration of sodi* hydroxide (1.0 M) was used. These 
conditions were adopted to ensure both .the relative reliabilitg of oxygen 
meter readings and the complete solubility of tetraphenylborate. The 
concentration of sodium.hydmxide wm chosen EM a representative low value 

, In general the technique used was to prepare a large volume of stock solution 
a d  to fill a number of individual sample vessels with this 801UtiO11. The 
vessBls were each withdrawn and sampled after a predebrmined time. A 
portion of the stock 801UtiOn was ala0 d p d  along with the experimental 
sOlution8. 

Initial experiments condud,  in sealed plastic bottles emph88iz8d the need 
for s t r i d  sealing of the experimenfd vessels against air inlealrage. After 
testing a number of experimental arrangements, the vessel shown 
schemtically in Figure 3 wa8 adopted as a atandafd. This container c(u1 be 

* filled with either aerated or nitrogen-pur&d solution through a transfer line 
attached to the dip leg. After fillinP_ the vessel is placed in the constant- 
temperature bath with the stopcodks o g n ,  so that thermal expansion during 
heating is relieved. Temperature equilibration of the vwel m p i r t i s  about a 

ed by the halfhour; diffusion of air into the vessel during this time is 
narrow passage through the stopcock bore. .Following equilibration the 
stopcocks are closed and the vessel is allowed to remain in the bath for the 

- 

* 

for processing. 5 -  

w 

. .  . 

de&ed time. On removal from the bath, the vessels are strong enough to 
witbgtand the compressive forces from cooling. They am cooled in ambient 

*' 

. 

air, and not opened for an hour after cooling. At this point they are close to . .  
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ambient temperature, as shown by measurement of cell temperatures during 
oxygen analysis. 

Air or nitrogen sparging of test solutiom was perhrmed in a vessel demgned 
for this purpose. Gases were bubbled into the solution h m  a &itted.tube for 
at leaat five minutes. The solution was then transferred into the 
experimental veSseb wing the same pressurized gas. 

'Solutioxm prepared for &ese experiments were'made with weighed qnantti& 
of reagentigrade chemicals and measured volumes of water. The exception . 
was triphenylborme (3PB), which W ~ E I  added as a measured volume of 
filtered reagentigrade solution of triphenyborane-sodium hydroxide adduct. 
The fiItered solution contained significant amounts of the other phenyl 
borates and phenol a~ impurities. The other phenyl borates bntajned no 
measurable impurities of this kind. Prior to loading the experimental 
solutions into vessels, cupric nitrate solution was placed in the vessel using 
calibrated micropipets. Generally 0.20 ml of 0.1 M cupric nitrate solution 
w& added to approximately 160 mL vessels, producing a copper 
concentration of about 0.00013 M. In some experiments a sirnilar amount of 
0.026 M cupric nitrate solution was added, so that the copper concentration 
was about 0.00003 M. 

Chekcal d p e s  of the test solutions were performed by Analytical 
Services. The phenyl borates and related compounds (e. g. phenol) were 
quantified by high pressure liquid chromatography (HPW). Near the end of 
these tests analytical chemhts diclcoved that the HPLC niethod, which was 
calibrated for the analpicl of simulated plant solutions Containing up to 5 M 

1 M sodium. This is consistent with a similar observed discrepancy beheen 
the amounts of phenyl borates weighed.int0 these solutions and the 
analytical measurement of the stock eolutions. Results, as reported, 
continued to be used in evaluatingthe experiments, since they still pennit 
the desired relative comparisons. Dissolved copper anaIyses were made using 
ICP/ES. Benzene was not analyzed because of its volatility. However, 
benzene was evident in some sampl+ as a small amount of second phase. 

