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The reaction between Sarin and benzohydroxaiic acid in near neutral aqueous solution has been examined kinetically.
A previously postulated reaction series involving the Lossen rearrangement has been supported on a stoichiometric basis
and the first reaction in the series, the phosphorylation of benzohydroxamate ion has been shown to be rate determining.

Certain of the very toxic organophosphorus
compounds such as the newer insecticides and also
the so-called nerve gases act by virtue of their
ability to inactivate the enzyme cholinesterase, in-
activation being caused by direct phosphorylation
of the enzyme.? In general these compounds are
relatively resistant to aqueous hydrolysis. Thus,
Sarin, isopropyl methylphosphonofluoridate, has a
half-life in aqueous solution at pH 7.6 of approxi-
mately 300 minutes. Several groups of compounds
have been reported which react rapidly with Sarin
under physiological conditions of pH and tempera-
ture. These include catechols,* copper chelates®
and hydroxamic acids.® Certain of the hydroxamic
acids have the ability to reactivate cholinesterase
which has been inactivated by Sarin’ and also to
act internally as prophylactics.® Thus, mice have
been protected to a limited extent against Sarin
poisoning.

It was the purpose of this study to examine the
reaction between Sarin and benzohydroxamic acid
in near neutral solution to provide a basis for the
comparison of the reactivities of a series of hy-
droxamic acids with the ultimate objective of
gaining insight into the nature of both the direct
reaction with Sarin and with the inactivated en-
zyme,®

Based upon the well known acylation of hydrox-
amic acids!® and the isolation of O-(N-phenylcar-
bamyl)-benzohydroxamic acid (II) in yields of 759,
or greater under preparative conditions,®!! it has
been postulated that reaction with phosphoryl
halides, sulfonyl halides or acyl halides in alkaline
aqueous solution®!! or inert solvent containing
base!? proceeds by initial acylation of the hydroxa-
mate ion followed by a Lossen rearrangement
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k
(CeH;CONHO)~ + PnX —> CH:CONHOPn + X~ (1)

k a
CsH,CONHOPn + OH- —>
(C:H;CONOPn)~ + H.O (la)
1

k.
(CsH;CONOPn)~ —> CsHNCO + PuO~  (2)

k
CsHsNCO + (C:H;CONHO)~™ —>
(CeH;CONOCONHC:H;) ~ (3
11

2(CH;CONHO)~ 4 PnX + OH~ —>
PnO~ + X~ + (CH;CONOCONHC:H;)~ (4)

Where, Pn = (1-PrO)(CH;)(P==0)-, ({-PrO),(P=
0)-, RSO,-, R(C=0)-; X = CL, F

The reaction of major interest, step 1, could be
followed kinetically by determination either of the
rates of production of phosphonylated hydroxamic
acid or fluoride or of the disappearance of Sarin
(PnX) or hydroxamate ion. The phosphonylated
hydroxamic acid is extremely unstable and not
available for analytical study.!® Determination of
fluoride or Sarin'4 at the low concentrations em-
ployed are difficult, time-consuming procedures and
of only moderate accuracy. Hydroxamate was
maintained in large excess and therefore its con-
centration varied by a relatively small factor during
the course of reaction. Hence, inasmuch as there
was produced a considerable amount of acid in the
over-all reaction and there was available a Beck-
man Autotitrator which can be set to deliver alkali
to maintain constant pH, the rate of acid produc-
tion was measured as a means of studying reaction
kinetics. However, in order to employ the rate
of acid production as a means of measuring the rate
of step 1, it was necessary to establish the validity
of the postulated reaction sequence and to demon-
strate that step 1 was the limiting step in the se-
quence. This was accomplished by a confirmatory
determination of the rate of fluoride production,
independent study of step 3, and also by determina-
tion of the stoichiometry of acid production and of
hydroxamic acid consumption.

