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neous idea of the amount of decomposition, it does
not seem likely that pressure measurements will
have a simple relationship to the amount of niethyl
propyl ketone decomposed in any part of the reac-
tion.

Ethylene and propylene also react and decrease
greatly in amount during the decomposition.®
Since propylene inhibits the decomposition,*® that
effect will operate to increase the complexity of the
process. As with methyl z-butyl ketone,® one
must conclude that a complete kinetic analysis of
the free radical chain mechanism is not possible
with the data available. However, the great simi-
larity of the behaviors of these two ketones is ap-
parent, It is seen that the chain steps above are
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analogous to those advanced for methyl n-butyl
ketone.?

It is likely that the carbon dioxide reported by
Waring and Garik*® is produced by the reacticus of
keterne since carbon dioxide is a major product of the
ketene decomposition at these temperatures,?’

Combining the analyses here with those of War-
ing and Garik,*87 one can see that, if the above steps
1-4 represent the decomposition, steps 2 and 3 are
most important,
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The Exchange of Hypochlorite and of Hypobromite Ions with Water

By M. ANBAR AND H. TAUBE
RECEIVED FEBRUARY 23, 1956

The reaction of ClIO~ and BrO~ with NO,™ proceeds with almost complete transfer of hypohalite oxygen to nitritc.

This reaction has been applied in the isotopic analysis of C1O~ and BrO~ undergoing exchange with water.
of ClO~ and water in alkaline solution proceeds by the paths £4[(CIO™)/(OH™)] and kgs[[(CIO™)(CI7)]/(OH)].

The exchange
Paths

of similar kinetic form are indicated for the exchange of BrO~ and water, and Cl™ as well as Br~ can catalyze the exchange.
The reactions reverse to the kg paths are the attack of Cl;, Bry or BrCl by OH ~, and the specific rates for these reactions
have been calculated. The mechanisms of the reactions and the mode of action of H* in reactions of oxy-ions are discussed.

In the course of tracer work on the reactions of
oxy-anions with nitrite ion in water, it was observed
that when ClO— or BrO— are the oxidizing agents,
almost complete transfer of oxygen to the reducing
agent takes place. The reactions with nitrite pro-
vide a means of isotopic analysis of the hypohalites
and therefore of following the rate at which oxygen
exchanges between them and water. While the
method thus made available is far from ideal, the
exchange reactions in question are of such interest
in themselves, as well as for comparison with other
substitution or oxidation-reduction reactions of
the hypohalites, that it was considered worthwhile
to obtain even data of the quality of those reported
in this paper. This decision was not reached with-
out making an extensive survey! of other reactions
which might be exploited for oxygen isotope sam-
pling, but none was discovered superior to that
adopted here. Some of the disadvantages of the
present sampling method could be avoided by
sampling the solvent by distillation. This method,
however, is not accurate for dilute solutions of the
solute.

Experimental

Reagents.—The liypoclilorite solution was prepared by
passing Cl, tlirough ice-cooled 5 M NaOH, then gradually
adding freshly prepared Ag,CO; until Ag,O, recognizable
by its color, began to form. The solution at pH > 13 was
stored in a refrigerator. The hypobromite was prepared in
a similar manner, but because of the greater rate of decom-
position, was used within 24 hr. Other chemicals were of
A.R. quality, used without further purification.

Procedure.—Solutions in O-enriched water, each of total
volume ¢a. 20 ml. were prepared, containing the hypohalite
as well as appropriate amounts of H,SO, and NaH,PO, and

(1) The results of these tracer experiments will be described in a
separate article.

kept in a thermostat. The adjustment of pH was made,
using a Beckman pH meter, with a special electrode for
alkaline solution. Measurements were reproducible to ca.
0.03 pH unit. Aliquots were withdrawn at intervals for
isotopic assay of the hypohalite. Each sample immediately
after being withdrawn was mixed with enough sodium nitrite
solution to leave the oxidizing agent in slight excess ar:d then
was added witl stirring to 100 ml. of water buffered to a pH
of 1. After reaction, which was found to be complete within
10 sec., H.O; was added to remove the excess hypohalite,
Solid Ag,S0O4 and Ba(OH ), were now added, and the solution
was adjusted to pH 9 using NaOH. After filtration, which
removes sulfate, phosphate, halide and silver from the sys-
tem, the pH of the solution was adjusted to between 5 and
6 with acetic acid, and nitron (diphenylenedianelohydrotri-
azole) reagent was added. The solution was left for about
12 hr. for crystallization of nitron nitrate, This was filtered
off, digested with ammonium hydroxide and was reprecipi-
tated, After digesting the precipitate again with ammo-
nium hydroxide, the remaining nitron base was extracted
with ethyl acetate. The solution was then evaporated to
dryness, the final drying being done under vacuum. The
N:O for isotopic analysis was obtained by decomgposition
of the NHyNO; comprising the residue, the gas firs: being
purified by storage over solid NaOH.