Solutiom to be analyzed for oxygen content were transfend through plastic 
lines to the measurement cell shown in Figure 4 by nitrogen pressure. me 
cell and transfer line were purgedwith nitrogenbefbre the trdbr.  
Equilibration of the probe with the solution is quite faat, usuallyrquirhg a 
minute or less. Operation of the magnetic stirrer is reqyired for reliable 
results. Because the joint around the probe was not &-tight, immediate 
oxygen measurement was desirable. 'Illus the procedure-was to fill the cell 
well above the probe level, and record the value as soon as it had 
equilibrated. 

sodium ion, gives results that are a~ mucb as 15% low imsolutions containing . . .  
' 

' 

\ 

. .. 
i 

- .  
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Qudity Assurance 

Q d t y  assurance procedures given in Reference 6 were followed.. Specific 
procedures included at least daily calibration of the oxygen instnunent 
against moist air, and at least weekly xneamqement of the bath temperature 
against a traceable thermometer. Stgck and e-erital samples were 
andyzed repeatedly to eIlE3ure their stability, In some @es multiple samples 
were taken h m  the saine vessel to ensure d o r m i t y .  NO differences among 
duplicates were identified outside the d5% range of analytical unmrtain&. 
The known potentbl'sources of variability were concentration of the solutions 
during air or oxygen purges, and mall variations in copper concentration as 
a result of variations in vessel volume. To avoid sample concentration, purge 
times were all in the range of five to eight minutes; experiments had shown 
that thik was adequate to equilibrate the samples with the desired 
atmosphere. 

Experimental Results: 

Preliminary Tests 
-Initial tests used solutions containing 2 g NaTpB- per liter in lM NaOH. 
Copper katalyst was added in one of three ways: as Cu(N03)2 qolution, 88 
solid Cu20, or as copper beads. Each of these introduced copper into the 
solution at concentrations of at least 6 m&. No significant decomposition of 
TPB- was observed. During these initial experhents, oxygen was always 
present in the solutiom, except w h e ~  cuprous oxide powder wm added. 

* Cuprous oxide wm an efficient oxygen scavenger, reacting rapidly with 
dissolved oxygen to form cupric compounds. 

Further experiments used the cells depicted in figure 3. Indication of 
decomposition wm observed only in two samples that contained cuprous 
.oxide (and therefore had no disEIolved orrygen during heating). These samples 
were heated for more than two hundred hours. 

Additional tesk used aerated solutiom of 10 g NaTPB per liter in l lb l  NaOH. 
Evidence for decomposition of TPB- was s& in only one ample, in which 
0.25 gram of a simulated sludge powder was added to the solution in a plastic 
h a l e  and the bottle heated for two days. (!R& solution may also have ' 

contained a mall amount of cupric nitrate solution.) The aimdated sludge 
powder coated the bottom and sides of the plastic bottle. More than 10% 
decomposition of TPB- was observed. It had lieen found in the prelimhary 
work that the plastic bottle used in this test was not ahtight, and 88 
expected this solution contained a substantial a q o u n t  of dissolved oxygen. 

, 

Although these prebhary tests showed no evidence of TPB- decomposition 
in the presence of copper alone, there was evidence in the longest heated 
samples that oxygen waq contsumed by reaction. Similar experiments by 
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Barnes showed a very'slow evolution of benzene, consistent with this 
observation. 2 

These prelimhazy experiments showed 6nsiStent behavior. The stock 
solutions of NaTpB were not entirely clear, but erihibited a slight 
opalescence. When the cupric nitrate solution contacted the BlkAline 
solution, a bright blue gelatinous hydroxide formed, which gradually turned 
into a black' cupric oxide precipitate after an houi or two in the heated bath. 
The opalescent materid also precipitated on heating as agglomerates of white 
crystals in the bottom of the vessel. Analysis of these solids showed no 
orgqnic content, indicating that the white material ip an inorganic impurity 
such as silicate. The heated solution became quite clear. In later studies, 
where decomposition of TPB- was observed, this clear solution-hediably 
began to become cloudy on coo-, suggesting precipitation of dissolved 
benzene or other organic material. - 

Systematic Experiments 

I. Tetzaphenylborate hydrolysis in the.presence of copper 

I These experiments were done to test the TPB- hydrolysis rate against oxygen 
concentrations.' On the premise that the material reacting with oxygen, . 

