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ArB(OH), + HgClp —= ArHgCl + B(OH)3 + HC1 (1)
Although the reaction is reported to take place with
phenylmethaneboronic acid, other alkyl derivatives do not
react with mercuric salts.18

When two equivalents of benzeneboronic acid are heated
with one equivalent of mercuric oxide for one hour, diphenyl=-
mercury and boric acld are the only products°5 However,
if equimolar gquantities of benzeneboronic acid and phenyl-
mercuric hydroxide are allowed tc react under the same
conditions, the products are identical,? It seems most
probable that diphenylmercury is produced in the former
instance by way of the intermediate formation of phenyle

rercuric hydroxide.

ArB(OH), + HgO + Hp0 —> ATHgOH + B(OH), (2)
ArHgOH + ArB(OH)p —> ArligAr + B(0H)4 (3)

A wide variety of mixed dlarylmercury compounds can
be syn'nesized by varying the aromstic. groups on boron and
mefcury in reaction (3).

Recent studles on the mercuration (mercurideprotonation)
of benzene by mercuric peréhlcrate in strong acid have
revealed that the substitution is truly electrophilic. In
this medlum, mercuric ion, which is complexed with a

catalyzing anlon, is the attacking reagent,29
CoHe + Hg(Hz0)3(0104)" —= CeBsEa(Hp0)3* + HY + 010" (1)

Brown has proposed that the iscmer distribution in

i
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aromatic electrophilic substitution reactions is correlated
by the activity of the attacking reagent., Consequently,
when the log of the relative toluene/benzene reactivities
is plotted against the log of the toluene para/meta ratios,
s simple linear relationship is observed. in his study of
the mercuration of benzene in glacisl scetic acid, he found
that both the un~catslyzed and perchloric aclid-catalyzed
reactions obeyed thls proposed linear relationship. It
was concluded that the attacking species in the un-catalyzed
reaction was less selective than that in the perchloric
acid~catalyzed reaction.3

| The reaction of arylmercuric salts [equation (3)] with
benzeneboronic acid constitutes an intriguing area of studye.
The mechanlstic status of aromatlic mercuration in glacial
acetic acld has been elucidated, but the picture in aqueous
media 1s somewhat obscure. The aromatic electrophile in
this instance provides a me ans of changing the slectro=
philiclty of mercury by varying substituents in the ring.
Thus a correlation of selectivity of the reagent and sub=~
stituent constants becomes possible in principle. The
purpose of this work is to formulate a mechanism for this
reaction and to test the applicability of linear free-snergy
relationships to electrophile and substrate in the light

of this mechanism,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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RESULTS AND DISCUSSION

I. Analytical Procedure. ' -

The ultraviolet absorption spectra of reactants and
products differed sufficlently so that the reaction could
be followed accurately by a spectrophotometric procedurs.
The smallest change in optlcal density during the course
of a reaction was observed with p-methoxybenzenebdorecnic
acid and phenylmercuric hydroxide as reactants, The
absorption curves for this system are shown in Figure 1,
Points defining the spectrum of the system Qhen resction
wasgoomplete coincide well with the spectrum of the expscted
product.
I1. Choilce of Reaction System.

Organomercury compounds are, in general, inscluble
in aqueous media, Consequently, most previous studies have
been conducted in none-aqueous systems, The choice of
agueous ethanol as a solvent for this investigation was
made on the basis of the extremely small concentrations of
reactants which were required to follow this unusually
rapld reaction. Also, this solvent satisfied the necessary
condition of transparency in the ultraviolet region,

Although mercuric lon complexes readily with halids
ions by assuming a quadricovalent state, no such complexes

have been reported with organometallic compounds of mercury.25

Reproducéd With permission of the copyright owner. Further reproduction prohibited without permission.
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Preliminary experiments with phenylmercuric chloride
roevealed that the kinetics did not follow any slimple rate
law, When basic phenylmercuric perchlorate was used,
good second order behavior was. observed. Therefore,

this salt was employed throughout the investigatione

III. KXinetics of Reaction.

A. Reaction order, The reaction between benzene=

beoronic aclid and basic phenylmercuric perchlorate was found
to be first order in each reactant, The order does not
change with variations of solvent from "60%" to "30%"
aqueous ethanol. (The solveﬁt mixtures were made up by

- sdding water to known volumes of 95% ethanol, For example,
"30%" agqueous ethanol refers to a solution which resulted
from the addition of water to 300 ml. of 95% ethanol until
the total volume of the solution was one liter.) The
consistency of the second order rate constants with vari-
ations in the concentrations of each reactant at constant
ionic strength is indicated in Table I,

A typical second order rate plot is shown in

Flgure 2A. The reaction in this case was followed through
90% completion. The rate of the reaction in a phosphate
buffered system lncreases wlth increasing water content of
the solvent when the buffer concentration is maintained
constant as can be seen from the date imn Table I.

B. The effect of added boric acid. Since boric

acld is a product of the reaction, its effect on the rate

was tested., The results are tabulated in Table II. The

iRep‘rodiucv:lec'i with perhission of the copyright owner. Further reproduction prohibited without permission.



TABLE I
SECOND ORDER RATE CONSTANTS, kob3° IN AQUEOUS ETHANOL,
0003}’1 NaHgPOL;_, aOOBM NagH.PO)_‘_, ,u = oOla

Initial
Initial Basic
Benzeneboronic Phenylmercuric
Acid Perchlorat kKobs
Run Solvent  (m/l. X 10%) (m/1. X 105) (1. seoclmo1-~1)

1 "60%" EtOH 5.015 12,15 2,80
2 " 5015 66075 2484
3 " 5.015 3,098 290
L " 9,027 74592 3416
5 " 6,018 7e592 3.41
- 7 . 10,97 Toli40 3403
8 " 6,580 Telli0 2,88
10 "50%" EtOH 146860 10.470 5617
11 " 114860 6955 5.2l
12 "L0%" EtOH 5075 72160 8.85
13 " 5,075 5e372 8e28

4 "30%4" EtOH 4,918 64225 13.1

15 " ;o918 3,112 13.6

16 "o 2,447 3.105 1345

17 " 2047 64210 13,1
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data indicate that the boric acid which is produced in the

reaction must have no effect upon the reaction rate.

Ce The effect of ionlic strength. Posslible influences

of ionic strength upon the rate constant were investigated

TABLE I1I
SECOND ORDER RATE CONSTANTS, kgpg, IN PRESENCE
OF ADDED BORIC ACID,

I

[ C¢HgHEC10), o
CéHS gOH]X105 [CeH5B(OH)2]  [B(OH)3]X105

Run Solvent moles/l. X105 moles/1. moles/l. Kobs,
21 "LO%" EtOH 54105 To}410 8,38 7470
22 " 10,21 Te410 8.38 786
23 " 2,042 7410 8,38 Te93
2l "60%" EtOH 5,060 7220 9095 3,06
25 " 10,12 7220 9.95 3.01
TABLE III

EFFECT OF IONIC STRENGTH IN "L0%" AQUEOUS ETHANOL.,
; T [NaHZPO%] [Na HPO ] ) —
un moles/1l, X 103 moles 103 4« Kobs ,
12 340 340 0,01 8.85
13 3.0 340 0,01 8428
26 340 340 040k 8422
61 0 o 0604 18,)
62 0 o 0.16 17.9

in the presence and absence of a phosphate buffer. Inspection

of Table III reveals that variations of ionlc strength have

R>e'p.r6d'uced with permission of the copyright owner. Further reproduction prohibited without permission.
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8 negligible effect upon the reaction rate. Therefore, the
rate increasse with increasing water content of the solvent
is not to be identified with a dielectric constant effect.

D. The effect of buffer concentration, In a

dihydrogen phosphate =~ monohydrogen phosphate system, a
significant decrease in rate was observed wlth increasing
buffer concentration when the pH was maintained constant
(Table IV) (Runs 26, 27, 3l4)e When the monohydrogen
phosphate concentratlon was varied, the rate did not change
(Runs 26, 37; 27, 38; 39). Therefore, the rate is dependent
only upon the concentratlion of dihydrogen phosphate lon,
Similarly, in acetic acild =~ acetate and phosphoric acid -
dihydrogen phosphate buffers, the lowering of the second
order rate constants was a function of the moiecular acid
concentration (Tables V and VI), The magnitude of this
effect lncreased as the icnlzation constant of the sacid
component of the buffer system became largef,

When phosphoric acid « dihydrogen phosphate
buffers were used, the rate plots displayed a pronounced
curvature after 50% reaction. Figure 2B shows a run at
2 phosphoric acid concentration of 0,00125 moles/l. The
slope becomes noticeable after 1 1/2 hours., Thus, rate
constants were calculated from initlal slopes in these
runs, Thls curvature could possibly be due to cleavage
of diphenylmercury by molecular phosphoric acid., Corwin
and Kaufmanll have measured the rate of cleavage of
diphenylmercury with acetic acid in dioxane at 42° ¢,

Reb‘roﬁd‘u'ced with permission of the copyright owner. Further reproduction prohibited without permission.




TABLE IV

SECOKD ORDER RATE CONSTANTS, kobs, IN AQUEOUS ETHANOL,

11

A = o0l

Run NaHpPO) ﬁ “pHE" Zb 8, TZob s;.w
L2 0.0100 0,0025 699 3.69 0,287
27 0,006 04006 757 5.53 0153
374 0.006 0,012 7.88 5e52 0,181
378 oqooé 0,012 7.88 5.71 04175
264 0,003 0,003 7«57 8,22 0e122
268 0,003 0.003 T.57 842 0,119
26C 0.003 0,003 757 8,04 00124
384 0,003 0,006 788 9.10 00109
38B 0.003 o.ooé 738 8e7h 0,124
394 0,003 0,012 841l 8652 04117
39B 0,003 0,012 8elly 8e37 0.119
3lA 0,002 0,002 7457 10,2 0,0980
34B 0,002 0,002 Te57 5659 0e10L
354 0.0012 0,008 8.1l 12,2 040819
35B 0.0012 00048 Ba1l 1343 0.,0751
294 0.001 0,001 7457 10 0,071l
29B 04001 0,001 757 13,1 0,0763
Lo 0,0006 0,002 81l 15,2 0.0658
30 040005 0.0005 Te57 15,0 0.0667
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VALUES OF k,pg, FCR ACETATE BUFFERS IN "LO%" AQUEOUS ETHANOL,

L. = o0l
[ HoAe]X103 {¥alic]X103
Run mOIGS/lo :”'3185/1. "pH" kobs. l/kobs.
I 10.0 10,0 5e37 1,38 0,72l
L6 7450 7450 5637 1.86 0.538
L5 £.00 el 5637 2.6 0.407
L7 2,50 2,50 5.37 4436 0.229
TAZLE VI
"‘..:.-:".‘:S CF kobs °
FOR PHOSPECRIC 4717 - DIEYDROGEN PHOSPHATE BUFFERS,
,‘l"v = 'QLL‘
[E3P0,]X103  ¥aZzFo,]X103 -
Run moles/1, moles/1, "pHE" kobs, 1/Kobs
53 1.50 G400 3.76 1,01 0990
Su 1025 720 3076 1.37 0730
49 1,00 Le00 360 1,55 0o 645
50 1,00 §.0G 3.93 1.59 0,628
51 0650 2.00 30,60 3413 06319
52 0.50 L 400 3493 2,68 0.373

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



The reported rate constant is 2,05 X 10'usec"1. In order
to test this hypothesis the opticel density of a solution
of diphenylmercury in the presence of phosphoric acid was
measured as a function of time, The results are tabulated
in Table VII. The progressive decrease in optical denslty
with time indicates that acid cleavage of the product is

probably the cause of the sloping rate plots,

TABLE VII
RATE OF CHANGE OF OPTICAL DENSITY OF DIPHENYLMERCURY
IN THE PRESENCE OF PHOSPHORIC ACID IN "LO%" AQUEOUS ETHANOL.

B e

Diphenylmercury 3.217X10'5M., phosphoric acid
1X10-3M,, sodium dihydrogen phosphate LX10-=3M,

Time (hours) Optical Density
0 00802
3 0,780
6 0s762
22 0,567

Diphenylmercury 3.217X10'5M°, phosphoric acid
1X10=3M., sodium dihydrogen phosphate 8X10=3M,

Time (hours) Optical Density
0 0.780
| 0,760
0,750
22 0,650

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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E. The effect of pHe In carbonate buffers the rete

was independent of buffer conéentration but decresased with
increasing pH above pH 10. The‘disgppearance of a rate
dependence upon molecular acid concentration in this case

is not surprising since the magnitude of this effect has

been shown to be a function of the pKy of the acid (Tables IV,
V and VI), Carbonlec acid 1s apparently too weak to produce

a significant inhibitlion of the reaction rate. The pH

effect suggests that a term which involves benzeneborcnate
anion, ¢B(OH)3', mey make an importent contribution to the
rate expression at high pH velues. These results are

summarized 1n Table VIII,

‘ TABLE VIII
VALUES OF Kgopg, FOR CARBONATE BUFFERS IN "Lo%" AQUEOUS ETHANOL,

AL = 015.
[NaHCO31X102  [NapC03]1X102 log  log
Ry 1 1e 1 1. no gt Kkt '-1-1(—
un moles/ moles/ P Kobs, Kobs, Yoba
63 0603 0401 10410 5,76 0,760 04330
ely 0.03 0,03 10,53 2436 04373 0.62Y4
65 0.01 0403 10,56 1,13 0,0531 1,18

#See page 24 for definition of k',

Fo Development of the rate expression, Organomercuric

salts are known to hydrolyze in agqueous solution with the
formation of the corresponding weakly lonlzed organomercuric

hydroxides.33 This hydrolysis causes aqueous solutions of

R.’epr(;duced with‘ permission of the copyright owner. Further reproduction prohibited without permission.
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these salts to be somewhat acldic, The various equilibria
which result when phenylmercuric salts are dlssclved i1n

aguecus solvents are represented below:

Kj
OHgX ——¢Hgt + X~ (1)
K2 +
¢Hgt + 2Ho0 ——=0HgOH + H30 (2)
K3
HX + HpO ==-—>H30% + X- (3)

The equllibrium constants may be expressed as follows,
essuming that water is in constant active mass and may be

neglected:

Ky = [4Hg")[X") (1)
L ¢Hgx!
Ko = [ $HgOH][ H30%] (5)
[ ¢Hg*]
K3 = [H30'J[X7] (6)
[ BX]

The equilibrium which involves formatlon of benzene=-

boronate anion is represented in equations (7) and (8):

Ky

¢B(0H)2 + 2Hp0 —>¢B(O0H)3™ + H30" (7)
K), = [¢B(0H)3"1[H30"] (8)
[0B(0H)2]

Interaction between benzeneboronic acid and phenylmercuric

hydroxide may also glve rise to the following equilibrium:
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9B(0H)2 + dHgOH T=§ - B=-

OH

OH H
]
ote Hg - ¢ (9)

1

17

Consideration of the above equilibria permits a

designation of QHgX, QHg*, OHgOHo* and QHgOH as the possible

electrophilic agents and ¢B(OH)p or ¢B(0H)3~ as the possible

substrates.

In order to distinguish among the potentisl

pairs of reactants it becomes necessary to develop a rate

expresslion which willl incorporate all of the equilibria eand

to determine whether the expression is consistent with the

experimental data,

The transition state may arise from any of the

combinatlions listed below (Mechanisms A through I):

A,
B

Ce

D.

Ee
He
Ge
He
Ie

¢Hg™ + §B(OH)3~

ka

¢HgoHo* + ¢B(OH) 3™
QHgOH + §B(CH),

kg

kg

H OH

Kg
QHgOH + (B(OH), —=Hg-

¢HgX + ¢B(0H)p

% 1
0t =B==(
1

OH

B I

¢HgX + ¢B(OH)3"™

0HgOH + ¢B(0H)3'

bug* + ¢B(oH),

¢EgOH," + ¢B(0H)p

Transition!

State
|
v

Products

Rébroduced with permission of the copyright owner. Further reproduction prohibited without permission.



18

In the following analysis, each of the posslble
mechanisms is considered separately. Symbols to be used
include the following:

[0HgX] g = stoichiometrlic mercurial

[ ¢HgX]
[BBA]

phenylmercufic salt

stoichiometric benzenseboronic acid

[BBA] = free benzeneboronic acld

(BA]
( HX]

benzeneboronate anion, [$B(OH);"]

molecular acid
kobs. = observed rate constant

The stoichiometric concentrations of benzeneborconic

acld and mercurial can be expressed in terms of the individusl

specles:
[0HgX]g = [¢HgX] + [¢HgOH] + [0Hg*] (10)
[BBAlg = [BBA] + [BA] (11)

3ince the reaction has been shown to be first order
in stoichiometric benzeneboronic acid and stcichiometric
mercurial, equation (12) may be written:
v = kopg [ $HgX] [ BBA]g (12)
According to Mechanism A, phenylmercuric ion attscks
benzeneboronate anion in the rate determining step. Thus:
v = k[ $Hg+][BA] (13)
We can express equations (10) and (11) in terms of

the appropriate equilibrium constants:

(HgX]g = [¢Hg+][X~] + Ko[ GHg+] + [ QHg*] (1)
K1 ( B30%]
[0HgX]g =|[X~=] + K> + 1) [$Hg*] (15)

‘K3 [H30%]

| Rébrédﬁcéd with permission of the copyright owner. Further reproduction prohibited without permission.
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[BBAlg = [BA}[H30*] + [BA] (16)
Ry
[BBAlg = [H30%] + 1 ([BA] (17)
KL
Combining equations (12), (15) and (17):
v = kops, [[E30*]1[X"] + K2 + [H30%] + [X~7] + K2 + 1\[BA][®Hg+}
K1K), K}, ), K1 [H30*] (18)

Substituting from equation (6) into the first term in

brackets of (18):

v = kobs, (X3 [FEX] + Kg + [E30%] + [X"] +Kg___ + 1>[BA1£¢H3+1
\K1Ky Ky Ky K1 [H30%] (19)

The ionization constant of (HgOH, K¢, is

Ke = (¢Hg 1 0E") (20)
[ 9HgOH]

-

Equation (5) can be represented in terms of Kg:

Kz = Ky | (21)
A

Equation (19) now becomes:

V= kopg, (K3 [EX] + Ky + [H30™] + [X7] + Ky + 9[¢Hg+]{BA]
K1Kl, KL K6 Kl K1  Kg[ H30%) (22)

Since K, Kh and K, have been measured in water, it
becomes possible to estimste the relative magnitudes of the
terms in equation {(22). The values of pK), and pKg in water

are 8,7 and 10 respecﬁively.al'zs Thus the magnitude of the
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fraction Ky/K)K6 must be greater than 104 since the value
of this fraction should be somewhat larger in aqueous ethanol
than in pure water, Then, below pH 8, K“/KMK6>KW/K6[H3O+] + 1,
Furthermore, above pH l, Ky/KyK6 = Kg/K&)[H3O+]/Ku, Finallj:
K3l HX] /K3Ky = [H30+][X‘]/K1Ku>[x"]/!{1 when [H30"]>K), that
1s below pH 10,

Applying these assumptions in the pH range L to 8,

equation (22) reduces to the expression which is illustrated

below.
v = Koba, (K3 [HEX] + Ky \[¢Hg*1[BA] (23)
KK}, KLK6

Comblning equations (13) and (23) we have:

koba, (K3 [BX] + Kg = ka (244)
K1K), KL K6 i
or
1 = 3; K§ [EX] + Ky )z Ky + K3[ HX] (25)
Kobs.  ka\KiKy KuKe/ kpKpKe  kpKiK)

Equation (25) predicts that a plot of 1/kgpsg, Versus
[HX] should give a straight line of slope K3/kpK1K) and
intercept Ky/kpKjK¢e In order to test the validity of
equation (25), plots of 1/kops, versus [HX] were made for
sach buffer system which was used. Figure 3 demonstrates
that linearity ia observed over a ten-~fold change in molecular
acid concentration for dihydrogen phosphate ion, acetic acid

and phosphoric acid. The common intercept of the three lines
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is consistent with equation (25). The slopes of the lines
in Figure 3 increase as the ionization constent of the acid
'1n the buffer system increases. In terms of equation (25)
this would indicate that the fraction K3/Kj increased as
K3 became larger. The values of the slopes of the lines

In Figure 3 are listed in Table IX,

TABIE IX
VALUES OF THE SLOPES FOR PLOTS OF 1/kops, vSe [HX]e.