In spite of pains to improve the method of isotopic analy-
sis, specific rates calculated from results for successive ali-
quots of a given reaction mixture are found to differ by as
much as a factor of 2, These fluctuations do not corre-
spond to real clianges in rate, since they follow no trend with
time, and furthermore the data within a precision of & factor
of 2 or so conform to a simple and reasonable rate law, over
a very wide range in rate. It has been shown by direct ex-
periments that the handling of the nitrate is not responsible
for the fluctuations. The principal error seems to be in-
curred in the reaction of nitrite and hypohalite, for the con-
ditions necessary to make this reaction rapid also iucrease
the rate of exchange between hypohalite and water. Partial
exchange intervenes from time to time., This causes an
apparent reduction in the rate of excliange, because the en-
vironment during the quenching reaction has nearly the
isotopic composition of the initial hypohalite. To conform
to this analysis, the theoretical line in Fig. 1 has been drawn
through a high density of points corresponding to the higher



1074

rates of exchange. Positive deviations are stillleft, attribut-
able to random errors in isotopic analysis, the measurement
of pH and possibly to stray catalytic effects. In spite of the
irreproducibility of the data, important conclusions can still
be drawn from them, consisting as they do of a large num-
ber of determinations over a wide range of variation in some
of the parameters to which the rate is sensitive.

Definitions and Conditions.—Specific rates were calcu-
lated from the results for individual aliquots. Since one
of the exchanging forms, H,O, is so much more abundant
than the other, the specific rates calculated from the change
in isotopic composition of the hypohalite are equivalent to
the specific rates, first order in hypohalite, for total rate of
the exchange reaction.

Lower case k is used for specific rate, modified by sub-
script if reserved to represent a particular reaction; upper
case K is used for equilibrium quotients. Total hypohalite,
whether X or HXO, is represented by the symbol X(I).
E represents the O¥-enrichment ratio of the N,O in question,
i.e., the ratio N,O®/N,0 compared to that obtained for
the reaction of isotopically normal XO~ corresponding to
zero exchange, with the nitrate used for analysis.

Unless otherwise indicated, the units used are minutes for
time and moles per liter for concentration.

All experiments were done at 25°,

Results

Table I contains a summary of the experinients
on the transfer of oxygen from ClO— to NO,~.

Exchange of NO;~ or CIO~ with the solvent be-
fore reaction will decrease the apparent transfer,
Thus the values in the last column of Table I are
minimum values, The actual transfer may well
be close to 100%, as indicated by experiment 1.04,
the defect being caused by the exchange with water
during the analysis.

The bulk of the results obtained on the exchange
of ClO— and water are not reported in detail but
are entered in the graph of Fig. 1. Some of these
experiments are summarized in Table II to il-
lustrate the dependence of specific rate on the time
of reaction and the concentration of C10—.
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Fig. 1.—The specific rate of the exchange of ClO~ and
wuter, as function of pH.

The exchange of CIO~ and water is strongly
catalyzed by Cl—. In Fig. 2 are shown the results
of experiments devoted to studying this effect.
The specific rates (divided by (Cl7)) plotted as
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Yig. 2.~The specific rate of exchange of ClO * und H,0
catalyzed by Cl-, as function of pH.

ordinates were obtained by subtracting from those
directly calculated the specific rate for the non-
catalyzed path, as taken for the appropriate pH
from the line in Fig. 1. In all but one experiment,
the correction was less than 239, of the total. In

TaBLE I

TRACER EXPERIMENTS ON THE REACTION OF NO,~ anp ClO~

(In all experiments, CIO~ and NO,™ mixed at pH indi-
cated added to acid buffer. In 1.03 to 1.06, the enriched
oxygen was contained in the water of acid buffer, in 1.07 and
1.08, in the ClO~, in 1.01 and 1.02 in the water of the origi-
nal solution.)

