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PREFACE
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in January 1985.
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except with permission of the Commander, US Army Chemical Research and
Development Center, ATTN: SMCCR-SPS-IR, Aberdeen Proving Ground,

Maryland 21010-5423. However,

and the National Technical Information Service are authorized to
reproduce the document for United States Government purposes.

This report has been approved for re.ease to the public.
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SERVICES FOR RESEARCH INTO THE REACTIVITY OF MUSTARD IN MIXED SOLVENT (U)
INTRODUCTION

Background.

On the night of July 12, 1917, the Germans used artillery shells loaded
with mustard gas against the British front near Ypres during the Battle of
Flanders. In the intervening years, mustard has proven to"be a very
effective military agent and is still a threat.2 The persistency of mustard
is a particular problem--more than half a. century after the Batgle of Flanders
residents of Ypres were still being burned by mustard residues.

Many researchers have studied the chemistry of mustard and have concluded
that although it is subject to oxidation b{ strong oxidizing agents, the
primary chemical reaction is hydrolysis Mustard (HD) readily undergoes
pH-independent hydrolysis by the complex mechanism shown in Figure 1.3"1 In
the intramolecular case, involving only mustard or mustard chlorohydrin and
solvent, hydrolysis proceeds through episulfonium ions II and 1V, leading
first to mustard chlorohydrin and then to thiodiglycol (Reactions (2) and
(4)]. An equivalent of hzdrogen ion and chloride ion are produced in each
step. Bartlett and Swain® showed that these reactfons are independent of pH
in the range 6 to 10, although mustard is dehydrochlorinated in a base-
sensitive elimination at high pH to yield'vinylsulfides.5’8'1

In general, intermolecular self- reactions of mustard and its products
acconpany hydrolysis; these reactions result in sulfonium ifons Vi, VII, and
VIII. However, at low starting concentrations of mustard, these 1 reactions are
negligible.

Stein, Moore, -and Bergmann5 report that sulfonium ion formation accounts
for at least 16% of the starting mass of HD at a starting volume ratio of
0.005 HD/H20 and 5% at a volume ratio of 0.001 HD/H,0. Bartlett and Swain4
found that 2.2% dimeric product was formed in experiments that kept the
initial mustard zoncentration below 0.001 M, which corresponds to volume ratio
of about 1 x 107

Low concentrations of mustard also slow the recapture of chloride ion
through the back reactions of (1) and (2) in Figure 1 because large
concentrations of Cl” are never produced. Barllett and Swain® showed that
added chloride ion up to 0.0019 M did not significantly affect the rate of
hydrolysis of mustard or mustard chlorohydrin, but that a ten~fold increase in
chloride ion to 0.019 M resulted in a 25% diminution of each rate.

Reactions (1) and (2) are rate~limiting. Under these conditions,
Bartlett and Swain demonstrated that both hydrogen fon and chloride lon are
liberated according to the biexponential equation

11 -
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Figure 1. Transformation and Hydrolysis of Mustard.
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(7)

k, - 2k -k, t
- 1 3 1
(u*] = [c17) = [uD] |2 '(F{'—T;")e -

in which [HD]° is the initial concentration of mustard. This {s the
integrated rate equation for a sequence of two, consecutive, unimolecular
reactions specifically applied to the mechanism shown in Figure 1.

Bartlett and Swain” were able to determine k; by independently measuring ko
and best-fitting [H+] data with equetion (7); t?}s was done by changing kl
using a graphical technique developed by Swain.

A number of problems exist with the use of Bartlett and Swain's results
for calculation of decontamination rates and environmentil lifetimes. First,
the study was conducted in a mixed solvent system at only one composition, and
thus the sensitivity to solvent has not been détermined. Second, the study
was conducted at only one temperature so that the activation energies are
unknown. Third, the second rate constant k, was not determined in the
experiment, but was measured by synthesizing the intermediate (chlorohydrin)
and analyzing its hydrolysis rate. Finally, the rate constants were
determined by a graphical technique rather than by least squares computer fit.

The two most crucial problems are the lack of an activation energy and
the use of a mixed solvent system rather than water. A number of other early
sources have measured the rate in pure water at several differeat
temperatures-6'18’21 However the rate constants determined by these
investigators were based on the assumption that the reaction could be fit to a
first-order expression. Thus, the activation energies may be incorrect.

J. R. Ward and R. P. Seiders!2:1% nave ev21¥gt§? the kinetic data for
mustard hydrolysis from many of these sources *»+%" They redetermined the
rate constants from the raw data by using modern computational techniques and
fitting the data to consecutive first-order reactions. They found that only
Bartlett and Swain's data fitted satisfactorily to the consecutive firat-order
expression. Thus, Ward and Seiders concluded that some systematic
experimental error caused deviations from consecutive first-order reactions
and that the activation parameters from these studies are not reliable.

0b jectives.

The current study was conceived to fill the void fn the data for mustard
hydrolysis. Our objectives were to mvasure the hydrolysis of mustard at
several different temperatures and determine reliable activation parameters.
A supplementary goal was to determine the source of the systematic
experimental error present in the earlier studies, so that such errors can be
avolded. 1In addition, we attempted to determine the effect of mixed solvents
on the hydrolysis rate. The rate constants k; and k) were both to be
deternined from the data through the use of modern computational techniques.
SRI's success in accomplishing these goals is reported herein.

13




EXPERIMENTAL DETAILS

ﬁgterialq.

Mustard (HD) was supplied by U.S. Army CRDC and used as received. The
purity of the material, as determined by gas chromatography, was 99.5%. No
significant decomposition was evident over the time period of these
experiments. Millipore water was degassed by N, purge before use. Absolute
ethanol was used as obtalined from U.S Industrial Chemical Corporation.
Nitrogen was supplied from liquid carbonic. Sodium hydroxide and perchloric
acid were supplied by Baker. Chloroethyl ethyl sulfide was supplied by
Aldrich Chenical.

Apparatus

All kinetic evaluations were conducted on the multiple computer-
controlled pH stat; and the User's Guide for this pH stat control program is
reproduced in Appendix C. The pH stat was built to maintain constant pH in
the reaction solution and to have the three characteristics discussed below,
which we were unable to find in comnercial pH stats.

The first requirement is that the pH stat must record the observed
changes in pH and the amount of acid or base added as a function of time. For
an acid- or base-producing reaction (such as the hydrolysis of mustard
discussed here), the amount of added titrant is a measure of reaction progress
at that time. These data should be handled by a computer requiring that the
pH stat be computer interfaced. Ideally the computer can also be used to
calculate rate constants and related kinetic parameters directly from the
data.

The second requirement is the ability to control several experiments
simultaneously, thereby increasing the number of experiments conducted within
a given time period. Thus, instruments that can control only one experiment
can be a bottleneck for efficient experimental work.

The third requirement is that the pH stat should be highly flexible with
respect to operating parameters. For example, a sma.l or large volume of
titrant should be added to the controlled solution in response to a small or
large deviation from the desired pH.

Figure 2 {llustrates the overall configuration of the system that we have
asgembled to meet these criteria.

The central element {in the system is the computer, in our case a Digital
Equipment Corporation MINC-11/2. The computer 1is currently equipped with a
terminal, a printer, and a floppy disc system for mass data storage, and a
modem for mass data transfer. Alio being used are a real time-clock, an
analog to-digital converter, and four digital output modules.

14
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The analog-to-digical couverter is used to convert the signal for digital
input to the computer; a similar device is used in a traditional digital pH
meter. The analog~to-digital converter receives four analog signais from the
“quadrunle pH meter."” The quadruple pH meter consists of a power supply and
four amplifiers. Each amplifiers consist uf two stages. The first is an
operational amplifier operating with near-unity gain. The electrode potential
is applied to the noninverting input, and the variable gain resistor serves as
the "slope” control. The second stage provides additional gain and a summing
point to which a varfable "offset” potential is applied. The two amplifiers
are contained in a dual package RCA 3240 MOS/FET op-amp with 103 meg § input
impedance.

Electrode potenti:ls proportional to pH are generated from "Ross”
combination pH electrodes (Orion Research Model 8102) with pH resolution of
0.002 units. The four electrodes are inserted into four reaction vessels,
such as that shown in Figure 3. Each reaction vessel is water~jacketed to
maintain temperature and 1s equipped with pagnetic stirring bar, titrant
inlet, and gas inlet/outlet. The temperature is maintained by circulating
coolant (water/ethylene glycol) through the water jacket from a constant
temperature bath. The titrant is introduced through Teflon tubes. A set of
Teflon three-way valves allows each syringe to be filled from the titrant
supply (which is also maintained under an inert atmosphere) if the valve is
set in one position and the seccud valve position, allows the syringe to
dispense titrant to the reaction vessel. .

The syringes are Precision Sampling 5.0 ml gas-tight models with Teflon
plungers and "special” Teflon connectors that couple with flanged Teflon
tubing. Thus, the titrant is exposed only to glass and Teflon. The syringes
are mounted vertically on the top of a box so that air bubbles can be
expelled.

Mounted on the inside back of the box are four syringe pump drivers that
consist of screw-driven sliding stages. The syringe pump drivers are
connected by push rods to the syringe plungers. The screw driver units are
operated by four stepping motors. (The assemblies are Velmex, Inc.,
Unislides, B2506CJ, with Superior Electric Slo-Syn Model MO62-FD-04 stepping
motors.) The drive screws advance the slider stages 0.025 inches per
revolution, and the stepper motors have 200 steps per revolution. The syringe
travel path is 2.36 inches. The total number of steps is 18,900 for 5.0 ml or
one step for 0.265 pl. This minimum volume increment is about one fourth that
of availahle pH stats. The maximum speed of titrant delivery is 0.75 ml/min.

The stepping motors are controlled by Superior Electric Slo-Syn ST101
translator modules and powered by a Power/Mate Corp. ES-24 G power supply
rated at 24 V and 8 A. The translator modules are controlled by TTL
corpatible digital pulses from the digital output module of the MINC-11/2
computer.

We have reproduced an edited representative data file in Table 1 for a

reaction maintained at pH = 4 that produces base. The data file shows the
time, pH, number of 0.25 pl units of titrant that were added (which are called

16
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Data File Produced by pli~Stat

Table 1

NBI Acid Titrant Stat NWo. 1

Time pH Squirts
6.1650E+01 3.907 0
1.2483E+02 3.900 0
1.8800E+02 3.946 0
2.5267E+02 3.991 94
3.16671+02 3.994 86
4,7611E4+02 4.028 610
5.5741E+02 4.003 614
6.6296E+02 3.972 1426
7.3992E+02 4.030 204
8.3700E+02 4.086 979
9.2925E+02 4.013 792
1.0857E+03 4.080 1902
1.1110E+03 4.080 162
1.2070E+03 4.007 867
1.2822E+03 4.005 306

.................................

18

Cum-Sqrt

0

0

0

94
180
1095
1709
3184
3338
4317
5109
7011
7175
3040
3346




squirts), and the cumulative number of squirts. Tﬁéhdéﬁkjfiled are stored on
floppy disk and can be printed directly using the printer associated with the
MINC Computer. ,

An alternative data handling system has been developed as shown in Figure

- 4. We can transfer the data by modem from the pH Stat Control Program on the
» MINC laboratory computer to SRI's VAX 11/780 mainframe computer using a

f: translation program called NET. Once the data are on the VAX, they can be

o~ manipulated as desired. 1In particular, we can use the data as input for

kinetics programs.

Kinetic Procedures.

- A typical kinetic study of mustatg hydrolysis proceeded as follows.
o First 4 pl of neat mustard (5.08 x 1077 g, 3.19 x 10~ mole) is added to 4 ml
k: of absolute ethanol bg syringe. Then 2 ml of the ethanql solution of HD (2.54
x 10~3 g, 1.595 x 107~ mole) 1s transferred to a 250-ml reaction vessel
containing 17.25 ml of absolute EtOH and 230.7 ml of degassed millipore water,
this is adjusted to pH 7. This resulted in a solution of 0.025 mole fraction
EtOH. The hydrolysis is followed by starting the SRI pH-Stat in a recording
mode. In this mode the pH stat records pH as a time function but does not add
titrant. The pH~Stat is started simultaneously with injection of the UD. The
remaining 2 ml of HD solution {8 then added to a second cell monitored by the
pH-Stat. Because the pl-Stat has already started collecting data, a time
delay {3 introduced in the second data set. This time delay is subsequently
subtracted from the data set. The temperature 1s maintained in both cells by
circulating coolant (water/ethylene glycol) through both cells from a constant
temperature bath. We found that during these rapid reactions, the temperature
in the cell was maintained + 0.01°C. In all reactions conducted, the
headspace at the reaction flask was purged with nitrogen.

Experiments were also conducted that varied from this procedure. 1In one
set of experiments at 25°C the HD concentration was twice that reported
above. The mole fraction of EtOh was varied (0.25, 0.50, and 0.75) at 25°C.
In addition, one set of experiments was coanducted using acetone as the
cogsolvent rather than ethanol.

The hydrolysis of chloroethyl ethylsulfide was conducted in a similar
manner with 5% acetone as the solvent. ‘

Kinetic Calculations.

The kinetic expression for consecutive irreversible first-order reactions
was first gerived by Esson in the early 1800s (as reported by Moore and
Pearson). Using the nomenclature shown in Figure 1, the reaction 1is

) k
l :
-~ V + HC.
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The differential equations for the reactioﬁ'iajafiit§n id'(8)‘ate

40
E&%ié) = k(1] - &, [111)
;Eé%l = k,[111)

SS%SLL =k, [I] + ,[111)

The integrated form of equation (9) is
e—klt
(1 = (11,

Thzn substituting (13) into (10) gives
d(I11) ekt “kyt
T kl[I] 1 -~ kZ[III] k1[I)e RZ[III]

integration gives (if [III]O = 0)

[1).k [kt =kt
() = 22l -2
2~ %y

Then from the stoichiometry of reaction (8) it is clear that
(11} = (1), - (1] - [ILI]

and substituting gives

(vl = (1], - [1] e x|

-klt _ [I]Okl -klt _ e‘kzt
2 1

Also from reaction (8) it is clear that

[HCl] = (III] + 2[V]

21
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Substituting gives

[1] k, =k.t -k, t -k, t 2(1) k, [ -k t -h,t
o'l 1 2 1 o'l 1" _ 2
[HCl] "(k _—}Ze ] + 2[1]0 Z[I]oe -‘-{-——:—-E-‘—e e (19)
2 1 1 2
then (19) simplifies to (20)
k,=2k,\ -k.t k -k, t
[He1) = (1) {2 + E}-k 2le 14 - fk e 2 (20)
271 271

and transposition gives the more co.uonly seen form (21)

ki-2k,\ =kt [k, | -kt
) = (1) f2 -{ 2t b o[l 21 ‘ (21)
1752 17%,

The rate constants k, and k, are determined from pH versus time
data using an unbiaged nonlinear least-squares method developed by
Stephen Provencher. The Provencher program, DISCRETE, performs a grid
search of kinetic data to find the amplitudes and rate constants of an
exponential series as in equation (22).

-k, t -k,t
= A, + Ae Uy Aje . (22)

The progran uses a nonlinear F test to decide how wany expouentials best
fit the data.?3 The starting point for the grid search is determined by
finding peaks in the Fourier transfora of the data.

This method of solving for the rate constants provides a number of
internal checks on the validity of the solutions other than the
statistical checks which the fltting routine provides such as goodness
of fit. The first iuternal check is that the program deteruines the
btest fit as that having the appropriate number of exponentials~~-in this
rase, two. Because A, 1s a variable that is fit, the fit initial
concertrations can be checked versus the experimental value since:

22




A, = 2[1]° (23)

The other amplitude factors can also be used as internal checks because
they are fit independently of k; and LY however, according to equation
(21), they equal:

A = -[I]°(E%I::3;§) (24)
and
kl ) , .
A, = -[110(-;1-—1;{) ‘ (23)

The temperature dependence of the rate constants, k; and ky, may be
expressed in terms of the Arrhenius equation:

Ink=1n A=~ (E/R)T (26)
or in a three-parameter equation
lnk=A/T+BlanT+C 27)

Equation (27) more accurately correlates the temgerature dependence for
the pH~independent hydrolysis of alkyl halides.?* These activation
parameters (A, B, and C) can be used to calculate the activation
entropy, enzhalpy, and heat capacity as discussed by Hyne and
Robertson:?

%

¥ = -R(2.303A - BT) (28)

as¥ = 2.303R{C + B log T) + RB (29)
E

ACp™ = RB (30).

23




RESULTS

Thr. data for hydrolysis of mustard at various temperatures are
given in the figures and tables of Apprendices A and B, respectively.
The data for hydrolysis of mustard at eight temperatures between 11°C
and 45°C are plotted in Figures A~-1 through A-8 and tabulated in Tables
B-1 through B-8. The duplicate data (second cell, sea experimental) are
also given. All these experiments were conducted in EtOll/water with a
mole fraction of 0.025 and an initial mustard concentration of
6.4 x 1079 M.

Data for mustard hydrolysis at three mole fractions of the mixed
solvent system were collected at 25°C and 6.4 x 1077 M initial mustard
concentration The data for 0.025 x EtOH/water are shown in Figure A-4
and tabulated in Tables B-4. Tables B-9 and B-~10 present the data for
0.050 and 0.075 mole fraction, and these are plotted in Figures A-9 and
A-10, respectively.

The last three experiments were conducted as checks on the accuzacy
of our experimental method. F: rst the Bartlett and Swain experiment
was reproduced as accuvately as possible. Plotted in Figure A-11 is the
data for mustard hydrolysis at 25°C in 5% acetone/water (V/V) at an
initial mustard concentration of 6.4 x 1077 M (see also Table B-1ll).
The hydrolysis in 0.025 x EtOH/water at 25°C was repeated at twice the
initial mole fraction, and these data can be found in Table B~12 and
plotted in Figure A~12. Finally, the rate of response of the electrodes
was checked by measuring the response time to added HCl; these data can
be found in Table B-13 and Figure A-13.

We have also studied the hydrolysis of chloroethyl ethyl sulfide
(CEES) using this technique; these data are plotted in Figure A-14 and
tabulated in Table B-14.

The raw data are fit to exponential sgries (equation 22) using the
DISCRETE program developed by Provencher.23 The results fit a two-
exponential equation (however, see the discussion below). The results
for the hydrolysis of mustard in 0.025 x EtOH/water at several tempera-
tures (data from Tables 3-10 and 3A~10A) are summarized in Table 2.

The results of the DISCRETE fit for different mole fractions of
EtOH in water are collected in Table 3. Table 4 gives the DISCRETE
results for the reaction at twice the initial HD concentration and for
the reaction in-5% acetone.
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DISCUSSION

The analysis of the data presented in the previous section requires
that the following questions be answered. Are the data reliable? How
good i{s the fit to the kinetics expression? How good is the computa=-
tional technique used to fitr the data to the kinetic expression? 1Is the
experinental technique appropriate?

The activation parameters can be calculated from the results
presented in Table 2. The reliability of the resulting activation
parameters depends on the answers to the set of questions above. The
activation parameters can be used to make some conclusions about the
reaction mechanism.

The first criteria of useful reliable data for mustard hydrolysis
using the DISCRETE program for data analysis is whether the program
fits the data to a two-component expression. The data set presented in
Table 2 is good by this criteria. The data from 45°C to 25°C (10
separate data sets) all fit the twe-component criteria. Below 25°C, the
data deviate somewhat. The 20°C data could not be fit by DISCRETE, the
15°C data were fit to a single exponential, and the 11°C data fit to a
three-component fit; however, the two-component fit had equal
probability and it is the two-component fit that is reported in Table
2. Thus, at two temperatures (20°C and 15°C) the data are not fit by
DISCRETE to two components as required by the mechanism.

Ward and Seidersl? have used the experinentel fit of the initial
mustard concentration as a diagnoetic and appear to use an error of %
50% as being within an appropriate range. The fit value of [HD],, which
is A, /2, 1s compared in Table 5 with the experimental value, and the
percent deviation 1s calculated. All the deviations are less than 502
except for the 11°C data. Notice also in Table 5 that there is a
systematic decrease in apparent [HD], with lower temperatures, with the
exception of the 30°C data. The source of this systematic variation of
the fit value of [HD], with temperature is not apparent. Because thie
value has been used as a criteria for the quality of the data, this
variation is of concern and worthy of further study. One possible
explanation can be seen in the plots shown in Appendix A, the initial
slope of the plot is temperature dependent and correlates with the
observed deviations for the calculated initial mustard concentration.
Since the calculated [HD], 1s essentially the y intercept, any initial
rate deviations will effect the calculated [HD]o to a much greater
extent. More calculations are needed to show conclusively that this
explanation is correct. The source of the initial rate deviations and
their temperature dependence is unclear and should be further
investigated.

28




Tadle 5

I e e T R A e R R LR AR LI P

Comparison of‘Calculated +ad Experimental {HD]Oa

Temp.(% C) (#D], (10° M)

Experimental 6.4
45 8.1
40 7.7
35 7.4
30 9.3
25 4.5
20 -—

15 3.8
11 1.9

% Deviation

Sased on the DISCRETE Fit of A, which s
defined as A, = 2[HD],.

The initial mustard concentratiouns calculated using A1 and A9 from
the DISCRETE- fit are shown in Table 6.  These values do not agree as

26
20
16
45
=30
-40
-10

well with the experimental as the values shown in Table 5.

Table 6

Comparison of [HD], Calculated from the
DISCRETE Values for A;% AND A,

Temp. (°C)  [HD]y (105 M) % Dev. [HD], (105 ¥)P
Experimental 6.4 - 6.4
45 11 72 48 650
40 11 72 6.3 2
35 9.0 53 18 181
30 12 88 21 228
25 5.6 -12 13 103
20 -— - - -
15 2.7 -58 18 181
11 2.1 -67 4.3 -33
= [HD] O(kl_kz)
8pased on the DISCRETE fit for A = .
(k,~2k,)
b -[Hnlo(kl"kz)
Based on the DISCRETE fit for Ay = X -—
1
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A third method of checking thie quality of the data is to compare
the results of two runs that are identical except for the infitial
mustard concentration. The rate constant should be 1independent of
initial mustard concentration at low concentratfons. The results are
shown in Table 4, where k; = 1.88 x 1973 and k, = 7.9 x 1073 (sec”l) at
1.28 x 107% 3 nustard and 298 K. _Table 2 shows ky = 1.70 x 1073 and k)
= 6.7 x 1073 (svc'l) at 6.4 x 1072 !f mustard and 298 K. These values
are essentially ideantical, The range of twg runs for k) from Table 2 is
1.82 x 1073 to 1.58 x 10‘3; thus 1.88 x 1077 is within 2 5 of the
average 1.70 x 1073.)

Another check is to reproduce closely an experiment that is well
accepted. In this case the data of Bartlett and Swain at 25°C in 5%
acetone (V/V) are the best available.4 We reproduced their experiment
at 25°C and in 5% acetone (V/V). The only parameter that was different
in our experiment was the initf{al mustard concentration; we used 6.4 x
1073 1 compared with 1 x 103 M for Bartlett and Swain. The resulting
rate constants are compared in Table 7. The new data

Table 7

Comparison of Rate Constanrs Obtained by
Different Calculation Routiaes

Data Set Fitting Routine ky (min—l) ko (min‘l)
Wilson and Burrows DISCRETE 0.146 £ 0.02 0.35 £ 0.10
Rartlett and Swain DISCRETE 0.137 £ 0.03 0.37 + 0.04
Bartlett and Swain Swain Graphical 0.155 £ 0.01 0.26 + 0.03
Bartlett and Swain CRDC nonlinear LSD 0.163 %+ 0.01 0.22 £ 0.001

(Wilson and Burrows) are in good agreement with the data of Bartlett and
Swal. (difference is less than o).