Acid Slope o
HpPO), = 17.8
HOAc 67.1
H3PO), 578.0

It is interesting to note that the intercept for the
phosphoric acid runs in Flgure 3 colncides with those for
the two other buffer systems, This implies, according to
equation (22), that Ky/K)\Ke)[H30"]/Kj even slightly below
pH I (see Table VI); If thls were not trus, a pH dependence
at zero buffer concentration would be demonstrated by a change
in the 1ntercept for phosphoric acid. It is not improbable
that the value of K,/Kg, which is reported to be 10-4 in
water, becomes larger in "LOZ" aqueous ethanol. This point

- must remain a speculative one, however, because of the
uncertainty of the absolute hydronium ion concentration

in water=slcohol mixtures.

As the concentration of hydronium ion is decreased, the

e,
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term Kw/Ké[E30+] increases in magnitudes Thereforse,
equation (22) predicts that the molecular acid dependence
should disappear in favor of a dependence upon hydronium
lon when Ky/XslZ30*]DK3[HX]/K1K4e The results with
carbonate buffers substantiate this prediction (Table VIII),
Above pH 10, tie rate 1s independent of molecular acild
concentraticn, ouv decreases with increasing pH. Applying

this essumption at nigh pH values, equation (22) may be

transformed ints (23%):
v = Kopg, By + Ky \ [ OHg*1[BA] (26)

X,Ke  Ke[H307])

v = kobs, ‘Ew  t+ KuKj \ [ 0Hg*1[BA] (27)
ELKe  KpKe[ H30%])

v = Kobg,Ew 'l + Kl \[¢Hg*}[BA] (28)
SR-T [H30*]/

Combining ecustiocnz {(13) and (28) we have:

ky = Kobs Kw) + Ky | (29)
ELKg {H30*]/

MAELES = 2 = Kl (30)

Eobs,Kw [ H30%]

Taking tkhe log of both sides:

log ksEyEs = 1 = log Kij = log [ H30*) (31)
Eobs ¢Ew /
log ksEjKg - 1\ = pH - pK)j (32)

:kobs.Kw /
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Referring to egquation (25), note that the fraction
kaK)K6/Kyw Lis the reciprocal of the common intercept of the
1inesiin Figure 3. If this fraction is called kt', for the
purpose of simplicity, equation (32) becomes:

log!E:___.- ) = pH = pK} (33)
\Kobs,

The validity of eguation (33) was examined by
plotting log(k[/kobs, - 1) versus pH, Inspection of
Figure L reveals that the points fall on a line which
is drawn with the required unit slope. Equation (33)
predicts that Kopg, wWill be essentlially independent of
pH when t he concentraticn of hydronium ion greatly exceeds
the value of K, in other words, when pKh>>pH, As the
fraction K) /[E30*] approaches zero, kobg, approaches k!
as a limit, Thus the absence of a pH effect below pH 8
becomes reasonsble, Furthermore, according to equation (33),
Ku/[H3O+] should be unity when k' = 2 kgps, Thls occurs
in Figure Iy, at pH 9,80 giving a value for the pKg of
benzeneboronic acid of 9,80, Excellent egreement exists
between this value and the values obtained by two other
methods described belowe ‘

The lonlzation constant, Kls for benzeneboronic acid
was determined potentiometrically in "LO%" aqueous ethanol
at ionic strength 0,15 (Figure 5). The pH value at the
half-equivalence point was 9,82,

In order to check this value, a spectrophotometric

determination of Kh was made., The variation in the molar
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Plgurs its  loglk!/kopg,~1) versus pH

[ ]

©
.-
!

-

[

-
N
[

l o (/' mad
=4 O@ e O
L]
v
&)
£ Qotr =
‘ 2
2
S 0 ;
p--1
o
. .
(-:; (_;"o o
poas
9]
oo
~0s o

S
i r_

“":’eé r"‘

i I | {
S8 1G.0 LGl 11,0
oH

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



27

extinction of benzeneboronic acid with pE is shown in
Figure 6, Equation (34) was used to calculate K|, where
EXN and € N' refer to the molar extinctions of benzene=
borcnic acid and benzeneboronate anion respectively:

pH = pKy + log £ - £ XN (34)

EXN- EX

The agreement among the calculated values ol K| 1s
demonstrated in Tuble X. The mean value of Ka as determined

by this method 1is 9,85%0,02.

TABLE X
SPECTROPHOTOMETRIC DETERMINATICN OF Kg FOR BENZENEBORONIC
ACID IN "4O%" AQUEOUS ETHANOL, Ac¢ = +15, A = 225mu,

"pH" - log £ — pKg -
3.95 30685

9el45 3.580 9,88
9469 3.53L G691
9.82 36468 9482
10,10 30389 5,87
10.53 3,166 ’ 9463
10,96 34107 9480
11,35 - 3,071 9486
11,80 3.020

The above treatment demonstrates that Mechanism A is

cpmpatible with the experimental data throughout the entire
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pH region which was studled, The composite expression for

Kohg, over this region 1s illustrated below:

1 = ALHX] + B[l + K) \‘) (35)
kObS. [H30+]/
whereA=K§ and B = Ky =1
KAKIK], kAKLKE Kkt

It now becomes necessary to apply e similar trestment
to the other possible mechanisms in order to determine
which are kinetically indistingulshable from Mechanism 4,
Mechanism B differs from A only by the presence of &
molecule of water attached to mercury in the transition
state, This ﬁ§aration of phenylmercurlc ion can be expressed

simply by equation (36):

Ky = [QHgOHR*T (

36)
[ ¢Hg*]
The rate expression for Mechanliasm B is:
v = kgl ¢HgOH2*][BA] (37)
Combining equations (23) and (36) and omitting the
terms wnich have been shown to be negligible:
v = Kops, (K3 . [HX] + Ky + Kyg )[Q)HgOHa*]{BA)
\K1KLK7 K\ K6K7 K6K7[ H30%] (38)
1 = K3 [HEX] + Ky + Ky (39)
Kobs, kBK1K), K7 kpKjKeK7  kBKeK7([ H307]
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Equation (39) has the general form of equation (35)

where A = K3 and B = Ky
kBK1KLK7 kBK K6K?

Therefore, Mechanisms A and B are indistinguilshable,
Mechanism C describes a rate-~determining attack of
phenylmercuric hydroxide upon benzeneboronic acid,.
Therefors,
v = kgl ¢HgOH][ ¢B(0H)2] : (4o)

If we divide equation (8) by (5), we obtain:

K2 = [QHgOHI[9B(0H)2] = Ky (41)
Kl [¢Hg*]1(BA] KLK6

Substitution in equation (22) gives:

v = kobs, [K3K6[HX] + 1 + K6[H30*] + KLK6[X=] + Kl I que\x
K1Ky Kw K1Kw [H30¥]  Ku/
[ ¢HgOH] [ §B(0H) 5] (42)

Since equation (42) resulted from multiplication of each
term in equation (22) by e constant, K}K¢/Ky, the same
inequalities as were applicable to Mechanism A will hold

and equation (142) becomes:

v = kobs,[K3Kg[HX] + 1 + K [ ¢HgOH] [ ¢B(0H) ] (43)
K1Ky [ H30%]

We can now substitute equation (40) and obtain:

1 = K3K¢ [HX] + 1 + KY (Ll )

Kobs, kcKiKy [ kgl H30%]
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Again the requirements of equation (35) are fulfilled

where A = KzKe and B = i_
kcKiKw ke

and Mechanism C becomes écceptable.

In Mechanism D there 18 a pre~equilibrium involving
phenylmercuric hydroxide and benzeneboronic acid followed
by a slow intremolecular resaction to give products. The
transitory intermediate which is presented may exist in
the form of an lon~palr, The equilibrium COnstant, Kg, 1is

shown below:

OH H
1 '
] [¢ - B=- 0 - Hg - ¢]
Kg = oH (Ls)
‘ [ ¢HgOH] [ ¢B(0H) 2]
The rate expression is:
OH H
t t
v = kpl¢ - B O* - Hg = ¢] (Lu6)
OH

Substitution of equation (45) into equation (43) produces:

oH H
L] 1
v = Kobs, /K3K6 [HX] + 1 +K) (¢ - 1'3"'~ 0*= Hg - ¢1] (47)
\KleKw K5  Kg[H30%] OH

and further substitution of equation (46):

1 = K3K¢ [HX] + 1 + Ky (L8)
Kobs, KDK1KSKy kpKs  kpKs[ H30%] .
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Reference to equation (35) shows

A = K3Kg and B = 1
kDK1KERy kpKg

We now have four mechanisms (A through D) which fit
the experimental data according to the rate expression
whlch has been derived.

Mechanlisms E and F denote the phenylmercuric salt as
the electrophilic speciles In a reaction with free benzene-
toronle acld and benzeneboronate anlion respectively.

Equation (49) is derived by multiplication of
equations (4) and (5):

KKz = [ ¢HgOH][ H30*][X~] (L9)
[ ¢HgX]

Solving for [(¢HgOH] and substituting in equation (L3):

v = kobs,(mﬂ3o+nx-} 1+ K, )[¢HgX][¢B(OH)2] (50)
\ K1Ky (H30%]/ [Hz0*}[xX~]
or
vV = Kobs. K6 + 1 + K, [$HeX1[$B(0H)2]  (51)
KiKy  [H30*1[X~] [H30t]2[X~]
Since:
v = kgl ¢HgX]1[ ¢B(0H) 2] (52)
Then:
1 = K¢ + 1 + Ky (53)

kobs, kpKiKy  kp[H30*](X~]  kg[H30*] [X~]
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This mechanism can bé re jected since equation (53) predicts
a rate increase with increasing molecular acid concentratibn,
an effect opposite to that which is observed, It also
predicts an increase in rate with inocreasing H30+ {l1ast term)
which 1s not observed.

A similar derivetion follows for Mechanism F, employing
equations (8) and (51):

v = kobs./Ké +1 + Ky )[¢ng][¢B(OH)3~][Hgo+]
\K1Kyw  [H30%)[X~"]  [H30%]12[x"] Kl
(54)
v = Koy, (KelH30*] + 1 ,1 ) | (55)
\ K1KyKy Kplx~1  (H30%1({x"]/
v = kg( 0HgX][ ¢B(0H)3™] (56)
1 = K¢ [H30%] + 1 + 1 (57)

Koba,  KpK1KwK) kpKR[X~1  kp{H30*][X~]

According to equation (57) there can be no inhibition by
molecular acid.' Furthermore, a decrease in rate with
increasing hydronium ion concentration is to be expected
when [H30"]™Kj o This behavior 1s not observed, and
Mechanism F becomes unacceptable,

For Mechanism G:

v = kgl ¢HgOH] [ OB(0H)3~] (58)
Combination of equations (43) and (8) yields:

v = kobs.(Ké[H3O+][X’] + 1+ K, [ H30*1[ 0B(0H)31[ $HgOH]
K1Ky [H30%] Kl ‘
: (59)
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L T

ersted =7y Zyironium ion concentration, This is clearly not
the ¢&se, Trmuz, Machanisms H and I are ruled oute.

- -_

. = 7es:zt of substituents on benzeneboronic acid,

Prelimize—T sxzeriments indicatsd that several substituted
Al pwran™ o a2 ® P 3 " H
¢ilervimer:orial: wars inscluble in "JO%" aqueous ethanol

sc T2 sxtans o7 less than 10-5 molar, Therefore, the

sciveDt wzs zzznzsd to "S50%" aqueous ethanol for the

gussTlTisnt minms,
TABLE XTI
vALCES LT £-wg, -COR THE REACTION OF BASIC PHENYLMERCURIC
TEE I ATR WITH SUBSTITUTED BENZENEBCRONIC ACIDS
¥ "53%" AQUEOUS ETHANOL AT 25,0° ¢,

_ _ | Kobse.
Rz 3:tstituent l.mol=lsec~1 log k/ko
7C =z 797 0
7z z=C0CEx 103.3 1,06
e 2= 28,7 0.448
7t =7 8,32 0.019
7¢ =<l 2e9h ~0a433
7E n=F 2070 -0 70
"(7',‘__ :‘:‘_’-.-;:1,,12 O,h29 -1.27

-rgzescticn of Table XI revesls that eleétron-releasing
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substituents on tre boronic acid component increase the
reaction rate., These results are consistent with an
electrophilic ettack on the boroniec aclid by mercury since
such an attack will ve favorsd by a high electron density
on the ring carton, The small magnitude of this effect

is somewhat surprising; slectrophilic aromatic substitution
reactions are usually much more sensitive to electronic
effectes transmitted tc the reaction center,

A plot c? log ¥/%g vs. Hammett!s sigma constantslO
is shown in Figure 7. ILac¥ of a good correlation 1is
apparent since ootn the p-methoxy and p~tolyl points lie
above the line, Elsctrun=-releasing groups often exhibit
this behavicor wrten lcocsted in a position para tc the seat
of electropnilic substituticn. The effect has been
attributed to rescnance stabilization of an electron
deficlient trensiticn state leading to a sigma complex

q

[equation {c&)l,

i
¥ X N X' Y , Y \(
+ L e : o
X 4 7 ey Yy >
Y NNy
z ' Z ®z L .

TRANSITION STATE

1
i

Brown andé Okemotol have corrected the Hammett
substituent ccnstents for this added resonance stabiliza=-
tion and have given them the designation, Uﬁ} hereafter

called "sigma-plus,” In Figure 8 log k/ko 1s plotted
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against Brown'!s sigme-plus constants. The points approxi-
mate a linear relationship although a possible curved
trend is discernible for the para groups (€ = =1,62,

8 = 0,147, r = 0.983)e The small value of P suggests

that a pre~-equilibrium may be involved before the rate=-
determining step in the reaction with opposite elsctron
demands,

Recently, Yukawa and Tsuno32535,36 pave investi-
gated the general applicabllity of the sigma-plus constants.
Thelr study of the decomposition of substituted< -~diazo=
acetophenones in acetic acid at L0° C, revealed that a
better linear correlation was observed by using sigmsa-
plus than sigma. However, they noted that all of the
points for the para substituents in the sigma-plus plot
fell below the "meta" line, This was attributed to the
possible lesser avallablility of transition state resonancs
of this reaction than of that described on the basis of
sigma~-plus, Further examples were cited in which the
resonance effect appeared to be less effective than
described by Brown and Okamoto's sigma-plus. Among those
ars the solvolysils of neophyl brosylates,12 the Beclkmann
rearrangement of acetophenone oxime picryl ethers,lB
the Beckmann rearrangement of acetophenonoximes,27 Diels~
Alder reaction of l~phenylel,3«butadienes with maleiec

anh.ydride8

and acid~catalyzed rearrangement of vhenyle~
propenylcarbinols.Z On the other hand, in the brominolysis

of benzeneboronic acid523 the contribution of transition
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state resonance appears greater than predicted oy sigma-
pluse. On the basis of this evidence Yukaws and Tsuno
proposed that a unigue set of sigma=plus velues was not
sufficient to correlate all reactions which ;nvolve
electron deficlent transition states where rescnance
stabilization is possible., Furthermore, & mcdifisd
Hammett equation was developed which mignt correlsts
electrophlilic reactions in general:

"log k/ky = (G + rasg’) (67)
where r 1s a reaction constant describing trhe degree of
transition state resonance or measuring ths magnizude of

~

positive charge to be necessarily stabiliged st tihe transi-

L74]

e

ot

ion state, and ASR+ which corresponds tc a proper of

0t -0 1is a substituent constant suggesting the rescrating

capacity of substituent,"35 The value of r remains constant

in a reactlon series, but 1s a varilable of reactlcaus,
Thirty-five reactions have been cocrrelsted o7 the

relationshlp expressed in equation (€7). Acccrding to

the results, "r" varles over a wide range frcm 0.2 to 2.3

-

with respect to the change in reaction, snd rhc ranges
from ~12,0 to 0obe The authors explain the success of
Brown and Ckamoto's eguation by indicating that mcst of
the reactions in the literature have "r" values of 0,7
to 1.3

In Figure 8A the data for the reaction of basie
phenylmercuric perch;orate with substituted benzeneboronic

acids 1s plotted against O + 0.608A63+, The value of "p",
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0.£08, was calculated from the p-methoxy, p~tolyl, p~fluoro
and p-chloro points, using the rho value for the "meta"

line of -2.0L. A better correlation 1s obtained than

when the sigma~plus constants are used (° = -1,81, 3 = 0,10,
= 0.392).

According to Yukawa and Tsuno's postulation, this may
mean thet tnere is a lesser degree of resonance stabilization
in the trensition state for this reactlon than for Brown's
refersnce rsection, If this line of reasoning were correct,
use of the sigma-~plus constants would result 1in an over-
compensetion for the resonance effect.