I %

H20 Trans-
{after fer

mix- from
No. (NO:7) (C1O0-p pH NO2:~ Clo~ ing) NO;© Clo
1.01 0.056 0.2 11 1.0 1.0 3.1 1.43 38
1.02 .05 .02 11 1.0 1.0 5.5 1.6t 41
1.03 .2 4 12 1.0 1.0 3.5 1.20 75
1.04 .05 1 12 1.0 1.0 5.5 1.11 a3
1.05 .05 1 12 1.0 1.0 3.0 1.5 29
1.06 1 2 8 1.0 1.0 6.2 1.41 7
1.07 1 4 13 1.0 6.0 1.08 2.21 3
1.08 1 .2 13 1.0 7.0 110 250 79

the majority of experiments, (CI7) was 1.00 X
10=2%0r 2.00 X 10—2 3/, but in the experiment repre-
sented by the filled-in symbol, it was 0.100 A/, and
in the experiment at highest pH it was 2.00 X
10—* M. Only a limited variation in (CI(I)) was
undertaken, from 0.20 to 0.68 14, and thlie specific
rates are not affected by this change. Within the
precision of the data, there is no variation of specific
rate with the extent of exchange. The test of this
factor was of the same quality for the prescut series
of experintents as for those reported in Table IT.
The results on the exchange of BrO— and water
arc less comnplete thau for C10~.  In Fig. 3, the re-
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Tasre 11
THE RATE OF EXCHANGE OF CIO™ AND WATER

(Phosphate buffer at 0.1 M)

k

E - Eo (HY)

No.  sH (ClO) ¢ E—E& B X 107
2.01 9.55 0.20 15 7.6 0.13 4.6
2,02 9.75 1.02 10 3.5 .12 6.8
2.03 9.75 1.02 20 4.6 .077 4.3
2.04 9.75 1.02 30 8.5 071 4.0
2.05 9.85 0.68 10 2.1 .076 5.4
2.06 9.85 .68 20 3.4 061 4.4
2.07 9.85 .25 10 2.3 .082 5.9
2.08 9.90 .34 15 2.8 .067 5.4
2.09 9.90 .34 30 4.2 .047 3.7
2.10 9.90 .34 45 15.7 .061 4.8

sults obtained for the direct exchange of BrO— and
water are shown, as well as those for the reaction
catalyzed by Cl—and by Br—. To some extent, the
data for the direct reaction and that catalyzed by
Cl- constitute a test of the order with respect to
(Br(I)). The variation of (X~),1 X 10—2to 2 X
102 was too slight, and the data were too impre-
cise for the results to be taken as demonstrating
the order of the reaction with respect to (X ).
Discussion

The data on the exchange of hypochlorite and
water establish the kinetic law for the principal
path under the conditions of our experiments to
have the form k{(Cl0~)/(OH™)] and for the ClI—
catalyzed path to have the form A[(ClO~)(Cl-)/
(OH-)]. The rate laws for the exchange of hypo-
bromite with water have not been tested in all
their features as thoroughly as those for hypo-
chlorite, and in adopting the forms shown in Table
III, to a large extent analogy with the hypochlorite
system has been relied on. The highest rates have
been chosen to fix the values of the coefficients.

The quantitative conclusions from the work are
summarized in Table III.

Assuming the analysis of errors to be correct,
the coefficients in the empirical rate laws A, B, C
and D are believed to be accurate within 3097 and
that for rate law E, to within a factor of 2. The
coefficients in the derived rate laws depend also on
the equilibrium quotients for the hypohalite hydrol-
ysis reactions. The values of these quotients as
calculated from the dissociation constants of the
acids and of water at zero jonic strength have been
used. For the dissociation constant of HOCI,?
3.4 X 108 has been selected and for that of HOBr,?
2.4 X 107°, The assumption made in calculating
the concentrations of OH— and the concentration
hydrolysis quotient may have introduced additional
error, perhaps by as much as a factor of 1.5, into
the coefficient of the derived forms of the rate laws
but leaving their ratios almost unaltered.