Whether'TPB- or an impurity, wodd re& in proportion to its concentration 
(while the oxggen concentration remained.fixed), a series of tests was run at 
higher concentrations of TIPB', 25 g/L. In each sample the soIution (26 g L  
.NaTl?B in 1M NaOH) was spargedwith air for at least five minutes before 
being added to the sealed vessel, Cupric nitrate 8.0lutioR (0.20 of 0.1 M. 
:Cu) was added to the vessel prior to the test solution. After a period of time 
in the heated bath, the vessel was withdrawn, cooled, and d y z e d  for a 

oxygen, TPB-, and its decomposition products. Results are tabulated in Table 
1 and shown schematically in Figure 5. As shown in the table, the oxygen 
saturation decrtksed steadily ~ E I  a hct ion of time, until it was completply 
depleted at the longest time tested. Only at this time Were decomposition 
pdu&.of TPB- obwed. 

on the p&e that trhe oxygen waa inhibiting ~yiirolw o f w - ,  a sample 
of the same solution WELB purged xkith nitrogen to remove air, transf'erred to a 
nitrogen-purged vessel, ~ealed, and heated. As indicated in Table 1 and 
Figure 6, this sample showed siepificant TPBa.decomposition, confirming the 
premise that oxygen inhibits the catalytic hydrolysis of the TPB- ion. 

The observation that smaller concentratiom of TPB- co&med the oxygan 

proportional to the concentration of either TPB- or of an impurity associated 
with t ie  TPB-. This reaction evidently does not produce a measurable. 
amount of phenyl borates or phenol, but'as the &solved oxygen present is 
only a few mg/L, this is not surprising. 

\ 

. present more slowly indicates hit the reaction removing oxygen is 
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II. Phenylboronic acid (lPB) hydroIysis 

Because questiom had arisen about the copper..catalyzed reactions of lPB, 
experiments ritimik to those perfonned'with TPB- were Parformedwith 
phenylboronic'acid. A measured amount of 1PB bually 2 gL) was added to 
a solution of lM NaOH, and the resulting solution placed into a vessel 
containing cupric nitrate, as in the TPB- experiments described in the 
preceding section. The effect of oxygen was evaluated by air purging or 
nitrogen purging the solutions before adding them to the experimental 
vessels. The concentration of cupric ion was ale0 varied. Results are s h o r n  
in Table 2. The oxygen present was rapidly and completely consumed in all 
cases. Even after as little as 6.4 hours, little oxygen remained. From 25 to 50 
percent of the 1PB w& consumed, wifh production of phenol. The a m o u t  of 
reaction was a hc t ion  of the initial concentration of lPB as well as the 
copper concentration. The data suggest that, after a rapid initial reaction, 
any further reaction was very slow or nonexistent. The two tests at the 
bottom of the table show the decreased reaction at lower copper content. (The 
apparent non-reaction shown by difference is probably the result of a low 
analysis of the JPB content of the stock solution. The kmple preparation . 
procedure should have produced a 14 to 15 mM solution. ) 

To test the hypothesis that the consumption of oxygen and the extent of 
reaction are related, an experiment was conducted as shown schematidy in 
Figure 6. A solution containing 135 mL of 2 g/L 1pB in 1M NaOH wm placed 
in a vessel containing approximately 0.00013 M cupric nitrate solution. This 
vessel W ~ S ' C O M C S ~ ~  by tubing to a second vessel containing-lM NaOH. 
Both vessels were fitted with a fitted disk in the bottom .of the vesselso that 
air could be bubbled through the train continuously. The air stream passed 
first through the vessel containing only lM NaOH to hydrate it, and thereby 
ininimize the loss of liquid by &raporation fkom the lPB solution. As shown 
in Figure 7 and Table 3, the lPB concentration in the second vessel decreased 
rapidly over a period of a few hours. Substantial amounts of phenol were 
produced, corresponding nearly quantitatively to lPB losses. This 
experiment confirms that, in the presence of air, the decomposition of 1PB 
continues, with a rate varying with lPB concentration. Phenol is the 
principal product. It is attractive to attribute the hydrolysis of lPB to 
catalysis by cupric ion, which undergoes reduction in the absence of oxygen. ' 

These W B  samples when recovered showed no black cupric oxide (CuO), in 
contrast to aerated TPB- solutiom, in which C u 2 0  was visible as long as the . - 
solution remained oxygenated. 

III. Mixed TPB- and'lPB Experiments 

Because TPB- hydrolyzes in the absence of air, and lPB reacts to remove air 
fkom solutio% experiments were performed with the two compounds in 
combination in the same solution. The hypothesis was that lPB might 
accelerate the overall reaction through removing air. This was confirmed in 
these experiments. 