¥, Effect of substituents on the mercurial, The

ebsence of & pH effect below pH 8 has been shown in Figure 3.
A further substantiation of this fact was obtained by com=-
paring the rates of phenylmercuric hydroxide and basic
phenylmercuric perchlorate with benzeneboronic acid in

"E0%" ecueous etnanol (Table XII). Therefore, arylmercuric

TABLE XII

HYDROXIDE IN "50%" AQUEOUS ETHANOL.

Eun Mercurisl Kobs .
704 basic perchlorate Te72
7CB basic perchlorate B8e22
TTA hydroxide 8430
77B hydroxide 8,10
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hydroxides were employed in the substituent work. A4 study
of the reaction was made with various substituted aryl-
mercuric hydroxides and acetates to determine the effect
of changing the electrophilicity of the attacking reagent
by verlation of substituents. Wherever possible, ratfes
were measured as e funcilon of moleculaer sascetic acid
concentraticn and valueg of the slopes from plots of
1/kobs, VSe _[Z0Ac] wers determined,

Values of kgpg, for the reaction of phenylmercuric
acetate with: benzeneboronic acld at various acetic acid
concentretions ars given in Table XIII, A similar set
of runs using p-tolylmercuric acetate and benzeneboronic
acld are listed in Table XIV. A comparison of the plots
of 1/kobs., VSe [ HCAc] is made in Figure 9. Linearity
is observed in each plot throughout the region studied,
It is interesting to note that the two lines have &
cormon Iintercept and show only a slight variation in
slope. Teable XV shows & set of runs with p-tolylmercuric
acetate and p=tolueneboronic acid at various acetic acid
concentraticns, A plol of the data 1s shown in Figure 10.
These results are summarized in Table XVI where the
slopes and intercspts of the lines in Figures 9 and 10

are listed for sach set of runs.

Rate constants at zero acetic acid concentrstion

were obtained from extrapolation of the plots in Figures 9
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TABLE XIII
VALUES OF kKopg, FOR THE REACTION OF PHENYLMERCURIC ACETATE
WITH BENZENEBORONIC ACID IN "50%" AQUEOUS ETHANOL
IN THE PRESENCE OF ACETIC ACID.

[ BOAc] X104 ' Kobs.

Run moles/lo 1l.mol~lgec~1 1/%obs,
80 | 717 3065 00274
81 o3k 2,20 0.1455
82 21.51 1,49 0,671
83 28,68 1.20 0,833

TABLE XIV

VALUES OF Kobg, FOR THE REACTION OF p-TOLYLMERCURIC ACETATE
WITH BENZENEBORONIC ACID IN "50%" AQUEOUS ETHANOL
IN THE PRESENCE OF ACETIC ACID,

ﬁ

[ HoAc]X10k Kobs,

Run moles/1, lemol=lsec~1 1/Kobs,
8l 24369 6,08 0,164
85 8e3L 3,56 0,281
86 956 3a34 0299
87 16473 2451 04399
88 2390 2420 0.455
89 25.02 1,84 0.543
90 33.36 1,62 0.617

Repr;)duced with permission of the copyright owner. Further reproduction prohibited without permission.



L6

TABLE XV
. FOR THE REACTION OF p~-TOLYLMERCURIC ACETATE
v-TZ p~TOLUENEBORONIC ACID IN "co" AQUEOUS ETHANOL IN THE
PRESENCE OF ACETIC ACID.

o e o ——

[ HOAc}X10L Kobs,

Tum moles/le l.mol=lsec=1  1/kobs,
2z 2,78 25¢9 0.0386
33 11,12 13.4 0e0T7hE
3 19.46 9497 0,102
=5 27.60 7.02 0,142

TABLE XVI

THE EFFECT OF A p-CH3 SUBSTITUENT UFON A AND B
FOR THE REACTION OF PHENYLMERCURIC ACETATE
WITH BENZENEBORONIC ACID IN THE PRESENCE OF
TEIZES3 ACETIC ACID IN "50%" AQUECUS ETHANOL AT 25.0°,
1/kobg, = ALHX] + B

e e e it — L
Zzizstituant on Substituent on
Zeronie Acid Mercurial A B
= p-CH3 183 04130
= H 209 0e130
2-CHy P-CH3 277 0,025
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and 10, These rate constants are keopg, for the substituted
arylmercuric hydroxides assuming complete hydrolysis of the
arylmercuric acetates at infinite dilution, The extra~
polated rate constasnt for the reaction of phenylmercuric
ecetate with benzeneboronic acid is 8,00, This wvalue 1is in
excellent asgreement witnh those obtained by using the hydroxide
or basic percnliorats in toe absence of acetic acid (Table XII,
Pe 42)e The value of kgpg, for the reaction of p-tolylmercuric
hydroxide with m=nitrobenzeneborcnic acid was obtained by
using the free nydroxide,

Teble XVI indicates that a p-CH3 substituent on the
mercurial has virtually no effect upon the value of the
slope (A) or intercept (B) in equation (35), Furthermore,
e p~-CH3 substituent on the boronic acid lowers both the
slope and intercept by the same degree.

In terms ¢ tte rate expression which applies to
Mechanisms 4 through D, this implies that a substituent
en the mercuriel hes a similar effect upon Ky and Kg
[equations (25), (35), (L4) and (48); pp. 20, 29, 30, 31],
Also, this effect must be similar in magnitude and opposite
in direction to tne effect upon k, the speciflic reacticn
rate constant. Consequently, a p-CH3 group on the mercurial
produces no rotlceabls effect upon the observed rate constant,
Substlitution of a p=CH3 group into the substrate should tend
to diminishk K| but increass the specific reaction rate
constants ky and kg in reference to Mechanisms A and Be

The results suggest that the latter effect must be greatbr
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than the former, Nevertheless, these Qpposing influences
could explain the small value of © which is observed in
Figure 8, A similar explanation can be used in reference
to Mechenism D by a consideration of the opposite electronic
demends of Kg and kpe The rate expression for Mechanlsm C
[equation (Lh4), pe 30] implies that kg = kobsg, at zero
buffer concentration. Since phenylmercuric hydroxide
should be a weak electrophlile and quite selective, a
simple transition state which involved bond formation
between mercury and carbon would be improbable in view

of the small value of rho., However, a simultaneous attack
Ey O0Xygen on boron and mercury on carbon could explain

the low selectivity which 1s observed,

A comparison of the effect of substituent variation
on benzeneboronic acid with several substituted phenyl=-
mercuric hydroxides 1s made in Table XVII., It 1s note-~
worthy that a change in substituent on the mercurial from
p-CH3 to m=NO2 produces no variation in the observed rate
constant when the substrate 1s benzeneboronic scide This
strengthens the argument which has been proposed previously,
The electronic demand of a pre~equilibrium involving the
mercurial 1s opposite to that of the rate determining step.
These opposing effects tend to cancel one ancther. On
the other hand, when the substrate is p-tolylboroniec acid,
electron~-withdrawing groups on the electrophile serve to
produce a sllight decrease 1n reaction rate, Most likely
the unique behavior of this substrate can be attributed
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TABLE XVII
VALUE OF kKobs, FOR THE REACTION OF SUBSTITUTED
BENZENEBORONIC ACIDS WITH SUBSTITUTED PHENYLMERCURIC HYDROXIDES
IN "50%" AQUEOUS ETHANOL AT 25.0° C,.

v ¥ ,\ !‘(
,“, N S . N i /%—s\'u\ R — /_,/ "'"{“.\ - :/’—‘\\ - - S
Y X = p~CH3 X = H X = m-KO2
Kobs, Kobse Kobs,
l.mol=1 log l,mol-1 log lemol=-1l log
sec~1l k/kq sec~l k/ko  sse=1 k/ko
H 8¢00 0 Te97 0 8489 0
p-CH3 38.5 0,682 28,7 0,557 20.1 0.354
E"’F 2070 —00433 19&8 -‘00780
E"Noz 00392 -1931 0;11.29 "'1927

to varying degrees of resonance stabllization in the
transition state. Because of the small rate diffsrences
which were observed with p=toluenseboronic sacid, it would
be interesting to study the reactivity of p~uethoxybenzene=
boronic acid with different mercurials. The insolubility
of (p-methoxyphenyl) m=nitrophenyl mercury and di-p=-methoxy=-
phenyl mercury in "50%" agueous ethanol made this extension
impossible in this solvent.

The rate plots involving m-nitrophenylmercuric

hydroxide sloped downward toward the end of the reaction,
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An exemple of this slope is shown in Flgure 11 with
benzeneboronic acid. The rate constents in these runs
were calculated from initial slopes.

A study was made of the effect of acetic acid upon
the rates of reaction of menitrophenylmercuric acetate
with substituted benzeneboronic aclds. Agaein it was
necessary to determine initial slopes because of the
fall-off in rate toward the end of the reaction. The
date in Table XVIII suggest that the rates are relativsly
independent of acetic acid concentration below 10=3 molar
acetic acid, At higher concentrations of acetic acld the
extent of curvature in the rate plots increassd so that

it was impossible to determine rate constants.

TABLE XVIII
VALUES OF kgpg, FOR THE REACTION OF m=NITROPHENYIMERCURI
HYDROXIDES WITH BENZENEBORONIC ACIDS
IN "50%" AQUEOUS ETHANOL IN THE PRESENCE OF ACETIC ACID.

51

C

[ HOAc)x10k Kobs .

Run Substituent moles/1. lemol=lsec=1 1/kobs,
97 H 0 8.89 0,112
98 H 24840 8,23 0,121
99 H 5e£80 8.19 0.122

100 n-F 0 1.48 04676

101 m-F 24840 0s629 1.59

102 m-F 5.680 0.553 1.81
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IV, Mechanism,

Although it does not appear possible to distinguish
on purely kinetic evidence among the pairs of reactants
listed in Mechanisms A through D (page 17), substituent
effects can provide valuable information concerning the
transition state, Equation (66)(page 36) describes a
positively charged transition state and the stabllization
produced by substituents which can Interact with the pi
electron system in the ring eand aid in the delocalization
of this charge. Reactions which proceed through such s
transitlion state will not be correlated by the Hammett
equatlion since this relationship does not account for
this added resonance stabilization. The present work
reveals that two sets of data fail to give a Hammett
correlation, namely, the reactions of p=tolylmercuric
hydroxide and phenylmercuric hydroxide. Although the
data for p=tolylmercuric hydroxide 1s correlated by the
sigma-nlus constants propcsed by Brown (Figure 12), the
points for phenylmercurié hydroxide show a possible
deviatlion from lineasrity in a sigma-plus plot (Figure 8).
A better correlation is realized for phenylmercuric
hydroxide (Figure 8A) when the modified Hammett equation
developed by Yukawa is used,

The results indicate three outstanding features of the
reaction: (1) the small negative value of rho which remsins
reasonably constant over a wide range of substituent changes

in the mercurial, (2) the insensltivity of reaction rate to
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s2mssituent variation in the electrophile and (3) the
+=2511ity of cne set of substituent constants to correiate
sl 32 tns data. It may be possible to rationalize this
:z7arent 1y unusual behavior by using an argument whlch has

T32n proposed by Dewar! in a theoretical discussion of the

Tuars oF the transition state In electrophilic aromatic

itution,
Tas transition state may lnvolve a simple electrophilie
:77z222 27 arylmercuric ion upon benzeneboronate ion (I) or

: zimzlzaneous slesctrophilic attack upon carbon and nuclec-
=z li2 attack upon boron (II)e. For purposes of discussion

Z#7 23 assume that the transfer of hydroxlde ion occurs

7l o a rate~determining carbone~mercury bond formation.
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Let us conslder a hypothetical potentiel energy diagram

i1

':7 23 reaction (Figure 14). The curve represents the

-

)

.
‘\

3

(

¢ in potential energy In passing along the reaction

Ve
)

srdinate "Z" for each of the species involved in the
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~ssction, Minima in the curve correspond to the potential

snergies of reactants, intermediates and products (a, ¢, ®©

snd g)s Transition states are shown as maxima along the ]
reaction coordinate (b, d and f)e. The highest point in

+ng curve refers to the transition state in the rate=

sruining step of the reaction. Since the reaction rate

€2
a
ot
4]

1z fzcilitated by electron=-releasing substituents on the
su2strate, it seems likely that "d" is the higher-energy
transiticn state. The difference between the potential

snergy of tiols transltion state and that of the zero=

correctly the dlagram should be in three dimensions
w1z the transition states designated as saddle points
wean two valleyse. The reactants could then approach
t22 transition state in any number of ways along the
12272 of these valleys, However, for our purposes it
will suffice to conslder access to the transition state
i a Two coordinate system, Furthermore, the shaps of .
gact curvs as We have drawn them is arbitrary and is not
iztended to portray the actual situation., We will be
concerned only with relative positions of minimum and
zaximum potential energy and assume thet the changses 1in

entropy wolch determine the shape of the curves will

-

either be constant or negligible for small structure

cnenges in the molecule,
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In Figure 1l the first step 1s an acid base reaction,
a simple transfer of hydroxide lon from mercury to boren.
The zero=-poilnt energies of the free acld and base are
designated by "a" and those of the ions (or lon-pair)
by "b",

If "ag" representa the system benzeneboronic acld
plus phenylmercuric hydroxide, then a change to para-methyl
benzeneboronic acid will lower the curve to "aj"., A

| para-methyl substituent should increass the stability of
the free acid relative to the anlon and therefore lower
"as" relative to "cg" without changing the shape of the
curve., This change in structure will also lower "eg"
relative to "cp" because of the parallel effect of in-
creasing the stebility of the A=~D bond. One would predict
on purely elsctronic grounds-~since a carbon atom in the
ring 18 in closer proximity to the substituent--that the
latter effect would be greater than the former; therefore,
we have given a gresater displacement to "eg" than to "ag",
The resultant Af; 1is smaller than bE,, but the difference
is not as great as would be anticipated if there were no
displacement of "ap". This illustration can serve to
explain how the present reaction system displays such a
small dependence upon substituent variation in the substrate
ring.

Similer considerations are applied to substituent
changes in the electrophile in Figure 1LA, Introduection of

a p-methyl substituent into the mercurial will increase
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the reactivity of the free base in the first step. Thils
is shown in the diagrsm by raising "ep" relative to "cg".
It will also decreasse reasctivity of A* in the second step.
One would expect that these opposing effects would be
nearly equal in magnitude. Resonance stabilization of
the arylmercuric lon would seem unlikely because of the
large size of mercury. '"agp" therefore becomes "as",

The dlagram reveals that AL, is equal to Af£,. Neglecting
entropy effects, the rate for the p-tolyl mercurisl will
equal that of the unsubstituted mercurial with any given
substrate, This type of reasoning can explaln similar
rates of various mercurials with benzensboronic acid,

It 18 impertant to note that, although there 1s no
change 1in the activation energy, Af, with this structure
variation, the transition state "d" moves closer to the
intermediate, "e", by an amount which we will call "A2",
A m-nitro group on the mercurial would transfer the
transition stete closer to resctants in like manner,

We might therefore conclude that the substitution in

the boronlec acid component from m-nitro to p~methoxy

will cause a change in the position of the transition

state from "d," to "dy4" for a given mercurial, The term
"3d," will refer to the unsubstituted acid, Electron-
releasing groups on the mercuriasl will make this shift in
the transition state, df = d¢o + Azy, where Azj is the change

in position of the transition state when a substituent "j"
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is placed in the ring of the electrophlle., Electron-
releasing substituents in the mercurial would cauaelsz
to be positive and electron~-withdrawing substituents
would produce a negative AZ 4. It follows that the more
positive Az 4, the more the transition state will resemble

no_ R
e .«

the pentadienate intermedlate,

If the plcture which we nazve presented is correct,
for electrophilic aromatic substituticon the degree of
resonance stabllization proviced oy & substituent in the
transition state wlll depend upcn thne similarity of this
transition state to the pentaclenste intermediate. The
concept concerning the positicn ¢f tze transition stats
in relation to reactants and products was originally
proposed by Hammond and 1s commonly referred to as the
"Hammond postulate,"ll

It appears likely that tne parzmsver "r" which has
been introduced by Yukaws tc determire substituent constants
i1s analagous to Azj and tells us wzere the transition state
lles elong the reactlon coordinate, wWnen "r" is equel to
unity, the transition state mcéel may rssemble that of the
solvolysis of aryldimethylcarbinyl c-lorides, The reaction
would then be correlated by sigma-plus, If "r" is less
than unity, the transition state cen be said to resemble
reactants more closely. When "r" vecomss zero, it is
possible that no significant bond formation occurs between
the electrophile and ring carvon in ths transition state,

‘The present Ilnvestigation reveals that three different
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setas of substituent constants may te mwcesssery te correlate

all of the data (pp. 39=L2)¢ On tke 8is of tne above

(8]
o

arguments transition states III, IV ex< ¥V =ay 2e postulated

for the different reaction series,
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Supporting evlidence for this vlew ccmss Zrom 2 rscent study

by Dessy® which described the cleavege oI symmstrically
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substituted diarylmercuries. The reactions with Hglp were

shown to be an electrophilic displacement which was correlated

by asilgma. He ccncluded that the transition state resembled

reactants, The cleavage wlth HCl was ccrrelated by a set

of substituent constants which correspond to 0,507 + 0 )
Further studies upon simllar reaction systems may

be instrumental in establishing the gsignificance of the

transition state model in linear free energy relationships,
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EXPERIMENTAL
Te Materials,.

A. Benzeneboronlie acids, All of the boronic aclds

which were used, with the exception of the m=nitrobenzene=
boronic acid, were prepared according to the method of
Bean and Johnson.1 The procedure described by Seaman and
Johnson30 was used to prepare m-nitrobenzeneborcnic acid.

Be Baslic phenylmercuric perchlorate., A solutiocn

containing 5 g« (0,048 moles) of benzeneboronic acid in
200 ml,., of water was added slowly to a solution containing
11 geo (0e05 moles) of mercuric oxide in 100 ml. of agueous
2N perchloric acid, After cooling, the white crystalline
precipitate which formed was flltered and washed several
times with 50 ml. portions of water., The yield before
recrystallization was 90%. The product was recrystallized
from "50%4" aqueous ethanol which was 041N in perchloric
acid. The compound melted at 199-200° and immediately
resolidified. |
Anal, Found: C,21,48; H, 1.92;'Hg, 59.61,

Calcde for C3gH11HE2ClOg: C, 21.45; H, 1.64: Hg, 59e¢71%.

Ce Arylmercuric hydroxides. To 2 g. of the approprists

arylmercuric acetate in "50%" dioxane water was added drop
by drop a 10% sodium hydfoxide solution until the resulting
solution was-decidedly baslc, The sodium hydroxide was
made carbonate-free by dissolving it in an equal weight

of water and filtering through a sintered glass funnel.31
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TABLE XX
SUBSTITUTED PHENYLMERCURIC ACETATES.