Although the rate law terms of Table III repre-
sent the principal exchange paths for the ranges of
concentration covered in our work, other paths
must be considered and the data have been used to
calculate upper limits for the specific rates by rival

(2) As calculated by R. E. Connick, THIs JoURNAL, 69, 1509 (1947),
from data at lower temperatures.

(3) Measured as 2.0 X 10 79 at 20° and low ionic strength (L. Farkas
and M. Lewin, ¢bid., 72, 5766 (1950)) and as 2.1 X 10-% at 22° (E. A.
Shilov, Zhur. Fiz. Khim., 24, 702 (1950); C.A., 44, 10445 (1950)).
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Fig. 3.—Specific rates for the exchange of BrO~ and H,O
as a function of pH: O, uncatalyzed, ordinate scale on left;
®, catalyzed by Cl-, ordinate scale on right; @, catalyzed
by Br~, ordinate scale on right.

paths. The conclusions concerning some other im-
portant and simple paths are summarized in Table
Iv.

The upper limit for the coefficient of rate law If
was calculated assuming that at pH 8.7, at which
acidity the rate of exchange is fairly well docu-
mented, exchange by path F does not exceed that
given by the theoretical line in Fig. 1; for rate law
G, by making a similar assumption at the highest
pH of measurement, 12.4; for H and K assuming
that the rates by these paths in the experiments at
(CII) = 1 M and pH 9.75 do not exceed the rates
actually measured.

The only reasonable mechanism for exchaage by
paths B, D and E is attack by X~ on the halogen
part of HOY. Substitution by X~ on oxygen does
not lead to the exchange measured (although it
does lead to halide exchange) and exchange by an
electron transfer process in which HO-, X and Y
are formed is not energetically possible. A straight-
forward interpretation of the present data would
appear to be: HOY + X- = HO~ + YX. This
interpretation? is, however, ruled out by the
observation that when X = Y = Cl, exchange of
chlorine between CI~ and ClO~ can actually be
slower than that observed for H;O-CIO— as cat-
alyzed by Cl=.5 Thus, whatever the nature of the

(4) This obvious interpretation was given to the results by H.
Taube, Rec. Chem. Progress, 17, 25 (1956), but in the light of the re-
sults of the experiments on C1™=ClO - in exchange, must be rejected.

(5) This observation was first made by R. A. Silverman in these
laboratories. Complete results on the Cl-~ClO- exchange have been

obtained by (53) M. Anbar, 8. Gutmannp and R. Rein and will soon be
published.
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Tasre II1
SrECIFIC RATES FOR THE PRINCIPAL EXcHANGE PATH

Rate
Empirical coefliciente
law I3
(Clo~) g = -
A k&(O'ITIT)' 3.0 X 10
(C10-)(CI™) AR
B kn (GH) 5.0 X 10
(Bro-) 10
C kb(OI"I") J.6 X 10
(BrO-)(C17) o 5
D (o -
: (BrO~)(Br7)
£ BTHOH 2
@ Conen. of OH ~ calculated as antilog (p1I - 14
TaBLE IV
SprcIFIc RaTE LiMris
Upper limit
Path Terni for coeflic.
F Er(H %) (HOC 5 % 109
G ko(OH =) (FIOCD 400
H Eu(ClO){(HOC) 25
b ks (HOCL{HOCH 5% 100

attack of C1— on Cl of HOCI, the atoms of clilorine
do not become equivalent. A possible interpreta-
tion is that an intermediate [HOCIC1]~,® analogous
to Bry~ for example, is formed, in which the
terminal groups are very labile to exchange, this
exchange being of the Sn2 type.

From the value for the coefficient of the kinetic
term (HOCI)(Cl~) and the cquilibrium constant?
of the reaction Cl; + OH~- = HOCI 4 Cl—, an
upper limit of 4.7 X 10 can be calculated for the
specific rate of the reaction of OH~ with Cl,. This
value happens to coiucide with that calculated by
Morrist from early measurements’ of the rate of
hydrolysis of Cl.. The agreement is accideutal;
the experimental basis for Morris’ conclusions was
entirely removed by later work,® in which no
decline in the first-order specific rates for the
chlorine hydrolysis, as HCI increases, was ob-
served. The rate determining step in the hydrol-
ysis of chlorine uuder the conditions of the experi-
ments by Shilov and Solodushenkov is Cl; -+ H,O
and not Cly + OH~. The conclusions and results
of these authors have been checked by measure-
ments of the rate of the reverse reaction.®

It seems likely that exchange by paths A and C is
of the type Sn2. Comparison of the exchange rate
with those shown by oxygen bases known to attack
HOCI! by SN2 mechanisms suggest this conclusion.
It finds the strongest support in a comparison of the
specific rate measured, 12 min.~!, witl that meas-
ured for the kinetically similar term in the reaction
of HOCI witl plienol and certain otlier substances, !
the coefficient for which is 0.75 X 1072 min."t. If

(f) 7. 0. Bdwards, Cheut. Reviews, 50, 455 (1952).