Table 7 raises another interesting point--namely, that use of
different fitting routines give different rate constants. However, for
kl the ccnstants agree with each other within 1 o if o is defined by
DISCRETE and within 3 o if o is defined by the other techniques. Thus,
kl {s probably not significantly different, but for k, the difference is
larger than 3 o and the differences appear real.

The DISCRETE fitting routine that we used does not define k, with
accuracy. The ¢ values for ky as shown in Table 2 vary between 5% and
30% of kz. This 1s in contrast to k1 and A, which have o values mostly
less than 5% for k; and most less than 1% for A,. The source of the
error in Kk, is not clear, but mostly likely has to do with the relative
magnitude of k; and ky. For the rate constants presented in Table 2, ky
exceeds kl by an average factor of 4. Thus, chlorohiydrin (III) never
reaches a significant concentration with respect to mustard (I); that

30




is, the rate of appearance of chlorohydrin would equal the rate of
disappearance when the concentration reaches one-fourth the concentra-
tion of mustard. The hydrolysis of chlorohydrin has a small contri-
bution to the overall rate of production of acid. In fact, if kg
exceeded kl by a factor of ~ 10, than the gafg_gguld approximate first-
order as assumed by many previous workers.'?

Ygr 1and Seidersla reevaluated the rate constants from the raw
data,*°” avoidin~g the assumption of a single first-order rate.
However, they faile! to get a good fit to consecutive first-order
reactions; this was interpreted to mean that some experimental problem
: . existed with the data A second interpretation would be that the
‘ kinetics are more complex than the simple consecutive first-order model.

The most likely source of an experimental problem in these experi-
ments is the rate of dissolution of mustard. This rate {s reported in
the literature to be 1.2 x 1077 g/cm2 min.23 This value is a flux that
depends on the surface area, so it is difficult to assess what the
actual rate would be. iHowever., making a best guess of a surface area of
103 cm?2 gives rate constants on the order of 10’3, and therefore
dissolution would be competitive with hydrolysis.

In this study we avoided the problem of dissolution rate by working
in mixed solvent systems, which helped avoid the problem in two ways.
First, the solubility, and presumably the rate of dissolution, is
greater in mixed solvents. Second, we predissolve the mustard with a
small amount of the cosolvent so that the rate of dissolution is no
longer important. However, the rate of dissolution is replaced by the
rate of mixing as an important question. We measured the rate of mixing
by observing the mixing time of a similar volume of HCl of an appro-
priate concentration. These data are shown in Table 8 and Figure 5.

The electrode has come to equilibria in ~ 20 sec. Thus the solution
should mix in the first 1% of the reaction. This is less than our
experimental error in measuring the rate.

Reactions (3) through (6) of Figure 1 show that the reaction is
more complicated than consecutive first order. These dimerization
reactions could significantly effect the kinetics. As discussed in the
Introduction, a reduction in volume ratios of HD/HZO from 1 x 1077 to
1 x 1074 resulted in a drop in dimeric product from 3% to 2.2%. Thus
these dimerizations could be effecting the kinetics at the relatively
high concentrations used in the previous studies. We avoided this
problem by operating at initial mustard concentrations of 6.4 x 1077 M,
where dimerization should account for less than 1% of the product.

The use of these conditions to avoeid the problems discussed above
. entails some compromises. First, the use of mixed solvent systems
should lead to slightly slower rates and the activation parameters may
also be affected. Second, running the reaction at such low concen-
trations and avoiding the dissolution problem may unot lead to a ratc
constant that is useful in determining decontamination rates or

i1
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Table 8

Data for Mixing of HCl

Tine (sec)

0.83599997L+01
0.153700UVEHI2
0.29370001E+02
0.50309999E+02
0.78379997E+H02.
0.1375600UE+03
0.16256U00E+03

0.225750UUE+U3
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0.54075383E-00b
0.57147844E-06
0.58210276E-06
0.586138u7C-00
0.58884365E-06
U.59020084E-06
0.59020084E-06

0.50884365E-06

....................................
-
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..........

.............................
........................
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FPigure 5. Plot of Data for Mixing of HCl.
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environmental lifetimes. The rate constants determined in this way will
be accurate for mechanistic considerations, but they must be congidered
the "best case” (i.e., the fastest rate). However, for environmental
fate analysis, rate constants are needed for the "worst casge"” (1.e., the
slowest rate).

The activation parameters can be calculated from the data presented
In Table 2 using equation (26) or (27). We found that ACp™  was not
significantly different than zero therefore we used the Arrhenius
expression (26) to calculate the activation parameters. These valueg
are presented in Table 9 along with those for several related alkyl
halidee.26, The arrhenius plots are shown in Figures 6 and 7.
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CONCLUSIONS

We have carefully measured the rate of hydrolysis of mustard in
nixed EtOH/water over a range of mole fractions from X = 0.025 to
X = 0.075 and a temperature range of 11°C to 45°C. The automated pH
stat fabricated to collect this data has proven to be a reliable
technique that gives larje numbers of data points. The data have been
analyzed using a computer technique that fits the data to an exponential
series. The best fit of the data is to a two-component exponential
series that fits the expected form for consecutive irreversible first-
order reactjons. The rate cons&ants Tt 25°C and X = 0.025 are ky = 1.70
x 1077 gsec™* and ky = 6.7 x 1077 sec”™t. Activation parameters are
calculated from the data at X = 0.025 for each of the two reactions
For k) E, = 22.59 kcal mole”!, 1n A = 31.91 and for k, E, = 25.49.

These results indicate that the data could be fit to a single
first-order rate constant, as assumed by several previous workers,
during the early stages of the reaction. However, other problems with
earlier data secs, such as dissolution and dimerization problems, are
significant, although they did not affect the data collerted in this
study because the kinetlcs were measured in mixed solvents at very low
concentrations. Thus these data allow the calculation of the most
accurate activation parameters for the hydrolysis of mustard reported to
date.

Recommendations.

This investigation of the hydrolysis of mustard, due to limitations
of time and funding, should not be congsidered comprehensive. We
recommend the following studies to complete a thorough scientific under-
standing of the hydrolysis of mustard.

More data points should be collected. As pointed out by Moore and
Pearson,22 kinetic runs should be done at least in triplicate rather
than the duplicate of the current investigation. The effect of mixed
solvents needs to be better defined by measuring in at least two
different cosolvents over a wide range of solvent compositions.

Because of the practical considerations discussed earlier, measure-
nents should be made over 3everal orders of magnitude in initial mustard
concentraticn and in compositions with low water content.

Finally, the systematic deviation in the calculated initial mustard
concentration should be investigated.
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TABLES OF DATA FOR MUSTARD
HYDROLYSIS AT VARIOUS TEMPERATURES
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Table B-1

Data for Mustard Hydrolysis at 284 K
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(a) Cell One
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Table B-1 (continued)

(a) Cell One
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0.03241001E+Cs
0.036110012+C4
0.639810015+04
Q.04351001€+Cé
0,66721001E+Ce
0.656061001E+04
0.6620600L1E+04
0.66576001€+04
0.66946C01E+04
0.67316001E+04
0.67686C01E+04
0.68056001£+04
0.68632998E+04
0.69172002E¢0s
0.69542002€+04
0.70282002£+04
0.706589992+04
0.71028599E+04
N.71398999E+04
D.71768999E+04
G725C8999E+04
0.72878999€+D4
0.73256001E+04
0.73956001€+04
0.74366001E¢Cw
D.74730001€ 064
0.751C6001€+04
Q.75682052E+04
N.?76037002E+04
Qe?766C7C02E84Cs
0.767770C2e+C4
1.77852002¢+Cw
0.782¢2002¢&+Cs
0.78632002€E+Cws
0.792C2002E+06
D.79742002E+L 4
J.30112052E+04
0.304EBSIIESC
0.31043999E+C4
0.21413999E¢34
0.32154004EC4
0.3271400kE*0w
C.330840042+04

Appendix B

0.232809232-C4
O.c3eb271E-04
0.231739328~04
0.c333e5628=04
0.c376E394E~04
0.239331042~04
0.23059208¢€~0¢
Co2b154599E-04
Je k266117200
U.202102718-C4
Vech063638¢E-04
alb156599E=04
0e26262117E-06
Veck6(IoSbE-Cb
Cede37E1D3E-04
0e26690431E=N4
C.266039542~C¢
G.250611%05-04
0,24831315E-Ce
Ve2677215E=-04
Ce2b?742158~04
0.26945936E-04
$e25226791E-04
Ve25351272E-04
Vel 5292977E8~04
0.256068316E-0s
0.257621965~04
0.2564L4822E~04
0.25527015E-04
0.25527015E-04
0.25527015€-04
0.259641796€-04
0.26061514E-04
0.25822599e-04
0.257C3954E=U4
0.2538212E~0%
0e261216006E~04
0.26363314E-04
0.2062421828-04
0.26121606E-04
0.262421826-04
0.206607257E-04
0.26068582E8-04
Ve205460485-04
0.26484979F=04
0.26363314E-04
0.26065582E-04
U.268534316-04
0ec7029589E=Ca
Vecb7516828-06
0.26853631E-04
Coec?7039559:-C4
0.2725%7632=04
Cac?71C1911E=04
0.26977412:=54
Vec69153242~C4
Q0ec76157257E-0Cb
Ue€74789465:-04
0.27c¢897538-04
Ced7227C10£~0¢
Q7164402806

1M

Time (sec)

[

0.33656004E"Ce
0.938240046404
D.561540068+04
V8456460045404
0.86934006E0¢
V.853C7998E+04
.380479988+04
Q.86417998E+0¢
0.87157093¢6+04
Je37527998E¢04
Ge879C5CCOED4
2.382752008+0a
J.3806450008+C4
0.8931500uE*04
0.39755000E~04
0.20130000€+04
0.905C000GE+04
J.90370000&+04
0.91240030E+04
0.9161000uE*04
0.91980005E+04
0.92542002E+04
0.%2%912002&+04
0.732E2002€+04
0.94350996E+Ce
0.94760996E+04
0.95137998E+04
0.955C7998E+04
0.95877998E+04
0.962647CG2E+Ce
0.96617002€+04
0.97366004E+04
0.97734004E+04
3.981C4004E+Cs
D.98474004E404
0.98344004E+04
0.99214G04E+C4
0.99584004E+04
0.v9960000E+04
0.10033000€+05
0.10070000€E+05
0.10144000€+05
0.10219000€+0S
0.102560CCE+05
0.10253000E+05
J.1033CJ00E+CS
2.10367000E+C5
D.104C4003E+05
J.10478GU0E+CS
0.10515005E+05
J.1055200u%+05
0.10589C005+05
0.106750002+03
D.10663G0GE*d5
3.107C000QE+0S
2.10738G0CE+I5
0.10775CG00z+CS
2.108490005+05
U.108840C0:z+C3
0.10923C3CE+0S
C.10997C0CE-CS

Ved 7289743804
0.2754c281E~04
0.27669414E~C4
0ec?7S71G7E¢
0.27733186E-04
G.27542281:-04
Ce2778945E-006
0.270696148=0¢
0.27801226E=06
0.679858058=-04
Ge279E95058=0¢
0.27989E058-0¢
0.27848122%E~04
Ue2?7757107E-Cé
0.27797107¢E~G4é
0.27925642E~06
0.¢8119C048~C4
0.28313934E~24
Ued8313934E-24
0.c52468798E-04
0.280543152-0¢6
0.280543156-04
0.27989305:-0¢
0.28054315¢ (4
0.283791926-(4
0.28444601E-04
0.28313934L-04
0.28248798E-04
0.28183813£=04
0.28183813z-04
0.28054315¢E~04
0.28248798E-04
0.28510161E-04

0.28575900€E~0¢
0.28575900E~04
0.286417c2€=C4
0e28707804E~04
0.cB7C78C4E~Cé
0.287C78C4E=-04
0.28575900E~06
0.28641762E-06
0.28379192E-04
0.28444601E~04
028464608018 -C4
0.285759C0E-04
Q.c8773997E=0w
0.28773997c=04
0.289C6787E-74
C.c89Ce787€~Cs
Ga28773997E~04
U 287CTBCLE=DS
G.28707804E-04
Ue2B7CT804E~D4%
Vel806176CE~04
Ce23773997€=04
0.288403158=24
Ce238402158-Ce
0.299C7179E24
Je2SIC717398-00
Cod9176285%2-04
G.252415358~06




Appendix B

Table B-1 (continued)

(a) Cell One

Time (sec)

CHIRCY

0.11034CV0E+05
0.1107°00CE+0S
0.111C80302+05
0.11145000uECS
0.11220000€6C3
0.112570008+05
0.112940008+C3
0.11331000k+03
0.1136800CE+(S
0e114C50C0CE*CS
01148610008 +C5
0.,1164580G08+C5
2.11572003E+05
2.116C90C0E+CS
0.116406000E+C5
D.116860008+C5
0.11721000E+05
011765000835
0.11832000€E+0%
0.11869000€+05
0.119C4000E+C5
J«11980000£+05
0,i12017000E+CS
0.12054000£+03
U.12091000&~05
0.12128000¢&+05
0.12166000€+05
0,122C3000E+05
0.12277000£+05
0.12314000£+05
0.12351000€+05
0.12388000E+05
0.12425000E+05
0.12662000€E+05
0.,126499000E+05
0.12573000€+05
0.12510000E+05
0.12647000&+05
Q0.12722000CE+Q5
0.12759C00E+05
0.127960008+05
0.12833000E+05
0.12870000E+CS
0.12908000€&+05
0.12952000€+05
0.13019000E+CS
0.1305600uE*05
0.13111C00E+05
0.1314900GE+05
J.13186000E+0C5
0.1322360.2+05
0.13260GCCIE+CS

Ced¥JLJ2108E=-04
0290402198 <94
029040219204
0.2904G219E-3¢
C.289Co787E-04
0e289CH787E-04
0.28840313¢-04
G.28906787E-04
Ve ?04CE1E=V4
0.25973413E-04
Ge291C71798-04
0.293C8932E=J4
Ve28300932E-04
VedO370484E-0¢6
VedV4b4191E=-Uub
0.29370484E-34
0.2¢9376484E~04
Ue29440191E-C4
Ue29512083E-046
DedP444191E=04
0.29664191E=94
0.29370484E=04
Ce293766848-04
0e2937¢484E~04
Ge293706484E~04
0.29376684E-04
0.29176265E=04
0.291746265€~04
0.291742058-04
0.29308932E-04
0.292415358-04
0.29261535€6=-04
0.,29174265E-064
0.293089326~04
0.29306932E-04
0.29308632=04
Qe29376424E-04
0.29376484E-04
0.29580131&~0¢4
0.29580131E-24
0.295801316~-04
0.296483C9E-04
Ge29785102E=04
0.296483092-06
0.29785162E-04
0.29853813E-04
C.298538132-04
0.29853813£-04
0.29922619E~04
0.29853813¢~-04
0.29553812:~-04
0.293538138-04

n




Tine (sec)

Table B-~1 (continued)

Mo

0.20170000:+Cc
0.380¢99%385+¢5¢
0.571600002+GC¢
0.75069990E+02
0.941¢000e2*Ce
0.11266000c+C2
0.13114665y£+02
0.149640999E+01
0.168146995E8+07
D.18066999E+02
0.205140002+322
0422394000222
0.262¢60702+C2
0.261140016+C2

«27964001€E+C2
0.2981350208+02
0.31663005c+C2
0.3351300GCE+32
0.35363700:+02
0.372130035:2+32
0..9062C002+52
0.40912¢0CE+(2
Debe?ee0uuz+03
0660679392902
0.664675002+C3
0.483780C0E+C3
0.502258CQ0€+02
0.52077C02E+93
0.53927002&+C2
0.55777¢Jz2:+C2
0.57627002£+402
0.59476001€£+03
0.61326001E+C2
C.63175001E+C2
0.05025000E+C2
D.66E750ICE+03
N.6087250052+C2
0.70016998£+03
0.72490957E+(02
De743400028+(C2
0.76190002€+C2
0.780400Ccc+C3
0.79890CJ2:2+02
0.,817400025+02
0.33589001€E+C2
0.35429501E+C2
0.37250002:+02
Qe59139C0312+33
0.9CVEBJOJE*D?
0.9283300Ge+*52
D.40ER0052 03
0.9656797vc4(C2
De9846549y 7532
©.10030GG.E+Cs
0.13215000:+3«
0.104CIC00E+0w
J.105E50002+C
0.10773C00ErSw
3.109550002+04
D.1114C00002+5w
0.113250052+C4

Appendix B

C.56141195€E=-37
D.93972322e-07
G 70°%%3115:2~07
U.6162:9628~57
Co84527L908=(7
C.B43223448~07
C.1C059¢531e-0¢
C.15+52564E-0¢
0.1857804 46808
Ge2C511¢6092-e
veclaloBs?i=(e
Jec 32272 S2=0e
0.26774212e-0¢
LC.c851309031E-¢¢
e dV1PCETINELE
Calé552526:-0"
Ce377872212-%¢
Cet027169%c~0¢
Ue.u3251392z-(¢
CGe&?731514CE~02
052210 723¢-2¢
Ge592¢25122-3¢
Getd8224232-08
Ca?12793972-0¢
G.799¥3151¢g~3¢
Q0.864661732-0¢
J.57723643E-0¢
0.10914406E-05
0.12022443€-C5
0.123045428+-05
G.14639250£-0Q5
0.16180798e-05S
0.177€27983€~05
0.1946535601€-05%
Cec1232454c-0¢%
Ce22%¢14732-4¢
Ca263£8559E-55
0207316533205
U.2857535652-05
0.307¢0948E~(S
0e32730056E-C
0.24673678-08
Ce30728222€-25
Ce18036007:-05
C.40823192%¢~058
C.8285433062~0¢%
Ceb&374L532:-0¢
Let?7C97713:-08
Gtk E752250¢-0%
C.80923(348-25
0.523445252-0¢
0.550£0777e~C5
Q:571673728~08
0.588E4330E~C5S
Cet13761312-(5
Wet€338e5462E-05
Cae50145272-35
Ce.e7142804E-08
U.t93240092~C¢
Gel?73aS142338-35

C.778C36432-CS

(b) Cell Two

72

11ue (sec)

K] QD)

0.11510000ev5
Je¥10835000E+04
0.1¢812000:5+24
0125570502 +04
0.13367005E+04
0.13552000E+04
Ve137372000Z v
0e1352200CE*04
Q4142520502 v04
De144ED000Z*04
Veldot?0032+C4
J.145652C000E+04
0.1528200352+%4
Je156070005+04
Je1556203Lc+Cq
3157220032 +34
Fe161675005 %5
Da16332050:+24
Qe167C20T0E+G
Ve17263000E*J0
01781200032 +C4
J.180C505Ue+04
04183720555+ C4
0.18550000s+04
QeV18743000E+04
0.18928C00E+C4
0.193C1000€+C4
0.19483000€+04
3.19673000UE+0w
0.198580035+04
0.20228000¢e+04
0.20413C00E+04
0.20593000E+04
0.21328000E5404
04215230L0GE+4
0.220E3C00E+S
J.22026000E+0«
0.22823CCUE+04
0.23378000E+04
0.23748000E+04
3239330005404
0.24122000E+04
N.42463120G0E+C4
Fe246455000E 4
Je25420000UZ+04
Se257906002404
J.261€0Ca0z+Cq
Ue203683035%+0u
320653300024
0274350335 +0w
J.28C150052+C4
0.2820035uE+54
J.2854002GE+04
J.29128000z+C4
G.290870uuc+Ca
Je332462000E+C4

10.300120002+04

0.3Cr»7020E 04
De31561001E+C4
Je324E500UT*Cw
Fe3265300.5+C4

J.770246054E~C5
Ce?27245522-05
C.897428628-CS
G.51411260E-C%
0.95939%35(-55
0.981247733~C5
Je120e%30%E~Ch
0.10232932e~54
Ue105251745=Ca
Ue107131955=04
0.106¢4253E=54
Pe11015223¢-04
Je116551208~54
Oe118326116-C4
Cel11F58TIE~C 4
Ve ll24L4151E- 4
vellotli2eo2z-)a
Vel27263928-04
94133016928 ~04
C.12583127¢-0¢
Uel4UC2E94E-Vu
Cal143549042~C4
Us16855343%~04
Catl95¢c3ubE-(b
Je152405238-04
0.15381531&~C4
0.156170128-C4
C.155955158-04
C.15812475¢8-04
Ca1579220932-04
J.16519609E-04
0.16557698E8-04
0.16904411E-0¢
Ce170e6C3928-34
Q.176cab73E=yk
J.180717318~2w
ve182283728~24
J.1370¢6520E~34
Ja191860687E~04
0.197¢96865-04
0.19860941E=04
U.2R050916E~-04
0.20417307E-04
0.222301932-04
D.2074%1213=C4a
0.20862901E~ub
Ce212814018~-24
Ueg16258%908~04
Ged15774a28=04
Ua229€10E92 =04
Ue233164123-04
Ued3U140123~)0
J.23173932:-354
Gel303923%E =34
Ca237c82848=00
Vecb5470782-34
Call7742152~04
0.2505363%8=-06
Ced56EB83165-00
Ue25322599¢€=234
Je251210UdE-0b




;rime (sec)

w0

0.32838000E*04
0.33023000E+Q4
0.33578000E+34
0.33951001£+04
0.341380C0E+04
0.343230002+24
0.352C3000¢&+04
0.365500006E+04
0.3073500vE+04
0.3690C0uUE*04
0.37675030E+04
0.3766300uE+C4
0.,3784500uE*04
0.389610218+04
0.39880001E+J
0.,400710012+04
J.604410016404
D.36c0CC12+04
0.61557998E+Cé
0.61742990E+04
J.61927998E+Cw
0.,62112696E+34
0.6430379582+0w
0.632229982+04
C.4636407998E+C4
0.64L153999E+04
0.443389995+04
0.654438999E5+04
D.«5633999E+04
0.65818999&+04
0.46563999E+04
0.674889995+04
0.67673999E+C4
0.47858999E+04
0.680639955+0«
0.648228999E+C4
0.68612999E+04
0.50086001E8+C4
0.56271001E+C4
0.50826C01E+04
0.513860012+C4
0.51571001E+04
0.517560C1E+0«
0.523110012+04
0.524500015¢C4
0.5362369%c+%e
0.53611001€+(«
0456166001534
0.54721001E+C4

0.261281839¢E-04
Cec6262182E~04
Ueld608BS582E-04
0.27039589E=ué
J.26853431E-04
0.26915326E-0%
0.c80563152-064
0.28379192¢=06
0.28376192E-0é
3.2851C101E°b~
Ue2B86L315E~00
0.291742658-C46
Je2%2615358"0a
0.0966830%€E~Ue
CeIM1ILG53E=-06
0.3C549214E-04
0.30700943E~ub
Ue2054921468-04
Ce211171538-04
C.329C2924E-04
Ce31185902E-C4
0311171538 ~06
Ge31923966E~04
0.222849332~C4
0.32508742E-06
0.32210051E~04
0.22433956E<04
0.329¢C965E-04
0.33419510€-04
0.33186430E-04
0.3349065332-04
Oe33419510E-04
0.33619510€-04
0.33806449E~04
0.33651151€-04
Ce338844332-04
0.365163742-04
C.353697(GE~Ch
0e2693465335-04
0.3475360C6E-04
0.25237092E-0«
Ge358C9¢«BE~-D4
0.355631462-C4
0.258C9¢443E~06