68

% BHg %

SuTstizuent M.P, M.,P. Lit, Calc, Found Refe
= 149 149 9458  59.53 34
== 153-155 153 5715  57.38 3L
Z=¥lz 1£7=1€9 —_— 52,56 52.20 __

Zs 2lzrwl mercurlals, To a solution containing
TellLS =clss ¢f the arylmercuric acetaete in 200 ml, of
T_2%7 azuscus stnanol was added drop by drop a solutien
:f 1% carbonate=free sodium hydroxide until the solution
wzs s_1z2tly basice. This solution was then sdded to a

%!

S v e -

Illtzrzd and washed with cold 95% ethanol. The vielcs
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¢id in the same solvent. The solvent was cooled,
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TABLE XXI
SUBSTITUTED DIARYL MERCURIALS,

;ubstituené; % Hg - 4 Hg —
X ¥ Me Po Me P. Lit. Calec. Found Refe
| H 124125 125.5 56e54 56.50 34
I p=CH30  110-140d. 52,13 52470 ~_
Z  p-CHy  140-185d,. 120-155d¢ 5431 54431 16
= p=F 110-115 111-115 53,81 53.86 17
El p~C1 162-200 160=205 £1.55 51,72 1s
3 n=F 107-111 107-111 53.81 5L418 17
= m-NOs>  220~-240d.® 113-115 50,18 50,05 9
33 meNOz  210-235d. L 4L8e48  L8.11 .
D=7 m=NOp  160=-233d, - L8401 4764 —
S CHs 230-231 238 5246 52,80 3L

&This compound softens at 113 but does not melt until 220,

“la Method of Mercury Analysise.

A modification of the method of Koten and AdamsZ20 ywas
used in the analyses for mercury. An 0.1 g. sample of the
mercury compound was welghed out in a 125 ml. Erlenmeyer
Tlask, The sample was decomposed by 10 ml, of 7% fuming
gulfuric acid and 5 ml, of fuming nitrie acid, The flask

was then heated on a hot plate for two hours in order to
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insure decomposition, If this heating was omitted, the
results were lnvariably low. After cooling, 10 ml. of
water was added to tﬁe flask in small portions. A solution
of potassium permenganate was then added drop by drop
until its color persisted for flve minutes. The excess
permanganate was destroyed by adding ferrous sulfate.

To the clear solution waes added one ml, of a saturated
ferric ammonium alum solution. The flask was then cooled
to 5019 and titrated with a standard potassium thiocyanate
sclution., The potassium thlocyanate was standardized
agalnst reagent grade mercury. The preclsion was good to
within 043%. |

ITI. Xinetic Procedure,

All runs were carried out at 25,0 ¥ 0,02° C, An
NBS thermometer was used for celibration.

Stock solutions of each reactant were made up by
welgh.ng out 100 mge samples in paraffin cups which were
emptied into volumetric flasks, Successive dilutions were
made until the proper concentration range was attained.
Appropriate aliguots from standard buffer solutions were
added whenvrequiredg The flasks were then placed in the
bath and allowed to come to reaction temperature. To the
reaction flask was added 25 ml., aliquots of each reactant,
The flask was shaken to insure complete mixing, Small
aliquots were removed at measured time intervals and
transferred to quartz cuvettes, The cuvettes were then

placed in a Beckman DU Spectrophotometer and the optical
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densities of the reaction mixture was recorded, A blank
containing solvent was used for each run,

The optical densities of each reactant and the product
were measured before each run, No deviations from Beer's
law were detected in the concentration range studied. The
concentrations of product at any given time were calculated

using the followling formuls:

(A=X)ep + (B=X)ep + X£g = [0.D.]g

Agpy =~ Xe€p + Beg = Xep + Xeg = [0.D.]g

]

KEC - EB - EA)X [O.Do]t - A‘:,A ol BEB

X = [0.Do]y = Agy = Beg

£Ec = €B = £

where
A = initial concentration of boronic acid,
B = initial concentration of mercurial,
X = concentration of product at time t,.
£ = extinction of boronic acid.
£B

¢c = extinetion of product, S

i

extinction of mercurial,

[0.De]y = opticael density at time t of reaction mixture.
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RUN #1

[C¢HgHEC10) *C4HEHgOR], = 12015 X 1075 moles/le
(CgHEB(OH) 215 = 50015 X 10=5 moles/1.

log €
[CéﬁngClOu°06H5HgOH] = 13,3510
[CeH5B(OH) 2] = 343789
[{CeHR) pHgl = 4e377h

Solvent = "60%" EtOH
Buffer = [NaEHPOuI 0+003 moles/l.
{KH,PO), ] 00003 moles/le

"OH™ = 8431 u = 001 A= 227¢5mu
t optical  [(Cy4Hz)oHglx105 %oga-x
(mine.) Density moles/1le S bex | %S:E%

0 00392 0 12015 5402 0

20 06720 1.71 106y 3431 0.115

35 0870 29 Geb3 253 0.198
Sk 0.985 3009 907 1.93 0.288

oL 10151 3695 5.20 1.07 06198
16l 16273 eS8 7657 Oel431 04860
253 16339 Le93 Te22 0,088 1.53

Eopg, = 280 lomol-lsec=-1
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RUN #2

[C6HgHEC10), CeHEHEOR], = 64075 X 10=5 moles/Ls
[CgHB(OH) 2], = 54015 X 1075 moles/1.

log €
[CoHSHRG1LO) *CeHHEOH] = 343510
[CeHgB(OH) 5] = 3.3789
[(CeHg) Hgl = Lo3TTh

Solvent = "60%" EtOH
Buffer = [NapHPO) ] 0.003 moles/l.
(KH,P0) 1 04003 moles/1s

"pH" = 8,31 u = 0,01 2N = 227e5mu
1o
(m;it.no) gggii% “cmg gs?g]XIOS a=x bex % g:i
0 0e256 0 6408 5¢02 0
16 04378 06630 Selt5 Le39 00108
31 Ol 73 1,13 14095 3089  0.0215
50 04580 1.69 14039 3s33 060368
91 0oTlt3 2.53 365l 2:148  0,0712
160 0870 3419 2088 1e82 0.1259
249 0985 3079 2428 l1e22 0.1880
386 1,06 4el9 1.89 0827 02750
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RUN #3

[06H53g010u'06H5Hg0HJ° = 3,038 X 10~ moles/1.

[CgHGB(OH) 31, = 56015 X 1075 moles/le

log &
LcéﬂsﬁgclouoceﬂgﬁgOH] = 3,3510
[CeHEB(OH) o] = 343789
[(CeHg) pHgl = Le37TL

Solvent = "60%4" EtOH
Buffer = [NaZHPou] 06003 moles/le
(xHoPO, ] 06003 moles/1le

HpH" = 8,31 u = 0,01 = 227 ¢5mu
lo
t Optical  [(CgHg) Hglx105 b ia-x;
(mine) Density moles/1e a=x b=x & (b=x
0 00188 0 5002 3.0 O
1l 0.231 0e22l 11«79 20,81 0,0134
29 0312 0e645 Le37 2039 060439
50 0376 00978 Iy o Ol 2006 000745
89 Oolily2 1032 3469 1,72 0.115
158 0565 1.96 3605 1.08 06235
Kopa. — 2090 1.mol=lsec=1
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log ¢
[C6H5H301O)_|_006H5Hg0H ] = 36,3510

[C6HGB(OH) ;1 = 3.3789
[(CeHg) 2Hgl = Le377N

RUN #5

Solvent = "60%" EtOH

[CeHSB(CH) 21, = 64018 X 105 moles/1.

Buffer = [NapHPO),] 0+003 moles/le
(KH2PO), 1 00003 moles/le

[C¢HEEEC10), °CeHgHgOR] | = 74592 X 10~ moles/le

"pH" = 8.01 u = 0,01 > = 227 .5mu
£ Optical  [(CgHg)HglX105 -
(mine) Density mo%es?la a=x be=x a ;E:E%

0 0e31l 0 Te59 6002 O
18 0630 1.6k 5695 Le37 000326
32 071l 2,08 551 3¢9l  0.0452
5l 0880 2695 Le65 3407 00787
88 1.012 3663 3096 2239 04119
117 14111 lel5 3045 1.87  0.16l
212 1l.28Y 505 2055 0971 0.318

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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RUN #8

[CEHSHEC10) sCxHZHEOH], = 7eli40 X 105 moles/le
(CeHEB(OR) 21, = 64580 X 10-5 moles/l.

log &£

[C¢H5HgC10), *CeHEHgOH] = 343897
[CeHEB(OH) 2] = 343748
[(CeHg) 2Hgl = Le377L

Solvent = “60%" EtOH

Buffer = [NapHPOl] 04003 moles/1le

LKHQ?Ou] 0.003 moles/le

noE = 8,27 u = 0.01 >N = 227.5mu
t Optical  [(CeHg)HglxX105 toi%:g%
(min.) Density moles/1e Q=X bex a (b=x
0 04338 0 Tl 6658 O
15 00580 1.27 617 5e¢31 0+0119
30 00703 l1.92 552 LLs66 00202
49 0835 261 o83 3697 0.0318
71 04940 316 he28 342 0.0l
89 1.027 3e62 3.82 2496  0.057L
110 l.127 Lel5 3629 2643 040782
143 1.180 Leli2 3.02 2416 00922
18l 1.24) LeT6 2.68 1,82  0.115

Reproduced with permission of the copyright owner. Furthér reproduction prohibited without permission.

Kobg, = 2088 lemol=lsec=l



RUN #10

[CeHgHEC10), *CeHEHEOR], = 10443 X 10=5 moles/1s
[CgHZB(OH) ] = 4eB86 X 10=5 moles/le

log £
[C¢HHEC10), *CeHGHEOH] = 343510
(CeHgB(OH) 21 = 303448
[(CgHg) Hgl = Le377h

Solvent = "50%" EtOH
Buffer = [NagHPO) ] 0.003 moles/1.
[KH,PO} ] 00003 moles/1s

"oH" = 8,04 u = 0.01 N = 227e5mu
t Optical  [{CeHc)2HglX105 %og -
(raine) Density fes?%o a=x b-x a g-:

0 00341 0 1043  LeB& 0O

17 05750 2011 8.32  2.75 06149
31 0900 2.8 7e59 2,02 0243
L7 1,00k 3eh2 7001 1ol 04356
6l 1+091 3687 656 099 06500
8L l.1L46 Liel5 628 OeT1 0615
101 1.20) TRV 5¢98 Oejl 06832

Kobg, = 5017 lemol=lsec=-1
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RUN #11

(C¢HEgHEgC10}, *CoECHROH], = 60955 X 10=5 moles/ls
[CoHsB(0H) )o = LeB60 X 1075 moles/Ls

log &
(C¢B5HgCL0) *CgHgHOH] = 343510
(CeHZB(OHE) 2] = 303448
[(CeHZ) 2Hg] = Le377L

Solvert = "S0%" EtOH
Buffer = (NapHPO) ] 06003 moles/1.
(EH,P0), ] 04003 moles/1s

TpE" = Z.0L u = 0.0l >N = 227.5mu
) log
(mzne) gg;ii:; L(ng gg §ZXIOS a=X bex % g:i
0 De263 0 6096 Lo86 O
13 06810 1.27 5669 3e59  0.0LLh
29 0eb50 1+99 l4e 57 2487 0.0828
L3 06767 2460 L« 36 2¢26 06130
61 0+850 3002 309k 1.8 04175
83 04935 3elt6 3050  1.40  0.242
98 06960 3459 34237 1427 04268
113 0995 377 3019 1.09 0.311
145 16062 ltel2 2.8 Oe7l 04428

Kopg, = Se2lt lemol=lgec~-1
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RUN #12

(CoHCHEC10} eCoHEEgOH]o = 76160 X 10-5 moles/le

(CLHESB(OH) 210 = 54075 X 10=5 moles/1e

log £
[CHgHgC10), <CxHgHgOH] = 343510
[CeHSB(QH) o1 = 342717
[(CeHg)oHgl = Le377h

Solvent = "L0%" EtOH
Buffer = [NagHPO) ] 04003 moles/1.
(KH,PO) ] 04003 moles/1.

PpE" = 7,82 u = 0.Cl >N = 227 45mu
t Optical  [(CgHg)oHglx105 %oga-z
(min.) Density moles/1e Q=X bex & '%Tarx%

0 0,281 0 Tel6 5.08 0
11 0583 1.57 5e59 3.81 0.0526
21 00721 2429 Lo87 2.79 040925
31 0,850 2096 Le20 2,12 0147
43 0915 3.30 3.86 1.78 00187
55 0995 3e72 3elily 1.36 0e254
69 1.055 4403 3.13 1.05 06325
8l 1,102 be27 2+89 0+81 0.403
99 l.13h lyoltly 2e72 O0e6l4 04479
121 16169 Leb2 205l Ooclt6  0.593
137 1.184 44o70 2.46 038 04662

kobs. = 8.85 l.ID.Ol-lsec-l
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RUN #13

[C4HZHRC10) *CaHEHROH] o = 5372 X 10-5 moles/1.
[CeHSB(OH) 2l = 54075 X 10~5 moles/1.

log £
(CeH5HgC10) °CoHgHgOH] = 303510
{C6HgB(OH) 2] = 343717
L{CeHg)pHgl = Le377L

Solvent = "LOZ" EtOH
Buffer = [NapHPO,] 0,003 moles/1e.
[KH,PO ] 04003 moles/1e

"pH'" = 7,82 u = 0,01 N = 227e5mu
— . lo
t Optical [ (CeHg) 2Hg 1X105 b (a=-x
(min.) Density moies le amx bex 8 zﬁ:i%
0e2ii1 0 " T Be37 5.C8 0
Oel31 04993 lye 38 l4s08 00058
18 0e5Ll; 1.58 3079 3450 0000987
28 06676 2427 3.10 2.81  0.0180
140 06757 2069 2468 2,39 040250
53 0+819 3.01 2036 2.07 040322
66 00885 3435 2402 1.73  0.0L26
81 00925 3456 1,81  1.52  0.0511
96 00968 3478 1.59 130 040628
119 10002 3496 1.141 1.12  0.0753
150 1,038 ltel5 1.22 0693 040622

kobs° = 8.28 l.mol"‘lsec-l
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RUN #1h

(CoHEHEC10), *CeHcHgOR]p = 60225 X 10-5 moles/1.
[CeHEB(OH) 2] = 4+918 X 10-5 molses/1le

log £
(C¢R5HgC10), «C6HEgHgOR] = 3.3510

[CqHEB(OH) 2] = 3.3717.
[(CeHg) pHg] = 4e377h

Solvent = "30%" EtOH
Buffer = [NapHPO)] 0.003 moles/le
{KH2PO) ] 04003 moles/1e

"pH" = 7.66 u = 0,01 2\ = 227e45mu
1o
ey i Ucgmagiact o plem
0 0256 0 6.23 le92 ©
5 Ooly61 1.07 5.15 3e35 00240
0576 167 l4.55 3¢25  0.0438
1l 0660 2010 ltel2 2.82 0.0623
19 Oo7hly 2450 368 2438 060869
25 0802 268l 3.38 2,08 0Q.112
30 0,855 3e12 3410 1.80 0.134

Kobg, = 131 lemol-lsec-1
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RUN #16

[CeHGHgC10), *C¢HeHgOH 1, = 3.105 X 10-5 moles/l.
[CoHEB(OH) 21o = 2.447 X 10=5 moles/1.

log &
£0635Hg010h°C6H5HgOH} = 3,3311
(CeHgB(OH) 2] = 3.3438
[(CeHg) pHgl = Le37Th

Solvent = "30%4" EtOH
Buffer = [NagHPO)] 0.00305 moles/l.
[KHpPO), ] 0000314 moles/1e

"pH™ = 7.58 u = 0e01 N = 227.5mu .
b Ooptical  [(CeHe)o HzlX105 %oga-x)

(min.) Density moles/1le a=x b=x e (o=x
0 0.121 0 3611 ZelE 0
13 0.2Ub 04646 2elt7 1,81  2.0313
22 0e318 1.02 2405 leith 040533
30 0e340 1.13 1.98 1e33 060697
36 0e365 1l.26 1.85 1620  0.08L6
60 Oel129 1.59 1.52 0«87 04139
91 048l 1.87 le2ly 0e5% 0,219

11k 06502 1.96 1l.15 Ce50 042588

Kopg, = 13¢5 lemol=lgeo~d

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



[C6HSHEC10), *CoHEHEOH] = 343377
[CoHgB(OH) 21 = 3.2972
[(CgHg) oHgl = Le377h
Solvent = "30%" EtOH

RUN #18

Buffer = [NagHPOu] 0,01 moles/1e

[KHpPO) ] 0401 moles/le

[C6HSHEC10) *CHEHROH], = 34189 X 10-5 moles/1.
[CeHEB(OH) 2]o = 24862 X 1075 moles/le

log &

"HH" = 7,37 u = 0.0l AN = 227 .5mu
t Optical  [(CeH5)opg)x105 ioga-x
(mine) Density moles/Le a=x bex s (bex
0 0s126 0 3e19 2.86 0
10 0+140 0.071 3.12 279 00011
23 06177 06259 2493 2660 0.00LY
36 0223 0453 2470 2437 00092
56 0e255 0.655 2653 2021 0.C126
80 0296 00863 2033 200 0.0188
109 0e332 1.05 2e1ly 1.81 060258
141 00369 le23 1.96 1e.63 0.0331
190 Oely13 146 1.73 1.140 004k

Repfoduced with permission of the copyright owner. Further reproduction prohibited without permission.
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RUN #19

[C¢EgHgO10), +CoHESHgOH], = 24930 X 107> moles/1.

(CeHcB(OH) plo = 24422 X 10=5 moles/1l.

log &
(CeHcHZC10) #CoHCHEOH] = 343726
(CeHgB(0H) 2] = 343829
[(CgHg) 2Hg) = Le3774
Solvent = "LOZ" EtOH
Buffer = [NapAPOy] 0.01 moles/1.
(NeEpPO) ] 0.01 moles/1le

MOHT = 7,60 u = 0.04 XN = 227.5mu
t Optical  [{CeHg)oHglX105 %o é-x
(min.) Density mo%es?l ° f=X Dex | ;b:-i%

0 0,127 o 2493 242 0

1z 3.17; 2.236 2468 219 0006l

31 0130 0e332 2:60 211 00077

58 Ce22l 0499 2e43 1092 0.0191
105 Cec™2 0e778 2.15 1.6l Q.03 2
152 Oe231 1.09 1.84 1e33 0.0583
223 0e251 1.20 1.73 l.22 00690
29 Oe27L l.32 1.61 1.10 006827
361 Qel21T 1.51 1.2 0.91 6.111

Kobs, = 2628 lemol=lgec-1
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RUN #20

[CeHCHEC10y +C¢ESHEOR], = 24930 X 10=5 moles/1.
[CeHSB(QE) 2], = 4e84S X 10=5 moles/ls

log &
106355801014.”363558033 = 363377
(CeHgB(0H)2) = 342972
[(CeBg)oHg) = Le37T7h

Solvent = "L0%" EtOH

Buffer = [NazHPO) ] 001 moles/l.
(Fa25P0),] 0.01 moles/1.