Although the Lossen rearrangement of acylated
hydroxamic acids has been studied in great detail by

(13) It is noteworthy that the instability of phosphonylated (or
phosphorylated) hydroxamic acids is in marked contrast to the sta
bility of the acylated hydroxamic acids. Thus Hauser, & al.,
observed a consistent inverse relationship between rate of rearrange-
ment of O-acylated hydroxamic acids and the pKa of the acyvlating
acid: C. R. Hauser and W. B. Renfrow, ibid., 69, 2308 (1937);
R. D. Bright and C. R. Hauser, ¢bid., 61, 018 (1939). The phos-
phonylated {or phosphorylated) compounds do not fit into this corre-
lation, decomposing far more rapidly than wonld be predicted from the

acidity of the corresponding acid.
(14) J. Epstein, Anal Chent., to be published.
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Hauser and co-workers,!® this study provides the
first example of an examination of the ‘‘complete”
reaction.’® Sarin is particularly suitable for such a
study since it is completely water soluble and there
is a range of conditions under which it is very reac-
tive toward hydroxamic acids while being relatively
resistant to aqueous hydrolysis.

Experimental

A. Reagents.—Benzohydroxamic acid!® was prepared by
the action of hydroxylamine on ethyl benzoate. The acid
was crystallized from water and recrystallized repeatedly
from a mixture of methylene chloride and ether until a con-
stant melting point of 124-125° was obtained. All acid
samples were carefully dried at 80° under vacuum. Com-
mercial haemotoxylin (to be used for the fluoride determina-
tion) was repeatedly crystallized from dilute aqueous bisul-
fite solution until colorless. All inorganic salts were of
C.p.grade. Sarin (999, pure) was obtained from the Chemi-
cal and Radiological Laboratories, ACC. It was storedina
desiccator over sulfuric acid. Purity was checked regularly
by determination of free acid content. Allreaction mixtures
were prepared from freshly boiled (CO.-free) distilled water.

B. Reaction Rates. 1. Acid Production.—The reaction
rates were studied by measuring the rate of addition of stand-
ard alkali, taken up by the reaction mixture when main-
tained at a fixed pH by a Beckman Autotitrator. When
properly handled this machine was quite satisfactory for the
purpose; however several pitfalls must be avoided when one
studies relatively fast reactions. Although the machine
maintained the pH indicated, in many instances this value
was not exactly the same as that measured independently
with a Beckman Model G pH meter, deviations of as great
as 0.05 pH unit having been noted. It was observed that
reaction rates obtained from runs with half-times of less than
7 minutes although ‘‘normal’’ in appearance were difficult
to reproduce and led to incorrect results. Erratic behavior
was traced to (i) the positioning of the buret tip with respect
to the glass electrode and stirrer, (ii) the rate of addition of
base as controlled by the anticipation setting,!” (iii) the effi-
ciency of the stirring action and (iv) control of pH. All of
these difficulties were surmounted in this work by using an
anticipation setting of 0.75, the large stirrer, an auxiliary
pH meter and by positioning the buret tip slightly forward
of and above the circular stirrer blade and directed toward
the bottom of the glass electrode ca. /44" distant. Under
these conditions we encountered no difficulty in reproducing
our rates to within 5-7%, at half-times of 7 minutes and
greater.

In a typical rate determination a known quantity of benzo-
hydroxamic acid was dissolved in 0.1 N potassium nitrate
solution contained in a jacketted beaker through which
water of 30.5 == 0.2° was circulated from a thermostatically
controlled bath. The acidity of the solution was adjusted
to the desired value while its temperature reached that of the
bath. A stock solution containing ca. 0.1 ml. of Sarin (999,
pure) (Caution!),® in 250 ml. of water was prepared daily.
In the pH range of 4 to 6, which the solution assumed, Sarin
is sufficiently resistant to hydrolysis so that the stock solu-
tion could be kept for several hours at room temperature
or for a full day if stored in a refrigerator. An appropriate
aliquot was added to the benzohydroxamic acid solution and
the quantity of a standard 0.01 N sodium hydroxide de-
livered by the Autotitrator vs. time was recorded.