. '  
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A solution of 10 &L NaTPB- and 2 g/L lPB wa8 prepared in lM NaOH. 
Vessels 'containing O$O mL of 0.1M cupric nitrh solution (approximately 
0.00013 Mkopper) were filled with the aerated TPB-/lPB solution and placed 
in the heated (S9 "C) bath. Vessels were withdrawn and analyzed 
periodically. As expected, omgen was absent (or nearly so) in all vessels 
analyzed. Compositional data are-given in Table 4. The lPB and TPB- 
concentrations 8~ a function of time are'shown in the graph in Figure 8. The 
TPB- began to decompose soon after being placed in the bath, and continued 
to be destroyed through the eqerixnent. The lPB at h t  behaves much as it 
did in the absen& of TPB-, decreasing rapidly to a hction of its original 
concentration. At the longest times its concentration increased, presumably 
by ingrowth of lBP formed fhm decomposed TPB-. 

Copper analyds of these solutions showed that most.or all of the copper 
added was present in solution. If it is accepted that cupric ion (Cua) 
catalyzes 1PB decomposition, and that cuprow ion (&I+) catalyzed the 
decomposition of TPB-, then copper was probably in the cuprous state d& 
most of this ercperiment. . 

. IV.. Triphenylborane experiments 

Because the copper-catalyzd decomposition of TPB- and W B  showed quite 
different behavior toward oxygen, the other phenyl borates were.also studied, 
beginning with experiments on triphenylborane (3PB). 

. Three vesseIs were prepared containing filtered triphenylborane solution in 
1M NaOH. "he solutions were aerated and placed in sealed-vessels in the 
bath. There waSiDaUfficient stock solution to fill three vessels, so a head 
space containing air- and amounting to about 20% of the ves&l-volume 
remaiped in the trhird vessel. All samples contained approximately 0.00013 
M cupric nitrate solution. (The copper concentration would therefore have 
been about 26% higher in the vessel containing an air space.) 

* 

' Results are shown in Table 6. Tbe two samplw that contained no gas phase 
became anoxic in less thantwo days, and the 3PB had substantidy reacted 
during that time. The sample containing the air space proved inhresting. 
This solution never became anoxic, and the 3PB reacted much less than in 
the other two eamples, However, in this aerated system, the diphenyl and 
monophenyl producta were completely consumed and produded phenol. It 
appears that triphenylborane hydrolyzes whether or not air is present, but 
does so more rapidly in the absence of air. This suggests that cuprous ion is a 
more effective catalyst than cupric ion for this reaction. 

V. Diphenylborinic acid experiments. 

A brief series of experiments investigated the copper-catalyzed reaction of 
diphenylborinic acid in: lM NaOH. In all these tests the solutions were 

. *  

\ 
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initially oqgen saturated. One test repeated the arrangement wed in the 
triphenylbron experiments, in which a 20% head space filled with air ~ 8 8  
left in the vessel. The effect of varying the copper concentration wa8 also 
investigated. 

The three vessels that Gntained only solution were found to have become 
anoxic when analyzed. The vessel con- an air space was not anoxic, but 
its oxygen content was substantially reduced. The results (Table 6) clearly 
show that decomposition of diphenylborinic acid occurs with or without air 
present, but is much hter in the presence of air. They also show the strong 
effect of copper concentration on the rate. 

VI. Catalysis by sludge. 

As a result of the scouting experiments, and in accordance with the technical 
. .  

plan, three experheats on TPB- decomposition were m n  with a synthetic 
.sludge powder added as a catalyst instead of copper. In each case, 0.25 g of 
dried synthetic sludge powder, obtained from D. D. Walker, was ,added to the 
vessel before it was filled with oxygenahd 10 g/L NaTPB- solution in 1M 
&OH. Note that the sludge was poorly wetted when added this way, and . 
tended to clump up in the bottom of the vessel. Thus a W u m  surface 
area was available for any heterogeneoua catalysis. The three vessels were 
heated for 48,92, and 150 hours, resl;ectively, then analyzed. No measurable 
decomposition products of tetraphenylborate were seen in any of these . 
samples.. 