UpHM = 7,60 u = C.04 ™ = 227 « Smu
t Optical [(cézz:)g?g]noB _%_'_O a-x

{(min.) Density moles/I. a=xX b=x a (b=x
O 0,186 2 4«85 2693 0
7 0e213 Jelih2 4.70 2679 00087
13 0e232 00241 LLe60 2.59 000151
22 0e247 26320 4+53 2061  0.0206
32 0e28L Oe51hL le33 2o142 690351
51 0e322 0e713 hel3 2022 0.6520
81 0e363 0e928 392 2.60 0.6731

147 0ely 7l 1,51 303l 1.&2 0.153

235 Oe55L 1.93 2492 1,00 0e247

kObSo = 2:.06 l.mol‘lsec"l
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RUN #21

[CgH5HEC10), «CoHgHgOHly = 74410 X 105 moles/1.

(CgHSB(OB) 21o = 50105 X 1075 moles/1.

(B(OH) 3], = 8.380 X 10-5 moles/1e

log &

[CgHHEC1O) «CoHGHEOR] = 34359
[CeHgB(OH) 2] = 32730
[(CeHg)oHg] = Le277h

Solvent = "4O%" EtOH

Buffer = ([NaHPOL] 04003 moles/le
[KH,POY ] 04003 moles/1e

m.zw o= 7 A7 4 = 0601 N = 227.Smu
ot Optical  [(CgHg)pHglX105 éjig:g)
fmizn,) Density moles/ 1l aex b-x a (b-x)
3 04290 0 7ol 511 0
2 Q0120 00677 6673 lolt2 00202
3 0s526 1.23 6:18 3687  0.0415
1L 04627 1,76 5e65 33l 0.0665
23 06761 2.L5 4496 2465 04110
31 04835 2,84 o7 2426  0e1ll
=2 0e%20 328 1el3 1.82 0.194
26 04995 3467 3.7 L3 04256
73 1.055 3498 Jek3  1.12 oaseu
37 1.109 Le26 3615 0.8 Oeljl2

k

obSe

= 7,70 lemol=lgec=1
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RUN #23
[C6H5Hg010&o06H5HgQH]O = 7.&10 X 10-5 moles/1s
[CeHGB(OH) 2] = 24042 X 10~5 moles/1.
[B(OH) 3], = 84380 X 10> moles/1.
og &

[CgHSHEC10), *CeHSHEOH] = 34350k
[CeHGB(OH) p] = 343730
[(CeHE) oHg] = Le27Tl
Solvent = ") 0%" EtOH
Buffer = [NapHPO)] 04003 moles/le
[KHPO) ] 0e003 moles/1.

HoH! = 7,82 , u = 0,01 ™ = 227 51
' lo
iney  iem Cggigelaos o bl
0 04218 0 Tell 2,04 O
It 0.286 Oe25L 7406 1669 0,051l
11 04350 0.688 6472 1.35 0.126
19 OoliOly 0969 6 ol 1,07 04209
30 0eli66 1.29 6412 0e752 0o341
37 0e491 1.42 5699 06622 Odlylly
LS 0.525 1.60 5.81 Oelgly2 0.5u9

Kobse = 7¢93 lemol-lsec=l

Reproduced With permission of the copyright owner. Further reproduction prohibited without permission.
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RUN #2i
(CoHSHEC10), *CeHEHROR ], = 7422 X 10=%
[C¢HEB(OH) 2l = 5¢06 X 10" moles/1.

moles/l.

[B(OH) 3] = 9495 X 10™ moles/1.
log £
[CgBSHEC10), °CeHCHgOR] = 3414728
[CeHB(OH) 2] = 303840
[(CgHE), Hgl = 4o3TTh
Solvent = "60%" EtOH
Buffer = [NeH,PO,] 04003 moles/lo
(NapEPO) ] 04003 moles/1e
"pH" = 8.31 u = 0,01 N = 227.5mu

lo
ey SIS egpmgme® o plen
0 0.3Ll 0 7022 5006 0
18 0e516 1.01 6022 lLe06 0.0311
29 Ce59l 1ol 580 3s60 0.0L82
1o Oeb6l 1679 Selil; 3e28 00656
52 0e733 2,17 5005 2.89 0.0881
65 0780 2ol 3 L+80 2.6 0¢1056
85 0870 2.91 le 32 2.15 0.1&8
106 04915 3615 4.07 1.91 0.17h

Kobs, = 3:06 l.mol=lgee=1
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RUN #25

[CoH5HECLO) *CoHGHROR) o = Te22 X 10-5 moles/1le

[CEHSB(OH) 5], = 10412 X 10~5 moles/1.
[B(OH) 3]y = 9495 X 10=5 molea/1s
log &
[CeHgHgC10) *CeHHROH] = 311728
[CeHSB(OH) 21 = 343840
[(CeHg) oHg] = Le377h
Solvent = "60%" EtOH
Buffer = [NaHpPOL] 04003 moles/le
[NazHPOh_l 00003 moles/le

pH™ = 8,31 u = 001 N = 227.5mu
t Optical  [(CgHg) HglX105 %o -

{min.) Denasity §e§§1 o a=Xx bex a ;&%
0 0.l169 0 10,12 7622 0O

06550 1.01 | 9el2 6022  0.0196

16 0772 1.57 8elf5 5e55  0e0359
27 04916 245 Te67  LoT7T 060596
38 1,038 31l 7601  lell 000852
50 1,143 3449 6elily 3e5lk  0ell3
73 1.287 lyely 7 Ceb5 2675 0.166
83 10346 lte79 5e33 2e43 0194
92 1.387 5600 5.12 222 0l.216

111 1e432 5026 LeB6 1.96 0.248

Rebroduced with permission of the copyright owner. Further reproduction prohibited without permission.



RUK #26A

[CeHHEO10) *CeHEHEOR 1, = 70505 X 10%5 moles/le

L
-~
-
-
-~

[CeHEB(OH) 21, = 54095 X 10-5 mcles/l.

log &
[06H5H3010u°065: HgOE] = 2,061
[CeHSB(OH) 2] = 243322
L(CgHs) oHgl = Le377L
Solvent = "L0%Z" EtOE

2

l\)

Buffer = [NaHpPO) ] 0,003 mcles/l.
[NaoHPO) ] 04003 molea/1

"pH" = 7.57 u = 0.0 N = 227.5mu
t optical  [(CgHg)EglXAos %oga-x
(mine) Density ?es /1 a=x Dex 2 (b-x
0 04301 o ToS1 S5.10 0
0ol46ly 0.852 5en% Le2 0.0271
8 06530 1,20 5o 30 350 0.0400
13 06636 1.75 Z75 3.35  0.0664
18 0s711 21l 5436 2496  0,0897
2l 0e79L 2.58 .92 2.52  0e122
3h 04888 3407 Lokl 2,03 0,171
L5 04960 3okl Le0% 1.66 0,220
58 1.040 3.86 3ebl 1.2 04299
71 1094 Lelly 3435 0+96 00376

Kobse = 8,22 lemol™lgee=1

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



RUR #26B

[C4HSHgC10) sCHEHROH ], = Toli6 X 1075 molss/l.
[CeHEB(OH) 2o = 482 X 10-5 moles/1l.

dog &
[CeHSHEC10) o CoHsHEgOR] = 3.35956
[CeHGB(OH) 21 = 343737
((CeHg) oHgl = Uo377L
Solvent = "LOZ" EtOH
Buffer = [NapHPO,] 0+003 moles/ls
(NaHoPO) ] 0003 moles/ls

NDH" = 757 u = 0.0l M= 227.5mu

t Optical  [(CgH )ZHg]I 105 %Oga-x)
(mine.) Density Ees /1 g=X DX s (o-x

0 Oe2l42 0 76 LeB2 2

061460 0o842 6062 2093 242313

9 0e561 1.37 6409 3¢S 040373
19 00723 2423 5.23 2458 0.116
30 0.848 2.88 LLeB8 l.9L JelBL
39 04906 3419 Le27 1.63 04229
L9 06962 3448 3¢98 1e3h 04283
59 1.012 3.75 3071 1.07 04350
69 1,054 3697 3el49 Co8%  2.iaL

Kobs. = 8elt2 lemol=lgec=1

Reprodﬁced with permission of the copyright owner. Further reproduction prohibited without permission.




[CoH5HEC10), «CoHHEOH]
[06H5B(OH)2]° =

log £

[CéﬂsﬂgClOu‘CéﬂgﬂgOH] = 33956
6HSB(OH) 21 = 343737
[(CeHs) oHgl = L3774

(¢

Solvent =

RUN #26C

", 0%" EtOH

h.BE'X 10-5 moles/1l.

Buffer = [NapHPOL] 0,003 moles/1e

[NaH,PO) ] 0,003 moles/1e

Toli6 X 10=5 moles/le

"pH' = 7,57 u = 0e0k = 227+5mu
t Optical  [({CgH )2Hg)x1o5 %o a-x
(mine) Density %es /1 f=X bex a iﬁ:i%

0 0e2l12 0 7elib LeB2 0O

7 0e526 1.19 6e27 3.63 040478
18 04710 2416 530 2456 0,110
27 0,793 2460 L eB6 2.22  0.151
37 0.888 3610 lLe36 1.72 0.21h
L8 097k 3455 3+91 1e27 00299
66 1.030 3.8 3462 .0.98 0.378
72 1,043 390 3456 0692 04398

kobs. =

800l lemol=lsec=*

Repfoduced with permission of the copyright owner. Further reproduction prohibited without permission.



RUN #27

[0, H5HEC10) «CgHEHEOR] 5 = 7429 X 10-5 moles/1.
[C6HEB(0H) 2l = L4+87 X 10=5 moles/1.

log €
[CxHEHECLO0) e CoHHgOH] = 3,.1240
(CeHgB(OH) o] = 3.3863
[ (CeHg)oHg]l = L+377h

Solvent = "LO%" EtOH
Buffer = [NaEHPOh_] 04006 moles/le
(NaHpPO} 1 06006 moles/1a

"pH" = 7,57 u = 0.0l N = 227 «5mu
& Optical  [(CgHg)oHglX105 %oga-x
(mine) Denslity mogesﬁ%. a-x b-x a (b=x
0 0+312 ) 729 1«87 0
I 061420 0581 6.71 Le29  0.,0191
8 0.508 1605 be2ly 3.82 0.0378
15 0597 l.52 Se77 3635 040608
23 00693 2.0l £.25  2.83 040931
33 0,781 2.52 Le77 2435  0e132
L7 0.892 3.10 LelO  1.77 04199
60 0956 3ol 3.85 loly3 0255

Kobge = 653 1.mol'lsec'1

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



(CoH5HEC10), +CgHsHgOHl o =
[C6H5B(OH) 2]o = Le87 X 10-5 moles/l.

log £

[CéHEHgCIOhOCGHEHgOH] = 3,3816
[CeHSB(OE) 2] = 3.3770
[(CeHg)2Hgl = Le37TL

RUN #29A

Solvent = "j0%" EtOH

Buffer = [Na HPO}] 04001 moles/1.

[NaHPOp ] 06001 moles/1e

7¢29 X 10=5 moles/1l.

fpH" = 7457 u = 0.0L N = 227 ¢ 5mu
t Optical [ (CeHg ) pHg 1X105 %Oga-x
(mine) Density mo%esﬁl. a=x bex a (b-x
0 06292 0 7629  Le87 O
3 Oelh5 0.821 6e37 I1e05 0.0215
6 0+559 1.43 5.86 elily 00560
10 0652 1.73 536 2.9 00855
1l 0770 2657 Le72 2430 0137
19 0816 2.81 Liel18 2,06 0.162
30 0.936 3.116 356 lelly 00319
36 0.98l 372 3.31 089 06395
L2 1.019 3.91 312 070 OslL7h
48 1.038 lLe01 3.02 0460 0e527

Kobs, = 140 lemol=lsec=1

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



RUN #29B
[C¢EgHECLO0) sCoHEHEOH] o = Telt6 X 10=5 moles/1.
[CeHgB(0H) o], = L4eB2 X 10-5 moles/1.
log &
[CeHSHEC10) *CgHEHOH] = 3,3861
(CeHSB(0H) 5] = 3.3621
£(06H5)2H81‘= e 277k
olvent = "LO%" EtCH

V2]

Buffer = [NagHPO)] 0,001 moles/1e
(NaHpPO, ] 04001 moles/1.
=7 u = 0.04 N = 227.Smu

% optical  [(CgHg)zHg1X105 %oga-z\
(mine) Density mo%egﬁl. BeX b=x a (b-x

2 24292 0 . T+L6 Le82 0

L 34L50 1.03 6ali3 3479 0,001
3 04601 1e61 Se85 2021 0.0711
12 Je722 2.2 5.22 2.E8 04116
1% 0.80L 2667 Le79 2415 04158
25 0e87Y 340U Lelt2 1.78 04205
30 0eS1h 3.25 o2l 1.57 Q.23
36 0+054 3elt6 lLeQ0 1e3% 0+279
b1 0.698 3469 377 l.12 0e33L

Koba, = 13.1 1emol™lgec-1

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



RUN #30

[6HSHEC10), CgHEHEOH ], = 7429 X 107> moles/1.

[C¢HgB(OH) 1o = L4487 X 10=5 moles/1.

log £

[C4HSHECLO), *CeHeHgOR] = 344010
[CeHGB(OH) 51 = 342826

L(

Solvent

Buffer = [NagHPO}] 0.0005 moles/1le

C6HZ) pHgl = Le377L
= " 04" Et0H

[NeHoPO) ] 0.0005 moles/1.

PREM = 7,87 u = 0.0k >N = 227.5mu
(mgn.) g£§z§§; [(Cg§§g§§%2X105 a=x bex %ogg:i)
0 0301 0 729 Le87 O
3 0ol483 0962 6023 391  0.0341
7 00631 a7l Se55  3.13  0.0735
10 0e712 217 5¢12 2.70 0.103
1L 0,782 2450 e75 2633  0e13l
19 0.872 3,01 Le28 186 0,187
2l 06940 30238 3691  1.Lh9  0.2hly
30 0.986 3462 3467 1le25 0,292
36 1.020 3.80 3.49 1407 06338
L3 1.057 11«00 3429  0.87 0.h02

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Kobge = 1540 lemol=lgec=l



RUN #31A

[CoHSHEC10), +CoHEHgOH] o = Tali25 X 10~ moles/lo
[CHSB(OR) plo = 4eB36 X 105 moles/L.

log &
[CHEHRC10), *CgHEHOH] = 343636
[CeHEB(OH) 2] = 33326
{(CeHg)oHgl = Le37Th

Solvent = " j0%" EtOH
Buffer [NapHPO)] 000l moles/1.
[NaH2PO),] 0.002 moles/1.

MpH™ = 7,88 u = 0404 PN= 227.5 mu
lo
ey D (wggemos o kleg
0 06275 0 Teli3 1«8l 0
8 00532 1.32 6:10  3.52  0.0526
17 06670 2.03 5639 2.81 00967
26 0.778 2059 183 2625 0.146
37 | 0.8581 2698 : Lielyhy 1,86 0.192
147 04920 3.32 lel0  1.52  0.24S
58 0972 3459 383 1.25 04300

Kobhg, = Tol5 1emol=lsec-1

Reprodﬁced with permission of the copyright owner. Further reproduction prohibited without permission.



RUN 31B

(CoHgHECLO) *CeHSHgOH] = 303636 -
{CeHSB(0H) 2] = 3.3326
[ (CeHE)2Eg] = 37Tk

V2]

civant = "LO%" EtOH

8}

uffer = [NapHPO)] 0004 moles/1l.
{N’aHgPOu_] 06002 moles/Lle

mpET = 7,38 u = 0.04 A\ = 227.5mu
lo
e s Uegpmemos o blaey
J Ta275 0 Teli3 o8l e
& ZeL73 1l.02 641.0 3.82 0.0379
23 20703 2.3 L= 2.41 0 04130
35 o35 2.9Y Loli8 1.90 0.186
LE 2300 3.2l 11«18 1.60 Oe231
g6 SINCLYs 3453 3¢89 © 131  0.286

Kobse = T34 1l.mol=lsec=l

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



RTH #34B

[C¢HSHgC10), «CeEgHgOHIo = Takb X10=5 moles/1.
[CgHSB(OH)a}O = A.SZ‘Xlo’E moles/1e

log &
[CEEZEEC10] +CoEGHROH] = 342956

[CeHgB(OE )21 = 33737

15

Solvent = " 0Z" EtiE

o

Buffer = [FapZPOL ) 0e022 moles/le

[KaE2P0;, ] 04002 moles/1e.
foH" TeE7 u = 0.0L >\ = 227 +Smu
log
t Optical  [(CgHc)pEzlxach b (a-x
(min.) Density zoles/1e a-x b=x 2 (bex

0 0e29L 2 7146 .82 o]

8 0eBT7hL 1obd 6402 3.128 0.0612
18 0753 2,25 5.08 2elily 0.129
38 0936 3425 hell 147 0.257
hé 0.982 3456 3487 1.23 0308
sl 1.020 2,79 3467 1.03 04362
6L 1.058 3499 37 083 0432

Kobg, = Fe5¢ lemol=lgec~l

Reproduceid with permission of the copyright owner. Further reproduction prohibited without permission.




[CeHEBgCL O « DeZcE s
[CeHEB(CE) 1. = =

log &

-

¥ #2324

T, = T X 10-5 moles/l.