The concentration of the Sarin stock solution was deter~
mined in duplicate by treatment of aliquots with excess
standard 0.1 N sodium hydroxide for 24 hours, and the ex-

(15) The importance of a study of the ‘‘complete’’ reaction has been
pointed out with respect to the related Beckmann rearrangement,
D. E. Pearson and F. Ball, J. Org. Chem., 14, 118 (1949).

(16) A. H. Blatt, ‘‘Organic Syntheses,”’” Coll. Vol. I, John Wiley and
Sons, Inc., New York, N. Y., 1943, p. 67.

(17) That setting was considered optimum which produced the maxi-
mum rate of addition of standard alkali (0.01 N) to a dilute solution of
acetic acid in 0.1 N potassium nitrate, without over-titrating.

(18) Some of the data were obtained before the importance of the
auxiliary pH meter was realized. Hence the results contain greater
scatter than the system is capable of attaining.

(19) Sarin is extremely toxic in both the iiquid and vapor state and
must be manipulated with great caution in a hood of large capacity.
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cess alkali determined by titration with standard acid to a
neutral red end-point.

(+-PrO)(CH5)POF + 20H™ —>
(¢-PrO)(CH;)POO~ + F~ + H:0

Correction was made for the small amount of free acid con-
tained in the Sarin.

2. Fluoride.—Determination of fluoride was made by
the colorimetric method of Hunter and co-workers® which
is based on the bleaching of a standard blue aluminum-
haematoxylin solution. To determine the effect of benzo-
hydroxamic acid on the color absorption of the indicator a
series of solutions containing 25 ml. of the standard aluminum
haematoxylin reagent and 10-ml. aliquots of benzohydrox-
amic acid solutions of varying concentrations, both with and
without added fluoride, were diluted to 50 ml. and allowed
to stand at room temperature for 80 minutes.?! The absorp-
tion of the resulting solution was determined with a Klett-
Summerson colorimeter equipped with a #59 filter. These
results are recorded in Fig. 1. The effect on color intensity
was negligible at benzohydroxamic acid concentrations lower
than 1073 M. 1In the presence of 10 ™% M benzohydroxamic
acid (also in its absence) a plot of color intensity vs. concen-
tration of fluoride (up to 10 ug. F~/50 ml. test solution) gave
a perfectly straight line, in accordance with Beer’s law.

340

330 f

V]
0N
=]

Klett reading.

280 . : .
0 10-6107310—410-310-2101
Benzohydroxamic acid (moles/liter).

a

Fig. 1.—Effect of concentration of benzohydroxamic acid
on the bleaching of the aluminum-haematoxylin reagent:
A, @-@ reagent without added fluoride ion; B, O-O reagent
in the presence of 10 ug. of fluoride ion in 50 ml. of test solu-
tion,

A reaction mixture was prepared as previously described
and 10-ml. aliquots were withdrawn at appropriate times for
the determination of fluoride content. The consumption of
alkali was noted simultaneously. In Table I the raw data
from a single run are recorded, corrections having been made
for the aliquots withdrawn. The final colorimetric end-
point of the reaction could not conveniently be determined.
Hence, the first-order rate constant for production of fluoride
was ascertained by the statistical procedure of Schultz,??
which does not require a knowledge of the end-point. This
method is similar in principle to the Guggenheim procedure?2?
but has the advantage of greater accuracy. Also, it pro-
vides a measure of the internal consistency of the data. Its
application is particularly useful when rate data can be ob-
tained for only a limited part of the reaction.

C. Determination of pK, of Benzohydroxamic Acid.—A
solution of benzohydroxamic acid in 0.1 N KNO; was half
neutralized by addition of the calculated quantity of 0.1 N
sodium hydroxide, and serially diluted by addition of 0.1 N
KNOj;. The pH values of the resultant solutions were de-
termined at once with a Beckman Model G pH meter. The
values obtained as apparent pK’s of the acid were plotted
against the concentration as shown in Fig. 2. At low con-

(20) G. J. Huater, B. J. MacNuilty and E. A. Terry, Anal. Chim.
Acta, 8, 351 (1952).