Conclusions 

A plausible explanation of the observed results involves cataIysis of the 
decomposition reactions by both cuprous and cupric ions. Cuprous ion is 
formed by reaction of cupric ion wi@ organic material, but can pejcsist only in 
oxygenfiee solution. The relative efktiveness of the two ions for cataIySis 
can therefore be determined from the reaction rates in the presence and 
absence of oxygen. . *  

In this model, TPB- would show very little catalysis by cupric ion, Cus, with 
only a very slow reaction SO long as oxygen is present to stabilize Cu%. 
Triphenylboron rea& more rapidly with Cusflable 51, but much less 3 

rapidly than does the diphenylborinic acid (Table 6). IPB reacts very quickly 
in the presence of cupric ion, with most of the reaction being completed in a 
few hours (Figurs 7). 

. 

The behavior towed cuprous ion is the conveme. TPB- decomposes in the 
presence of cuprous ion, although the absolute rate of this reaction is slow 
compared to corresponding reactions of the other phenyl borates. . 
Triphenylboron hydrolyzes faster in the presence of cuprous ion than with 
cupric ion. Diphenylborinic acid also reacts significantly faster in the 

I 
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* presence of &(I) than does TPB- (Table 61, but 1PB reacts only slowly, if at 
all, once copper is reduced to this valence (Table 2). 

Oxygen is Cansumd in these reactions in substantial p& in the generation 
*of phenol. For UPB, conversion of the hydrolyzed material to phenol is nearly 
quantitative, as indicakd by comparing the curves in Figure 7. Variations in 
the amount of phenol produced in apparently similar samples may 
correspond to variations in experimental technique, such as variations in the 
length of time the vessel vents were open during temperature equilibration. 

. I  

, 
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Table 1. 
Copper-Catalyzed Hydrolysis of Sodium Tetraphenylborate 

(Na'IPB) Solution 

Conditions: lM NaOH, Cu* appr;oXimately 0.00013M, 59 O C .  

Time at balyaes 

mM I .  

Temp., 0 2  TPB- 3PB 2PB lPB Phenol P-P 

AemtedSamples: . 
0. WA' 0.066 4.04 < O M  4.2. <0.1 c0.06 

115.7 1.8 , 0.065 <O.M <0.06 ~ 0 . 2  <0.1 q0.06. 
141.0 2.0 0.070 4.04 c0.08 4.2 <0.2 0.05 . 
213.5 1.0 0.068 4.M 4.06 ND ND ~0.06 
280.7 0.6 0.067 <0.04 g0.08 4 . 2  4.2 0.09 , 

377.1 0.0 0.063 4.1 1.3 - 2.0 1.1 <Oh6 
Nitrogen Purged Sampk: 
114.9 0.0 0.064 4.6 4.0 3.5 1.1 0.33 

. Abbreviations: TPB-: tetraphenylborate ion; 3PB: triphenylborane; 2PB: 
diphenylborinic acid; LPB: phenylboronic acid; P-P biphenyl; ND: not d e t e d e d .  

. .  

. .  

. .  

. -  

I 
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- Table2 . 
Copper-Catalyzed Hydrolysis of - Phenylboronic Acid (IPB) 

Conditions: lM NaOH, 59°C. 

Timeat InitiallPB FinallPB Phenol IPB Destroyed 

Ae&d Samplest CuWO& a p p ~ ~ ~ ~ y  0.00013M 
6.4 . 3.4 2.3 0.49 31 
21.7 3.4 2.1 0.39 37 
24.1 3.4 . 1.6 . 0.36 . 54 
16.2 15 8.3 4.1 44 
40.6 15 8.6 3.4 . a  
47.6 15 '8.7 3.3 41 
65.6 . I 13 9.6 0.56 25 
89.3 15 8.8 0.54 40. 
92.2 14 7.0 4.1 49 . 
137.5 16 7.0 1.4 52 

Nitrogen w e d  Samph: Cu(NO3)2 appm*nzutely 0.00013M 
23.9 3.4 1.8 0.26 . 41 
22.7 13 9.6 1.7 25 
23.6 14 8.3 2.0 39 

* 

' Aerated Samples: Cu(?v03)2 approximately 0.00003M - 
22.7 

- 46.8 
. l 3  13 L4 (0) 