(CeEzEem i +I.Z:ZgiE . = 3.2995
(CeEeZ 22 ;. % 1,133
{1CeFet 2z, = 772
Solvent = "L0%% ZtlZ
Buffer = [KezZ=l | 1,002 mzlas/le
(KeS P . .07l melss/1,
HPHH = 8.11;. - = . i )\ = 227051’!11.1
- . - lo
t Opticel TeEzizEg it b {a-x
(mine) Density PILEE G=X b=x ‘a (b-x
0 Ce2GL 03_16 L}.082 0
11 QebEE 1.1t 3,51 287 0.0938
18 .80k A 2273 209 06165
27 CeB%L TazZl La25 1.61 00232
BLL OQQLl calt 1+00 1.36 00279
L5 1,013 .t 3.61 097 0381

53

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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RUN 35B

(CgHEHECLO) *CoEGHROR o = 746 X 10=5 moles/1.
(CEHSB(OH) plg = Le82 X 10=5 moles/1.

log &
[CeHEHgC10) *CoHEEEOR] = 363995

[CeHEB(OH) 5] = 343530
[(CeHg) gHe) = L3774

Solvent = "LO%" EtOH
Buffer = [NapgHPO) ] 0000L8 moles/1a
(NaH2PO) ] 040012 moles/1le

"pH" = 8,1l u = 0.0L N = 227.5m
| z log

(mzn.) ggiif:; [(Cgi%égﬁ%EXIO Q=X Dex % g:z
0 0«29 0 76 L.82 0
7 04580 1.53 5.93 329 000663
15 0.752 20145 S,01 2637 04136
23 04858 3,02 Lol 1.80 0,203
30 0.2U0 3elb 4«00 136 0.279
50 1.052 Le06 3.40 0e¢76  0Ol.L461

Kopge = 13+3 lemol=tasc=l

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



RUN #36

[C4HgHEC10), *CoHEHgOH], = 7ek6 X 105 moles/l.
[CeHgB(OH) 21y = Lo82 X 10=5 roles/le

log &
[CEHEHEC10), e CoHCHZOE] = 2.3861

Solvent = "LO%" EtOH

!
O

' 1
44
4]
™~
._J

Buffer = [NapHPOy] 0.001&

o
o
'...l
o
m
\
’._l
©

[NeHpPOL) 0.0C06

MoH = 7,88 u = 0eChL N = 227 +Bmu

t Optical [ {CeH )QHEJXIO/ %Oga-x

(min.) Density Ees /1 SeX bex a (b=x

00293 0 7esb Lel2 0

L 0+530 l1e23 5423 3459 0+0499

9 0,660 1.91 W55 2491 00,0909
13 0752 263G Zel7 2403 00130
17 0,818 2.7k L.72 2,08 0.166
22 0.880 3.06 iLell 1.76 04208
29 0.95L 3eLE 101 1437 04277
35 0,99 366 3030 1.16  0e326
111 1.028 384 3462 0.98 0378

Kobg. = 129 lemol=lgec=2

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



RUN #37B

[C4HEHECLO) +CgHEHEOH ], = 64056 X 1075 moles/1.
[C¢HEB(OH) 21, = 74010 X 10=5 moles/l.
log £
[CeHEHEC10), *CeHgHgOH] = 343593
[CeHZB(0H) ] = 343707
[(CeHg) 2Hg] = La377h
Solvent = "LO%" EtOHE
Buffer = [NapHPO)] 0.012 mcles/1.
[NaHpPO) ] 04006 moles/1.

"pH" = 7,88 u = 0.0L = 227 45mua
t optical  [(CgHg)oHglx105 ioga-x‘
(mine) Density mo%esﬁl. a=X bex z %E:§§
0 0«30k 0 7,01 £ .06 6
9 0525 1.18 .83 L.32 0.0136
17 Oebl19 1.8 Sel7 el 0.0246
26 OeTlh2 203l Le€7 .72 0.0352
37 0848 2490 Lell 3416 940505
L6 04928 333 3.68 2473 040661
56 04970 3455 3eh6 2451 0.0758
6ly 1.029 3687 3.1 2.19 040929
76 1.086 Le17 2.8L  1.89 0.113

Kopg, = 5e71 lemol=lgec-1

ReprodUced with permission of the copyright owner. Further reproduction prohibited without permission.



[CeHHgC10), *CeHgHgOR) o =
[CcE5B(OH) 210 =

log &

RUN 38B

7,010 X 105 moles/l.

(CeHSHEC10) e GHSHEOH] = 343593
[CeHSB(OR) 21 = 33747

((CeHg) 2Hgl = Le37T7h

Solvent = "L0%" EtOH

Buffer =

[NapHPO)] 00006 moles/1.

(NaH2PO) 1 04003 moles/1.

N

64055 X 105 moles/1.

MpET = 7,38 = Qo0l = 227e¢Smu
5 Optical  [(CgHr)oHglX105 2%

(mine.) Density %eg %n 8e=X bex 2 g-i)

0 04 301 0 701 6406 0

6 00533 1.21 5¢80 L85 Cedlld

14 0eT19 2420 ly 81 3486 00320

22 0818 273 I 28 3433 00l5l

) 31 0.92 3430 3671 2476 00618
T Lo 1007 307l 3427 2.32 04085l
L9 1.077 L1l 2.90 1495 0,109

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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RUN 394

[CEHEEECLO0) *CEHGHEOR]g = 6413 X 107> moles/l.
[CeHEB(OH) 5)o = 5405 X 10=5 molss/1e

log €
[CéHgHgClOu’C&HSHgOHl = 33,3799
(CeHgB(OH) 2] = 34357h
[(CeHg)2Eg] = Le377L

Solvent = "LO%" Et0H
Buffer = [NapHPOL] 0,012 moles/l.
(N=H,PO| ] 04003 moles/1e

"pH" = 8.1) u = 0.0} A\ = 227.5m
t Optical  [(CgHE)oHgIX105 %og
(mine) Density moles/le B=X Dex ) g::

0 0e262 0 613 505 0
10 Qe526 1.38 1«75 3667 0.0278
30 0759 2459 354 2.146 00739
L0 0.822 292 3.21 2-13 00940
51 Oo888 3'26 208? 1&79—— 00120
62 0.932 349 2064 1.56 O.1hly
70 0e972 370 24113 1.35 0171
78 00992 3981 2032 102)4. 00188
kObSo = 8.52 l.mol'lsec"l

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



T

RUN 39B

[CEHZHEC10), +C4HSHROR ], = 6413 X 1075 moles/l.
[C6HSB(OH) ]o = 5405 X 10=5 moles/1.

log &
[CoHEHEC10) e CoHEHEOH] = 323799
[CeHEB(OH) 2] = 3.357h
[(CeHE)oHz] = lpa37T7h

Solvent = "LOZ" EtOH
Buffer = [NapHPO; ] 0+012 moles/1.
(NaHpPO) ] 0.003 moles/1.

Momt = 8.1l u = 0.0l 2\ = 227.5mu
£ Optical [(66H g1x105 %oga-
{mine) Density § a-x bex a b-i
0 0.262 0 6013 505 O
15 0661 2.08 1+05  2.97  0.0505
27 0723 2.40 3.73 2665 040643
37 04792 2476 3437  2.29 040836
_ L8 0.868 3.16 2497 1489  0.112
59 0.919 343 2470 162 0.138
67 0495l 3461 2.52 1ol 04159

Kobs. = 8437 1emol™igeo=1

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



RUN 40

[CEHSHEC10) +CEHSHEOR]o = 6413 X 1075 moles/1le
[C6HEB(OH) 210 = 5005 X 10-5 moles/ls
log &

[CeHEHECLO) o CeHEHEOH] = 343901

[C4HSB(OH) 2] = 3.3686

[(CeHE) gHg] = La377h
Solvent = "LOB" EtOH
Buffer = [NapHPO,] 0.002) moles/1.

[NaHPO)] 040006 moles/1.

"oH! = 8.1l u = 0.0k 2N\ = 227.5mu
- lo )
(mgn.) gggi’f:“} { (CI%E 6)32_533}11.05 Q=X hex -E i%f%
0 0e262 0 6el3 5405 0
1l 0.666 2,06 LeOT7 2499 040498
21 0816 2,85 328 2620 0.,0893
26 0868 3.12 3.01 1093 0102
31 0918 3.38 275 1457 0+132
36 0.952 3.56 2457 14119 0.153
L1 0.980 3.70 2113 1435 04171
L8 1,018 3490 2.23 1.15 04203
5y 1.052 11,08 2,05 0497 0e2h1

Kobs. = 15¢2 lemol-lsec-l

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



RUN #,14
[C6HSHECL0) *CoHEHEO0R ], = 6413 X 10=5 moles/1.
[C4HEB(0H) 2]y = 5005 X 10-5 moles/1.
log &
[CéHSHgClOu'CéHngOH] = 3,352
(C6EZB(OH) 2] = 343536
[(CeHg) oHEgl = Le377h
Solvent = "L0%" EtOH
Buffer = [NapHPO)] 040012 moles/1.
(NeH,POy ] 040048 moles/ls

MOEM = 6.99 = 0.0k O\ = 227.5mu
lo
mins  pEsm legEglgemos o b lez
0 Oe2E2 0 6013 5405 0
9 028 0,910 5.22  Lell 040165
17 0e5LL la51 Leb2 3,54 0.,0315
25 0.611 1.86 4e27  3.19  0.0L428
32 0 .68l 2.23 3,00 2.82  0.0%66
Lo 047L6 2.5 3058 2,50 00718
W7 04780 2.73 3.40  2.32  0.0818
60 0840 3404 3609 2401  0.103
73 04886 3.28 2.85  1.77  0.123
89 0ec3L 3053 2,60  1.52 04149

Kobg, = 6026 lemol=lsec~1

Repfoduced with permission of the copyright owner. Further reproduction prohibited without permission.



— e 1
A #MB
~ P -
a2 -
z =

[CeEeEgCLly

Q
- — - - ~ - -l
[CEHEB(OE! 51, = 2435 X 107> moles/le

6,13 X 105 moles/le

(CeEcEgTll, «ToEgHgOR] = 363524
[CEZ /28 2. = 242536
LICeZz zEsL T oLa277h
Solvernt = T_2%% I=IZ
Buffer = .Xa-TFl_. 1.2012 moles/l.
FeToTh L 2.0048 moles/l.
MpE" = 6.0 2= 0,0L DN\ = 22745mu
lo
0 Geztz : 6413 5405 O
6 Je378 R S5e49 Lokl 00110
1l GossT L.zt ILe86 3.78  0.0250
23 D237 LT3 lLal}O 3.32 0.0378
29 Qe2%1 Zeln LeO7 2.99 0.0498
37 2712 2,33 3475 267 04063l
Ll 0.75E Z.23 3.48 2,40 0.0772
57 0.52% z.33 3.15 2407 040982
70 0 eB68 3,12 2494  1.86 0,115
86 0.92% 1.3 2.6 1.56 0.1kl
Eere, = 2019 lomol=lgec-l

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



RUN L2

[C4HGHEC10), +C4EHgOE ], = 6413 X 10=5 moles/1e
{CeHEB(QH) 21, = S.lSvK 10=5 moles/1l,
log & -

[CeHgHZCL0) ¢ C6Hg=g0R] = 3.3847

{06355(05)23 = 3,370k

[(CeHEB)pHgl = L.377L
Solvent = "LOZ" EtQH
Buffer = [NepEPO,] 040023 moles/1.

(Ka%oP0; ] 0401 z=cles/1.

UpHY = 6.99 1= DelL A = 227 ¢ 5mu
t Optieal  [( 06:1 ) oEg)X10° %Oga-x
(mine) Density ies /1. a-x b-x a {b-x
0 04267 e 5,13 5,15 0
6 0e355 Joll€l Ceb7 1459 0.0076
i5 Oely38 Je%Cs Ze23 l1e15 00163
28 0,543 1.5 LeA8 3450 0.0298
1,0 0,612 1.51 Le32  3.24  0.0408
56 0691 2.2k 3.89 2481 0.0571
Th Oe77L 2455 3elL7 2439 0.0778
123 0910 2.37 270 1.68 Oel3l
150 0966 3466 2417 1.39 0.166

kObS. = 3069 lemol "lseO"l

Réproduced with permission of the copyright owner. Further reproduction prohibited without permission.



RUN #lt

[CeHHgC10), «CoHEHEOE]q = 6413 X 10-5 moles/1.
[CgHEB(OH) 51, = 5405 X 10=5 moles/1.
log &
[CeHHEC10), o CoEEHOH] = 3414832
[CeHSB(OH) 2] = 343686
[(CeHg) 2Hgl = L.377L
Solvent = "LO%" EtOH
Buffer = [HOAc] 0.01 moles/l.
[NaOAc) 0.01 moles/1.

MoH™ = 5,137 _c w = 0.0l AN= 227.Emu
t Optical [(06}:{ )2 g]XlOS ll;oga-z
(min.) Density ? f=x b=x a (b=x
0 0«30k 0 6s13 5605 0
0e3L3 0.211 592 Le8BL 0600332
18 C.388 0al455 5668 lLe60 0.00751
3L 0elilt6 0+769 5626 1«28 040135
55 0.510 1.12 5.01 3¢93  0.0213
76 0.563 9 ITe) Le73 3.65  0.0284
105 0.632 1.78 lLe35 3427 060398
125 0667 1.97 Lelb 3.08 0.046l4
159 00737 2+3L 3479 2.71  0.0615

Kobg. = 1638 lemol™lsec™?

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.




RON #45

[CeHEHECL0), +CgHHEOE [, = 6413 X 10=5 moles/1e

[

L ]

[C6H5B(OH)2]O = 5405 X 10-% moles/

log &
[CEHSHECLO] s CeHSEGOH] = 3

-
7

(@ %)
¢

[CeHgB(OH) 2] = 5.3%71
[(CeHg) pHgl = Le377L
Solvent = "j0%" EtOH
Buffer = [HOAc] 0005 moles/1,

[NaOAc] 0.0085 meles’ L.

"HT = 5,37 u = 0.0L A\ = 227.5mu
_ log
t Optical  [(CgHZ)oHRIXACS b (a=-x
(mine) Density moles/1. s, Dex a (b=x
0 0306 0 TelZ Z.C5 0
6 Qe 266 Ce3lc Z.21 Le73 0.0C513
15 O.L{.BB Qe70¢ S22 e 2l 0.0123
32 06521 1.16 687 3.89 O.0222
53 0.618 1.£8 Lelf 36237 0.0366
N 0,692 2.08 LelE 297 00505
103 0779 2456 3657 24109 00723
123 0«82 280 3633 2.25 040861
157 0.87h 3.07 3.6 1.98 0,105

Kopge = 2446 lemol=lsec=-1

Reprodubed with permission of the copyright owner. Further reproduction prohibited without permission.



RUN #L6

[CoHGHgC10), e CEHSHEOR] ) = 6413 X T
[CéHSB(OH)g]O = 5.05 X 1075 meies .

log &
(CeHSHEC10), e CEHEHROR] = Z._27°
[CeHSB(OH) 2] = 3.3971
[{CeHg)2Hg] = Lo3T7T7L

Solvent = "L0%" EtOH
Buffer = [HOAc] 00,0075 moles/1.
[NaOAc] 060075 moles /%«

"pH" = 5e26 u = C’oObf _ T ® ZZT,Em
£ Optical [(CeHe ) oHg 1X205 gy?a-zz
(mine) Density moles/le E=T ez 3 Toex
0 0e31l 0 £.iz Tel
11 00383 00378 E"?E - N Thz
29 Oely77 0.892 Cezi —a ssoilnl
58 06582 1el47 LeSo aI2 12302
ol 0+686 240l Lelt Tall Sa2e80
136 0eTh2 2¢3h 278 2,70 1,3518
163 0786 2059 3eZL Zenz Ce3739

Kopg, = 186 lemol=tsec™s

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.




RUN #47

[CeHcHECL0) e C4ECHOR ], = 6e13 X 105 moies/ 1,
[C6HZB(OE) 2] = 5405 X 10> moles/1,
log &
(CeEE gplou.06HSHgOHJ = 3.L675
{CeIgB(0Z) 2] = 3.3813
L(CeHzigdgl = Le377h
Solvent = "LJZ" EtOH
Buffser = (ZCAc| 0025 moles/le
- 1%aCAc] 0.0025 moles/1
"pH" = £.26 u = 0.0L S = 227 .5mu
£ Optical L(Céﬁg)QHgIXIOS ic%a-x
{(min.) Densicy es/1. SeX Tax e (o=x)

0 Ce301 o el Sel’ .

8 Cel32 58702 Sel e " TellZZ
17 Ce=23 1,18 lLeG= 2eZ” Se0227
26 CeEC2 1587 Le55 ez se0222
39 Ceb70 L9 LielS 2ell 240LE3R
cg Ce7lS 2442 2671 Ze52 200652
70 CeT3L 2+66 3el7 2438 240778
g1 0.560 3.01 Rel2 el J0102

115 CeSlc 3030 282 PP 2W128

Zobg, = 4436 lemol=lsec-1

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.




log &

(CeHgHZC10), *CHgHgOR] = 343856

RUN #49

[06H5Hg010u006H§EgOH]O =
[C4HEB(OH) 5l = 54480 X 10=5 moles/1.

[CeHgB(OH) 2] =

[(CeHg)oHg] = Lo377h

Solvent = " 0%" EtOH

Buffer = [H3PO) ] 0.001 moles/le

(NaH2POY ] 000k moles/le

6255 X 105 moles/1.

"pH" = 3,60 u = 0,04 >\ = 227 ¢5mu
t optical  [(CgHg) Hg]X105 %O a=x
(mine) Density fe% /1 a-x bex B iﬁ:§%

0 0282 0 6e26 5.8 0

10 0« 355 0377 5.38 5010 0400495
28 061139 04817 Saly  Leb6 0400932
L5 0.521 1.2l 5.02  Le2li  0,0159
67 04583 1457 Lo69 3.91  0.0215
97 04656 1495 lye31 3¢53 00293
12l 04723 2430 5496 3¢18  0.0378
150 05770 2455 3671 2.93  0.0451
185 0.80L 273 353 o75 040510 |

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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RUN #51
[C6HEHgC10) *C6HSHgOH], = 60255 X 10~5 moles/1o
[06H55(0H)2]§ = 5,480 X 10~5 moles/1.
log &
[C4HEHECL0), e CoHGHOH] = 3aly1h6
[CeHB(OH) 2] = 343883
L(CoHg ) pHEl = Le377h
Solvent = "LO%" EtOH
Buffer = [H4qPO)] 00005 moles/1.