(7) W. M. Latimer, “Oxidation Potentials,” Prentice-Hall, Tue,

New York, N. V., 1952, p. 59.

%) I, C. Morris, Twis JourNal, 68, 1692 {195).

(%) E. Shilov and 8. Soledushenkov, Ade Physicochen. (U.S.5.R),
20, (67 (1943).

(101 E.Shilov and 8. N. Solodushenkoy, J. Phys. Chem, (L7.5.5.R8.),
21, 1139 (1947).

(11) P. B. D. de la Mare, A. D. Ketley and C. A, Vernon, J. Chem.
Soc., 1290 (1954).

Rate
Derived coeflicient

law 24

k4 (HOCY) 12
ky'(HOCD(C1-) 1.0 X 100
kc’(1IOBr) 1.3 X 108
k' (HOBr)(Cl-) A% 10
ky'(HOBr)(Br ) 2 X 108

the latter measures the rate of the Sx1 path corre-
sponding to the formation of HO~ + CI* or some
other intermediate, it is evident that the exchauge
of HOCI with water does not wait on the formation
of this intermediate,

If the specific rate observed for the exchange of
HOCI with water is referred to the bimolecular
process HOCI + H,0, the rate coefficient becomes
0.22. This value can be compared to those re-
ported by Anbar and Dostrovsky!? for the reactious,
as 2nd order processes, of HOCI with HOCI, HOAc
and H;PO,: 24, 5.7 and 8.2, respectively. An-
other comparison fromn the paper of Anbar and
Dostrovsky which has application to the present
work is that of the rate coefficient for the reaction
of HOCI with HOAc as 5.7, with the coefficient for
the reaction of HOCI with OAc— as 3.1 X 1075
The couparison suggests that HOAc wmakes use of
the proton in substitution on HOCI by trausferring
it to oxygen of HOCIl. By analogy, a similar inter-
pretation can be advanced for the reaction of HOCI
with H2O.

The upper limit set in the present work for tlie
rate of interaction of HOCI 4 HOCI is well above
the various values reported, and does uot help to
niake a clioice between them. No significance can
be attached to the difference between the value re-
ported by Anbar and Dostrovsky for the rate of
interaction of CIO~ and HOCI and the upper limit
set by the present work. The value reported in
reference 12 was obtained froin an analysis of com-
plex data and may reflect errors accumulated in
evaluating the contributions by other paths.

An important comparison, which serves to intro-
duce a discussion of the oxidation-reduction reac-
tions of the hypohalites, is that of the specific rates
of halide substitution in HOX measured in the
present work with that reported!® for the reaction

HOC! + Br~ (to form OBr~and Cl17)

Two mechanists must be considered for this reac-
tionn. In one, Br— attacks OH so that oxygen
transfer occurs, while in the other, attack is on Cl,
the products being formed by subsequent hydrolysis
of BrCl. Tlie data of Table III show that i1 acting
onn Br i1t HOBr, Cl-and Br~ do so at about equal
rates. However, the specific rate (1.77 X 10%) for
£12) M. Anhar and 1. Dostrovsky, sbid., 1094 (1954},

(13} .. Farkas, M. Lewin and R. Block, Tnrs Jourxai, T1, 1988
(194,
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Br— reacting with HOCl is alniost 20 times that for
Cl- substituting on Cl in HOCI. The relatively
higher rate for Br— reacting with HOCI suggests a
different site of attack for Br, which therefore must
be on oxygen,