(21) The presence of benzohydroxamic acid seemed to slow the re-
action between aluminum-haematoxylin and fluoride. With an 80
minute reaction time we found that complete reaction was assnred.

(22) H. Schultz, J. Am. Stat. Soc., 28, 139 (1933).

(23) A. A. Frost and R. G. Pearson, ‘‘Kinetics and Mechanism,”
John Wiley and Sons, Inc., New York, N. Y., 1953, p. 48,
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TasLE I

RATE oF HyDROLYSIS OF SARIN BY BENZOHYDROXAMICQ
Acip®

Acid production Fluoride production
: Re

Time, Alkali delivered, b Time,
min. ml. min.
0 0.00 0 0
2 .20 5 1.3
5 .45 10 3.0
7.5 .65 15 5.1
12 .97 20 6.1
15 1.16 25 7.2
17.5 1.34 35 8.9
20 1.50 45 11.2
23 1.70 55 13.5
25 1.89 75 15.3
30 2.22 95 17.8
45 3.04 115 20
65 3.90
® 6.16°

kobs X 104 = 2.36 sec.™! kops X 104 = 2,22 sec. ™!

a Run 17, Table II. *?0.0153 N NaOH, volume corrected
for aliquots of reaction mixture withdrawn for fluoride anal-
ysis. ¢ Difference between reading on Klett at zero time
and time of sampling, ¢ Theoretical value, based on 2.78
moles acid/mole Sarin.
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Benzohydroxamic acid (M X 10%).

Fig. 2.—Variation of the apparent pK. of benzolhivdrox-
amic acid with concentration at constant ionic strength.
Circles represent pH of half-neutralized solutions of acid in
0.1 N potassium nitrate.

centrations of benzohydroxamic acid considerably lower pA,
values are observed than at higher coucentrations. This
effect is due in part to hydrolysis of the conjugate base?
and also to the absorption of COz which effect would be more
pronounced in the more dilute solutions.? A pK, value
of 8.80 was taken for benzohydroxamic acid in 0.1 N po-
tassium nitrate solution.?

Results

Stoichiometry of Reaction.—As indicated in Fig.
3, which represents a typical plot of acid production
when the reaction is carried to completion, there
is produced 2.7 moles of acid per mole of Sarin.
The “blank” value for acid production, in 0.1 1/
potassium nitrate solution of benzohydroxaic
acid, 6.13 X 10—* 3{, was 2.2 X 107% mole of acid
produced per hour at pH 7.6.. This was due only in
part to the hydrolysis of benzohydroxamic acid
which was found to occur at pH 7.6 to the extent of

(24) For a thorough discussion of this phenontenon see T'. B. Smitl
““Analytical Processes,” 2nd Ed., Longmans, Green and Co., lnc,
New York, N. Y., 1940.

(25) Similar deviations at low concentrations were observed for sub-
stituted benzohydroxamic acids and for phenol.

(26) W. M. Wise and W. W. Brandt reported the pKa of benzo-
hydroxamic acid as 8.88, Tuis JourxAL, 77, 1058 (1855).
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Fig. 3.—Curve A, O-O, represents the acid production vs.
timne relationship in a typical reaction between Sarin (6.34 X
105 Af) and benzohydroxamic acid (6.30 X 10~* 3f) at
pH of 7.6, ¢ of 30.5° in 0.1 N potassium nitrate solution.
Curve B, @-@ ‘'blank’’ rate of acid production. Curve C,
®-0, corrected rate of acid production.

2.69 per hour.¥ The remaining acid was prob-
ably due to absorption of carbon dioxide from the
atmosphere.

Benzohydroxamic acid was destroyed during the
course of reaction. When reaction between 18.5
umoles of Sarin and 163 umoles of benzohydroxamic
acid in 275 ml. of 0.1 M potassium nitrate solution,
at pH 7.6, was permitted to go to completion, it
was found that 1.67*® = 0.16 mole of the hydrox-
amic acid was destroyed per mole of Sarin® (cor-
rected for the spontaneous hydrolysis of hydrox-
amic acid).