(NaHpPO), ] 0.002 moles/1e

"pH" = 3,60 u = 0.0l ;X\‘ 227 eEmu
log
miny  Shim leenpggelmos o rlem
0 00296 0 6.26 58 0
9 0ely32 0723 5.53  Le76  0.00810
18 0,187 1.02 5.2l Lelib  0.0126
29 06571 Lolib LeBO  Le02  0.0196
L2 0.6kl 1.65 Lelil 3463  0.0271
53 04712 2.21 1405 3427  0.0355
7 04779 2.56 3.70 2492 0,0LEL
85 0830 2.8L 312 2464 0.0550
103 0.868 3.0 3022 244k -040630
128 0.0803

04934 3439 2.87 2.09

Kobse = 3el3 lemol=lsgee~l

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



:%ﬁ el

RUN #52

[CoHgHEC10), «CoHEHgOH] o = 64255 X 10=5 moles/1l.
[CéHBB(OH)Z]O = 5,480 X 10-5 moles/l.
log €
[CeHZHEC10) e CpHgHgOH] = 3.4,278
[CeHEB(OH) 2] = 33818
L(CeHg) gHgl = L3774
Solvent = "LO%" EtOH
Buffer = (H3PO)] 0.005 moles/l.
[NaH2PO| ] 0400k moles/1.

WoH' = 3.93 4= 0.0l A = 227 .5mu
) N lo
(mjgn.) gggi?ﬁ; “Céﬁ §g]mo5 a=x D=x % %?%;'
0 06299 0 6+26 S.48 0
7 0396 0512 57l 11«97 0.0055
16 0.1453 0816 Selyy LLeb6 00093
27 0s513 1.1l 5.12 lre3ly 0,013
Lo 0.602 1.61 465 3,87 0.0223
53 06667 1.96 4«30 3e52 0.0295
69 0718 223 1403 3425 040360
83 0e768 2450 3,76 2498 00035
126 0874 3406 3420 24112 0639
Kobgse = 2468 1lemol=lsec=l

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



RUN #53

[CoHGHECLO) *C6HSHgOH], = 64255 X 10=5 moles/1.
[CeHEB(OH) 215 = 54480 X 1075 moles/1.

~—

log £
(CoHSHECLO0), *CoESHgOH] = 343955
[C6EgB(OH) 2] = 343458
[(CoHg) pHg] = Le3770

Solvent = "LOZ" EtOH
Buffer = [H4PO}] 040015 moles/le
(NaH2PO)] 040090 molss/1e

MOHM = 3,76 u = 0.0L N\ = 227 «5mu
t Optical (CGH%)EHgEXlO/ %oga—x)
(mine) Density os/1e a=x bex a (bex
0 0277 0 be26 Seli8 0
56 Oel6l 0956 5430 bhe52 00112
71 050 1.18 5.08 L4+ 30 00149
92 0e540 1.37 189 LLell 0.0180
117 0607 1472 lLeSl 3676 002
147 06659 1499 lLe27 3.9 0.0362
180 0.702 2.21 Le05 327 0.0355

Kopge = 1601 lemol=lgec=d

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



RUN #5l

[CoHGHEC10) *CoHGHEOH] ) = 64255 X 105 moles/l.

[CeHgB(OH) 2], = 5.480 X 10=5 moles/1.

log &

(CLHgHgC10), «CeHgHgOH] = 3.3828
(CeHEB(OH) o] = 3.3458
[ (CeHE) pHg) = Le377L

Solvent = "L 0%4" EtOH

Buffer = [H3PO),] 0.00125 moles/1.

[(NaH2PO) ] 0.0075 moles/1e

MOHT = 3,76 u = 0.0L ;*\= 227 «5mu
t Optical  [(CgHg)oHglX105 %ozgzﬁ}
_ (mine) Density mdles 8=X bex a (b-x
0 0.272 0 626 S48 0
23 04391 0661l Sabll 187 0,0067
39 Oel51 Ce926 5.33 11«55 0.0108
53 04ls78 1407 5619  l.4l  0.0133
68 04557 1.48 Lo78  Le0O  0.0199
90 0.592 1.66 I+ 60 3682 0.0232
11l 0.612 1.76 Lt « 50 3672 0.0252
1y 04679 2,11 l}e15 337 040330
178 0.707 2,26 11200 3.22 0.6368

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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RUN #61

[C4HZHEC10) +C6HEHEOH]o = 590 X 10-5 moles/1.

[CeEGB(OH) plo = 3458 X 105 moles/1.

log &
[CeHEHECL0), *CoHgHgOH] = 364013
(CeHSB(OH) 2] = 302943
[(CeHg) 2Hg) = Le3TT7h
Solvent = "LOZ" EtOH
Buffer = No Buffer
u = 00l N = 227.5mu
t Optical (06H§)2Hg]x105 %O%a-x
{min.) Density a=x bex = E?f%'
C 06219 0 590 358 o]
10 2.528 1.50 Le30 1.98 56120
1¢ 0460 2.18 3.72 1.0 4209
2g . 0e723 2061 329 CeG7 Ce3lit
L1 04791 2.96 2.94  0.62 04159
53 04820 3.11 279 Cols JeEET
biL 084l 3.23 267 O35 Ds0666
76 0870 3¢37 253 0.21 04364
88 0880 3.2 2.48 0elb 1.07

Kobge = 18elr 1lemol=lgec-1

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



RUN #62

[C4H5HECL0),+CoHSHOH], = 5490 X 10-5 moles/1o
[C4HEB(OH) 2]y = 3458 X 107> moles/1.

log &
[06H5Hg01ou-0635ﬂg0H1 = 3.4185
[CeHgB(OH) 2] = 343438
L(CoHS) 2Hg) = Lo377L

Solvent = "LO%" EtOH

Buffer = No Buffer

u = C.lé N = 227,5m
(mzn.) gﬁ;z;i; (Céﬁg g g]X1OS aex bex %oggzi
Q 06223 0 5e90 3458 0

8 0809 1.5 lieli5 2613 0103
17 06626 2407 3683 151 0.188
27 0.708 2450 3eL0 1.08 0,281
e 0791 293 2+97 0eb5 Oelly3
51 0820 3.09 2,81 0eL9 OeEh2
62 0e8LL 3e22 2,68 O0e26 0e655
Th 06870 335 2058 0e23 0eT720
86 0880 3440 2.50 018 00926

Kobse = 17¢9 lemol=lsec~1

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



RUN #6L

{CéHgHgClOuoceHgHgOH]O 5490 X 10=5 moles/1.
[CoHSB(OH) 215= 7.16 X 107> moles/1.

[CeHgHgC10) e CeHSHEOR] = 3,1282
[CoHGB(OH) 2] = 28971
[(CeHEs) Hgl = L3774

Solvent = ",0%" EtOH
Buffer = [NaHCO3] 0e03 moles/1.
[NapC03] 0603 moles/1.

"OH" = 1053 u = 0.15 N\ = 227 e5mu
iy Qe lesmpmgmos o p
0 0,215 0 7416  5.90 0
6 0290 0,373 6.79  5.52  0.0052
2l Oalil7 1.1l 6.02  Le76  0,0176
149 0e631 2.05 5.11 3085  0,0385
76 00762 2469 LeL7 3421  0.0594
106 087 3e24 3492 2466 0.0840
128 0.918 3eli5 3.71 245 040958
145 0,960 . 3wb6 350 2.2 04109

Kobs, = 2036 lemol=lsec~t

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



RUN #65

[C6H5Hg010h006H5HgOH]° = 5490 X 1077 molzsa/ L.
[CEHEB(OH) 2]y = T+16 X 1075 moles/1,

log €
[CeHZHgCL10), « CoHSHEOH] = . l11.
(CoHgB(OH) 2] = 248353
[(CeHg) oHgl = Le37Th
Solvent = "0%" EtOH
Buffer = [NaHCO3] 001 moles/I.
[NapC04] 0403 moles/2.

"pH" = 10.96 u = 0015 S = 227.5mu
— - e —
t Optical  [(CgHg)o HglX105 %O%a-x)
(mine) Density §es /1. a-x e a (b-x
0 0201 o Talé Z.32 )
11 Ge262 0296 & o824 -t 2.004L0
Ll Ol 3l 1.13 6403 L7 04017k
81 06556 1.72 Sy 2413 0.0300
158 0737 2460 LeS6 2.3 240560
209 OeBLly 3.12 LeOL 2.73 0779
249 00902 el 3475 ZeL5 2093l
299 04959 3468 3448 2,22 0.111

kKobge = 1013 lemol=lgec-1

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



RUN #66

[CeHEHEC10), o CeHEHEOH]o = 5490 X 10=5 moles/1l.
[CoHEB(OH) 2lo = 7416 X 10=5 moles/1.

log &
[CéHSHgClOu°GéH5HgOH] = 343939
[CoHSB(OH) 21 = 248125
[(CeHg)2Hgl = Le377h

Solvent = "L 0%" EtOH
Buffer = [NaHCO3] 0e0l moles/l.
[NapCO3] 04045 moles/1.

"GH" = 11,15 u = 0015 >\ = 227.5mu

e ———— — ——
PP ———ra—
e ———— ittt et P paiont ———— —

1o
ey SE Wegpgemos ol
0 06193 0 7.16 5.90 0
h2 0337 0.696 616 5.20  0.0102
78 0457 1.27 5489 lle€3 0.6201
155 04591 1.92 5e2l; 398  0.0350
206 0+091 2.140 te76 3,50 00451
247 0. 7L} 2465 L,51 3.25 040579
296 0.788 2486 4o 30 3404 040662
348 0.86l 3623 3493 2.67 00834

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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RUN #TOA

[ C6H5HgC10}, * C6HSHgOH] o = 34667 X 107> moles/1,
[CeHgB(OH)2lo = 5,205 X 1075 moles/1,

log &
[ CoHgHRCL1O) » C6H5HgOH] = 3.40183
[CeHgB(0H) 21 = 3.36994
[ (C¢H5)2Hg) = L3774

Solvent = "50%" EtOH

t Optical éo%a-x)
(min,) Density X a-x bex ] (o-x

0 0621l 0 5.21 3.67 0

9 0,360 1,09 L.11 2.58 3.0501
18 0,463 1.63 3.57 2.0l 1, 0522
28 0¢537 2,02 3.18 1.65 0.132
36 0.572 2,20 3.00 1.47 0.158
46 0,610 2.40 2480 1.27 0.191
58 0,660 2.67 2.53 1,00 0.231
73 0.703 2.89 2.31 0.78 0.319
85 0.727 3402 2,18  0.65 0,373

Koba, = Te72 l.mol=igec=l

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



RUN #70B

[ CHgHEC10) + CgHEgHEOH] o = 34567 X 1075 moles/1.
[ C4HgB(OH) 2] o= 5.205 X 10-5 moles/1.

I

log
[ CgHgHEC10), « CoHgHgOH) = 3,40183
[CeHgB(OH) ] = 3.3699L
[(CeHe)pHE] = La377h

Solvent = "50%" EtOH

Fn= 227.5ma

1o
win . bl
0 0.21L 0 5.21 3467 0
6 0.305 0.796 Ll 20,37 040342
25 06520 1.93 3427 1.7k 0.122
35 04575 2.22 2498 1.45 0,161
43 0,510 2.40 2.80 1.27 0,191
56 0,562 24548 2.52 0.9¢ 0¢25L
71 0,694 2,85 2435 0,82 0.305
82 06737 307 2e13 0.60 0.398

Kobg, = 8.22 l.mol~lsec~l

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



RUN #71B

[ GgHgHgCLO), « ColigHEOH] 5 = 1.83L X 107> moles/1.

[ p-CH3CeH,B(0H)plo = 2.305 X 107> moles/1.

log <.

[ C¢HgHgC10) + CgHgHgOH] = 2.45688

[R-CHBCéHuB(OH)Z] = 3,486l
[p=CHyCgH) HgCeHel = Ll29551

Solvent = "50%" EtOH
A= 236mu '
lo
wio SR 0 e 2B
0 0,075 0 2,31 1.83 0
3 04100 0154 2,15 1.68 0.0079
9 0.1l OeLi06 1.89 142 0.0249
15 0,172 0.568 1,70 1.23 0.0413
22 0.206 0.808 1.49 1,02 0.0653
30 0.223 0,512 1.39 0.92 0.0800
41 04256 1.12 1,18 0.71 0.121
Sy 0,28l 1.29 1.01 054 0.173
66 04200 1.37 0.93 0.46 0.216

= 25,5 lomol=lgec~1

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



RUN #72B

[ C¢HHgOHs C4HgHEC10 1o = 1.83L X 1075 moles/1.

[p~CH30CgH,B(OH) 2l = 1,895 X 1075 moles/1,

log ¢

[CéHSHgOH~06H5Hg01Ou] = 2,1461

[p=CH30CgH)B(0H)p] = 3.62002
[ p~CH30CgH) HgCLHE] = Le129L

Solvent = "50%" EtOH

A = 2L6mu

lo
t Optical b ;aux;
(min.) Density X a=X Dex a (b-x

0 0.081 0 1,89 183 0
L 0,147 0,708 1,19 1,13 0,0087
7 1/2 0,168 0+937 0.958 0,897 0,014y
11 1/2 0.197 1.25 0.645 0,584 0.0289
16 0,200 1.29 0,605 0,54l 0.0320
21 1/2 0.213 1.43 O.465  0.404 0.,0U469
29 0,222 1.53 0.365 0,304 0,0652

39 1/2 04238 1.70 0,195 0.131 0.159
Kobs, = 1159 lemol=lsec~1

Repro.dlljcé‘d with permission of the copyright owner. Further reproduction prohibited without permission.



RUN #T4

[ C¢HgHEC10}, * CeHgHEORl o = 7.33L X 105 moles/1,

[m-NOoCeH,B(OH) ] o = 5.625 X 107 moles/1.

Log £
[ C¢HgHgC10) » CoHgHEOH] = 3,37918
~ [m=NOpCeH,B(0H)p] = 3,6521
[m-NOpCgH) HgCeHgl = L.2730
Solvent = "50%" EtOH
A = 228mu.
lo -
t Optical b (a=x
(min,) Density X a=-x b=x a iﬁri%
0 0.428 0 Te33 5.53 0
32 0479 0.430 6.90 5.20 0,0083
79 0.532 04876 6045 L.75 0,0183
150 0,577 1,26 6,07 .37 0,0281
249 0.559 1.95 5.38 368 0.0503
363 0.710 ‘ 2,38 L35 3+25 0.0681
6U5 0.822 3632 4.01 2.31 0.125
770 0.872 367k 3459 1.89 0,164
915 0.932 Le25 3.08 1.38 0.234

kobs, = 04429 l.mol"lgec™?

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



RUN #75A

[ CgHgHEC10), +CoHgHEOH] o = 3.667 X 107> moles/1.
[p=FCgHYB(0H)2lo = L4942 X 10=5 moles/1.

log &
[ C¢HgHgC1O0), « CeHpHgOH] = 343960
[p=-FCgHLB(OH)2] = 3.2651
[ p=FCeHHECEHE) = 443390

Solvent = "S50%" BtOH

A= 228m

t Optical %oga—x)

(min, ) Density X a=Xx b=x a (b=x
0,175 0 Lo9L 3.67 0

i 0.26l 0509 Loly3 3.16 00177

10 0.341 0e949 399 2,72 0.0375

19 0+409 1.34 3450 2633 040594

28 0.463 1.65 3629 2402 0.,0823

Lo 04530 2.03 2,91 l.64L 0,119

52 04567 242l 2470 1.43 0.146

63 0,611 2.49 2,45 1,18 0,188

86 04653 2473 2.21 0.%4 0e.242

Tk = 8,20 1l.mol"lsec=1

obs,
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RUN

s

TTA

[CeHgHEOH] o = 3.L27 X 1075 moles/1.

[C¢H5B(0H) 1o = L.850 X 1075 moles/1.

»

log &
[CeHgHEOE] = 3,558
[CeHEB(OE)2] = 3.2556
[CeHgHgCLHe] = L3774
Solvent = "SOZ" EtlH
A= 227 .5mu
: 1o
(mig.) 82322:; X a=-x b-x E %a:i)
0 0.2L6 0 L85 3.3 0
9 0437 1.09 3.76 2e3L 0,0551
21 0,498 1443 3.L2 2.C0 0,0822
31 0.563 1.80 3.C5 1,63 0,121
L3 0.591 1.96 2.89 147 0.143
60 0.6Lh2 2.25 2460 1.18 0.193
78 0.667 2.29 24146 1.04 0.223
108 0.720 2.€9 2.16 0o 7k 0.31h
143 0,750 2,66 1.99 0.57 0,392
207 0.783 3.C5 1.80 0.38 0.525

Kobg., = 8430 l.mol=lgec=1

Repfbduced With p.ermission of the copyright owner. Further reproduction prohibited without permission.



RUN #77B

[CeHGHEOH] o = 3.1:27 X 107> moles/1,
[CeHEB(OH) 2l = LeB50 X 1075 moles/1.

log &
[ C¢HgHgOH] = 3.5986
[CuHEB(CH)p] = 3.355¢€
[CéﬁngC6H5] = U4 2774
Solvent = "50%" EtCH
A= 227 45m
log
(mig.) 8222:‘:% X a=x b=x ’S[ %ﬁ%
0 0236 0 T 3.43 0
6 0,357 0.£30 1,22 2,80 00273
28 0,530 1.61 3.24 1.82 0.C957
Lo 0.588 1.94 2.51 1,49 0,140
57 0.63l 2.20 2.65 1.23 0.183
75 0.671 2.1 2.k 1,02 0,228
105 0.722 2.70 2.15 0.73 0.218
14,0 0.758 2.51 1.94 0.52 0.421
20l 0.791 3.10 1.75 0.23 0.57k
Kobs, = 8410 l.mol=lsec-1

Réproduced with permission of the copyright owner. Further reproduction prohibited without permission.



RUN #768B

[CéﬁgHgOHlo = 3,393 X 10"5 moles/1l.

(m=-FCeHLB(0H)2]lo = L.LBL X 10~5 moles/1.

log &
[ CoHgHEOH] = 358669
[m-FCeH,B(OH)p] = 342746
[ m-FCH, HeCpHgl = L3278
Solvent = "50%" EtOH
2= 226mu
t Optical goga—x)
(min,) Density X a-x b-x a (b=-x
0 0.213 0 I 3439 0
9 0.26l 0.327 419 3,07 0.0112
22 0.312 0.634 3.88 2476 0.02L1
43 0.351 0.884L 3.63 2.51 0.0365
57 0.389 1.13 3039 2.26 0.0519
9l 0.450 1.52 3.00 1.87 0,0811
12l 0.472 1465 2.86  1.73 0,092
173 04533 2,05 2.47 le3h 0.141
203 0,560 2.23 2,29 1.16 0.171

¥obg, = 2,63 1l.mol=tsec=1

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



RUN #79A

[C¢HgHEOH], = 3.393 X 105 moles/1.