.21603578562~C4
Ce357272692-04
0.2158921822-06
D.3664753222-C4
0.164753805-C4

0550460012404 0+36559486C-C

0.55835C00k+Ca
0.56522CC2E+C4
0.562C70025+C¢
2.56947052E*0«
3.57132002£+04
J.58057052E+04
0.58245002E+04
0.58632002:+Ca
0.58987032E+0¢
0.59172002€+C4
0.606467002E+04

Appendix B

02370682570
C.36257733E-06
0.2715252%€-04
0.27239159¢e-C¢
Q.208977382-(%
Vel74972772-04

217057277204
C.375837012~3¢4
Cel74110532-06
0.375837C1:2-04
0.3801893Tk~Vvé

Table B-1 (continued)

(b) Cell Two

Time (sec)

*) oo

0.00656001E+2¢4
0.0C36399796+06
0.01028956E+04
0.61213069E+Ce
0.01768999E¢Ca
0.625C89¥9E~04
0.63067998¢E+04
0.63256001E+Cs
N,634410C1E04
D.63020001E+Ce
3.635110012¢Ce
0.04921001E+C4
0.651C0001E+Cs
N.65663939E~04
0.660360)1E+0e
Q.0A51C01E*C4
Jen7148CU1E4 %
0.573310C12+Cs
0.57510001£6+%¢
J.080739¥9c24

T 0.085320025+04

73

0.68817002:+C+4
0.690C2CJ2E+Cs
0.69557032E+Cs
0.69927G02&+04
0.70112002&+04
0.708589995+04
0.71413999€+404
0.71558999E+04
0.71783599E+04
0.72153999€+04
0.72523999€+04
0.72897002E+04
0.73085000E+94
0.73270GC00E+24
De736550035¢Cs
V7675000 GcE+0s
0.74935000E+04
0.75120G00€+04
0.75457CC2€E+04
0.750220025+36°
0.760520C28+04
0.76237GJ2€+0«
3.7642200cE+06
0.76%77002E+04
J77162Gucz+C4
D T7TE00JIECCS
Je 77907522 +C4
0.7883200¢E 5w
J.792C20025+0«
0.79757C022+Ca
0.3013000CuE*54
0,3G3179506c*0e
0.805C2%vcz+Ce
J.800879952+C4
0.31«279532+Ce
0.31012993c+04
3317679482404
D.619829C0E+(4
0.3254C996E+04
3.86022996E+C4

038547282204
Gel79215ube~04
Oe32194380E~04
0386591028~ C4
0.38956196E-0¢
0.38725739€~04
G.385478462E~04
0.38815069:-04
0.38725739¢8=04
PR LTY SRS 1 T HTY
CelP084u072:=04
el9176132E~J%
C.18950194E~04
0.3999044¢63=04
0.21953¢ce77:-Cs
UelO53ee?72-34
Uel19053c0772-04
0.3952¢e?7E~C4
Ca399C24765~C4
0.eC088c992-0u
0.4055C08368-04
0.399%6L%4F~Ch
G h0271098E-C4
Je6C178C93E-04
Cel9904034E-C6
Ub03646517E~04
D.41209732E-04
0.40738018¢-04
0.40738018e=-04
C.40831950&-04
0.4C9260061E~04
0.413C4753E-04
0.4610203876-04
0.41114970E~04
Dee14556122-00
0.0136905%2-C4
Ueb11169702~54
C.613007535-04
GeblubS56128-04
Ueb13996S55SE-Ub
0.61975902E-04
Cel22406849E-04
0.41025912E-04
C.oto88912:=C4
0e&13C47332-04
0e616559126=C4
Gewl19?259]2¢-ue
0.61975902E=Ce
Qeb17859562=Ca
Qel19E£9122204
Gea1375%022~04
Gek2d720408~04
Ueb2300207E-04b
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CealB8793752~-C4
Te422720443-D4
Cab1695612:-06
Jeo19759028~J4
Q.6328063692-04

0.6266191352~06




Appendix B

Table B-1 (concluded)

(b) Cell Two

Time (sec)

mh o

N0.862C7990c+Je
0.849479v3E 04
0.535135996E2+04
Jed353229%55+G4
2855079902 ¢Cx
J.B60329v32+C
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0.,8717¢97e8¢0s
0.373570037+Ca
0.879¢C0sLc*Cw
D.8901INA5107 ¢
0439215000 *la
WIS L Y NI R SN
DJE99579vBe*vlw
0.9016500C8 ¢ 0w
0.9033000uce *04
N.903E5000c+C4
J.2102040)05+0u
Jad1ECYLuaE*+la
Je?19G40ULwE I
2.72179004z+04
JeV23679933 00w
Q.9311099¢E+0
Q.24675003uz¢2s
069670228 *04
0.95152002¢E+C«
0.762¢20028*Cw
0.964470C22+0¢
0.96632002e+04
0.97190C0Ce+04
D.973790J4E+Cs
0.97564004E ¢Cw
0.97934004E+04
Q.78117598E+04
0.98672995E¢Ce
J.v885799b5+Cu
3.1001¢006uLz+35

Lk 20657930 «00
U.e207200ré-ut
Gebl856ENLE=De
Uel2559Y¢3 VL ~0w
e k295959804
Jea31519408=04
Cab3aS1CCoi=Us
Do46l75227%E0h
U,«3U5e31:-04
0.,42057980z2-¢
Vek2S1300z-ge
Ce@ll81Ivdi=54
Doe31815%e(r=0t
Lenl35%1tvie=L0
Uehd9S 302050~ 44
Coenl?%e¢272e~04
Coetl75627)c~14
Ueminttylic=sb
Je423565595-0C4
Vak2589239:-34
Geal953¢30 200
ve&335110N =04
Jeud?82170¢c= )4
Oowl3S1097:~04
0.435%11022-04
Veb3ySeolte=04
Q63752178604
J.463551190E-04
0.43752173:-04
Ueb3«S1C0NE~D4
Qeal956170E~04
J.437521738~04
0.463752173€e-04
J.4636515065E-u4
0.63257309¢E =04
0431519428004
UebbySS54E3e-0C4
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Data for Mustard Hydrolysis at 288 K

Time (sec)

Table B-2

(a) Cell One

') o

Time (sec)

TR0

Cokinwol510E-06

0.187CoC01€+0¢ 0.198e09%¢0E~ue V22300601206
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D.01171002E202 Uo133C35582=Ce 1.23733COUE*Q4 0,.4864006832~)s
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De0BS5090ICETLE Co11C0>950E~0b 32962850005 +06 J.49631020E~J4
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0.96529999¢c+402 (.154(7720:-04 3.32C81001€+046 J.51C50801E-06
0.98256002E+42F U.19167552E-04 0.32651G016+04 U.51050501E-04
0.102C0C0VE*GU4 0.2009CY16E-C4 0.32821G01€+04 0.51641029E-04
0.105¢9C00E+00 C. /0B46598E-04 0.33191001€E+04 0.51880004E-04
0.109390C0E*04 ..216271755=04 D.33561001E+04 0.5183C0U04E~Qs
0.113C9000€+04 C,22490547E~C4 0.33731001E+34 0.52560007E~04
0.11679000E+Ce 0.232273675-04 D.543C8000E+J4 C,52680736E-C4
0.12049000E+C4 (.24063532:2-04 7.340673GC0J€E*0u Q.52001747E-04
D.126260008 04 267762158 =(4 3.35G63000€+06 0.5321073eE~C4
0.127%6000E*Ca C.255LC25UC~Lea J.3561700CE+04 0.53C386262-04
Qe131¢600GE*04 L2332 ez"Un Je3578700J05+06 0,5321C784E~d4
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0.16122000¢€+04
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V787200 LErUG VL 233907,92-04 JaeU0C58992+Cs Q.558670¢le~Ch

J.18215700C+04
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Jeu 13550502 +Ca

CeINLlaltOE~00
Ue95267202NS =04

Q190 7030GE*T4 Ua3715250E2-0é N.617250006+04 Q,568853252-04
Q.1967100UE+0w G 277857221804 Uew2GS5000E* 00 J.501C6duTc-04
J.19561500€404 J.331+0384e~-L4 Jawd6853000z*Cy 0,566239908-G4
0.2021100UE*C U 3RVTESM1E-Co Je623350CUE*06 we575440143-04
Ve20SETCLOT1E*CE Ue19354978:-(¢ U.63205000c¢Ce 0.5€062393CE~06
Ve2095100715+C4 Lo39719138204 Je63575000€*Ce J.57167369E-04
0e213210018404 (.4046575918-Ce Jee3952GC2EYCu UoS575660148ub
0.214610016+06 C,6092c001E~Cu Vobb322302S20w Q.50885325E-04
0.220€00012400 Cow13047536-04 VbboFEUUCE*IL V3774 2R765~ub

Jew3GCiG02E*Ce Jo0796cYTLE~UL

Veld26303015¢0

Ce207c006tt~Cu
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Time (sec)

Table B-2 (continued)

(a) Cell One

G

Te05632002%+C0
Jeu5cC2C0cz04
Ve001275983204
Fenwd847953E
Jawd3179¢358+04
105725736050:5
deuTn875932%4
JewBIET95 80w
JeeB357595E%3%4
Je37723938*%4

Teld1429333 04

Jew?512540c+24
JeeI5829v3ivla
24502505938 +04
Ne509¢2996E+Ce
J.5G9G23VEE*Cq
Je51367993E4+Ca
Q517379928 +04
J.521C79%8E+C4
0.524779958E06
0.52867595E¢0¢
0.53217698%+0¢
Je85356299dc04
De533627%0E+34
D.54643329935¢04
0.567C29985+04
0.55072998E+0¢
0.556429988¢04
0.55812998E+04
J.561900C0E 04
J¢56560000E+04
0.56930000CeCs
0+373CO000E+04
D.576720C0E*04
3.580666I02+C4
43846170025 +C4
04387870025 4C4
591570228 +7%4
Je59827032E 54
0.59897302¢%+%4
Jde802660U)1E+*u
J.0063630215+Q4
De512129953+C4
J.513329943%C4
2.917529v55+Ca
Je921229732+C4
Den2652998E*C4
U.228626932+0,
Ven32379322+04
030077935 +04
24339779553 +%¢
Je646347698E8+C4
V.66717S93E+04
J.65CETI98E+04
J.55457995E+0¢
C.853329938¢E+04
7.66202593E+04
J.96572C02E+C4
0.06942002E+J4
2.97312002&+Co
D.07682002E+%4
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UedTI77%82E20
Ue532IC2T7E~C4
CeS03706212% 4
Cod7ul1835E~Ca
Je53070e21E~04
Ue50746259¢63E=Ja
Ve d7ECYE332~24
VeSTvecdTai~ys
U.588263092=y6
JeS53@7SQ2VE"L4
GeS5776c374ECa
Ve338843892°04
veSs150118%2=34
Je58473029E8C4
J.58804636%2=(4
Ce595882C8E=C4
ve5806138122-04
Ge59E92517E=C4
Ve594629232:-04
0.583343cYE=Q4
059426232804
0.599760508-04
0.592925178-04
JeS97C3556E~Cs
0.00¢559%6E=04
0.595602068=04
Ue594292328-04
0.603548768-04
0.59629232E~3¢
J.59979C80E-04
Uet03948786E-04
0.59801157E-04
G.0C313493E~04
Ce0 673596204
0.¢02859945+9¢
e tUSS150E~Ch
Jeb1255909cE~U4
0.60953%022-04
Jet1235C782-94
VebC3SwE728=04
Ue81517875:2=04
Jeb1ave152E=04
0.21094150E=0Q4
Jet 13012835204
Us8C5530025-04
D.816%90035-04
Jat12742002-04
Let18350722=(e
Jet2)859328=4
Ce€137c2092=34
Jec10554032-24
Jet2373659E-34
0.018C10355~Ca
Vee137620vE=04
J.823736892-94
0.622300055~2¢4
Uet1831635¢~2¢
U.0223CC65&-94
0.628C58c6E-04
V82026903224
Ue016554532-2¢
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Time (sec)

LM

0.680952002£8+04
0.084628099E¢Ca
J.08768999E+04
0.69168999E+04
J.0953899 k04
0.699C89992+Ce
0.70278999:5+04
0.70655C00€8«04
2.71025000E404
J.713950C035E6+%
Je?717¢5CouE+Ce
2.72135C00EGe
J.725C5CCIE 0w
0¢72375C5CE+Cn
2e7325000GE0s
0.73620000834
J.739600350E¢04
Je76383C00E 20
0.764730CCCE*04
O.75285C00E+54
Je786600LIECu
0 78C3L0IECH
D.7646C00G0 T+4Ce
0.7677000CE*0 %
0.77140CCC: 4
Qe7751000UE~(4
0.77887C02E ¢4
0.78257002¢8+04
0.78027002€+0¢
0.78957002E+04
0.79367002E+04
0.79737002E+04
0.80107002E+04
0.804682998k+04
0.80652998¢E+04
0.81222998E+04
0.815929982+04
0.31962998E+%4
0.82332998:+04
0.827C9004E+0%
0.830790J4E+0¢
0.83449004E+C4
0.83819004E+04
0.36189006E+04
0.36559004E+04
1.86929006k+04
0.553C400uirde
0.35674CC4E+04
0.860600J45+Ca
0.964160043+04
Ve36784076E¢00
Je27154004c+Ch
0375242042404
J379C3001E+Ce
J.6827000)<+04
0.886400002+Ce
J.89Q010000E+04
0.3938005u5+04

0.62086903€6-2¢
Je629505818~Cs
0.,622300058-04
0.61946076E-04
0.628C%826%=04
Cet30657208-04
Ue62220265E~04
0,622 CoSE~04
C.63085729£=04
0.628058262-0¢
Ue62020803E"0b
Uet206134CE~Y4
Goe33f6q7°£-:‘
Ve3UGS729E=04
Je82373cE9 04
Qee25C532062=04
Vetl3E80979E00

OceYo?75C5E=J4

Vet 2950561804
Ve0edl5kcai=(¢
Ce35330732-04
0.¢332¢3378~)¢
Ve32612108=1¢
Oetcot1340E~0 b
Go2l6505ct2=0¢
0.¢29505318=2¢
0.638283378~0s
Veb3973505E~04
0. ¢3820337E=-C4
0.¢3095729€6~04
0.632412196=04
0.63533073¢.~04
Ds846120955E=04
Q.64120988E~04
Ce€3n?795088=04
Ve63382979E-04
Cet3523073z=0¢
Uet33c03378-0¢4
Gebi -10927E=04
0.64565400€~04
0.¢3826337e-us
Ueb36795C3E~Co
0.63820337¢&~3¢
U.63679508€-04
0.¢63826337E-U4
Jeb465¢54u0E~D4
Gevd7142036~04
0,637735C8¢8-194
Je3533C752=04
De6338e8792-04
Cet30775032=04
G,661259558=3¢4
Ue0&L169275=04
Ueta5e54002-00
Ceb38T35532 04
Qee3679508E~04
Gee30263372-04
Uato505403E-04




Table B-2 (continued)

(b) Cell Two
- + - +
Tine (sec) [H ] (D Tine (sec) [H'] (D

0.201¢0000E+02 0.7211G7585-07 0.115C9000E*04 U, 1090c922€~0¢

0.386€0000€Cc U 74130945507 0.11694000UE*04 0,31477405E~0¢

0.57150002€6+02 G.72643561£=07 0.1225500CE*04& 0.3341950%€~0¢

0.75650002¢+0¢ 0.703C7294¢~07 0.124400005+04 0.36355759€~0¢

0.76139999E¢02 C.721107S8E~Q7 0.12025000E+04 G.3515¢029E~08

0.11265000€03 0.814703568~07 0.12995C00E*0s G.36725238E~J¢

0.13116005E¢03 (.25703739E=07 0.1318950055+C4 0.37670395E-0¢

0.149¢40008+CY 0.25310035¢8=~07 3.1330502084046 0.3837G723E-C¢

9.,16813000%+03 0.86490769¢~07 0.,139:06008¢06 0.60657587E-3¢

3.,186¢300UE*CY G.S05731746~07 J.14626000CE+04 Geb1873372€-0¢

0.20513GU0E+02 U.7289¢4%65~(7 0.16075000E¢06 (,430%2¢236-0¢

0.2236160JE+C2 0.99770070~37 N, 16667CCLE*CE 0.63752175E-0¢

0.26261C0CE*QT 0.59770075¢6~07 0.1648%20C0uECw Jehe9779083E-]e

0.,26112399€+0Y 0.104231798~C¢ 0.15222030E+Cw C.b0b813635-0¢

0.279¢0001E+CY L. 105106062~0¢ 0.1555200wz+04 C.48Les2600i-0¢

0.29810G01E+CY (.10592531e~0¢ 0.,15777000E*0% [.4938k61€c~0¢

0.31659000c*03 G.11142943E~0¢ 0.,1616470002+0« 0.512%e1652-0¢

0.335C900CE*CY 0.115C2U0TE~Ue 0.163320002404 0.518799792-0¢

0.35357G99E03 C.11582773€~0¢ 3.1651600uc¢0« 0,53333525E~3¢

0.372C7999E¢03 0.311534526£=0¢ 0.1688900C5+C4 0.55975789€=(e

0.39057001E+03 G.12C22637&~0¢ 0,17261000€+04 U.58513807E-0¢

0.409C70016+L3 G.1259251¢~0¢ 3.,174460008¢00 0.578411532-0¢

0.627500CUE*0Y 0.12502%5¢1&6~(¢ 0.17816GO0E+04 Ue62817:30E=-Q¢

D.646Ce000E*03 (,125C2591E~0¢ 0.18186000E+04 0.¢5313. 77E=~J¢

0.66492C01E¢03 G.13031658€6~(¢ U 183716038¢04 G.665273096-0¢

0.48370999€E«C3 0.13772092E~06 0.19111000€+04 0.72110726£-06

0.502200016+0 0.13772092€6~0¢ 0.,19257000E+04 C.74130980:-06

. 2.%52070001€+03 0.14255950E-06 0.20041000E+04 D.809095561E-C¢
o 0.53919G00E*03 0.15066067E~Ce 0.20226000€6+04 0.8222425G€~06
;;j 0.35769000€+0Y 0.15340100€6-0¢ 0.20611000€6+04 0.83368133£~06
- 0.57619300€+02 0.15417011€-06 0.20596C01€+04 0.25113749E-06
- 0.359467999E+03 0.15958790¢-06 0.20966001€¢04 0.29125058E~0¢
e 0.61316998E+03 U.16405907E-06 0.21151001€¢04 (.92045002€-0¢
. 0.031006998E¢C3 0.165958612-06 0.215216015+04 G.§5699217E~0¢
0.05015997E+0Y 0.16943370E-0¢ 0.218966016+04 0.1006c157E-C5

. 0.060365997E+03 0.1745822%€E~0¢ 0.22081C016¢04 0,102E0158E-05
: 0.587150026+0 Q. 1798E714E-C¢ 0.22260G01£+04 0.10543857:-05
0.700C3008E+02 0.,1E4C7718E=0¢ 0.22821001E+04 0.11142938E~05

0.72421000E+03 0.18793168E-0¢ 0.230C6001E+04 G.114287796~05

0.74331C00E+03 0.196453590E~-0¢ 0.23376C01€+04 0.118304146E~05

0.74179999E¢321 0.15998622E~0¢ 0.23560000€+04 0.12123891£-05

0.78028998E+0 (,20844897€=0¢ 0.23931001E+064 01273503125

0.79879999E+03 (.21281399E-0¢ 0.243C7CN0E+04 0.13243424E~05

0.81728003E402 C.21727C01€E~-0e 0.24652000€%04 0.136144467E-0S

0.33578003£+03 (.22284345E~0¢ 0.2646770032254 0.160eCicoE~0S

0.85428003¢8+02 0.22555987€~0¢ 0.25047000E*0« J.168251722E-35

2.872770025+02 U.23712006435-y¢ 0.2523200uEvd4 J.15170534€E~05

0.89127002E+92 (.23¢592CoE~0e 0254170J0E*Ca V.156216062E=05

0.70977002E«02 (.26266114E-0¢ 0.256C200G3+C4 Q.1618u798£-0%

0.928200012+52 G.250C3628%-3¢ 0.2615?2000E+04 0.17377996€-03

0.96678001E+02 C.c56¢L313E-Ge 3.2653GCCIE+04 J.18330183E-08

0.70565997E+02 (.26342162E~(¢ 0.2671800GE*04 U.1849269EE=35

0,98441995E+C3 0 CeLELITTE=0E 0.,276G88LCOEv3e 0.194530012~08

N.10029000E+Cé U.270195675-5 0.27658000€+50 J.£0370426E~05

0.102164C0CE+04 o.¢7ocs7e>=-a¢ 0.27043C00E*C4 C.20592971E-0°

G.10369000e+0& G.281190012=0¢ 0.,2782805JE¢C4 (.214782£23E-05

D.10584C00E+I46 V.26510101E-0¢ .280130003+%4 (.22080C2¢E~08

0.10769000UC+Ce 0.2%1C7179E-02 0.,281980CUE*Cu L.225946352E~0S

9.10954C008+04 0.292461534E-0¢ 0.289350006+04 G.247172332~-05

0.111330005+04 0.298532116~Ce d.29127000E+C& U.252348(01E-C5

0.113264000E+04 0.30678G04E-T¢ 0.29315000E*Ce 0,26262194E~CS
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Tine (sec)

Table B-2 {continued)

D)