This conclusion, by no means certain for the
present system, is important to the problem of the
role which H* may play in reactions of oxy-ions,
The only reasonable place for the proton in the
activated complex of composition (HOCIBr]-
is on oxygen. If then Br— attacks O rather than
Clin HOCI, therole of H™ in labilizing O for transfer
is demonstrated. Definite evidence for this con-
clusion is found in work with the Br——HOBr
system. The exchange of Br between Br~ and
HOBr!* is found to be more rapid than the Br—
catalyzed oxygen exchange of HOBr, thus demon-
strating directly that Br— attacks oxygen in HOBr.
The particular function of protons in the activated
complex for reactions of anions which has been
described is suggested also by observations on other
systems. Thus, pernitrite persists in alkaline
solution but in acid is transformed rapidly to

NO;~.% A reasonable formulation for the acti-
vated complex in question is
ONO
OH

The activated complex providing for rapid ex-
change'® of NO with NO;~ involves H*. Here
(14) M. Anbar and R. Rein, to be published.

(15) K. Gleu and R. Hubold, Z. anorg. Chem., 223, 305 (1935).
(16) M. Anbar and H. Taube, to be published.
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also, the location of the proton on a bridge cxygen
seems the most reasonable possibility

Attempts were made in the course of the present
work to decide between the activated complexes

HO - o H -
[ >N....OC1 andl: >N....OC1
0 o
K L

for the reaction of NO,~ with hypochlorite by
studying the rates of reaction of RONO 4- OCI~
and NO,~ with ROCIl. Using an aliphatic group
for R, the reaction of nitrite ester is found to be
very slow. On the other hand, the reaction of the
hypochlorite ester with NO,~ is very rapid, but
only a small fraction proceeds to the product RONO,
expected for formulation L. This being so, the ex-
periment must be regarded as inconclusive on the
point under consideration (a small amount of
RONO, may appear as a side reaction of the princi-
pal change occurring), although it is consistent with
formulation L for the activated complex.
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The Measurement of Very Slow Reaction Rates;

Decarboxylation of Alanine'

By DwicHT CoNwWAY'™® AND W, F. L1BBY'®
RECEIVED FEBRUARY 28, 1957

A method of nieasuring slow reactions using radioactive labelling and low level counting techiniques has been applied to
the decarboxylation of alanine at temperatures correspouding to half-lives from 0.1 to 104 years, the results being essentially

in agreement with those which Abelson obtained at higher temperatures. bom  tet
A side reaction, which is most probably a short chain length radi:tion in-

perature is found to be about 10 billion years,

The half-life for decarboxylation at room tem-

duced reaction, was controlling below 373°K. and showed a half-life of about 10® years at room temiperature at our specific

radioactivities of about 3 millicuries of C!4 per mole of alanine.

It also was found that O, attacks alanine to release carboxyl

carbon at a rate corresponding to a half-life of about 20000 years at room temperature.

Introduction

A Few Possible Applications of the Method.—
By the use of radioisotopes the rate of very slow
reactions can be measured.? Many reactions
which proceed by very complicated mechanisms at
high temperatures should take place by much sim-
pler mechanisms at low temperatures since in com-
peting branch reactions the high activation energy
process will be “frozen out,”’ e.g., the reaction of H
with Oy gives all HO,; and no HO plus O at low tem-
peratures. There would be no reactions of product

(1) (a) This research was supported in part by the Office of Scientific
Research of the Alr Research and Development Command, U, S. Air
Force Contract No. AF 18(600)-663; (b) now at Chemistry Depart-
ment, Purdue University, Lafayette, Indiana: (c) presently a Member
of the U. S, Atomic Energy Commission.

(2) W. H. Johnston and P. J. Manno, THIS JourNnaAL, 79, 807
(1957),

with product molecules because of the very low con-
centration of products. Also in some cases the in-
creased stability of the products at low tempera-
tures would simplify the mechanism. A knowledge
of the low temperature mechanism should provide
information (activation energies and steric factors)
which would aid in understanding the high tem-
perature mechanism,

Therefore, the application of the method to the
study of many reactions should prove fruitful.
Many practical applications to such problems as
food spoilage probably can be made by study of es-
pecially cultured radioactive natural products.?

The method constitutes a powerful tool for the
study of very slow reactions. In addition to the

(3) N, J. Scully, W, Chorney, G. Kostal, R. Watanabe, J. Skok and
J. W. Glattfeld, “Proceedings of the International Conference on the
Peaceful Uses of Atomic Energy in Geneva,’’ Vol. X11I, 1935, p. 377.