Kinetics of Reaction. A. Acid Production.—
In all of the runs, the concentration of benzohydrox-
amic acid was maintained in large excess over that
of the Sarin. The raw rate data yielded excellent
first-order lines, up to 80-85% of total reaction, as-
suming 2.78 moles of acid produced at the end-
point when plotted by conventional methods.
Guggenheim plots,®® which are not dependent on a
knowledge of the end-point value yielded substan-
tially identical rate constants. First-order plots
calculated for a typical run by the two methods are
given in Fig. 4. The value of the first-order rate
constant in each case was determined from the
slope of the straight line, as per equations 7 and &,
by a least squares calculation.

o ) Ve ke -
Conveutional: log o=, T 2308 ()
. . I’f\ﬁ kt N
Guggenlieim: log Ve ST 230 (8)

Where V,, Vi, Vi and Ve are voluine of stand-
ard alkali delivered to muaiuntain constant pH at
times = ¢, 15, { 4 15 minutes and « (cend-point
value), respectively.

(27) Determined colorimetrically by the disappearance of benzo-
hydroxamic acid determined as the ferric cliloride complex; §.

Hestrin, J. Biol. Chem., 180, 249 (1919).
(28) Average of three runs.
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The results obtained by variation of the concen-
trations of reactants and the pH of the reaction me-
dium (Table II) indicates a first-order dependence
upon Sarin and benzohydroxamate ion. Over a
fairly wide concentration range it was possible to
show that the reaction yielded reasonably constant
bimolecular rate constants (Table II). The reac-
tion rate constants were substantially unaffected by
added salts (Table II).

TaBLE II
KINETICS OF REACTION OF SARIN WITH BENZOHYDROXAMIC
Acip®
QHA,b (A-),¢ Sarin, kobs X 104,
M M sec, 7} ko,
Run p»H X 104 X 104 X 104 Obsd, Cor.d4 1./mole sec.
1 7.6 13,0 0.781 0.59 17.8 15.8 20.2
2 7.6 12.7 763 1,16 14.9 13.8 18.1
3 7.6 13.0 781  0.39 18.8 16.6 21.2
4 7.6 127 763 1.16 16.1 15.0 19.7
5 7.6 13.0 781 1,16 15,1 14.0 17.9
6 7.6 12.7 763 1.21 15.8 14,7 19.3
8 7.6 13.0 .781 0.61 16.9 14.8 19.0
9 7.6 13.0 .781 0.61 17.3  15.2  19.5
10 7.6 12.7 763  1.21 16.1 15.0 19.7
11 7.4 6.39 .246 0,67 5.97 5.23 21.2
12 7.6 6.39 .384 .87 8.50 7.61 19.8
13 7.4 6.39 .246 .67 5.80 5.02 20.4
14 7.6 6.39 .384 .67 8.20 7.41 19.3
13 7.4 6.59 .254 .70 6.03 5.25 20.6°
16 7.4 6.59 .254 .70 6.06 5.29 20.8°
17 6.9 10.1 124 115 2.58 2.36 19.0
20.9 £ 1.2¢

@ Unless specified all reactions were run in 0.1 N KNO;.
® QHA = moles of benzohydroxamic acid added to 1 liter of
reaction mixture = (HA) 4+ (A~). ¢ Molar concentration
of benzohydroxamate ion. 9 Corrected for hydrolysis of
benzohydroxamic acid. ¢ Reactions 15 and 16 run in 0.05
and 0.25 N KNOs, respectively. These values have not
been included in calculation of the average.

B. Fluoride Production.—Early attempts, using
the thorium-lake method for the analysis for
fluoride ion,?* at these extremely low concentrations
of reactants proved unsuccessful.®® Similarly the
zirconium—alizarin method?! proved to be too te-
dious and erratic. However, with the reservations
discussed in the Experimental section, the alumi-
num-haematoxylin method® was found to be suf-
ficiently sensitive and accurate to be applicable in
our system. However, it was far more time con-
suming than was the determination of rate of acid
production. Hence, after ascertaining that fluo-
ride and acid liberation occurred at substantially
identical rates in a single run, all further studies
were made by acid determination.