R N LA TS

0.2957°0008+0+
0.30055000E+0w
0.36240C0uc+0e
0.306425CJ0E+04
0.30763979E0w
0.31348909£+C4
0.31538C00€*0¢«
9.31726001€+0¢
0.32056021E+04
0.32291CC1E4+Cs
Je3ceeo(I1E*U4
0.,32651001E+3e
04332610015 ¢Ca
0.335706C01E+Ce
0.337610C1E*Ce
2.33950000E+04
0.3645C70008+04
0.34652CJ0E+04
0.36877L008Ca
0.35062C00E*0n
0.35617C002+04
D.353C2C00E+C4
0.35987C0CE+Cw
0.3617225U0GE *Qw
1.363600C0E+04
D.371C2000E+04
0.37287G0JE+Ce
0.37657CA0E*04
0.38212000E+04
0.38367C00E+04
0.38582000€+0C4
0.38770000€+Ca
0.39143000E+04
0.39328000€+0«
0.39658G00€E+C4
0.398830006+C«
0.4046230CoE~04
0.40623C00€+Cx
7.402CBC00E-0«
0.611820028+Cw
0.61555000&+C4
0.41925000¢+C4
0.,4211050JE+04
0.42295000&+C
0,64264800005+C4
0.6285C000E+54
0.43C35630E+0%«
0.63781CO1E+3e
0.441510C1€E+34
0.6446336001E+04
D.66521CI1E* D
Jebb7COCINE+CH
0.45076C21¢+24
0.452¢10)16+04
0.45631CC1E+0%
0.45816C51E8+04
N.68627759g2+C4
0.66562992:+C4
0.66747993¢+Ca
0.66932998E+C4
0.674879985+Q4
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C.28183826E-05
0.¢91C7191€-05
0.299226338-05
0.30700948E~05
0.324339722-25
0.365539«16-0%
0.158921+2£-05
D.Y¥655v8502¢e~-4%
G.17757238:-05
[.3605a2¢9:-0¢
CeaU3tas3ez=09
Jea13067702-05
Gebe56586315=05
C.65652819E8=0
Cob6et5I59E-CH
Go.w?7533622c=05
G.506661155-05
UeS51061005E-CS
W $303646072=0"
0.51826952E=-U3
0.571678722-05
ve$8212333c=CS
ve58224339:-0S5
0.5997915eE=0S5
0.¢18C106222-05
CetS313067€-05
0.45917338E-05
G.687G66800e~-0°%
D.70165556E-0S5
0.7177946328-05
D.73113879E-05
0.73282395€-05
0.74989402€6~05
0.76207820€-05
U.785885951E-0S5
0.£109¢105€-05
D.E3745952€-05
0.E33¢8C95e-CS
0.86587392E-05
0.86496775E-05
U.BB3C7979E-~0S
0.£9520697E-0S
0.50573176z-0C5
J.52257194€~0°¢
C.$311C775:z-C5
Je92J4L4SS57E-05
0.935405¢82~05
0.5¢45C5C72E-05
C.99G831009€~05
0.100025342-064
0.102053895 0w
0.1C01231128-04
J.1C2801542-Cs
(.133592C12-04
Q.1066146262-06
0.10061¢9558-04
0.,156715195:-04
U.1078G4672-0%
0.1C8352¢CE~04
G.10854253E-04
G.109647318=04

(b) Cell Two

78

Tine (sec) [H+] (1)

0.67857968E+0¢ U.111¢38275~-C4
0.48042998E406 U 11271972804
0.684129955+04 0.11376273¢-04
0.6878679985+04 0.1135C1025=04
0.688729983¢34 VL11527278:-1J4
Qub66527693E 204 Ul T188SJ1RE=J4
Den07129926¢06 (11654970804
0.50452968c+¢0e 0.320781342-04
J.508029982+C4 0.121¢18c4E=-D6
0.51011051804 J.122744600E-34
0.511679982+24 Q.123210635=04
0.515€¢79782+00 (.12359477E=-Cs
D.51752990E+04 112337604 -(4k
0e2153799054C4 0.123312¢5¢=04
0.52122998€E+0¢ 0.123310455~54
D.53047903E+04 0.12735C268-04
Ue532329908E+C0% 0.12723502%E~06
D¢536C7998E+Ce 0.130C10652~04
0.53752958E+04 U.130C51E24E=T4
D.539779985+Le L. 13121999E~C4
05634679098k +06 U.130C16928~04
0.54902998E+4C4 0.131522628=06
0.552879985+C4 C.133CaS49¢=04
0.,55272998€+Ca 0.13335213E-04
0.55332002E+Ce Ca132739415~04
0.56020000E+404 0.133865949E~04
0.562050008+04 Le13427044E-06
0.56945000E+04 0.13077290E-04
0.579300008+0e 0.13014434E-6
0.57315000€+04 0.137406235-J4
0.57870000€+04 0.13772092&-04
0.58055000E+04 0.139¢63686E-C4
0.58431001€06 0.138032345-04
0.588C1001€+04 0.13995870€-04

0.589806001E+04 0.14(929%4e=04

0.59171051€+04 0.161253702=04

0.59356C016+Ce 0.13963685E-74

0.597260C1E*00 J.1612537065-04

0.6046060016+04 0.141579326-04

0.60842998E6+04 (.143E7960E~04

0.61027998€E+06 (.145211138-04

0.61367998E+0¢ 0.14327930E~04

0.615829985+04 Go14354834E~04k

Je61952998E+04 0.144543932-04

0.528779982+04 C.146217645-04

0.063065000E+26 (160872572 ~04

0.532520022+C4¢ Ga140629257E~04

De034637002840¢ C.160217045-04

0.,633C7998e¢C4 0.14723128E~J¢

0.66177002¢454 0.147910888=04

D.643862002E8+04 (.146723123E-04

06454702272 +C0 Go14757002E8-04

Je05267002540« C.151C07938=04

D.55472002€+C4 0.15CeeT08e=04

0.55660000E+04 U.1490968L4E-04

G.66C22032E+C4 0.148538116~Cé

0.66217002E+0« J.1495¢cBLLE~V4

J.666C2002E+C4 U 152CS54706E~T6
0.6658700¢E+04 0.154170128-04
0.67882G225+4C« 0.152C5476E-04
2.68C7000VE*Ca 0.1510079232-04
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Appendix B

Table B-2 (coocluded)

(b) Cell Two

Time (sec)

D)

Je38442995€6+04
Je08597993E+Ca
3.591829732+Ce
J.2938799¢c2+Co
0.095529V0é*Ce
0.706282C032%+C4
0.7Go70000€*C4s

370855000k *Ge

J.7104000QE 0%
3.712¢500u 3200
N.727C5GIuiCa
1.7289200¢2 04
J.73C83CIuEeCe
0.7352300C¢c+Ch
0.733¢Q0dvE" e
J.76150300&+04
2.7493000ac+Ce
2.750750CJ€+C¢
J.753600Cue*Gé
2.76045000E *Cs
0.769700G00E 04
0.77155CNCE *Qw
0.77360C00E 0«
0.279G1G01E° Qe
0.78271001. 06
0.79546001€+04
0.79751001€+04
J.799260031€+04
0.330529988+Cé
0.51¢37998E+Ga
2.814622998E+Cé
0.31077998€+04
0.83462998E+04
0.33047998E+04
J.83832998E+04
0.86017998c+Cs
V.84757998€+04
0.85130990€¢04
0.356E7938E ¢G4
0.36C57993E+04
2.37725000z3 e
5.38285002¢e+C4
0.83¢355002E+04
J3.383600C0CE*Cs
24395630CocrCa
7639765000 E+Ce
Ce?0142690E e

Q.15138592¢~C4
Ve15275600E~J4
Ue152750064E~0Lb
G.15310472e-Cs
0.1531C8728-C6
Je15%3aut01E-04
Ge153001016C4
Q.153815315=04
Ve1527%¢C04E04
GelSe17C125-04
G.156331e0E=04
Ve 15523:722=06
Gel3417C12E~064
Ve155596525=-Cé
VelS5652564E=C4
J.153£15312~J4
G.155233725-04
Ue155564322=24
Je155233728-04
J.156285160£-06
C.187C3623E-04
0.15776115¢-06
G.15812475€-C4
0.157398232-04
Je15595515€E~04
C.15848920E-064
G.156£67519c-06
0.1536892)E-Cs
C.15922Cv3E-4
J.100¢94072-04
Ca*S9567%1E-04
0.16255479E-C4
0.15958791€~04
0.15995573¢-04
0.181CL0bbeE~064
J.10009407E~Cs
0.16100444E-04
1¢161C04LAGE-Q4
0.13953791E-Ce
Ge153655732~ué
0.102110992-046
Gel8GeFuy?7E~Lb
Ue1¢03246545-06
Lel618U8Co. =0
0.152635732-3

Ue18163536E~204
0.1810000bké~J6
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Tine (sec)

Table B-3

Data for Mustard Hydrolysis at 293 K

[

0.18709999€+02
0.37209999€+02
0.857C9999E+02
0.742C9999E€+02
0.92709999€+02
0.11121000€+03
0.12971001E+03
0.14821001€+03
0.166T72000E+03
0.18522000E+03
0.20372000E+33
0.22222000E+03
0.26122000€+03
0.25972000E+03
0.2782200CE+03
9.29672030E+03
0.3152200G6+03
0.33372000£+03
0.35222000E+03
0.37072U00€E+03
0.38923001E+03
0.40773001E+03
0.42623001€+03
0.44473001E+03
0.646323001£+03
0.48239001£+03
0.50089001E+03
0.51939001£+03
0.53789001€+03
0.55639001E+03
0.57489001€+03
G.59339001E+03
0.81189001£+03
0.63039001E+07
0.64889001€+03
0.66739001E+03
0.568589001€6+03
0.70439001E¢03
0.72339001€+03
0.74183000€¢03
0.76039001£+03
0.77829001£+03
0.79739001E+03
0.81588000€+03
0.83438000€+03
0.85289001E+03
0.87138000E+03
0.88988000E+03
0.70839001€+03
0.92689001€+03
0.9453800CE+C3
0.96388000E+03
0.98304997€+03
0.10016030€+0¢
0.102G1000E+04
0.10386000E+04
0.10571000€+04
0.10756000€+04
0.10941000€+04
0.11126000€+04
0.11311000€+04

Appendix B

0.100230%1¢8-06
0.108392%9¢&~00
0.11534%248~068
0.125314078-06
0.13273%42¢~06
0.1399580698-06
0.144877046E-06
0.14927937¢8-06
0.15275663E-06
0.16143596E-06
0.17377988k-06
0.18700818E-06
C.19906716E-(6
0.2113488%¢E-06
0.22335708¢E~-06
0.230¢7454E-06
0.23988324£-0¢
G.24831314E-06
0.25644820€-06
0.207910682¢8-06
0.28575897€-0¢
0.305492146-0¢
0.325087«08~0¢
0.33962527€-06
0.3%369708&~06
0.36982750¢-06
0.381943836-04¢
0.392644788~-0¢
G.406643358-06
0.42657948¢€~06
0.450816498~-06
0.479733798-06
0.495450488~-06
0.51522824€~06
0.53579657€~0¢6
0.55080801€-06
0.56885318€E-0¢
0.59156110€-0¢
0.61944070€~-06
0.664863423E-04
0.67608289¢E-06
0.70957753¢E-0¢
0.741309808~-06
0.76207914€-06
0.80723527€=-0¢
0.826137066E=0¢
U.85113749€-06
0.88920115€-04
0.92682996E~0)6
0.96405118E-56
0.10115791¢-0$
0.10568178k-05
0.11015388¢&-05%
0.11455130€-05
0.11885013E-05
0.12274393E-05
0.12852871€~-05
0.13365955€6-05
0.13963679€-05
3.16621771¢~05

0.15205454¢-05

(a) Cell One

80

Tire (sec)

CHEO)

0.11496000%+04
J.11680000¢+04
0.11365000€+04
0.12050000E*04
0.12262000€+04
0.1264270006+04
J.126120008+04
J.12797300&+04
0.12982000E04
0.13167000€+04
0.13352000£E+04
0.13537000£+04
0.13722000Q8+04
0.13907000€+0¢4
0.14092000E¢04
0.14277000E+04
0.14402000E+04
0.14652000€+04
0.14837000€+04
0.1502200Q€+04
0.15207000€+04
0.15392000£+04
0.1557700C€+04
0.15782000Q€8+04
0.1394700Ck+04
J.16132000£+04
0.16317000€6+04
J.16502000€+404
0.16687000€+04
0.168720006+04
0.17064000E+04
0.17249000€E+0¢
0.17454000€+0¢4
0.17619000E+04
0.17304000€+04
0.17989000E+04
0.18174000€+04
0.18359000€+04
0.18544C00E*04
0.18729000E+04
0.18914000€+04
3.19099000€+04
0.19284000%+04
0.19475C00€ 04
0.19640C00€+%¢
0.19845000E +0s
0.20030000€+0¢
0.20215000¢c+04
0.206000005+04
0.20585G00€+0
0.20770000E+ "%
0.20955G00¢&+
0.21140000£+04
0.21325G00€+04
0.21510000€E+04
J.21695000€+04
0.21385C002+04
3.22070000E+04
0.22255000£+04
0.2244000CE+04
0.22625000£+04

0.158124668¢-05
0.1663413%6~35
0.17298149¢€-0%
0.18071739€-08
0.188306491E~-0%
0.19815261¢~09
0.20604301€-08
C.21478238E6-08
0.22562395€-08
0.2355051Ce~0%
0.24717233£-05%
0.26121595€-09
0.26915336€-05
0.284440138-03
0.29333825¢-0%
0.312¢07722€-09
0.32734056€-08
0.342767736-08
0.358%2162€6~09
0.37583720&-0s
C.39084089€-05
Qa6 1114969E~QS
0.428354836E-03
0.44565631£6-05
0.46558607€~08
0.48305878E-08%
0.50350068E-08%
0.52601717€-08
0.562001008-0%
0.56234144E-08
0.58479054€E-08%
0.60953630E-08%
0.62805793¢8-083
0.65313047E-08
0.67608257E-0%
0.69342555€-0%
0.70957726E-05
0.73282395€-08
0.75509183E~0S
0.77983041€-0%
0.803526065€-09%
0.81658291£-0%
0.83945952€6-05
0.864967755-08
0.88307979€-05
G.90157109€-0$
0.92257196£-05
0.94188927€-09%
0.56382928E-05
0.98401142€-08
0.10092534£-04
0.10280164E-04
0.10423179E-04
0.10543802E-04
0.107894567E-04
0.10916401E-04
0.11066239E~-C4
0.11246051E-04
0.11428784€E~04
0.11587778¢E-04
0.11803206€-04




Tice (sec)

Table B-3 (eoam‘u'_d)

CHRD)

0.22810000E04
0.22995000E+04
9.23183000€04
0.2336%5000€¢+04
0.23550C0CE+04
Je23735C00E*04
0.23920000¢+04
0.24105C00€ 06
3,24 297000804
J.264482000E+04
0.264667000€+06
0.26352000E+04
J.25037000€+04
0.25222000€+04
0.2%5607000E+04
0.25592000€&+04
0.25777000E+04
0.25962000€+04
0.26147000E+04
0.28332G00€+04
J.26517C00E+04
0.26708999E+04
0.2689399%E8+04
3.,27078999€+04
0.27243999€6+04
0.27448999E+04
0.27633999E+04
0.27818999E+04
0.28003999¢+04
0.28188999€+04
0.28373999¢€+04
0.28558999¢+04
D, 28743999€+04
0.28928999E+04
0.,29113999€+04
2,293GC3999E+0¢
0.296483999E+04
N.,29673999E+04
J.29858999c+06
0.30063999€+04
2.30228999E+04
N.304613999E+04
0.30553999E+04
0.30783999E+04
3. 30948997€E+04
ND.31153999E+04
V,31333999€E+04
N,31523999€+04
0.21716001E+04
0.319C1001E+04
1.32086001€E+04
0.32271001E+04
V.32656001€+04
0.32641001€+04
0.32826001€+04
0.33011G01E+Gs
N.33196C01E+04
0.333810015+04
0.33566001E+04
0.33751001E+04
0.33936C01€+04

Appendix B

0.1202206398~04
0.12217990¢&-06
0.12331045E6=06
0.126473842€-04
0.12618268E-04
0.12705762E-06
0.12852865¢8~04
0.12944933E8-0¢
0.13121999¢-04
0.13273941€-04
0.13365949€=04
0.13583127¢e~04
0.13708814E-04
0.13867565€6-04
0.140604618~04
0.14606064618-04
0.%261579328-04
0.142232848-06
0.1466543938-04
0.1642115S€-04
0.14543141€-04
0.16055479E-04
0.168936118-04
0.14962359E~04
0.15100793¢-04
0.15170311¢-04
0.15310872¢8~04
0.15346161€6-04
0.15205476E~04
0.15417012€6-04
0.156525644E-04
0.15523872¢-04
0.15559652¢6-04
0.15631460E-04
0.15848920¢8-04
0.15885480€-06
0.16032454€-04
0.161C06444E-06
0.16218099€~04
0.10368167€-04
0.16292961€~04
0.16443722€6-04
0.16330512€E-04
0.163305126-04
0.16368167€-04
0.164G5909€E-04
0.16«81621€-Cé
0.16519009¢8-04
0.1663464129E-04
0.16710910€-04
0.16788030E~0¢4
0.169433728-06
0.17021581€E-04
0.17100136€-04
0.17021581E=-04
0.17139580€-04
0.16982440E-04
0.17060813€-04
0.17100136€E~0¢4
0.17100136€~-04
0.17179033¢-04

(a) Cell One

81

Tine (sec)

m'] )

0.3641260018+04
0.34311001E+0¢
0.34496C01E04
0.34681001€+04
0.34866001€+04
0.35051001€+0¢
0.335236001€04
0.35421001¢8+04
0.356060G1E+04
0.35791001E+04
0.35976001E+04
0.36161001£+04
0.36346001€+04
0.36538C00E+04
0.36723000€04
0.36908000€+04
0.37053000E*04
0.37278000E¢04
0.37463000E¢04
0.37648J30E~04
C.37833000€E+04
0.38018000€E+04
0.38203000E+04
0.38388000¢¢04
0.38573000€+04
0.38758000E+04
0.38950000€¢04
0.39135000E+04
0.,39320000E+04
0.393505G00E+04
0.3969000CE+04
0.39875000E+04
J.40060000€+04
0.40245000E¢04
0.40430C00E+04
0.640615000€+04
0.40800000E+04
0.640983599E+04
J,41188999E+04
Ueb13358999E+04
0.61543999E+04
0.41728999E+04
0.61913999E+04
0.42098999E+7¢
0.,62283599E+04
0.42663999E+04
0.62653999E+04&
0.62838999E+C4
0.643023999E+04
0.63208999E+04
0.63X93999E+04
0.643578999€+04
0.63771001€+04
0.63956001E+04
0.461461C01E+04
0.443260015+04
0.44511001E+04
0.646696001€+04
0. 64881C01E+04
0.45066001E+04
0.65251001E+04

0.17179083E-04
0.17179083£-04
0.17218679¢8~06
0.172186798-04
0.172%8380¢8-04
0.172186798-0¢
0.17298158¢8-04
0.174180758-04
0.176180758-04
0.1749840602-04
0.176984608=04
0.17458220E-04
0.176418075E-04
0.175388G7¢-04
0.17660392E-04
0.176060392¢-04
V.17060392E~04
0.17823788E-04
0.17900044E-04
0.180301746-04
0.18071731¢8~04
0.18113400€6-0¢
0.180301746-04
0.18030174E-04
0.179647348E~04
0.17906064E=04
0.17864870E~04
0.17906044E-06
0.17823788E~04
0.17864870E~04
0.17864870€~04
0.17823788¢8~0s
0.17864870€-04
0.18030174€E-04
0.179887146-0¢
0.179006044E~06
0.17947348£-04
0.17988714E~04
0.180717316~04
0.18155150E-0¢
0.181134006-0¢
0.18155150E~0¢4
0.181551506-064
0.18281007E~04
0.18281007E~04
0.18407723E-064
0.183653726~04
0.183653726-04
0.183653726~04
0.18365372€6-06
0.18365372E~04
0.18281007€E~04
0.18323140E-04
0.18238969€~04
0.182210076~04
0.18197010£-04
0.13155150E-04
0.18155150E-04
0.18071731E-04
0.181970106-04
0.18197010€-04




Appendix B

Table B-) (continued)

(a) Cell One

Time (sec)

1] ()

0.65436003E+04
0.45621001€¢04
0.458C6G01E+0%
0.45951001E¢04
0.606182002E¢04
0.06367002€6+04
0.46552002E+04
0.46737002¢E+04
0.46922002€+04
J.67107002E+C4
0.67292C02E+04
0.47677002€+0¢
0.67864620025+04
0.e7847002E+04
0.48032C02E+04
0.68217002€+04
0.486020025+04
0.48587002€+04
0.68777C02€+04
0.48962002€ 04
0.69147002E+04
0.69332002E+04
0.69517002€+04
0.69702022:+04
0.649887002€+04
0.50072002€+04
0.50257002€+04
0.50442002€+04
0.50627998E+04
0.50812998E+04
0.50997998€+04
0.51188999E+04
0.51373999E+04
0.51558999€E+04
0.51743999E+04
0.51928999&+04
0.52113999E+04
0.52298999E+04
0.52483999E+04
0.52668999E+04
0.52853999E+04
0.53040000€+04
0.53225000E+04
0.53410000£+04
0.536C1C015+04
0.53786001E+04
0.53971001E+04

0.18155150¢-04
0.18155150E~-0¢
0.18238969E-04
0.18323140€-04
0.18238909¢e-04
0.18323140€~-04
0.18281007€E-04
0.18365372E-04
0.18407720e-04
0.18535327€-04
0.18578048E~04
0.186208067€E~04
0.18578048E-04
0.18578048E-04
0.18492687E-04
0.18535327€~04
0.18578048E-04
0.184501465-04
0.185353278-04
0.18450146€~04
0.18407720~-04
0.18323160€-04
0.18281007&~04
0.18281007€-04
0.18323140€-04
0.1832314640€-04
0.18365372€E~-04
0.18365372E-04
0.18281007€e-0¢
0.18407720€-04
0.1846501606E-04
0.18535327E-04
0.18535327€-04
0.18535327e~-04
0.16020867€E~04
0.18620867€-04
0.18620867€~04
0.18706820€-04
0.18793169€~04
C.186637B4E~04
0.18706820€e~04
0.18749935€6-04
0.187C8820E~04
0.18578048E~04
0.18663784E~04
0.18663784E-04
0.18492687E~-04
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Time (sec)

C IO

Table B-3 (continup&)

(a) Cell Two

0.20170000E+0¢2
Ue38609998E+02
0.571699985+0¢
0.75680000€E¢02
C.94180000E+0¢
0.1126800CE+02
0.13117999E+C3
0.14967999E¢C3
0.16819000€C2
0.18669CC2E+02
0.20519000:2+C2
0.223389999E+52
0.2426900uc+C2
0.26119000£+02
0.2796900uz+02
0.298190002+02
Je31669000E*C2
0.33519C00E+02
0.35369G0uE03
0.3721900Cc+23
0.39069000€+C3
0.60919000E+02
Dec?769CU0E*02
0.44619005E+03
0.66512000€+02
0.48385¢99¢E+02
0.50235999€+02
0.52085999E+03
0.53934998E«C2
0.55784598E+03
0.576364998€+03
0.59484998E+03
0.61334998E+C2
0.63186998€+C2
0.65034998E+C2
0.5688469982¢32
0.08734998£+0G2
N.7C615997E+02
0.726E4998EDD
0.74336995c5+03
0.76184998E+L2
0.78034998£+03
0.798E59995+03
0.81734998E+03
0.83S584998EC2
0.856149935+C2
7.872864993E+C3
0.89134993E+02
0.90¢86998E+C2
0.72534998E+02
0.940684995E¢02
0.965690C0z+C2
0.78451001&+C3
0.10C23G0CCE+T4
0.1021:00uz+ls
0.10L0C00E~Ce
D.105E5C0JE ~ &
0.10770000E+C4
0.10955C00€+0¢
0.1114C30CE*D4
0.1132560J0E+C4