13 1.2 , (0) I 

13. F.. .1 .-. 
r . .  . .  

'Table3 . 
Phenylboronic Acid (1PB) Destruction in Continuously Aerated 

Solution 
- Conditions: 60 "C, continuously purged with moist air, lM NaOH soluGon 

initially containing 0.136M lPB and 0.00015 M Cu++ 

TialQJz- 
2.1 5.4 
3.7 3.4 
6.5 1.8 

3fdmw&d 
60 

. 9.6 75 
11.1 .a7 

ElmlQLM 
7.6 
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Table 4 
Reaction of Mixed IPWNaTPB SoIutio& 

Conditioni: lM NaOH, App~ximat&!O.OOOlS M Cu++, 69 "C; all  samples 
initially aerated. 

Time at . Analyees _. 
T8mPt3ratUX73 TPB' 3PB 2PB - 1PB Phenol - 

0 
23.7 
46.5 I . 
70.9 * 

139.0 
215.7 
310.9 
463.7 

M 
0.024 

. 0.024 
0.024 
0.023 
0.021 
0.020 
0.017 

' 0.012 

mM 
0.0 
0.68 
0.65 
1.19 
1.32 
1.35 
1.14 
0.78 

_mM 
0.0 . 

. 0.24 
0.14 
0.50 
0.75 
0.62 
l.39 . 
0.72 

u. 
12.6 ~0.1 
5.6 4.8 , . 
5.6 4.9 
6.7 3.8 

, 6.6 4.1 
3.2 1.6 - 

11.6 0.7 
.11.6 3.3 

Abbreviations: 
phenylboronic acid; P-P: biphenyl. 

3PB: triphenylborane; 2PB: diphenylborinic acid; IPB: 

. 

, 
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Table 6 , 

Copper-Catalyzed Reactions of Triphenylborane 
Conditions: lM NaOH, Approximately 0.00013 M Cu++, 59°C; al l  samples 
initially aerated.' *. . 

m 
1.70 

Analyses, mM . 
afaa m 
0.17 0.16 * 

Time at 
Temn,k 

0 
43.0 0.67 0.32 0.32 
139.4 0.08 . 0.16 0.67 
Sample with air in contact with solution: 
45.3 1.41 <O.W <os2 

l?€E?Ul 
0.71 
1.02 
0.94 

1.96 

Table 6 . 
Copper-Catalyzed. Reactions of Diphenylborinic Acid 

Conditions: IM NaOH, 59°C; all samples initially aerated. 

Time at Analyses,mM 
2huLJbz 2pB ILEB phenol 
Copper added wrppPnmiriZately 0.00013 M Cu++ 

0 4.5 - - 
22.8 1.3 l . 9 . .  0.82 

95.3 0.26 2.0 0.69 
Copper added = Appmx~mtely~O.00003 M Cu++ 
22.8 ' 3.6 0.83 . 0.48 
Sample with air in contact with solution (Approximately 0.00013 M Cu*) -. 
22.8 ' e0.06 0.25 2.2 

, 
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. YSI MODEL.58 ! *  * 
1. 

! .DISSOLVED OXYGEN METER 

i 

.I 

' Figure 1: Oxygen Meter With Probe 
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I \ 

Anexplodedview . 
of the YSI 5739 
Field Probe 

I 

Figure 2: Oxygen Probe 
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' I  . ' 

Figure 3: Schematic Drawing of a Sample Cell. 

I .  
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Magnetic .Stirrer . 

Figure 4: Measurement Cell (Pyrex Glass) .. 

. .  
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El 

= Oxygenxl000 
TPB- (air) 

II Products (air) 
0 Pwducts(N2) 
:.'. TPB- (N2), 

0 
0 0 

0 100 200 300 400 

Time, hr 

Figure 5: Cu-Catalyzed Decomposition of TPB- , . 
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I MNaOH Soh 1 MNaOH+2g/LlPB 

/ -  Constant Temperature Bath 

' Figure 6:  IPB Aeration Experiment 
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0.02 

0.01 

0.00 
0 

* Phenol 
* Phenol+lPB 

-. . 

I I I I . 
2 4 

Time, hr 

, -  

6 

Figure 7: Continuously Aerated I PB 
I 
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. I  - ‘F 0 Other P-roducts 
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Figure 8: Mixed TPB- and 1 PB Solution 
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