The observed first-order rate constants for acid
and fluoride production (Table I and Table II, run
17) were shown to be of no significant difference by
Students’ “#"’ test ( = 0.0247, n = 22, p > 0.9).
Their 19/20 (909,) confidence limits were calcu-
lated as 2.27 — 2.50 X 10—* and 1.88 — 2.55 X
10—* sec.™!, respectively.

Discussion

In the reaction between benzohydroxamate ion
and Sarin, according to equation 4, it can be seen
that there are converted two moles of acid which

(29) ‘“‘Anal. Chem. of the Manhattan Pioject,” McGraw—Hill Book
Co., New York, N. Y.. 1945, p. 235.

(30) S. Seltzer, unpublished observations.
(81) G. C. Gainer, Can. J. Res., 28B, 275 (1945).
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Fig. 4 —Comparison of the Guggenheim method with the
conventional first-order plot for a typical rate run: curve
A, Guggenheim plot; curve B, conventional plot.

are incompletely ionized under our reaction condi-
tions 2(CeH;CONHOH) and one neutral molecule
(Sarin) to two moles of completely ionized acid
(isopropyl methylphosphonic acid and hydrofluoric
acid) and one mole of incompletely ionized acid
(II). Hence, the quantity of acid titrated during
reaction at constant pH is a function of the pH of
the reaction medium and is related to the fraction
which is neutralized of each of the weakly acidic re-
agents and products.

According to equation 4 the total quantity of acid
per mole of Sarin produced, Qacid, at constant pH is
defined by

- (an) 7 _
Quis = 2 + | ey 5
9 [ (A7)
(HA) + (A7) CeH;CONHOH (5)
From

_ FAT)HY
Ky = [ (HA)

we can convert equation 5 to

= -——-————KA -
OQueta = 2 + [(H+) + KA]H
Ka

2 [(H") + KA:, C:H;CONHOH (8)

The pK, values of II and benzohydroxamic acid, in
0.1 M potassium nitrate solution, are 6.4!! and 8.8,
respectively. Hence, the quantities of acid which
would be produced at pH 7.6, 7.4 and 6.9 are 2.82,
2.83 and 2.73 moles, respectively, per mole of Sarin.

Correction for the side reaction of Sarin with
aqueous solvent which yields two moles of com-
pletely ionized acid with a first-order rate con-
stant®? of ca. 4 X 1075 sec.~! at pH 7.6 would re-
duce the quantity of acid expected at pH 7.6 from
2.82 to 2.78 moles. If phenyl isocyanate were to
react completely with water instead of hydroxa-
mate ion (as indicated in equation 3) it would yield
2.75 moles of acid per mole of Sarin®? instead of 2.78
moles for the over-all reaction. Hence, this side
reaction which accounts for 259, of the reaction of
phenyl isocyanate (see below) will not significantly
alter the quantity of acid produced. The value
experimentally observed of 2.7 moles of acid pro-
duced per mole of Sarin may be considered to be in

(32) Calculated from the experimentally determined half-time of
275-300 minutes.

(33) At pH 7.6, 18.5 umoles of phenyl isocyanate in 250 ml. of
water hydrolyzed to yield 15.1 = 0.5 umole of acid (81 mole %).
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good agreement with the theoretical value of 2.78
moles.