Arrendix B

0.72945745€-07
0.709572718E~C7
0.701454b2E-C7
0.72610653E~07
0.7362C726€-C7
0.82613720&-07
C.8996978¢E~-C7
0.%92257103¢&-07
G.100606152€E-0¢
0.105¢85174E~ue
0.1122C192¢8~-2¢
U.12J22637¢€~0¢
G.130C1091E-Ge
G.130772582-0¢
Jelwo2115«2-0¢
C.153406100E-0¢
0.158489c0E~C¢
C.101808u5E~"e
0.17Ce0Gy12e~0¢
C.17579229:~30¢
J.188759158=y¢
0.19952¢635¢c~0¢
0.20511009E~C¢
Ce22C29202E-C¢
0.226%20326~Cé¢
0.¢39E83245~0¢
0.25003428€-0¢
0.25703952E~0¢
G 26977409E~08
0.27542279€-0C¢
0.28707802€-0¢
0.29922617&-06
0.31622761E-0¢
0.328C9515€~-0¢
0.34355758€E~0¢
C.3585560bE-(¢
C.36041768E-C4
GJYB156TS3E~C6
G.385470829£-C¢
0.39354975€~0¢
0.420725«5E-0¢
Qebb3b0BabE~VUE
0.46773694E-0¢
0 4?7533499€~0¢
C.50236257E-0¢
0.52119475¢8~0¢
U.537C315C2-0¢
U.54954035E-0¢
0.5¢623895&=0¢
UeS570760461E-0¢
C.060394871£~-0¢
U.62661337E~L¢
Cetu268795£~0¢
G.e76(820%c=0¢
G.695C24C8E-0¢
0.712E5291€-2¢
0.73451407€=3¢
Ge75162272-0¢
G.77268027E-C¢
Vel9796429:=0¢
Ce8222625C2-C¢

83

Tine (sec)

't a9

0.11510000E*04
0.114950006+04
0.118800002+Ce
0.123¢9C005+04
0.12257000E+04
0.126420005¢04
0.120¢7000E+G4
0.12812000E+0¢
0.12997C303+04
D.13182C00C¢+Ce
0.13367030£+04
0.13552000E+04
0.1373703G€E~Cs
2.13922000E+04
0.141C7000E+0¢
0.162620008 0
0.74479000E+04
0.14667C00E+04
0.1485200uE+Cs
N.15037000E+C«

“0.15222000E+0w

0.154G70GUE*DS
0.15552C0Ge 04
0.15727C0CE+04
0.1596200GE+04
0.16147C00E+0C4
0.16332000E+04
0.16517000E+04
0.167C2000€+04
0.16890000E+04
0.17078000E+04
0.12263000€+04
0.174480005+04
0.176330005+04
0.17818003E+04
0.180C3G0CE+C4
0.131880005+Ce
0.1837300GE+C4
0.18558000E+04
0.187630005+0¢
0.18928000E +04
0.19113000+04
0.193C2000E+C4
0.19490000E 04
0.1967500C0E+Ce
0.193600005+04
0.200450005+C4
2420230GCGE+C4
0.20615Q00E ¢34
0.205C000GE+C4
C.20785CJI0E+Cs
0.,20970C005+0«
2.2115500CE+0e
0.21340000E+04
J.21525C00€E+Ce
3.217130C0CE*04
2.215C000JE+04
J.220E50002+04
3.22270000E5+C4
0.22455000E+C4
0.22043C30E+Je

0.84139549E~06
G.85901314€-0¢
0.8953¢451€6~0¢
0.91201105&~-0¢
0.9311€725¢~0¢
0.96623667E~2¢
0.593114615£-0¢
0.10092530€-05
0.103992usE~LS
0.19729833e~05
Q11002655805
C.11323660E-05
0.116144680¢-05
0.11830416E-35
0.1224¢155%¢-05
0.125C2597€~05
0.13001605€6-0°%
U.13335237¢~CS
(.138¢6534E-05
0.164092886E-GS
U.1460211485~-05
0.146927930e-05
0.152755506£-05
0.15595522&-05
0.16032440E-05
0.16405901€~05
0.17060820£-05
0.17619756€-05
0.18071739e-05
0.183653381€-05
0.19056605€E~0S
0.19815261€-05
0.20558916E-095
0.21133607£-CS
0.23227378&-08
0.22335719¢€-05
0.23967405E-C8
0.23823184€-05
0.244900192-05
G.25234801E-05
0.25822612€-05
0.263C2¢78BE~0S
0.27289777¢&~CS
0.279589818£-95
Ge290402G4E~US
0.29512069E~C5
G.20169510¢€-C3
0.3006%0212E-0%
Ge310950038~05
0.32734054€-05
0.237287227:-05
Ga2611920628~(5S
0.25399720:~15
Ga36475302E-05
.37068037€-C¢
0e37866263E~35
G.28¢025667E8-05
0.299C2457€-05
Ca60550817e-05
Dub1399671E-CS
Ueb2205829E~-0¢%




Time (sec)

Table B-3 (continued)

('] oo

0.22325C00E+04
0.2301CC0CE~C¢
0.23195000€6+04
0.23380C00E~C4
0.23565030€+0¢
2.237500008+34
0.23935000&+0«
0.24123C00E+04
0.24312C5uc+04
2.24457C00E 04
0.24682000E+0¢

0.26867C00E+04,

0.2505200C€+C4
2.25237000E 0
2.256223308¢94
0.256C7C0CE-(04
0.25762C00E+0¢4
0.25977CCCE+Cs
0.26162500E+Ce
Ja26347CJCE*Q¢
0.265260012+3e
0.26723CCG0E+Ca
2.26908J0CE+Ce
0.27093000c+Cw
J.27278999E 40«
0,274¢39°9¢8+04
0.27648995E+04
0.27833999E+04
0.28C18999€+04
0.282C3999E+04
0.28388999E+34
0.28573999E+04
0.28758999E+04
0.28943999%2+04
0.29132C00€+04
0.29318999€+0«
0.295C3999E+C4
0.29088999E+04
0.2987399%e+C«
0.3005899%E+04
0.30243999£+04
0.30428999z+04
0.306139995+04
0.30765999£+04
0.30983999&E+04
0.31168999€E+404
0.31353999£+34
0.31543C0JE«04
0.31731001€+04
0.31510C0 15404
0.32101C018+34
0.322860212+0¢4
N.32471C01E+04
0.326560C1E+04
0.32841CJ1E+04
0.330260012+404
0.332710)1¢E+C«
3.33396001E+Cq
0.33561CU1E+04
2.337660215+04
0.33653999:+Ce

Appendix B

C.63451023¢-C5
C.63853C79£-05
D.wS5c89702E-05
Gee59108326E-(S
0.4720e2722-05
0.47533522¢-05
C.423C5878E=03
0.498884408-C5
0.50234255E-08
Ge512851208-08
0.51522852:-05
0.5248C7095-05
J.53703175¢8-(¢
0e5«2CC10G0E~0QS
0.55975705£-35
CeS5¢4v32048-05
0.58210303%=35
Ue592¢2403:2-05
3.6C255965E=09%
0.613C16026-C5S
0.6222CC332-05
Jel36765312-058
0.661¢009828-u5
Ueb441¢895:-058
0.¢cS5614527€-05
0.6221¢69E-0%
0.67297683E-05%
0.68076938E-05
C.700631763c~-05
G.70307228E~-05S
0.70957726E-05
0.71121403€-09
0.72777939¢€~-05
0.73113879€E-05
J.7345133E~-05
0.76301579:-35
0.744732058=05
Q.772680e9E-05
Q.76207880:=-05
0.76913038E-05
C.758578G2€~-05
0.78162775E-05
0.79057840€E-05
Oe797G9474E-0S
0.79250158€-05
0.79769474E-CS
C.205273¢06E~CS
0.22G2%14Nnc-05
C.8090¢540E-0G5
C.81542492E-05
C.810%01055-3%
C.0241380%c-0CS
J.820235140£~08
G.227942228-C5S
J.82985125€-05
C.26527892:-05
0.847227152=05
CeB64SCc775E-05
C.859C13542-05%
Ue84917%332-(

C.257(038232-0GS

(a) Cell Two

84

Time (sec)

COI)

0.36141001E+04
0.364326001E¢04
03451100180
0.34696C01E¢04
0348810016404
C.35065001E+04
0.35251001E+3«
J.35426C01EC4
0.35621C01€4+%04
0.358C6001E¢04
0.359510312+04
J.36176001€E+Cw
0.363639952+Cs
0.36553300&+0«
0.36738000¢EvQs
0.367:200CE+Cs
0.37107030€+J4
372920008404
0.37477000€¢04
0.376e20005+04
0a37847GI0EC4
0.38032C00E+0Q4
0.38217000E+04
J.384C3000E+04
0.38588000€+04
0.3877700GE+D4
0.389£3999E+0¢
0.391489995+04
0.39333999€+04
0.39518999E+04
0.39703999€+04
J.398886099E+C4
0.400739992+Cs
0.40253999E¢04
0.40443999E+04
0.40028999z+Cé
0.40813999E«C¢
0.40998999€+0¢
0.61187002€+04%
0.61373999E+04
0.41558999E+04
0.41743999E+C4
0.61928995E+04
0.42113699€+C4
0.42255999E+04
0.42483979E5+04
0.626659992+C¢
0.428539%7E+4
0.63038999E+Cw
0.432239995+04
J.434089995+C4
0.43597002€+C~
D.63785C00E+Cs
0.43970000E+04
D.6461550002+0C4
0.44340000E+04
Da64525600E+04
0.44710C032+0¢
0.4489500CE+C¢
G.45C80000z+04
0.452¢5CLOE* Qe

0.857C39238~GS
Q. L04696775E6~05
0.803%90U34E-0%
U.2689¢218E-0¢
0.859C13%6€~0%
D.27267162E-CS
UebeeSe?7?75E~US
Usl7a58367E-CS
V.257038238-0%
Q.86396034E~58
0.959C13545:+08%
Je259C135¢E~yS
0.33920009£-0S
Ue8931060eE~CS
0.50364G02E~28
C.8653¢497E~(S
0.89125015:-05%
0.8933Co0058=(5
0.5933C00%E-(S
Ue89949708~3S
0.883C7379. uS
0.501S7109¢€ -uS
0.89536497E-0¢
G.8994970%E-0S
0.89330000€-05
0.89530497€~0%
0.924069827€~CS
0.920464957€-05
0.92044957€-05%
0.92469827E~08
0.93540566E-05
0.52257190E=CS
0.93325382e-05
0.52896571E~05
0.9204+957€-C5
0.524£9827E-05
0.93325380€-95
0.93110775€6-0S
0.518323208&-05
0.52896571E-05
0.9264069827E~05
C.920L4557E=05
0.$3972340E~0%
0.92257196€-05
0e52257196E-05
G.916220428-GS
0.631107725¢=25
Ue¥161120065-J5
C.51523202¢-05
0.61411266E-0%
G.5162c062E-C5
G.912C10846t~05
0.916220428-05
0.51833202€~-0%
D.52082958E-05
Ce¥C7821052-C5
0.9311C7758~-0¢
C.$1511206E~-CS
0.512C1J06E-08
0.91633208E~GS
0.86949708E-0%




Appendix B

Table B-2 (concluded)

(a) Cell Two

Time (sec)

CO

0.645450000€+04
0.45635000€~04
0.45820000€+04
0.6460G3999E+06
0.461970025+04
0.96382G02E+04
0.46567002E¢04
0.46752032E+04
0.46937002&+04
0.471220C2E+04
N.6473C7002€+04
Qeb74520J2E+04
0.47677002E+04
Q.478620C2E 04
0.,48047C02€+Ca
0.482320J026+04
0.48417002E+04

-0.,486C5000€6+04.

0.648752002E+04
0.68977002€+C«
0.49162502E+C4
0.,69347032E+04
0.49532CG02E5+0a
0.49717C02€+04
0.499C2002E+04
0.50087002€+C4
0.50272002€+04
0.50457002€+C4
0.50642002E+04
0.,50827002c+G4
0.51016001E+04
0.512C3999€E+04
0.51388999E+04
0.51573999€E+04
0.51758999E+C«
0.519439939E+04
0.52128999€+C4
0.,52313999E«C4
0.526458999€+04
0.52683999E+04
0.52868999E+Q4
0.5305399FE+04
0.53238999E+04
0.53427998E+04
0.53610C01E+C4
0.538C1001E+04
0.5398060)15+04

0.90991343E~0S
0.9183320G86-05
0.712C1064E-0QS
C.90991343E~CS
0.92044957E-05
0.916411266E-05
0.90991343E~05
0.91622042E-0$
0.51633208E~05
C.93110775¢c~0¢
0.92469327€-05
VeF2662958E-05
0.91511266E-05
0e$24L9827E-CS
0.§3110775e-05
0.524¢9827E-(S5
0.93325380£-0S
CeT21BBO27E~YS
J.564188927£-05
0.96464C6016E~3S
0.952796506E-05
0.54023701E=035
0.544Corf14:~0S
0.94623701E-08
De56186527E-05
J.546188927€~0%
D.54841880E-0S5
0.93540506€E-05
0.93325330€-0S
0.55060G468E-0Q5
0.946188927:=05
0.93756244E-0S
0.92896571€-05
0.53972340£-05
U.92896571E-05
0.53110775&8-GC5
0.933c53E0E~35
0.5354C560E-G5
0.9375¢244E-05
G.52469827€-05
0.944Ce014E-CS
0.53972340€-95
0.54841880¢-05
UG.939723060E~CS
C.9440e0142~05
0.939723«0€E-05
0.93750244E~05
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Tine (sec)

Table B-4

Data for Musta:cd Hydrolysis at 298 K

'] G

J.187C3001€+0¢
9.37200031¢+C¢
1.557C00C1=2+0¢
0.761699978+0¢
0.920$559750¢
0.111200038+02
0.12976200¢8+C
NeVbebEoCeE*d?
J 160700JUC*CS
34139233042 %02
PR L IVISIVL-R
0.22219330075+C2
Ge2&135021e+C2
2.2552550L12+33
0,27635051c+32
Je29035051:2+02
0.31535521E8+02
74333550012 +y2
N,35:35001e+C2
J.370850018-012
Je3&I36TloE*yl
Vel 7E50C1e*L2
Qeal62a(lc2el2
Jewbi’ed00Etal
0.6633J008+C2
N 4BI67Q01E+C3
0.50117001€+02
N.519¢0092£+Q12
0.53316998E+(2
0.556669935+0)
0.57516998E+(2
0.959366974E+C3
0.0121699BE+CE
N,83065998¢c+C:3
De.b471069985+02
De90766958:4(2
J.08¢c109ysE+L2
0.7646669935+C2
Q.72365997€E+212
0.,764215997€+C2
. 76066993E-C2
JaT79160052+012
N.797¢6%ry3E+52
De816169C65+(3
Je836tb9vcE*CS
J.353163953+02
J.837164993E+C2
URFCT1E%932 L3
DedUTEEIFnEeT Y
Jed271696 32402
Jeva568990Il
Je?041853524,
Ue?83330cIeTE
D,1031-0CCE+(w
Jo102C3C00ErLn
V1038300 uc*ls
),135730002"0
Jo1C75305ueE+00
0.1094300C2 L4
Je11103CT0E* 3w
Ue11313500E+00

Ve s

Appendix B

057969712007
Ua1713558NE~L ¢
0.2¢308552E-0¢
UVebPoe030E-Ce
O.7%0228512-C¢
G.185?21768E-0S
De210E02758-CH
VellPleienazi=Lh
RIS RO BV
Cek726TLE3E-LS
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0.85705788€-04
0.84918029¢-04
0.84918029€-04
0.84918029E-04
0.85113752€~04
0.85310086€-04
0.85310086€E-04
0.85506712E~04
0.86099390E-04
0.87096356E-04
0.,86696178E-04
0.85113752€E-04
C.84722757€E~04
0.85506712€-04
0.85310086E-04
0.86297834E~04
0.85901323E-04
0.86696178E~-04
0.86896078BE-04
0.86896078E-04
0.86456737E-04
0.26496737E-04
0.857(3788E~04
0.35703788€E-04
0.85113752E-0¢4
0.84718029€~06
0.85310086E-04
0.85310086E-04
0.85310086E-04
0.26099390£-04
0.86099390E~04
0.857C3788€-04
0.85506712€~04
0.86696173E-04
0.26099390e-04
0.857C3788E~-04
0.85310086E-C4
0.853100864€~04
0.84527856E-04
0.84918029E~04
0.846333486E~04
0.864333480£-04
0.859C1323E-04
0.84722757€-04
0.86496737E-04
0.86099390€-0¢

90

__ Time (sec)

LIS

0.34010000€+04
0.342C00002+Cs
J.34380000E+0¢
0.54570C0CE+04
0.347500C0€E+04
0.34940C00E+04
0.35130020€+04
0.35310C00€+04
0.355CJ00CE+04
0.356800C0¢c+04
1.35870000€¢34
0.35C50000=+04
3.36240000E*04
0.364c0003E+04
0.36610000E+04
J.36760C0CE+04
J3.369800CCE+04
0.371600C0E+04
0.3735000GE+04
0.37540C00€+04
0.37720000E+0%
0.37910C0CE+04
1.38C%0000E«04
0.38280000€+04
0.38460000€+04
0.38650000e+04
7.38830003€+04
N.390200C0€+04
0.39270000E+04
0.39390000€E+Q4
0.39570000E+04
G.39760000€+04
0.39950000€+04
0.60140000E+04
3.40320000E+Q4
0.40510000€+0¢
0.40690000E+04
0.408800C0€E+04
7.41060000E+0Q¢
0.641250000E+34
Je.41430000E+04
J.616200302+04
0.418C0000E+04
2.41990000€+04
3.42170000€+04
0.6236C03CE~04
J.62550G00E+04
Je62730000E+04
0.642520000€E+04
J.431CC000E+04
J.43250C00E+04
J.63470000E+04
0.43660000€+04
7.633400005+04
J.440300C0E+04
0.64210000€+04
0.444C0000E*06
Q.445800CQE+04
Jo446770000E+04
0.44960000E+04
0.45140000E+04

e e

0.855C6712e-04
0.66099390€E-0¢4
0.285703788t-04
0.86099330€~34
0.87096356E~04
0.366967376-04
0.87902190¢e-04
0.874938389e-06
0.87297100€=-04
0.87096356c-04
0.8729710Q0€-30¢
0.8669617%E~04
0.866°6178€E-04
V.872972100E-04
0.87498389E~04
0.87498389E~G4
0.87902190E-04
0.88920118€E-04
0.879C219CE-04
G.877000575-04
0.86297834E-04
0.86496737E-C4
0.881043569€-04
G.87700057€~04
0.881C4869E-04
0.87700087e-04
0.883C8021€-04
0.8729710%€-04
0.87096356€~04
0.88511559€6~04
0.88511559€~04
0.88715562E~04
0.889201186~04
0.87096356E~04
0.866496737€-04
0.87096356€E-04
0.87056356E-04
0.88104869E-04
Q.89125060€-04
0.87902190€E-04
0.883C08021€~-04
0.285310086E~04
0.30297834E-04
0.86297834E-04
0.26496737E-04
0.834099390Ee-04
0.87096356E~04
0.88308021E~04
0.86099390e-04
G.26099390€-04
0.85901323e-04
0.86297834E-04
0.86896078E~04
G.87056356E-04
0.86896073€E-04
0.36099390€~04
0.86297834€E-046
0.96496737E~-04
0.86099390€~04
0.86297834E~04
0.87096354E-04
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Table B-4 (concluded)

(b)

Time (sec)

Cell Two

)

0.4653300008+04
0.645510000€ 06
0.45700000E+04
0.45880000€+04
0.46070000E+04
0.64625000CE+04
0.66640000E+04
0.46620000E+04
0.46810000€+04
0.606950000E+04
3.671200008+04
0.67370000€+04
0.67550000E+04
0.4T7T740C00E+06
0.47920000E04
0.63110000€+04
0.68290000E+04
0.48430000€+04
0.48660000E+04
0.68850000E+04
0.649030000€+04
0.69220000E+04
2.494C0000E+04
0.49550000€¢04
0.49780000E¢74
0.649970000€+04
0.50150000E+04
G.50340000F+064
0.50520000E+04
0.50710000€¢04
0.50890000€E+04
0.51080000E+04
0.51260000€+04
0.51450000€+04
0.5163000CE+04
J.51820000€+04
0.5200C000€+04

0.259013236~04
0.06896078€E-04
0.86896078E~04
0.86696178E~04
0.86896073E-04
0.87902190E~04
0.27700057€-04
0.86896078E~04
0.26297834E-04
0,.87297100€-04¢
0.881C48069E~04
0.86099390E-04
0.87698389€~04
0.87096356E~04
0.26856073E-06
0.27700057E~0%
0.88511559€-04
0.88308021¢8-04
0.27056356E-04
0.87297100€-04
0.88368021E-04
0.87902190€~-04
0.88308021€-04
0.891250606~04
0.88920118E-04
0.86696178€-06
0.87096356E-04
0.87094358E-06
0.887155626~04
0.89125060€-04
0.88715562€-04
0.88715562E~04
0.87498389€-04
0.87498389E-04
0.877C00S7€E~04
0.28920118E-C6
0.88715562E-04
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Tine (sec)

Table B-S

Nata for Mustard Hydrolysis at 303 K

CHRO)

2.187C0001E+0¢
0.372C9999E+02
0.55709999E+02
0.74200099E+02
0.927C9999E¢02
2.111220C0¢E+0)
0.12972000£+02
0.14822000€+(C3
0.16672C0C0E+02
0,185220C5E+0C2
0.20372200¢+C2
0.22221C01E~CY
0.264121C001E¢(C2
0.295970996£6+C12
J.278200909E Q2
0.29472C01€+23
0.31520001€+02
0.33370990EC2
0.352209995+03
0.37070001€6+(C2
2.389:0001¢02
G.eC770CC1EC?
Ce6262J001E933
Q.64670001£+02
0.66320001¢6+03
D.68235999€+02
0.50085999£+02
0.51935999¢+03
0.53785796€4+01
0.55635999E+02
0.57485999E 22
0.59335999E+03
0.61185996z¢Q2
G.03035999€+02
J.66885999¢ 401
0.66725999:+03
0.685859509c(2
0.7025999z+02
0.72369000E+C?
0.74219000€+33
0.76C690CUE+C2
0.77919000€+03%
0.79769003E+(2
0.31619000c+212
0.854¢900uE*C?
V.35319COLEGT
J.37169003:+(C2
0.3901900uvE+Q?
0.90869000€+02
Ue92719000ut+C?
J.964569000c+C2
0.964190CTE+03
0.78335999€+02
0.10019000E 04
0.102Ce000C 200
0.10389000¢c+04
0.10574006e+04
J.10759000¢:+24
J.109440C0E Qs
J3.11129000¢6+04
0.11316000£+04

Appendix B

Vet et 4™
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0147570060836
Catl71790528=38
Ge199Ce710E-0e
0.23067454E~5¢
0.268534318=0¢
0.30090225¢8=C¢
0.35156029¢€~0¢
O.u208068986=0¢
Uehe??77930E=2¢
CeS116E2128=0¢
CeS707c8018=0¢
C.t5012¢23:2-06
0.7196030E=)¢
0.,79623351E=Ce
vel95384515=Co
Q.69770034E=C¢
Ca106067765=08
Oe12266158E<28
Je133065955¢8~45
0.164757069E=08
Ve 1SBESGT28-05
Q172186878 ~uS
Je187699268-08
0.201372318=058
0.217870128-08
0.2333¢571E-08%
0.25003442¢-08
0.266685956~-08
0.279254628E-08
D:293706497E~CS
0.30690212€6-08%
0.32210676£~05
0.33573754£6-C8
Cele9te0ast=CS
Oe303C7804E-CS
0.376110328-328

«316084Cc92-3%
VeaD2717162=(5
0.4616938391£~08
0.621¢96305-05
0.43151917€-08
0.43956¢1855~08
G.45081629¢-058
GebS570879v42-(S
C.ub98927068~C"
Uek?790733558-(8
GebB0e(70465~08
Soh9545C2E-CS
VeSCT118074E=CS
0.5C5826706E~03
0.511081805~05
0.516416055-089
Q.51760670¢-05
0.5236CG28E-CS
U.528045252-98%
C.533335C1€-05
0.537032175:-28
0544508796 -08
Ve 549540066E-0%
0e55335C20E-08
0.55590294E-C5

T e T AR . T MR TR T et
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(a) Cell One

+

Time (sec) [H 1 .00

0.116990008+04
0.11684000¢¢04
0.118690008+C4
0.,120540002+Cs
0.1224650008 04
0.12630C002+0¢
0.1201500CE+Ce
0.123C0C00¢+Ce
Vs12925000¢E¢Ca
Q13170000604
0.15355000E¢Ce
0.1334000GE+Cs
0.13725000€8¢C«
0.129100CC¢8 00
0.164095C0GE*06
D.1¢289G0084Ca
Q0e144050008 904
J.14657000E04
0.14846203¢5+Ce
0.15027C0uUE*Ce
0.952120008+04
0.15397000€+04
0.155820008+ 04
0.157¢7000€+04
0.159520008+04
0.161372003¢E+0s
0.16322000€+04
0.16307000¢8¢0¢
0.160920008+04

"0.16877000E+04

92

0.170700008+04
0.172550008+0e
2.17440000E¢C4
J.17625C038 004
0.1781000084+04
0 1799500580
0.181200008+Ce
0.18365000€+0¢
0.18550000¢8¢+04
0.18735000Ek04
0.18920000€E+0¢
J.191CS0COE D«
0.1029000UE+Ce
Je1O4B1GLuteTs
0.196¢600UE*04
0.19551020E¢04

~-0s2003603GE*0s

0.2022100ut*Cw
0.206Ce005E+0s
0205910318 ¢Ca
0.20776001E+34
0.20961C01E+Je
0.2114035012+04
0.2133100%€E+04
0,21316001€¢Ce
0.217C1001E 04
0.21891031E 40+
0.22076001E+04«
0.22261001€+04
0224460018+
0.22631001E+04

L 'e"a" L "a"a".