[ p-C1CeHLB(0H)2lo = 3.846 X 105 moles/1,

log 2

[ C6HgHgOH]
[p-C1CeH)B(0H)2] = 3,5596
[p-C1CeH)HeCeHs] = L.2525

1

Solvent = "50%" EtOH

2,469

A = 238mu
log

(mig.) gggiii; X a=x b-x % %%Ei%

0 0.149 0 3.85 3439 0

L5 0,252 0.730 3.12 2,66 0,0138

69- 00293 1.02 2483 2037 0.0226
105 04333 l.31 2454 2,08 0.0323
125 0.361 1,51 2634 1.88 0,006
15 0.390 1.72 2.12 1.67 0.0492
195 0.411 1.87 1,98 l.52 0,0604
239 0.lily7 2.12 1.73 1.27 0.,0798

obs,

= 2,87 l.mol=lgec=1
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RUN #79B

[ CeHgHgOH], = 3.393 X 107> moles/1.

[p-C1CeH,B(0H)2lo = 34846 X 1075 moles/1,

log &
[CéHSHgOH] = 2,469
[p~C1CgH,B(OH) ] = 345596
[p~C1CeHLHgCEHE] = L+2525
Solvent = "50%" EtOH
A = 238mu
log
(mig.) ggﬁ:i:; X a=x b-x E %%Eﬁ%
0 0.149 0 3485 3439 0
L3 0.266 0,830 3.02 2.56 0,0162
| 67 04296 1.05 2.80 2,3L 0,0235
101 0,343 1.39 2446 2,00 0.9355
122 0.369 1.57 2,28 1.82 0.043L
151 0,400 1.79 2,06 1.60 0,0553
192 0.432 2,02 1,83 1,37 0.0713

Kopg, = 3e13 lemol~lsec=1

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



[ C¢HgHgOCOCH3] 5 = 3,018 X 10™> moles/1.

RUN #81

[ CeHgB(OH)plo = 4978 X 107> moles/1.

[CH3COOH] = 1.3k X 10-4 moles/1,

log &

[ CeHgHEOCOCH3] = 3.4912

[CgHgB(OH)p] = 3.3116
[ CeHsHgCpHgl = L3770

Solvent = "50%" BtOH

N= 227.5mu
log
£ Optical b (a-x
(min. ) Density X a=X bex a (b=x
0 0,193 0 L .98 3,02 0
8 0.24L8 0,278 Le70 2eTh 0.,0170
18 0287 0.487 Lel49 2053 0.,0217
39 0e343 0,786 4el9 2.23 0.056l
56 0:37h 0.952 4,03 2.07 040724
77 OolLlly 1.17 3.81 1,85 0.0964
97 0.4L3 1.32 366 1.70 0,216
Kopg, = 2420 l.mol-lsec=l
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RUN #6&2

[ C¢HEHgOCOCH], = 3.018 X 105 moles/ls
[CeHsB(OH) ], = 4578 X 1077 moles/1,
[ CE3000H) = 27.51 X 1074 moles/1,
log &
[ CoHgHEOCOCH3) = 3,L4912
[ GgHEB(OH)p] = 3,21

[CoHpHEOEHS) = La3770

Solvent = "S0%" EtCH

\,
/\ = 227@ Smu

lo
t Optical b %a—x)
(min, ) Density X 6=X DX a (b=x)
0 06163 0 lieGE 3,02 0
28 0,261 0.2LE Le€3 2.67 0.0217
Sn 0.320 0.663 he32 2,36 00,0457
37 0.381 0.689 3.59 2.03 0,0762
11k 0.12 1.16 3,62 1.86 0.0952
150 Oelly1 1.31 3667 1.71 0.11l
190 0.L60 1.4l 3.57 1.61 0.128
228 0,483 154 3ol l.48 0149
267 0.L.98 1.62 .26 1,L0 0,163

K ps, = 1eliS lemol=lsec-1
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RUN #8L

[p-CH3CoH HEOCCCHE3] o = 2499 X 107> moles/l.
[CeHEB(OH) 2l = k498 X 107> moles/1.
[CH;CO0H] = 2,39 X 107% moles/1.

e

log 2

[CeHcB(0H) ) = 1,308

Qo

[p-CH30pH HeCeBe]l = L2915

Solvent = "50%Z" EtCH

A\ = 236mu
log

t Optical b (a=x)
{min., ) Density X a=X b=x 8 (b=x)

11 0.235 2,213 Lel7 2.18 040605

26 0307 1.27 3673 174 04110

6)4. Oe}-‘-OO lcEL 3016 lol? 0.210

91 0.456 2.18 2.82 0.83 04310
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RUN #85

(p=CH,CqH) HgOCOCH1 5 = 340k X 10~5 moles/1.

[ CeHgB(OH) 2l = 5,060 X 1075 moles/1.

[ CH3C00H] = 8,34 X 10~k moles/1.

log &

[p-CH3CgH)HgOCOCH3] = 3,5501
[CeHEgB(OH) 2] = 19080

[p=CH4CeH) HgCeHgl = La2915

Solvent = "S50%" EtOH

N\

A= 236mu
log

t Qptical b (a=x
(min.) Density X a=x b-x a (b=x

0 0.113 0 506 3.0k 0

13 0,184 O.Li56 060 2059 0.0295

32 0.249 0,874 4419 2617 o.ceué

58 0,316 1.31 375 1.73 0.115

91 04375 1,68 3038 1.36 0,175
122 0,13 1.93 3,13 1.11 04230
150 Oolylly 2,13 2,93 0.91 0.287
188 0.4458 2.22 2,8l 0,82 0,319

Kobg, = 3656 1l.mol=lsec-1
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RUN #86

[ p-CHyCgH) HEOCOCH3] o = 2,99 X 105 moles/1,
[CoHSB(OH)2lo = 4e98 X 10=5 moles/1.
[CH3C00H] = 9.56 X 10~4 moles/1.

log &
[E—CHBCéHquOCOCH3] = 3,5501
[ CeHgB(OH) 2] = 1.9080
(p-CH3C¢H) HaCeHgl = L.2915

Solvent = "50%4" EtOH

N = 236mu

t Optical %oga-x
(min. ) Density X a=x b-x a (b-x

0 0,106 0 l1498 2499 0

9 0,196 04575 Le35 2,141 0.0389

2l 0.242 0.856 1107 2.13 0.0637

61 0.334 lol2 3.51 1.57 0.132

89 0.398 1,81 3,12 1.18 0,205
132 0.h22 1.96 2497 1.03 0.243
168 Ouhlihy 2,09 2.8l 0490 0,282

kobs. = 3.34 l.mol=lsec=1 -
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RUN #88

[ p-CH3CgHy HEOCOCH3l o = 2499 X 1075 moles/1.

[CHEB(OH) 2] = 498 x 107> moles/1,

[CH3CO0H] = 23.90 X 1074 moles/1,

log &

[ p=-CH3CgH| HgOCOCH3] = 3,5501
[CeHgB(OH) ] = 1.9080

[p-CH30gH, HgCeHE]l = 4,2915

Solvent = "50%" EtOH

N = 236mu
lo
t Optical b %a-x)
(min. ) Density X a=-x be=x a (b=x)
0 0.106 0 496 2.99 0
Q 0,164 Ool1ly L4.57 2.58 0,0267
L3 0.232 0.841 o1l 2.15 0.0630
76 0.28L 1,17 3,81 1.82 0.0993
115 0.328 1.4k 3.54 1,55 0,137
150 0,369 1.70 3.28 1.29 0.184
169 0.387 1.81 3.17 1.18 0,208
k = 2,20 lemol=lgegc—1

obs.
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RUN #89

[ p-CH3CeH), HEOCOCH3] 5 = 3.0LL X 1075 moles/1,
[C6HEB(OH)2]lo = 5.060 X 10~5 moles/1.
[CH3C00H] = 25.02 X 10~ moles/1.

log &
[ p-CH3CEHY HEOCOCH3] = 3.5501
[ CoHgB(O0H) 2] = 1.5080

[p-CH3CeH,HECoH] = L2915

Solvent = "50%4" EtOH
A= 236mmu

e e e e e =

i
|

lo

wiy e il

0 0,113 0 5406 340l o

32 0,178 0.418 Lebly 2¢€3 0.0267

57 0,230 0.752 lis31 2229 0.C53L

93 06291 1ol 3452 1.90 0,0938
135 0336 1.43 3063 1,61 0.132
172 04360 1.59 347 1.L5 0,158
196 0.384 1e7h 3632 1.30 0,186

Kobs, = le8l lemol=lsec=l
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[ p-CH3CqHy HEOH] 5 = 8,910 X 107> moles/1.
[m-NOpCeH,B(OH) pl, = 34563 X 105 moles/1.

log o

[p-CH3CH) HgOH] = 3.4871
[E-NC2C6HLLB(OH)2] = 303877
[p-CH3CoH HgCeHm-K0p] = 1142209

RUN #91A

Solvent = "50%" EtOH

A= 236mu
o 1o

t Optical b (a-x
(min, ) Density X a=X bex Y ;E—x%

0 06361 0 8.91 3.56 0

20 0388 0.243 8,67 3e32 00187

37 OelOl 0,387 8.52 3.18 00307

89 0el4l40 0,710 8.20 2.85 0,060L
177 0.471 0.989 Ta92 257 040901
337 0,528 1,50 Telil 2,06 0,158
590 0,622 2635 656 1,21 0,336
703 0.641 252 6+39 1.04 0.390

kobs. = 0.306 l.mol-lgec~1
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RUN #91B

[ p-CH3CgH, 5g0H] o = 8,910 X 1075 moles/1.
[m-N0pCe B(0K) ], = 32363 X 1075 moles/ls

log &

~
H

{;m_—NOZCBHhB(OH)g]

LR—CH3CéHquOH] = 39A871
= 3e3877
{ 3-—6’53 CéE{LEgCé,Hu_n_x-'\Ioz] = [1,2209

Solvent = "50%" EtOH
Jo= 236mu
log
t Optical b (a=-x)
(min,) Density X a=xX bex a -X
0 06361 0 84391 3.56 0
18 0,408 0,23 8.9 3,14 000338
3l 0el17 0,504 8.4 3.06 040410
8L 0457 0.863 8,05 2,70 0,0762
17k Celg79 1,06 7635 2450 00989
335 0.538 1,59 ’_7.32 1.97 0.172
589 0,619 2432 6.59 1.2 0e333
700 0,658 2,57 6.2y 0,89 0.Lli8
Kobs, = 0s378 1,mol"lsec=-1
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RUN #92

{p-~CH3C4 ) HEOCOCH3] 5 = 340Ul X 1075 moles/1.

(p-CH3CeHB(OH)2)lo = 2,148 X 10-5 moles/l.

[ CHCO00H] = 2,78 X 10~4 moles/1,

log =

[ p~CH3CgH) HgOCOCH3] = 3.4610

[B-CH3C6H‘}+B(OH)21 = 33,5162
[P_'CHBCéHMHgCE)HMB"CHSJ = || .3953

Solvent = "50%" EtOH

= 236mu
- A —
t Optical %Oga-x
(min,) Density X a-x b~x a (b=x
0 0.159 ’ 0 3,04 2,15 0
L 0e243 Ocl12 2,63 l.74 060293
8 0,287 0,648 2,40 1450 06,0520
13 0,325 0,851 219 1.30 0.,0767
18 0.369 1.09 1.95 1,06 06113
2l 06392 1,21 1.83 0.9 0,138
30 Cely23 1,38 166 077 0,182
37 O3 1.48 1.56 0667 0,216
L6 0472 1.64 1,40 0e51 0,287
g6 041187 1.72 1.32 O3 0.336
Kobg, = 259 lemol=tsec=1
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RUN #94

IZ15.7,30C0CH3] o = 34044 X 10=5 moles/1.

T-TTI0E300E)2)o = 2,148 X 10=5 moles/1.
ITIICE = 19,46 X 1074 moles/1.
2--=20:%,Hg0C0CH3] = 3. 4610
2= 233.5,B(0H) 2]l = 3,5162
- 23054, HgCeH)p~-CH3] = 143953
Tilvazt o= 304" BtOH
lo
oz Iretial Q%a-x
=i, BRI Sl o X a-x b=x a -X
N R 0 3.0l 2,15 0
. Zis Dol 2,61 1.71 «0312
ZZ SRR 0.626 2442 152 0.0U96
K Do NEZ 0,878 2617 1:27 0,080
- P 2.985 2606 1,16 0,0967
C- :!:‘C: 1018 1086 0097 0 131
:’: - ;_.._T.": loi-i.o 1.6)4. 0075 0188
1Ll S 1.49 1.55 0.66 0.219
2355, T 9497 lemol=lsec=1
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RUN #96

[1m~NO,CgH) HgOH] , = 3,008 X 107> moles/1.
[p=CH3CeHLB(OH)2lo = 2,148 X 10=5 moles/1,

log €
[m-NO2CoH), HgOH] = 3.4055
[p~CH3CeH,B(0H)2] = 3.4162
{m-NOpCgH) HeCgH) p=CH3] = L2209

Solvent = "50%4" EtOH

/\\ = 236[}111

Log g

t Optical b (8=~=x

(min,) Density X a=x b=x a (b=x

0 0147 0 3.01 2,15 0

8 0.172 06356 2.65 1.79 060240

17 0.21l; 00729 2,28 142 0.0495
29 06256 1.10 1,91 1,05 0el11l
39 0,271 l.2l 1.77 0491 O0.143
49 0,278 . 130 1.71 0.85 0,157

kobs, = 20,1 l.mol"lsec"l
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[m=NO,CgH), HEOH] o = 5,975 X 107> moles/1.

RUN #97

[CeHsB(OH)plo = 5,405 X 107> moles/1.

~

log ¢
(m=NOpCgH), HgOH] = 3.5956
[CeHB(OH) ) = 302357
(m-NOpCeH, HECeHy] = 42730
Solvent = "50%" EtOH
M= 228mu
t Optical %Oga-x)
(min.) Density X a=x bex 2 (b-x
0 0329 0 5.98 Sell 0
10 0.511 1.41 457 3499 0015l
21 0.602 211 3.07 329 0,C270
32 0.697 268l 3.14 2,56 0.0LE2
us 00Thly 3620 2,78 2020 0,0581
58 0,783 3650 2.48 1.90 0.0722
i 0.814 3aTh 2e2l 1.66 0.0866
97 0.836 3091 2,07 1e49 00992

Kobg, = B89 lumol=lsec=1

Reprbduced with permission of the copyright owner. Further reproduction prohibited without permission.



RUN #98

[m-NOpCqH) HgOCOCH3l o = 24758 X 1075 moles/1,
[CeHsB(OH) 2], = 5.405 X 107> moles/1.
[ CH3CO0H] = 2,840 X 10=4 moles/1,

log &
(m-NOpCeH) HgOCOCH3] = 3.667
[CoHSB(OH)2] = 3,2606

[E-chcé%ﬁg06H5] = 11,2730

Solvent = "50%" Et0dH

A= 226m
log

t Opticsal b (a=x)
(min.) Density X a=X bex 2 (b=x

0 0e226 Q 5.40 2476 o

10 06315 O.72L lLe70 2.08 0,074

21 0.366 1.1h Le26 1.62 0,128

33 0.399 1ol 3.99 1,35 0,178

72 0e4497 2,21 3.19 0.55 OeliT1

98 0.524 2.43 2,97 0,33 0.662

Kobg, = 823 l.mol=lsec-l
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RUN #100

(m=NO2CeH, HgOH] o = 5s975 X 107> moles/l.
[m-FC4HB(0H)2]le = 13,20 X 107> moles/1.

log &
[m-N0,CgH) HEOH] = 3.5956
(m-FCeHB(OH)2] = 2.9377

[m-NOpCeH) HeCoHym=-F] = L2531

Solvent = "50%" Et0H

N= 228m
log
t Optical - b (a=x)
{(min.) - Density X a-x b=x a8 (b=X)
0 0350 0 13,20 5.98 0
= 0,436 0.66L, 12,54 5031 0.,0262
18 0,489 1,07 12,13 .91 0,0458
31 0«58L 1.79 1l.41 4o19 0,0882
L3 0,533 2.17 11,03 3.81 0,115
55 0671 2.46 10.7h 352 0.138
7h 0.750 3.06 10,1k 2.92 0.194
ol 0.792 3,38 9,82 2,60 0230
Kobs, = 1,48 1,mo1"1lsec~1
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RUN #101

[ m-NO2CgH) HgOCOCH3l, = 2075 X 10™5 moles/1.
[m-FOgH)B(OH) ), = 13.20 X 107> moles/1.
[ CH3CO00H] = 2,840 X 104 moles/1,

log &
[m-NO2CeH) HgOCOCH3] = 3,7010
[m-FCeH) B(OH)p] = 2,8502

[m-NOpCoHy HgCeHym=-F] = L.2534

Solvent = "S50%" EtOH

AN\ = 228mu

t Optical %Oga-x
(min, ) Density X a=x b=x a %E:E%

0 0,242 0 13,20 2,75 0

21 04260 0,230 12,97 2+53 0.,0298

L3 0s275 0,353 12,85 2041 0.047

60 04322 0,738 12,46 2,02 0.110

85 04361 1,06 12,14 1.70 0¢17h
118 0.368 1.12 12,08 1.66 0.182
148 06408 1.l 11.76 1,32 0270
179 041420 1.54 11.66 1,22 0300
209 Oo4ly1 1,72 11.48 1.0k 06563
238 0.6l 1.88 11,32 0.88 0e419

Kobg, = 0629 l.mol=lsec=1
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RUN #102

[m=NO2CgH, HgOCOCH3lo = 2475 X 10=5 moles/1.

[m-FCeHB(0H)2)o = 13.20 X 10~Y moles/l.
[ CH3C00H] = 5,680 X 1074 moles/1.

I

log &

[m=NG2CeH,HgOCOCH3] = 3,7010

[E~F06HhB(OH)2} = 2,8502

(m-N0oCeH) HeCeHm~-F] = 4.253L

Solvent = "50%" EtOH

A= 228mu
1o
B SR 5

0 0¢242 0 13.20 275 0
L2 0,279 0,386 12,81  2.37 0,0528
63 0.31L 06673 12453 2.09 0.,0978
83 0,331 0,813 12,39 1.95 0,123
116 0,348 U.951  12.25 1.81 0.150
158 0.396 1.35 11,85 l.la Oe2lly
180 0,.1;08 lolli = 11,76 1e32 06270

obs,

= 0,553 l.mol=lgec=1

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



	University of New Hampshire
	University of New Hampshire Scholars' Repository
	Spring 1960

	KINETICS OF THE ARYLMERCURATION OF ARENEBORONIC ACIDS
	THOMAS CHARLES MULLER
	Recommended Citation


	tmp.1529692931.pdf.UiLqa