According to equation 4, two moles of hydrox-
amic acid should be consumed per mole of Sarin.
The competing side reaction between aqueous sol-
vent and Sarin will reduce this value by an amount
which will depend on both pH and concentration
of hydroxamic acid. Under the conditions of this
study the side reaction between Sarin and solvent
occurs to only a minor extent. On the other hand,
the side reaction between phenyl isocyanate and
aqueous solvent (competitive with reaction 3) is
appreciable. In the absence of Sarin, the reaction
of phenyl isocyanate (18.5 umoles) with an excess
of benzohydroxamic acid (163 umoles) in 275 ml. of
0.1 M potassium nitrate at 7.6 consumed only
13.2 = 0.2 umole of hydroxamic acid, 0.72 mole of
hydroxamic acid per mole of phenyl isocyanate.
Hence, according to the postulated reaction series,
the reaction of Sarin and benzohydroxamic acid
under the same conditions, should consume 1.72
moles of hydroxamic acid per mole of Sarin, which is
in close agreement with the observed value of 1.67
moles.

It was considered highly unlikely that reaction 3,
the step which involves the very reactive phenyl
isocyanate molecule would contribute to the ki-
netic picture. Under the conditions of this study,
phenyl isocyanate was observed to react with wa-
ter or benzohydroxamic acid at an immeasure-
ably rapid rate.’* Also, the rate of acid production
from the aqueous hydrolysis of benzohydroxamic
acid under our reaction conditions is zero order
(Fig. 3B), and the pseudo-first-order side reaction

(34) At pH 7.6, a half-time of 25 sec. was observed with the Auto-
titrator when 10 6 of phenyl isocyanate in 10 ml. of acetone was added
to 300 ml. of 0.1 N KNOy solution. However, this represents the

limiting rate of operation of the Autotitrator rather than the actual
rate of reaction.

HirosHI Fujira
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between Sarin and aqueous solvent is so small in
magnitude that it can be safely ignored.

Thus the experimental data clearly support the
postulated reaction series and indicate that step 1,
the phosphonylation reaction, is rate determining.
Hence, it is established that the rate of production
of acid can be employed satisfactorily for compari-
son of the relative reactivity of Sarin with a series
of hydroxamic acids.?

It is interesting to note that the rate of reaction
of Sarin with benzohydroxamate ion is very large
as compared with the rate observed in reaction with
anions of other weak acids. This suggests the opera-
tion of powerful stereoelectronic effects in the
former reaction and is perhaps analogous in process
to that proposed for the rapid reaction of catechol
(as compared to phenol) with DFP? (¢f. structures
A and B) and Sarin.¥

OH:, 4’\ OH.,
C 0
o~/ - ST
Dor o 4 \OR
A B
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Effects of hydrostatic pressure upon the sedimentation process in the ultracentrifuge are investigated mathematically on

the basis of the Lamm sedime::itation equation without the diffusion term.
Dasreuy, the sedimeatatio1 coellicient, s, is assumed to vary linearly with pressure.

In accordance with a recent article by Oth and
First the case in which s is dependent

only on pressure is cousidered in detail, and the concentration gradient curve for an illustrative case is computed using the

analytical solution obtained, in order to show the characteristic feature of pressure-dependent sedimentation.
correcting measured sedimentation coefficient values to those at a pressure of one atmosphere are shown.
then extended to the case of s dependent both on pressure and concentration.
solution obtained, its numerical calculation is not attempted.

of a similar problem is criticized.

At speeds of rotation usually employed in velocity
sedimentation measurements, a large pressure dif-
ference, which may amount to several hundred
atmospheres, is produced between the meniscus
and tlie bottom of the cell. Since the viscosity and
density of the solvent and the specific volume of the
s~lut: may vary with pressure, it is expected that
sedimentation processes in such a field of high pres-

(1) On leave from the Department of Fisheries, Faculty of Agricul-
ture, Kyoto University, Maizuru, Japan,

Methods for
Consideration is
Because of the complexity of the general
On the basis of these results Oth and Desreux’s treatment

sure gradient should differ more or less from those
in a field of uniform pressure. In order to attain a
high precision in the evaluation of the molecular
weight of a given substance by means of sedimenta-
tion measurements, a correction must be made to
sedimentation data with respect to this pressure
effect, along with, among other things, the elimina-
tion of the concentration effect by means of extra-
polation to infinite dilution.

This problem was first considered by Mosimann