0.5550G3048=08
0.563¢37512-08
Q.561Ce7278-)S
0.560%3864E8-05
0e563637%1¢-~05
U.5649368048~08
Ue8675. 424208
0.5701e4(S5=0¢
UeS71478728¢
0.50385297¢:-35%
0.578C9¢C2¢~CS
Vs 5761146272205
0.57%440392=38
0.575C%6C2E~05
Co583570448E-08
0.58613837¢~C8
UeS24792854E~0S
UeS8344bkeTE-C8
0.58684339:-09
Ue 55&79054£-05
0.58013837¢~C8
0.584790548-C8
CaS5847940%4E~08
0.58340b07E-08
0.580138372-03
0.58613837¢-03
0.563444078-03
0.57809692£-0%
0-583446078-05
0.58210303¢8-03
0.58344407e~0S
Ve58340407E-0S
C.588E4339E-05
U.586138378~08
0.53:70C54¢6-0%
U.58613837¢E-0%
0e58%4abs?72=08
0.58384339E-09
0.59020113:-05
0.58884339¢-05
Us58768933E-05
0.58884339E~08
0.58864339FE-(5
0.58884330E-05
Ced3587489338-05
U.583444087E-78
CeS8479054E-05
VeSB584339E-05
0.58743033z-¢5
0.5858130837¢-08
0.560133837&-05%
JeS58344k6?E-08
0.58012237:-08
UeSB3644L7E~(CS
0.53013837¢-2%
U.582103C3e~-05
0.58210333z~C5
0.58478C54€~95
UeS8479054E=(S
058344407805
0e3834440672-05
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Table B-$ (continuhd)

L-'..."."' 'v'. . .

Vi

O

(a) Cell One
* i M)
Time (sec) (H] M rime (sec) L
0.228160018+C4 0.57942843E~05 J.36135005E%%6 0.553150288-08
0.230C10015*04 G.58J76448E-0° Jede320C2CE*Ce 0, 852077 29E=08%
0.23186001€6+C4 0.57942843€6~0% T.365C55CCESCA J.55Ce07?T:~08
J.23371C01E+04 0,578C96026~05 Jo560900ULESCE 0.567C1523E-0%
0.23550001€¢04 0.57942843E~09 J.34878I00E7 46 G.552C7 720608
0.23761001E¢Ce D.57070071E~05 J.38CE0G0UIete J.567%479488-98
B.239260018¢06 0.580704642E~05 J.352450003¢0a (o567015098~-08
0.26111601E404 J.5807044635-(¢ J,395630C0C8*Ce U 869500083~
0.263C300C8+Ce U 57564039E-D8 7.355015GJ0c*Je H.%«35el082~"%
Je240286000E*Ca D.579438626-05 0.393CCCTIE*04 UoSbrSarbse~S
0.2667300GCE*06 C.57ECS052E39 2.359850005¢06 U.56356J008-735
0.268585005+04 S730velt-ud Jo36170CowésCe Lo%5aB27042:-78
0.,250e30008Ce Co5776¢8e3r=U5 3.36355C0UE*00 Ja53695<C00e~0Y
0.2522000ve*le UaST56aUIVE~LS Je36567C003vLr GoSav5eloec=-0%
0.250130002*06 uaS7011¢27:-05 3.367320003+06 Lo5470150R2-09
0.25550C0uE*06 Ua575446739£-35 0.509170C0E*Ce UeaS56aS027%E~yS
0.25783000¢+Cs Ve57540239E-G5 Je3T1C2CI0E*06 Ua56375782€-09
J.256¢800uE"e WeSTCT9592E-05 Do IT72B7CCUE*DL 0. 567C15685-38
J.26153C00E906 0,57&795508=09 0.37672C00E+C4 0.543250196-09
0.26336u0u% -Ch 0.521478728~05 0.37657GQCE*Ce U.56325019E-08
0.26523030€04 0.568E65297E~05 Q3786 1001E+C4 G.562C0100E-CS
N.,267160CG15eCe 0.5¢5E5297¢-CH 3.38026001£+0% U.54325019£-05%
0.2067C10C1E%06 Uo50754636E~0S J.38211G01€+Ch 0.542C0100€-C8
0.2776600VE*04 5.56756454E-0% 0.38395001%+06 0.566502796-(8
0.27271621E206 U.50023871E-05% .385%210018+04 0.56725019€-98
J.27<500016¢0a (o5675484E-05 Je387¢6C012+06 U.56323019c-(S
0.27641C012¢06 0.500623871E-uS J.38058G0CE*Ce Ga562CC100E~0S
N 27825001690« U.56363751E-08 0.35163G00E*00 UalaU?75e13E-08
0.28011001606 0.508693006E(5 0.39328000€+04 0.54075613€-0%
) 0.28160C01E0C4 0.502%6104E-(S 0.39513000€¢06 0.539%1012£-03%
0.28381001€+0e 0.56623871E-03 0.,39498000€6+06 0.54075613€-09
0.28566C01E¢04 0.56623871&-05 3.3988300C€*04 0.538269528-09
0.28781CC1E+04 0.501047772E-03 0.600068000€E*04 0.5420C100£~08
0.289%6C01:904 0.,563¢3751E-0S 0.640253000€¢04 0.56420010608-69
0.291210C1E+04 0.507564684E-C02 0.634638CJ05+04 J2.56325019E-0%
0.29311C01E+04 0.563£3751E-(5 J.o0923050E+04 J.533286992€~08
3.2946° J0VE*Ce 0.56136777:~0C5 . e08CBCUTE*I6 5.53951012¢~2%
0.296810C1E*Cae 0.5010777£E-15 I, 60623985 0)4 U537 veudi=18
0.298600016¢06 u.581Ca777E-CS J.e1177998¢E+0s 0.53576643:2-n%
0.30CS51CC1€+04 U.5612e??7?E~03 V.613710u18%56 LU.53573033E~CS
0.30236CC1E*Ce us501CaT7TE-CS Dee?8560018006 (oS5 3506<E-CS
0.306215C1E*C6 0.558a70e58~05 e V?76100%3¢04 US557920Y:-(8
7.306C0C31E+Ce 0.561C&777E-QS 2.619260012¢08 J.513509522-09
N.307610C1€E¢04& (.5¢1Ca7778-05 Boe2¥1150V2906 JQad370517535=38
0.3097060016¢404 0.55975705E~L5 Ge6Z2C83C1I%Ce J453703179¢~58
V.31161031€6+06 0.558670w55~0u¢ 62813012906 a3 32101 E-0S
0.313640C01E+Ge J.30104777E-03 J,0208063513004 1, 535% 800?78
0.31531001:2G46 C.95712516¢~0% Dee2351001é*l0 Ua$3323%C 1238
0.31722GIGE*Ch L.5%97570658~35 J.430306031E¢06 U.53056426E~38
0.319C7000E*06 L.55870a5E=0% V.63221C2312¢34 Jo533338C1:-139
0.52092\'.0\45'06 0.5.’/59\]3955'05 JewdeucocitecCu U5I?CII752~5
0.32277G00E*06 (.55ee25628-05 Fee35C1021E 000 GL533338012-08
0.32662C00E*l6 0.$52C77296-C¢ Dee37839998+%6 J.53450424E~05
0.32047000€2C4 (o5559({39aE~LS Vew3V639995+06 U.533235012-058
7.3283250uc +Ce 5.556€25508-CS Jee153699€424 U.5270032706-08
3.33017Cvevde C.555903946E-05 Jebe3339992+C6 UL329¢e303E=Q8
3.332C2COUE*0s 0.553350262-0° Ce@k523999¢+04 0,52966322¢-0S
J.83387CIGECE L.552C77292~u5 Qeb6?C5979c+04 U,52001717E-05
3.33972C05E*T4 0.5542¢5¢2€-05 Jowb8F3999E«4 0,52864525€-38
D.33757C0uc*us (.552077¢9:=-95 VeeS0Q7E999E*Qs Jo528648525E-CS
1.33942C00E*04 0.55718813%~05 0.65203999€+06 U.530884467E-08%
93
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Appendix B

Table B-5 (continued)

(a) Cell Ome

Tine (sec)

7] ¢

0.4566899vE+04
D.e«S63399vE*(4
0.a5818596E¢ s
V.6060C3699E*lw
D46 15500GE*Ce
0.6638000CE*La
0.6650500GE+Ce
0.6675000UE*G4
Jead5250cuie(a
Jeo 210300020
0.473C5G00E*Ca
D.676900CuE*04
0.67575CCC e s
Oua?e0lC0JE+74
Ven8la500uieCe
0.6480155J0E*30e
0.08eCC0UCE*Dw
JeuB87510518¢Ce
0.48975001E904
Gea911251E204
Jeb©0346LC1E+Cn
0.695310215+C4
0.69716001ECs
0.a99C1001ECs
J.50080001€E0e
0.50271001E¢Cs
0.50456001€¢04
0.%5004100%E04
0.50826001€Ce
0.51011001€+04
0.512C3999E¢04
0.513286909¢¢0".
J.51573099F
0.51758909€ ¢ .o
0.519429998¢0¢
J.52128995¢+Ca
F.92313933%z2¢7%¢
0.52e58999E¢0N4
0.52683999E¢04¢
0.52863999t¢C,
0.53053999¢c+Ce
J.5323359v:¢(e
0.95300393vcel 4
0.5306170025¢C
0.53302C0 8 e
023987002870

VaS30bBss?E-0"
0.55210811¢-0¢
CaS206017172:-08
VeS2bk6525¢=05
Ge525e¢C0BE-0S
€.523cCC28E-0%
UeS526C17175=05
Ge528445256=05
G.5086e525:-08
veS2vee3lCz=0f
Je5c480T098-(8
VeS2WwELTL9E-CS
(.52225c2%8-2%
Qe®2d0vel52~08
Ue53219062%¢~CS
Ce5238( 2032258
Ue522887217:-23%
Veddvee 3 GE~CS
vedldwto?.9z=5%
VeSS IVEI5E~0)
UeStotiTluc=0S
LeS¥635000E~CS
CeSIvTya002-08
Ge91995¢5 628
0.521196a98-(5S
0.52237025¢8~-09%
0.52119449c-058
G.5188C024E-05
0.51522852€6~-(5
O.51061005E-0%
0.514C0322¢-08
U.51604372€-05
1e51760e76€-3S

C Je317206708-0%

U.S21194492-y5
Ue517800670:2-y8
Ue519630008-95
VeS123¢120E-08
0.317609745E-05
Ue516416058-05
0.51286120e~CS
0.512861238-055
Ue51¢801232=05
JeStaleld?22-CS
J.S16Ca372€-35S
Co51eCe32c-L5S
ve51522852:~0¢%
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Time (sec)

Table B-5 (continued)

(b) Cell Two

o0

0.61799998E°01
0.22620000€+02
0.41180000€+02
0.359680000€+02
0.78120000€+02
0.96680000€02
0.11520000€+03
0.13380000€+03
0.15270000€+03
0.17120000€+03
0.18970000:+03
0.20820000€+02
0.22670000€+03
0.24520000€+02
0.26370001€+03
0.28220001€+02
0.30070001€+03
0.31920001€+02
0.33770001€¢03
0.35620001E03
0.37502000€+03
0.39379999E+03
0.41229999E+03
0.43079999€+03
0:44929999¢€+03
0.46779999E+03
0.408629999F+03
0.350479999E+03
0.52329999€+03
0.54179999€+03
0.56029999E+03
0.57879909¢+03
0.5972999vE+03
0.61620001%+03
0.63520001¢E+03
0.6537200C1€+03
0.67220001¢€+02
0.69070001¢+03
0.70920001€+03
0.72770001€+03
0.74620001€6+03
0.76470001E+03
9.78320001€+03
0.80170001€+03
0.82020001€+02
0.83870001€+03
0.8557200C1¢€+02
0.87550002¢€+01
0.89479999¢¢03
0.91329999E02
0.93179999€¢0?
0.75029999€+03
0.96879999E+03
0.98729999€+03
0.10060000€+04
0.10240300E+04
0.10430000£+04
0.10610000€+04
0.108CO000E+04
0.109800C0E+04
0.11170000E+04

Appendix B

0.264322032¢-05
0.664416895E-05
0.12359477€~04
0.18.730468E-0¢
0.24888570E-04
0.31622763E-04
0.37931506E-04
0.6468765128-04
0.51168212€-04
0.56754459E-04
0.63241219E-04
0.695C26406E-04
0.7649894406E-04
0.20537829€6-04
0.85703788¢8-04
0.90573223€-04
0.946230654E~06
0.59969990t-04
0.10471287€-03
0.109144006E-0"2
0.113239976-03
0.11721952£-03
0.12022645€-03
0.123026384E-03
0.125892406E~-03
0.12912187€-03
0.13212959¢~-03
0.136358599£-03
0.13835657e-03
D,14125383€-03
0,14487715£-03
0.16757055€E~03
0.1468936195-02
0.152094698-03
0.1538°533¢~03
0.154881068€6~03
0.15703635¢-03
0.15885457¢-03
0.15995580¢-03
0.1625%5488¢€-03
0.16405886E-03
0.1659580%£-03
0.166724660€-03
0.16672660£-0)
0.16826748E6-03
0.16943380€6-01
0.17021573E-01Y
0.17179076€-03
0.17218688E-03
0.17218688E-02
0.17338037€-013
0.17338C376-03
Q.17498467E-03
0.17528799€-03
0.17619756E-03
0.177C1088£~-03
0.17823781€-03
0.17864878E-03
0.17782794E-03
0.17864878E-012
0.18030184E-03

95

Time (sec)

'] on

0.11360000E+04
0.115500U0E+04
0.1973CG000E 04
J.11920C00€+C4
2.121C0000E«04
0.12290000E+06
J.12470000€+04
0.12660000€¢04
0.12840000€E+04
0.1303000CE+04
N.13210000E¢04
0.134C0000E+04
0.1358000GE+0¢
0.13770000E+06
0.13960 00E+04
0.141400L.10€¢04
0.14330000€E+04
0.145100C0€+04
0.147C0000€+04
0.14880000€+04
0.13070C00¢E +04
0.15250000¢+04
0.15440000€¢04
0.15620000€8+04
0.15810000€+04
J3.160C0000€ 06
0.16190000€+04
0.16370C30E+04
0.1¢5600G0¢E 04
0.1476000CE+C4
0.16930000€8¢04
0.17110000€+04
0.17290000€~04
0.1748000CE*Ce
0.17660000€+04
3.1785000UE+04
0.18030000E+06
0.18223000€+04
0.18610000€0¢
0.188C000CE*0s
0.18780G00E 04
0.18970G00E*04
0.19130000€+04
0.19340CC0E+04
0.19520C00€ 04
0.1971000CE*Cs
0.19390000€+04
0.20080CG0CE*0«
0.20260000€ 04
0.20650000€ 04
0.20630000€+04
0.20820000E+04
0.21C100GCE «04
0.21190000E+0%
0.21380000€+04
0.21560G00E +04

~0.21750000€ +04

0.21930000£&+04
0.22120000E+04
0.22300000€+0¢
0.22450000E+¢04

0.17947324€~03
0.17968707£~03
G.18113393¢-03
0.18238943E~03
0.18155159£~03
0.18197003e-03
0.18280998¢-~03
0.18238943€6-03
0.18323150€-012
0.18280998E~-03
0.18280998E-03
0.18323150€~C3
0.18492679€-03
0.18365381€-03
0.18280998£-03
0.18323150€-03
0.18280998€~03
0.18197003€~-03
0.18322120€6~03
0.18323150€-03
0.18450155€~01
0.18450155¢6-03
0.18492679€-03
0.18450155¢-03
0.18407729¢-03
0.18535301¢8~013
0.18492679E-03
0.18706829¢~03
0.18578040€-03
0.18578040€-013
0.18450155¢6-03
0.18578040€-03
0.18620277¢£-03
0.18578060¢8-02
0.18378040€~03
0.18578040€-03
0.18620877¢-03
0.18620877€-0)3
D.18492679£-03
J-18535301¢-0Q3
0.15535301¢-03
0.18692679€~-03
0.18335301€-03
0.18578040€-03
0.1862087¢-03
0.18535301€-0°
0.18578040€-03
0.18663795¢-03
C.18620877€-03
0.18378040¢~0Y
0.187C6R29E-03
0.18706829€-03
0.18535301€~03
0.18706829¢-03
0.18578040€-03
0.18749945€-03
0.18620877¢€-02
0.12620877€-03
0.18620877€~-03
0.185783040€-03
0.18578040E~03



Table B-5 (continued)

(b) Cell Two
+ +
Time (sec) H1] ™ Time (sec) [H'] (M)
0.22670000€+04 0.1853%3016~03 J.33990000€+04 0,185780408~-03
0.22860C00C€E*04 0,18492079£-03 0.34180000€6¢04 0.18650185E-03
J.23040000E¢04 0.184692679€-03 0,34360000E904 0.18578040E-03
N,232300008+06 0.18578040€-03 0.345S00C0E*04 0,18¢50135€6~03
0.23420000€+04 0,.18663795€6-03 0,36730000E+04 0.,18492679€-03
0.234G0002€+04 0. 18793160E-03 0.34920000€¢06 0.18407729E-03
0.23760000¢5+04 0.18793180E€-G) 0.351C0C00E+%4 0.18533301€~03
0.2397000CE+04 0.18706829¢-03 0.35290000€«04 0,184501558-03
2.261600006+04 0,.18620877E-03 0.35470CCCE*04 0.18650155¢8-03
7.26340000E+06 0.18663795€-03 0.356400C0E+06 0.184501552-03
0.265330C0€+04 0.18706329¢-03 0.35850000E+04 Q.184C7729€-03
0.2671000GE+04 0.18686379%5€-03 7.360300C0€+04 0.184650135€6-03
0.,249C0CN0E*04 0.18463795€-0) 0.36220C00¢8+04 0.184350155¢€-03
0.2%080CC2E*0e 0.18063795€-03 0.364C0000€¢04 0.184%0155E~03
J.25273000E¢04 0.185780408-03 0.36590000¢8+06 0.184501558-03
0.256SC000€E+06 0.18573040€-03 0.,36770000€+04 0.18492679€-03
0.25640000E*0«& 0.18692679E-03 0.36960C008+06 0.184924798-0)
7.25330000E+04 0,18492679£-03 0.37140030€¢36 0.18535301£-03
3.26020000€+04 0.*8378C40E-03 0.37330000E+04 0.18450155€-03
0.262C0C008204 0.18620877E-0) 0.37510000€6+04 0.18706829¢-03
0.26390000€+06 0.18535301€~03 0.377000008+04 0,18535301¢~03
0.265700J00E+04 Q. 18650155E~03 0.37890000C+06 0.184501358-03
0.267600C0E+04 0.184301532-03 0.380700008+04 0.18535301£~03
0.26940000€+04 0.18323150€8~03 0.3824600008+04 0.18450155¢~03
0.27110500€+04 0,18407729¢~-03 0.38440000E404 0.784924879¢-03
0.273100008+04 0,.18452679E~-G3 0.,358630000€+04 0.18407729€-03
0.275C0000€E+04 0.135780408-03 0.38810000€+04 0.184350135¢-03
0.276800CCF*06 0.,18620877E8-03 0.390C0000&+04 0.18535301€-03
3.27870C00504 Q.18620877€-"3 0.39180000€¢04 0.185353018-03
0.28050000€8+04 0,.18620877¢-03 0.393700008+04 0.1833330%¢-03
0.28260000€¢C4 0.18663795¢-9) 0.395500008¢04 0.18335301¢8-03
0.28430000€+04 0.18578040€~-03 0.39740000€¢04 0.18323130¢-03
0.28610000€6+04 0,.186208778~-023 0.39920000€+04 0.184077298-03
0.283C00006+04 0,18378040E8-33 0.60110000€+04 0.184077292~0)
0.28930000€+04 0.785780408-03 0.603C0000E+04 0.108365381¢-03
0.29170C00€+04 0.18578040€-0) 0.40490000€+C4 0.18450135€-03
0.29350000€+04 0.185335301¢-03 0.50870000E¢06 0.18492579¢8-03
0.29540000E+04 0.18492679€~03 0.64C860000E¢04 0.18535301€-03
0.2972C00CE*Q4 0.1866437958~03 J.410460000E04 0.184926798~03
0.29910000€6+0« 0.18535301¢~-02 0.6123000CE+04 0.18533301€-03
J.30090350CE+04 Q.14578040€-03 0.41610000€+06 0,18535301€-03
0.30287C0CE*04 0.1857306408-03 0.616C00C0E+06 0. 184C7729E-0Q)
0.30«4GCO0E*C4h 0. 18492679E-03 N.61780000E+04 0.18535301¢~-03
C.306S00C2€E*04 0.18620877€-03 0.41970000€+04 0.18450135¢-03
N.303400008%04 0.18620877E-03 0.62150000E+C6 0,18492679E€-03
1.31C20C0C0E*04 0.18492679€-Q3 J.82340000€6406 0.184692679€-03
0.31210C0CE*Q4 Q. 18450155E-03 N,462520000¢06 0.18578040E-03
0.31390000E*04 0.18450155€-03 0.4271000C€+04 J.186G2679£-03
2.31580000E+04 0.18492679E-03 0.629C0C00€E*04 0.18450155¢~03
0.31760000€¢06 0.18535301€-03 7.63020000€+0¢ 0.18650155€-03
0.31950000€+C04 0.18650158¢~03 0.63270000%+046 0. 18407729€-03
2.3213G0COE+0% 0.185353016-03 0.63650C008+C% 0,.98450155£6-03
3.32320000€¢C4 0.18535301£E-93 C0.63640000€E2046 0.18407729E-03
0.325C000JE*04 0.18535301£-03 D.63820000€E+06 0.18450155E-03
N.32690030€+04 0.18620877E-03 0.44010000E¢04 0.1828C998¢-03
0.328700C0E+04 0,18578040E-C3 0.44190000€+04 0.18280998€-03
0.33060000€6+04 0.18450155€-03 0.46380000E+06 0.184501558-03
0.3325000CE+04 0.18578040€-03 0.44560000E+04 0.184350135E-03
0.33440C0QE+04 0.18535301€6-03 0.44750000€+04 0.18535301€-03
0.33620000E+04 0.18535301E=-03 0.64930000€+04 0,18578040€-03
0.33810000€+04 0.184501556-03 3.65120000E+04 0.18692679E-03

Appendix B
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Appendix B

Table B-5 (concluded)

(b) Cell Two

Time (sec)

) o

0.45310000€¢04
0.455C0000E+04
0.65680000€¢0¢
0.45370000€+04
0.46050000&+04
0.46240000E+04
N464620000804
0.,66610000E¢04
0.646790000€E+0¢
0.446930C00E+04
0.67160000€+04
0.473400N0C+04
0.47530000€¢04
0.47720000£+04
0.4791GG0CE*04
0.68C900008+0s
0.482800008+04

T 0.648460000E+0¢.

2.648650000€+04
0.484830000E+04
0.49020000¢E +04
0.6492C000CE 04
0.69390000€+06
0.6957000N€¢0¢
Jee9760000€+04
0.49940000E+04
0.50130000¢¢0¢
0.50320000E+04
0.503500000€+34
0.50090000E¢04
0.50870000E+04
0.351060000¢¢0¢
0.512400008¢J¢
0.31430000€¢04
0.51610000€+04
0.351800000¢+0s
0.3198000CE+04
0.92170000€+04
0.52350000€+8¢
0.5254000G€ +0s
0.527300008+04
0.32920000€+0~

0.18492679¢-0%
0.18450155€6-03
0.18650155€-0%
0.18692679€-01
0.18430155€-03
0.184501556~03
0.18535301¢~03
0.184%26798~03
0. 1R650155¢~03
0.18365381E-03
0.18450155¢~-03
0.184501558~03
0.18692679¢6-013
0.1845015%¢~02
0.,18450135¢-03
0.18407229E~03
0.18492679¢~03
0.18365381E-02

0.18450155¢E-0Y -

0.18492679¢~03
0.18492679£-0)
0.18450155€~02
0.186501558~03
0.18535301€~03
0.,18365381£-03
0.12452679¢-03
0.18492479€-03
0.1833530%¢-03
2.18450153¢-03
0.18535301¢~03
0.18535301¢-03
0.18578C40€-0)
0.185353018-0)
0.18345381¢£-03
0.184077298-03
0.1845015%€-03
0.18280998¢-03
0.184C7729E-0)
0.18365381€~03
0.18407729€~03
0.184vza79¢-03
0.18450155€-03
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Tine (sec)

Table B-6

Data for Mustard Hydrolysis at 308 K

uit) an

2,18¢90Q018+C2
J.371E00008 +0¢
0.55680C20&8+C2
D.741699982+0¢
0.920600Cet+0c¢
0.11115000z+03
Ua129840005E+03
0.14813050€E+C3
O.1o0¢e3ll €402
2.1851220C2+C2
J.23361500¢ce02
0422211055832

De26LC299 92052

Ja25ve2CJ1EC2
J.277262C51802
Q.29641000ECC?
Co31afU969Eel}
0.3333990vzels
J.35159C01E«Q2
0.3703805008402

U.388E530C e
D.6eC73755029)2
Ja%25£350999¢7 2
Usb66359yv9Ee(?
0.40285031E+L2
J.6e82C1001E02
0.50050C0uz*03
J.519C00CCECE
O0.S3748999E+0:
05555 7998E+012
0.574479908E+0)
D.59296997E+03
0.01166097E512
0.5 9%0 028D
D.nb84bT028 02
J.06e5953318(2
Cedb5a35l 12002
J7039e0CIECY
Ya72309003¢+52
J.24159553EC2
3.760C0003cC?
D.77858002¢E+02
Jo7I7L7351£8402
De315570018602
J.83eC7C51E9(C?
3.852950500¢8C?
3871 6S¢9E 2
1.3899%49¢ vl
3.7°0303958E+C2
Vv 8335238402
0.94.03003:02
De?635L02EC2
JeVB2SICUTESLD
0.10C1C000¢E+Ce
0.10195J00¢8+04
J.1032%5C0C50€+Le
3.1C0565000¢+0e
J.10750CAuE 0
J109350CQeE+0«
0.11125000¢8+C«

J.113C5200&+J4

Appendix D

G.eCSS891%9E~-0S
0.10789407&-04
D.23280922E-04
Us1564813356-04
U.a75335CCE-04
G.5847902%:-C4
0.e807¢97ec~04
Q.7¢Q22607€-04
0.855CeTI12E~0Cu
UeS12C1109%e~04
Q754011546234
Ja101157262:-512
velDBES Y9203
Ja170182E3:2-02
Ue119345518-212
Je11654997E~012
0.12022¢652=L3
V121059738202
Ve123:i78558-03
JeldeleS5,28-02
U.13870%13:-,2
Ualc7¢5182=02
Ua1e918107c-(C3
G.12753817E-0Q3
Lo12671788€-C3
C.12971788E-33
S.13Ce1702:-C2
0.130¢17028~-03
Ue13152269E-22
0.130316656-C3
Goe13212V59E-012
0.130316¢5€-C3
Q.¥3212959E-27
0.13182503k-23
Ge1332 &5.3“(’
Ve V3G 1E182-0T
Vel133252u3:2-32
L.'3."3 Ee=03
C.13335208E-03
J.13061818€-272
Ja13273935£-03
0.13061702E-02
Ge133l0%656-03
Ue13121963€-03
Cel33(wS032~53
G.131219¢3:-C12
Uel133852(%:-C3
Ceal131522a98=317
Ue131528e92-03
G.131825538-(2
Ue13152269€-235
Ge131825238-452
wel3C?¥1812E~J2
0132126598072
0.130e1722e~33
Vel1326434132-y2
C.13001692E-(3
0.13182503E~C2
U.13031665E6-C>3
0.13152249£~02
0.129717882-02

{(a) Cell One

98

Time (secc)

it oo

0.11650000E+0¢
N.116753008¢0¢
0.1186000GE+00
J.1204¢000E+0s
.12236000E+34
J.12451000E+04
Ja126C6C00E*C4
0.127510008+04e
3129740008 +04
J.13161000€+C4
J.13346C3CE*0
J.1353100C2+Ce
Ja1371e¢030E 0
J.139C150%E+C4
Q.14C88000c*Ca
J14627200008+04
Ja16e55000E*36

Jo146470008°Ch v

G.163320008 06
J.150170302¢Cw
2.152C2C00Q£ 54
341538720C0E 06
J.155720CCE*Ce
D.1575700GE+Cs
F.159420C0E«Ch
0.1612700Cc+Ces
0.16312000E+Cs
0,18457500z+Ce
0.16881000E+Ce

2.16866022E+C6
D.17055C00¢E (e
A.1724100uE*Ce
S.17428000E¢04
0.17611G30E~0¢
0.V7755000E 00
2.,17921000E+04
0.18168C00€+04
0.183510008+04
0.18536000204
0.1872100CE*04
0.189C6LC0€E* 0w
0.190¢100CE+Cs
N19276030E+04
V.19487C30EC4h
J.19652CC0z2+00
J.135817030:0e
1.20CR2005¢8+5e
Na2Gel?7C33E*Ge
2.2037c0338 04
J.2057705QE+0«
Q0.23742C05E*06
0.209673573E204
32113200360
0.2131725C58+0¢
Ja215C23J0ECe
N.,21687C302+04
Vel 1E77CI0E 20w
0.220623006+04
0,22247C3CE+Cs
J.226310012+04
J.2260103G1E+04

0.13182563€6-C2
Ja 13021645801
0.130617,2€-12
0.13061702E~03
Ga13121993E~C3
0.130C1698¢-03
Jo13081702E-03
Ue13121693E~23
0.133C1e98e~(3
D.13121593¢=212
Je12912137¢=-01
Je131502496~02
G612761900:-C1
J.13061702e-y)
Q.129717838~312
0.13001498¢-27
0.130X1 065802
10882e95:-9)
J.1309131282-93
Ge12961500E-53
Ge133¢17C2E-323
Ue1282c69%E-02
0.12971788€-Q7
G.12971753£~07
G.12352¢820E~23
0.13121993E~-512
0.12823303:-02
0.130C1398:-012
G.12332495£-03
G.12%6190606~31
Q.12912187£-(2
0.12912187¢-Q1
0.12971788E-G3
0.12763817¢-0?
J.13061702E~-03
0.1295286236-33
J.1300169%:+5%
0,12912187:=013
0.129613608~03
0.130C1598¢e-012
0.127¢4306£E-213
). 129717838~ 42
0.123523020¢~33
J.12350807€-,12
2e1evy12157:-(3
uel2?793317£-312
e 13521598830
0.127043842~¢)
U.128523036~32
Ga129717535€E-53
ve127332336~231
De.12561%¢)2-)3
Ga127843345-93
Ve12350362E-303
Co13916132:2-22
WelE754638465~02
Je12971753%:2-03
J.12752817£-03%
Je12882495E~C2
D.128824956~013
0.127643845-G2




Tine (sec)

Table B-6 (continued)

mt) on

0,228C1C01c+C4
0.229860015(4
0.23171C001E+04
0.23350001€+0«
0.,23541001EGCe
0.23726001€¢Ce
0.23911001E+04
0.26066C01E 04
0.262806CU1E*0«
0.26471001E+C4
J.246560C12206
0.c648410C1€+Cs
J.250250GJ1E~Ce
7.25211001ECe
2.25395000¢*04
2.2558020Cz2 0
0.2576530CE~3a
32595000 LEUe
J.2613500 080
7.2032000)E*0s
" D.20505000vErUe
N¢26097NG0CE*le
J.26B82500ECe
0.2706730CE+Ce
Ga27c52C0JE%ia
De273703JE*Cau
0.27622CouE*354
Jed78Ca001E+04
J27981CL1ECS
2.28176001E8+0¢
0.28361021€¢Cw
0.285460C1E¢04
0.28731C51E+Ce
0.28910031% *J4
N.291C1031€-04
0.292610018+0¢
0.296760018C4
0.29661G01E¢Cs
0.2964060018«3¢
0.36031001520«
0.3021603%12+Cs
0.304C10012Cs
0.305B6%015+0a
Q.3G7710C1ECe
0.30%560015C4
J.311641C01E*Ce
0.3132600150¢
0.31511031E+34

“OIITPLAGTIE 4

0.318870Cuc*0e
0.32072300E*dw
0.3225703J¢+Ua
0e3266300823w
Ne3292700ut*Ce
2.32312C30€+0«
Ua32967505E* 74
Go331E4CUGETTH
J.33367GoUZ+Ce
U.33552CC00c*J«
2633727C3uE*04
Je3392203uE"dw

Appendix B

0.12912187€-0Q2
G.12766384€-02
Ge127643842-03
0.1235:8008-012
Uet2705749£-012
0.12912187e-02
0.12852800E-C3
Ue12725033E-22
0.126kevS5E=0]
V.12735032E-23
¢e12735033e-03
O0.120tcbk95:-C1
Ce128233032-02
Ce 1270576921
Le1ZBE2LT5E~TD
Ge187€063862=33
0.120705126-03
012082495832
IS PESEDERTEIN

0.12¢76513E=-02

C.12823303¢6~-03
Lel25745182-32
Je1c047356E-03
U.1235cd802£-02
Ce12700334E~012
Ve120473565-03
0.127¢63345-02
0.126233u3E-012
Ue120676518E-012
0.12670518¢&-03
Ue12082495E-03
V1201827603
0.12705749E-07
Ve128233C3e~-02
Ce12€¢473%025-08
0.1207¢518¢8 -0
U.128233032-C2
Vell0672502~C13
Ue12589200E-03
Uel2735333€~-02
vell6765185-03
0.12018276E-02
0.12735033€-03
0.1267065188-(2
0.1256C290:-02
Oe127563c4:=217
J.12735333:-23
Uelite?3505-02
Ue127263805-212
Ge127350332-22
vel20182746-712
Galita?35a:-00
Cet27c63tai=T2
Vello18276:-42
0.125392646E~U3
0o1270579E=02
Cel27C5709g=012
Ue12585245:-032
0.126122768-,12
0.127353533:-012
0.125C25806~-C3

(a) Cell One

99

Time (sec)

(5] o0

0.34113000E+D4
0.34298000£E+04
0.3644E300GE*0«
0.364668000E+04
0.34853000E+04
0.35018000:+04
0.3522300%€e+0¢
0.354C8000&+0«

0.12618274£-(3
0.12735G33e~-22
0.12589246E~02
0.125025842=91
0.126765188-51
0.12589244E-013
0.12502585£=C3
0.12047350E-03




Table B~6 (continued)

Piie (sec) Q0] QD

0.41199999¢E+01 0.35892194E~07
0.22610C01€+02 0.63386972E-08
0.41069998E+402 0.57544039E-09
0.59590000E+02 0.19906716E-04
0.780809996E+02 Q.34276756E-04
0.96580002€8+02 0.49090762E~04
0.11510000E+03 0.62373489E-04

0.13370000E+03
0.15239999¢+02
0.17089999E+C3
0.18939999E+03
0.20789999¢+03
0.22639999£+073
0.24489995E+03
0.263390399E+C3
0.28179999E4,3
0.30029999E+03
0.31879999¢+01
0.33729999€+03
0.35579999E+0)
0.37470001€E+CY
0.393500CCE+(Y
J.412C000CE+03
G.4305000CE+03
0.6449C0000E+02
D.,66739999E+0)
0.48589999E+03
0.50-39999¢€¢03
0.522900Q2€kQ2
0.56140002E+03
0.355990002E+03
0.57840002€03
0.%59690002E+¢03
0.81579999€¢)3
0.6345¢298E+40)
0.6530C0C0E+03
0.6715030GE«Q)
0.690C0000€E+03
0.70850C00¢6+03
0.727C0000E«03
0.76550000¢€03
0.764CGCC00E 03
0.7825000CE+C3
0.801C00C0E«C)
0.8195C000¢k 03
0.838C00GCE+C3
25 falofalel X ¢} |
0.87596998 01
0.894C0CaCESCT
0.912%30C0E D}
0.931C3C00c 02
0.94950000¢+03
0.965CO0C0E«QY
0.98640002E02
0.10050GN"E+04
0.10230000E+04
0.10420C00E+04
0.106C00CQE+04
0.1079000CE*04
0.1097C000E+04
0.11160000£+04

Appendix B

0.74473239E-04
0.89949746E-04
0.584011062-04
0.10739888¢e~03
0.11508007€e-03
0.119124186-03
0.13001698€~03
0.131219¢3€e=03
0.13803842€-~03
0.16740468E-0)
0.1468217228-0)
0.1464554590e~03
0.15100800€~03
0.15170504€~-0)
0.155959522€~03
0.15488168€6-~03
0.15595522€-03
0.157398306~0)
0.15776107€-03
0.15739830€6-03
0.15995%80¢£~C3
0.15848929E-03
0.15958799E~03
0.15885457€~03
0.16255488¢-0)
0.160694158-93
0.16032447E-03
0.1610664538-03
0.16218108E-(C3
0.16443714E~0)
0.164643714€-0}
0.16368160€-03
0.16368160£~03
0.16106453E~-0)
0.16255488E~03
0.16557708E~03
0.16519616E~03
0.16292953€~0%
0.16330522€6~03
0.16557708E-03
0.16405884E-03
0.16421630€-03
0.16463714E-03
0.166405886E~-0>
0.16368760€E~03
0.16368160€-03
0.16443714€-03
0.16519616€-03
0.16481630E-03
0.16519616€-03
0.16292953€e~03
0.16519616E-03
0.,16218108€-03
0.16663714€-03

(b) Cell Two

100

Tine (s¢¢) [H+l (i)

3.113500008¢04 Q. 16605886E-0)
J.11540000E+0& 0.16292953E-03
0.117200008+0¢ J.16330522€~-03
0.119100006+0¢ U.16218108E-03
0.12090000E+04 0.16255488E~03
0.12280000€+0& 0.16255488E~03
0.12480000E+0¢ 0.16252953E-03
3.12650000E+04 0.16032447E~03
12330000E+04 0.162556488E~03
130200005¢0¢ 0.162181Q08E-03
132CN00CE+0« 0.15995580€~03
13360000E+04 0.16368160€-03
J.135700006+04 0.14218108E-03
0.13760000€+04 0.16106453E-03
0.13950000E+04 0. 16143575E-03
2.164130000E+06 0.16180798€~03
0.163200008+0¢ 0.15995580E-03
0.16560000&¢0¢ 0,161C¢453€~-03
0.166900008+0¢ 0.16180798E-03
0.14870000€+0¢ 0.16069415E-03
0.15060000€+0¢ 0.16069415€-03
0.152400005+04 0,10106453E~03
3.154300008+04 0.16106453E-03
J.156100008+0¢ 0.10069415E-03
0.153C0000E+04 0.16069415€~-03
0.15780000804 0.16180798€E-0)
0.16170000E+0¢ 0.162554888-01
0.16360000€+0 0.16405886E-03
0.165400008+04 0.16032447€-03
0.16730000E¢04 0.16180798£-03
0.16910000E+04 0,16069415€-03
0.171C0CO0E+0¢ 0.16481630E-03
0.77280000E+04 0.16069415€-03
0.17470000€+404 0.16218108E-0)
0.17650000E¢0¢ 0.16106453C-03
0.17840000€604 0.16032447E-03
0.18020000E+04 0.16032447£~03
0.18210000604 0.16143575€-03
0.184C0000E+0e 0.15558799E-03
0.18580000E+04 0.10106453E~013
0.:8770000C*04 0.16032447E~03
2.185500006¢04 C.16255488€-03
0.19140C0CE*0& 0.16106453¢-03
0.1932000CE+0¢ 0.16180798£-03
0.19510000E¢0¢ C.161C0d53E~03
0.19690000E+04 0.10163575E~03
N0.198800C0E+0¢ 0.16c18108€-03
7.2006000GE+0¢ 0.162355¢88€6-03
0.202500C0€6+04 0.16180798%€~0)
0.20630000E+06¢ 0.16292953€-03
0.206200006+04 0.15885457€-03
0.2081000CE*0« 0.16032467E-03
0.209900008+04 0.159220868-03
0. 21180000E+04 0.16273108€~03
© 11360000E+04 0.16218108E-03

"SSQ000E+04 0.77032447E-03
. «1?30000E+04 0.16292933€-03
0.21920000E+04 0.16143573€6-03
0.221C00C0E+% 0.18143575€~03
©.22290000€+0¢ 0.16218108E-03
0.2247000Q08+04 0.16180798¢-03

00
0.
0.
g.
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Table B-6

(concluded)

(b) Cell Two

. Time (sec)

TR

0.22660Q000E+04
0.22340C00E 04
0.2303C000€¢04
0.23210000€+3¢
).236C0000€+04
J.23590000E 04

«23770000E+04
J.23940000€+04
0.26140000€E+04
0.2433000GE+04
0.2645100C0€+04
0.2647C0000E+04
0.24880003€E+04
0.25070000€+0+4
0.25250000E+0¢4
N.25440000€+04
0.25620000£+04
0.258100C0€E*Cs
0.26000000£+04
0.26150000£+04
0.26370000€+04
0.26550000€+04
0.26740000E¢04
J.26920000€+04
0.27'10000E+0+
0.27:¢50002€E+04
0.27480000€E+04
0.27660000E+04
0.27830000€+04
0.28030C00¢€+04
0.2822000CE*04
0.28410000E+04
0.285900008+04
0.287800008+04
0.28960000E+04
0.291500008+04
0.29330C00E~04
3.2952G000E~04
D.297C0000€+04
0.298900C0%+04
0.30070000€+04
0.30260000&+04
0.30440000€¢06
0.30630000E+04
0.30820000E¢04
J.210C0000E+Ca
2.31190030E+04
0.31370000€+04
0.31563000€+0¢4
0.31740000E+C«
0.319300CCE*Qs
0.3211200G3€E+C4
0.323C0000E+04
0.32680003€+04
0.32670000E+04
0.32850000¢€+04
N.353060000E+04
0.33230000€+04
0.33410000E+04
0.3340C000€E 04
0.33780000E+04

0.33970000€+34
0.34150000E+0Q4
0.34340000E+04
0.34520000E+04
J.34710000E+04
2.34890000E+04
0.35080000€+04
0.3526000Q0€+04

0.16255488€-03
0.16255488E-03
0.160094156-03
0.16255488¢-03
0.16218108E-03
0.16180793€-03
0.16330522€6~013
0.16368160€-03
0.16255488€6-0)
0.163681608-013
0.16330522e~03
0.16218108£-03
0.16405886€-03
0.16255488€E-03
G.16143575€-03
0.16643714E-03
C0.164C5886E-03
0.16368160£-03
0.164463714£6-03
0.163681608-03%
0.16255488E-03
0.16308160€-03
0.16405886¢£-0)
0.16213108£6~C3
0.106437146€-03
0.162927953¢-03
0.16292953¢£-0)
0.16330522e-03
0.16405886¢8-03
0.16233%488¢e-03
0.16292953t-03
0.16681630E~03
0.16218108¢8-0%
0.16255488£-03
0.16363160¢-03
0.16218108¢-03
0.16292953€-03
0.16330522¢€-03
0.16180798€-03
0.16032447E~03
0.16255488£-0Q3
0.16180798£-03
0.16180798E~03
0.160694158=-(G3
0.162181082-03
0.16292953€-03
0.16292953€-03
0.15922086E-03
0.16330522(~C3
D.16255488€~03
U.10368160£6-03
0.16218108€-03
0.161463575¢6-03
0.162929538-03
0.16218108€-03
0.16292953E-03
0.16180798€~03
0.16368160€-03
0.16069615€~03
0.1636816C€~03
0.16180798€-03

0.16443714€~03
0.15368160€-03
C.16595870€-03
0.16519616E~03
0.16292953E~03
0.16255488€-03
0.15212108€-03
0.14106453€~03
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Appendix 3

Table B-7

Data for Mustard Hydrolysis at 313 K

(a) Cell One

Time (sec)

CHICS

7-187C0C01E+Ce
U571E9999E+0¢
0.5506£9999¢c+0¢
0.741500022+0¢
0.926920022+C¢
0.11118C00E+Q3
Ne129€7999E+03
0.143179992+(C3
D.166¢70003+03
Je185170GCE+C3
D.203670CCc+02
0.22217C90:3+03
3.261170008+02
Je2596000CE+02
0.273160038+032
0.29666000E+02
Je315149998402
0e¢33364999E+02
0.35214999E+C3
Je37064999E+03
D.38914599E+02

Qab4c?530072~3¢8
Ue207451215~50
0.28815009E~Cu
Je55335000E~Cs
U.t96626C1E~Ca
Je79G£32532~04
Ue89742905:~04
U.901611505~34
0,10302863E~(013
0.128646253c~(12
0.1114293292-03
Ue11297357:2~03
0.11770060E=G3
Ue11971241%E~03
0.11929873£-~332
0.12105978E~313
G.12359473€~(03
0.12266157E~332
J.121898395~33
Usa12387958=2~33
0.125025802~(3
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Appendix B

Table B-7

{concluded)

(b) Cell Two

Time (sec)

m M

0.20160000€+0¢
0.38660600c+02
0.57150002€+02
0.75650002€+02
7.94150002€+02
J.11264Q000E+03
0.13114000E+03
0.14964000E+03
0.16813000€+03
Je1866300CE+Q3
0.20513000e+02
0.2238400CE+02
0.24263000€+03
0.26112000€+02
J.27962000c+03
0.29812000E+02
0.316609992+03
0.33510999E+03
J.35360999€+03
0.37210999€+03
0.390600G1€E+03

0.€9183095€-07
0.729457456=07
0.72443541E-07
0.69984182E-07
0.695C2370E-07

0.81846457E-06

0.15452544E=04
0.40738018E-04
0.642688035~04
0.864967375~04
0.10471287€-03
0.11912418E-03
0.13304543€E~-03

0.142232%1€E-03

0.158126469E-03
0.15922086E-02
0.16405886E-03
0.17066821&-03
0.17378014€-03
0.17579223E-03
0.17498467€=03

e
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Table B-8

Data for Mustard Hydrolysis at 318 K

(H] M

1.187C0001:2+22
J.372C0001€+0J¢
0.557C0001€+C2
I.74169997E 20
0.92690C02E+02
3.11119C0CE*Q2
0.12969000E=02
Jel4317C33823
Jaloe49l0usel?
0.,185173935+4312
0.203¢79952 02
0.22217599E~02
0,241176392+7212
3,259¢7635e+C2
1.,27617001€+Q12
0.296670012+C2
33151746218 +03
Ue333670C12+C2
G.35217CJ1E*3Q3
J.37067001E+C3
0.389170012+02
N.607679592+312
0.62617C01E+212
Oewibe 70C1E+S2
0.66317C01E+C2
0.648234000E+C2
0.5008400CE+Q?
0.,519364003E+03
0.53784003E+03
0.55034003€+03
0.576484003E+03
0.59334998€+02
0.51184998E+03
0.630364998€5+02
0.54834993£+02
J.867349952+(012
D.68584593£+03
0.704359992+02
0.72353003E+C2
J.74642C30335+03
0.76053003E+03
Q.779C3003E+03
J.797530C03E+C2
0.316C3998E+03
0.836453993E8+33
0.35303998€+01
C.87153998c5+(2
0.390C3998c+012
J.v(853598E+02
UeV270359LE+02
0965535658 +31
N.964L3998c+02
0.783039v5E+C2
0.10015Q00CE+5e
0.102C100N0E*Ce
J.10380000UE*Cw
J.108710CUE+Q4
0.10750000E *C4
0.1U%41C0CE Q4
Je11120C0uc 0w
V11311000840

Appendix B

U.121338358-04
0,461572226-04
Q.7%63581E-04
J.937502078~C4
Je10864258E~02
0.,11994967E-03
Uel27Cw3BeE~CT
Ue13335008e-312
V136772846503
Ca13963¢8%:-33
Je141579432-92
0.1462259322-02
UeVe3B8TIL8E-03
Go16a87715e=C32
Vel4554590E-C2
V.1645881698=032
314621772801
Qe 14021772E-012
Ue14a582169€=G2
Jeleo252658-03
Ve 14621772833
Ue16588149E=02
Ve14588149E-02
0.164521107£-02
0.14321107E-03
0.164521107€-03
De166211496-33
D.14654400e-02
0e1463579306E-03
Je16654400£-03
0.14454400E-03
0.16454400E-03
0.145211C7E-03
Ue14554590E=y?
Qel1wdl17725~03
Ga16621772c~92
Uet67231212-03
Ue166E62655-02
U.160892655-03
U.1466554728~03
U.164621772E-03
U.,16588149¢-02
0.16%88169E-012
0.165881495=(3
Ue144877152=-03
U.145211C7E-03
Del66S6auldE=-Q2
Delew34400:=03
Ue143211072~03
Gel4we54400:-03
Jeleeil116920d
Uel66211492-)3
Ue146387536E=32
Va146564605E-(2
Uel1665440U0E=012
Jelba56400¢=~02
U.165211C7E-02
Ge165211072-012
Ge14S5Ec1E=(2
Vele5831wdg=y?
Ue140621776E-C3

(a) Cell %ne

104

Time (sec)

] o

Oe114560C0E+Ce
Ve116E1000E+C6
21186060008+ 0«
0.1205100C2 40w
D.122620008+04
0.126270005+04
0.12013030E+04
De127%3030c*04
Je129E30002+C4
J.131633C0E+J4
0.133530008+C4
0.13538000€+Ce
N.13723C3J€+04
D.139C3000E+04
0.1409320C2+04
N.142780008+C«
0.144663030E+04
J.1665300JE+04
0.164835CJ308Ce
De150230Cut +04

VelutB8G2056=012
Gel16621772E=012
Uele0854728=03
0e165131696~07
QeV146355655J€-03
De16354590E-02
Qe144E77156-03
Delb&z)143E=(3
Uelball1a92=y3
Uetbe56400z-(2
Veldb54400E-C2
Ue14665440%E-C2
Vela5211575=03
Geluw5545902~-02
Vel0055472E-012
De140556728~02
Vel60617725=C3
Je145881692-03
Ve 145545702 -03
0e145211072-L3
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Time (sec)

Teble B-8 (concluded)

CHI

0.201600006+C2
0.386699985+02
0.571€0000€+CE
0.756630J4E*02
0.94150002£+C2
0.,1126500GE+03
0.131149998C1
0.14964997vE+Q1
0.166103GEY02
0.18666000E%02
0,20516G0oE°C?
0.2239100vEC]
0.262660008402
0.2611aCC1E+Q2
0.279630Cus*C?
0.29813300e+03
5,31663030€~22
0.335130CoE+02
7,35363000E+02
0.372130005+C2
0.390¢33038+C2
0.40913530E4+C3
0.427630628+GC2
0.eee13G00ESCS
0.464570008+C3
0.483799995+02
0.50229999&~C12
0.52079599€6+03
0.53929999€E~03
0.55779999E+02
0.57629999E+L3
0.3594810J0E+CS
0.61331C0GE*CE
0.63181000E+03
9.65031000&+02
0.668810002+02
0.,06731000E+02
0.706219v7E+03
0.72497990E+02
0.743489996403
0.76198999E+03
0.78048999€+02
0.799CQCOCE~CS
0.81748955:+03
0.836C0CCIE~C2
0.85450C00E+03
C.873C0OCOUE~0]
0.891500C0€*C2
0.910000GLE*C3
J.92350000EYLI
0.9647C000CEYTI
D.765799v92+C3
D.9845%500008¢732
0.1003C3C0E+064
9,1021500CE""«
0.106003C02*04
3.,10565GAUE*T4
0.1C77000CE*Ce
0.1695500UE~C4
0., 1116C00GE*G4
0.,343250005+06

Appendix B

0.117489738-0¢
0.1176480738~0¢
0.119¢7408E~0¢
C.56382973E~0¢
G.299226195~J4
C.e7207853¢E~04
597949072804
(120503558402
0,13ebb0332-03
0.16757055¢-08
Ge15687510E~01
0.161Coh§3£-03
0.10519010E-(3
2.173215738-03
C.17126573¢e~C2
6.171€3159¢-012
0.17.58230e-C3
Go.174582302=03
0e17579223E~L12
0e1749840TE~G3
C.17a18035-02
5.17015756E=03
0.17518799E-31
C.17660333E-33
J.17823781&~01
01753679903
0.17761902E+33
0.177€¢1088&~C2
0,177C1088E=03
0.,17019756€~03
0.17658230€~0C3
0.17823731E~03
0.,917533799E-03
0. 17619756E=G3
0.177010852-02
0.175792235-93
Ce17418008E~CE
0,174%26067503
0.17579223&~03
0.17378014E-03
0.175792236-03
C.174582308-C3
J 17528799E-03
0.176584873~03
3.174180088=43
O.178237818~03
D ATT419028~32
ve175197502~02
0.179473245-03
Ce177439028-03
U.175387698=01
Oe17384w37R2-(2
1753879903
Ce175792235-03
£,1753879098=02
0.176197562~23
Ge17058b07E-03
£.17536799€-C2
Co174522302-03
Je 17258376232
C.175792232-33

(b) Cell Two

Time (sec)

S

9.115103005'06
7;1109553;5'0‘
J.11EEQGGJE*C~
5e12069GUvECE
Je12257LduE ia
Jet2ewdlluiErie
54126270008+ C
3-126125035004
3.129¢703C5ﬂ36
Q.131820008+Cu
Je133673uGIv 04
0.135520C38°74
3,13737CCCE 04
F.1392230useCo
71.161070C0ECh
0.162920005'05
3.1480C0OCE+D0
0. 14667000530
0.1&352006&'06
0.150370005006

Je174582308-03
C.17579223:=12
5.17575223E=u3
Co17879223%6~23
0.176582308-33
L.17019795E=33
1. 477227 7%E~J3
3.175337992-33
17019756203
Q.377619028=01
0.17579223%~C3
Q.1706C3833~33
3 17458607803
Je173720165-03
6.176197568=32
2.173780145-03
0.17579223€~03
D.17+58230€-01
0.175387998-0°
J.17413068E-03



—

Time (sec)

Table B-9

Data for Mustard Hydrolysis at 298 K
and 0.05 Mole Fraction Ethanol

') G

c.185C033038+3¢
0.370C005uz+C2
2.55599099358+0¢
Oe?6300003802
D.926,0L03E+0¢

J.13000C0C0z+C2
SeYe737000:002
Colbeeiuiriel?
Jaled7 L0 il
J.203c6297%403
D.222210512+C2
3024613520122
Jec 5983399z
De2T7e21C022 903
Ja290C1000z2 92
D.315370012+C2
Je3337996y2(2
Je352320312¢¢(3
J.3708702¢E»(2
Ve3385LS0012+35
Db (L7E8CL01E w2
Jet26299992+( 3
Dewbb?699568+02
0.66335999c+(2
Je682549992¢(02
0.50120001e+03
0e519¢9003e+02
0.53521502£+(C2
Je55665997E+2
0.575210025+03
0.59377002¢e+012
0.6121230Ce+02
3.530729%3E+3:
0..6915202z+(C3
Je507599v48E el
0.085219y7¢~0:
0,706592032+0:
0.72360G3vE+(3
0.742200015+C2
0.76071997:2+02
3.7791505¢z-212
0.7907¢32058+02
06510109552
Je236596yz8
Je35322051¢5.
Je371723701 .
0393130528+
UeP(CnE3IIVEPL
Ue?271600 022
Cod4563947:422
De78e153972C:
DIEE-B VR IVINE X 29
Je 1051320 204
Je 1020270 0ES4
3130362300z +04
J.1057¢C0CE+4
0.107¢355uc+C4
Je1Uva2002:+04
De1112030JE*la
Qe V131150 E404
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Appendix B

vel02%e31¢s=352
Se173280272-0e
Ve295120:s02- 5#
se30112e95:-08

Ce12823353:-35
Cec 17772235
Ge3Tar1932.z-~28
ce3ollalidE"LS
Vetnzolassi-gs
JeES112728:~.5
Je104280532-74
ve12321045:2-24
vela?51.2 lea

Cel163557293¢
Je185132:72=(¢
Jel 22233578z
Ce2¢5003622-7%4
vel35E83272z~.4
cec0lite n3-24
LeZEX12936E-04
Cal%1762232~04
De21075079L =54
G327 WdE "0
0.347556C82-04%
VelIdSLT739E~34
0.239045318-94
GobC271¢98E-04
Jeb1356955:-(4
Cek19759322=54
0.44157223¢8=54
Cen0364683E~Ca
Ueb 62130928 ~74
CekCe17IZRz-34
“eb8805251:~04
JeS011dnwar=2y
Jeie0l1767:~-04
Ce5372321522-24
UedSJE2304E~C0
0.508853c58-04
0.59152115¢8-04
0.597C2554% -2
CetT2585C54z2= 44
et 15176703 =04
Jet2J322903z~L4
Je2217362%2=74

Vet 3LE57.%2~04
ves 3071353804

oan e

’

VvetheSEIeili-la
Uetelsv302i-L46
CeeosEltelii=lu
ettt 278~
Cotf54c7762-04
Cat93acSvi=¢
Vel le3173E-00
Le?7 1775w 3204
ve?21107245-,4
Se722709%8:~ 4
Vell6b38:12-24
Ue?22%2ei0:=00
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Tine (sec)

'y Gy

5115030008+ 3«
DeV10E4CO0E+CH
0.1182200uzeC4
3.120550C0%+Cs
0.12240000E5434
de124310500UE+04
Ve¥22115008+24
Q127973008426
VeV eVBTLCUEryS
) 131755002 +C
De13357000E+la
Je13537CJus+0¢
113726230z l4
Vet391530C330
Jo160800CC2vln
PR E PR IR IVER Tops
JelbacoldiGzvoe
Je1eb54L023900
Je10343CTus+ly

S ¥5323000E 424

Se13210C0C0z2+24
2615403005054
J. 155800002 +Ce
0.1577000G:40Cs
Ue15956C0us+04
0.1613000GE 0
2.163230008+C4
0.165110CJ€e+304
UelO6EFLCIEHT4
0.16873000E+C4
0.170690062+04
0.17253000E+0«
0.174410036+C4
0.17¢29CLCE+0w
3178080 UZvis
I1796900C%24
Je1E1L20LLE*T6
0.183¢90CuE*Ca
3.18552GIJE+C4
D.1873CC000E+C4
J.168318600E+0¢
J.191C200CE+54
D 192ESLALE ¢04
I N9LEITCLE 4G
Ja196630CCE+LL

0.737904w3E~04
UelbB1eC3TE-"4
Ge70u32aU7E-Cd
Ce?672¢102t-24
Ue?7666195:5-04
Ve?70030605¢-04
Ue?73(306(5:=4
Ce?7738300 18 -0y
Ce?8242%463~ 54
Ue?872045155-04
U RSP PR N
Je??98338: v
Je201e?722z=0
CelBT23534z~34
Ca2i10¥eN?7le~ys
CelPT795634E~5k
Je80352e¢l72-24
Leela?{3906-04
J.EQ226253z2-24
Cae33eiteli=N

261255592 44
UeB3945917E=Je
Ueb461395532-0¢
UeP63T34865~04
J.84527855E-J4
0.8467227875-04
0.853100852-C4
Cec59C13238=C4
0.851137%2E-04
V.84918029£-04
J.870963552=04
Ce80099350z=04
Ue862678342-04
Ve25701343E= 40
JeB6E96L782-04
Le8bovel1?75:-04
Ge.co0d%el73c~.4
0.6810 849204
ved9125060c=04
ve@333uS70i~Ca
0.E9125Q602-04
UekB1C0R89:-04
Cal70L963522~04

e ESVC132E-44



Table B-10 -

[ &

Data for Mustard Hydrolysis at 298 K

Tine (sec)

and 0.075 Mole Fraction Ethancl

(H'] @)

Time (sec)

(5] ()

0.23209939E (¢
Ce386100018+C2
245720000 1E+C2
0.750e9957&+0c
0.9462200C150C2
0.112¢10CaE+C2
J.131120505 02
Ge149610C0EC2
V165210012908
Je1856¢235ue*ls
Ue2US1TS7 72402
J.223L9CIFE 02
Gelb278lL0E S

D.26123Cul2.

Ja2933299yzell
J.310770018 03

Je353L59992+L2
3e372250012+02
Jed39378LIVETCS
SeDITILI1Z 0T
Qee277850C2 03
Jebabevya012+(2
Jeo65c02U1E*C3
BetBul1s9995403
J.502606C0CUE+CY
0.5211500c€«32
0.539¢5997E+9012
0.55815002€6+32
De57665597E+03
0.59512002¢5+02
Je013¢5997E+Q2
J.6321¢93945+07
0.65C6co0CEC:
0.06510%9953+(12
J.087¢2000%23
Ja700409972+(C2
0.725120008+32
De?43¢0665955+02
0.70215002€+%2
0.78C645)1E+353
0e79915002E+02
0e31759003+C
Jo33015Q52:+(?
Jed54e5CU0Z*22
Jes73l90035¢02
J.891065CJzE+02
Qev1uCILT32¢C2
D.928c4{C1E+D2
Jedb671769 9402
Ue?69%0957E=C2
JevBa?3i3cel?
D410C3e¢00 0504
De102182308*06
Jel0alolUuE*la
Jo1C395i0ut el
J¢10770CLGE v
De1uSeLIlCECUS
Je1 1164600000
Je11330G30Ev e

Appendix B

LeS591%¢160e=07
Jet13541702-C7
Ged0948356=(7
JecJo536812=C7
getlbet3uTE~0?
e S1EC796E~C?
Cet3562500E=C7?
G.E375¢°092~07
wel21e3S5922~l¢
CecdPn2IS25 =04
Celhb?359T3-¢
UetS2039i%2=J¢
Ue 121630 804
vell25e522c=C5
Uelbyg?930e-(¢
Cec13¥72897:2-05
LolCwl3S875E-05
Coed3350¢1ae =35
Le59544232:~L¢
Co?€20733852~35
ve$243295%2=(5
Le1119030%2= 00
Vel129071755:2~14
Cole?76105%2=36
vel1046437 280k
0.12769035c«04
Ce197¢50684E-(4
0.230674592-04
0.23983357¢~Je
0e25351272&~04
0.271044602E-06
J.27797107E=04
J.200607¢3E~04
Ce21861955:-04
Del31EVa3lz"Jb
Cel3%C840332-54
wel3S%e27Cvis=la
CelS0773285=04
J.3872S739E=C6
0.29902474e-04
Leb1086Q9128~04
0.,621499057¢~-2¢
Cow36515¢9E 04
Ve@35653152e-04
LVebhatets3?70E-24
Cet0e$15012=06
Veb72(02778-04
Coeleoausldde=l6
Veb9431020z=04
Cced1143212:2=Ca
CeST250704%- 4
Ceb5224ab¥32=Cu
CeSSUEISUbimya
0495567623204
UeS7147343 ;= _u
Je9075wub Vi ju
e ST?8eT162="u
5e3%2625172-04
Je502102772=24
0.537035%62~_4
VeSV15e115:~34

Se11315350uiets
Jet1702lluir i
o1 13885y zel
Jel2o72235i 0
Jet2Zhelcus
Jelobbeuloir.b
S PR P { VI EL D
Jel1201700 40w
Jeldvaduucivit
L1218 2230E04
TP B DTNV St
Jo1333505Civte

L
-
i

-

Jal3ve?ig ieli
IR % B B LIV R 4
741462630 (s
b P8 P YL TrIVIAN LR I
Je146635J0E%CH
Je163530GuE*le
0.,15033000E+CY
De1522900CE*04
Ve154C00HJE*OS
J.155655Ju3+CW
3187773033404
Je 189830323434
J 101805303236
J.16323CJ0svCe
3.165225Cui*06
G.167C7000€+04
0.16856000uc+C4
Je17382GCTEC4
0,172683U58*Ce
J.174656000E*04
2.17638G00E+T
I.17333C0a2+04
J.18GCPCIUE* 0w
J1819630uErle
3. 1E37300uE P
Jev¥3ieolsaEvud
V,18756luci e
Je1343283030Ck
AP KA R R I
Te193UICICE* L
J.195C 1 uErla
ae19c200° 804
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Les15178723=24
CeCouiulbSi=lb
Ge232612133 4
Les332837%:z-C4
LeCIun3d7i"la
Getudtieuyl ik
Se£S5313C35z=C4
Ses3483817:3-04
Cas392173073~.4
YIRS AR
Ses??ce115E~354
Je£%22323832704
Seb53051932=C4
Jat 28911092 -(4
Uet3865193:=Ce
Ge£37083312-04k
JeC¥5L24uU0nE=T4
Se7N3C72%02-ub
Ue711213728-046
Ue71727946332-04
0.73620593E-04
Je73960526E~C4
Je746732398~ 0
Ue?76989%a0e=24
575335513204
J.750833322~us
Co?8207922E-06
Gu.762130738-04
0e77208029E~0Cb
0.77624696E-04
V.7780346u53-G4
Je78162311E~Ce
C.78523532&~34
Ge?787C06S514E=24
Je790678105~0b
A,7%63235322-06
GesluGenNToz=0s
5e 307239343~ 04
Ce21a?l3922~06

7T
- 2

.

JedJ¥T63 i

DI A Y AT RIS BN
79287313804
Qelvwiaidsili=lb



Table B-1l1

Data for Mustard Hydrolysis at 298 X in 5% Acetone

Time (sec)

CHECS

0.317C0001€8+02
0.66379997E+02
0.97050003E+02
0.129725005+03
0.16233000z2+03
7.195C6000E+03
0.22773000E+C3
1,26039999£+03
0.293C7999E+03
0.325750008+3212
0.35542001£+C3
0.39110001€+53
3.42610031¢+33
Qew56730005+02
D.689450C1E+"3
0.52212000€¢.53
0.554799937 (03
0.587406997E+(03
N.620164001£+03
J.65281000E8+33
0.68548979E+03
0.71815997E+03
0.750840035+03
0.78351001€+03
0.31619000E+03
0.84503993€+03
0.88171002E+C3
0.94633001E+03
J.964707001E+03
0.97973999E+03
0.10124000E+04
0.10451000E+04
0.10778000¢E+04
0.111C5C00€+0¢4
0.11431000€E +J4
0.,11758000£+04
0.12085C00E+04
0.12412000E+04
0.12740000€+04
0.13067000€+04
0.13394000E+04
0.13720000E+04
0.14047C00E+04
0.14374C00€+C4
0.14647010008+04
0.15027050z2+04
J.153540002+04
0.1568100G€+Cs
0.16008CoUE+T~
0.163350G0€E+04
N.16062C000E+24
D.16988000E+04
J17317000E+04
0.175440005+04
0.17571500E+C4
D.18257C0GE+0«
0.13¢264C30E+04
0.189510Q0E*D4
0,19276000:+0¢
2.19605C00E+C4
0.199320002+0¢

Appendix B

0.659198025~0¢
G.1291218¢6£-05
0.375837206-058
G.77803643€-05
0.11885018€-04
0.16255479E-04
C.21232443€6-04
J.2594617958-04
0.29261535€~-34
J.33419510:2-3¢4
2.3908«072E=-04
J.623062675-04
Jedetue¢3090E-04
Jee7663101E-04
0.5333353JE-04
0.5714647847€-04
Ce38768963c-04
0.60313498E-C4
0.6486363JE=06
Ue695C24UBE=04
0.71285293E~04
0.70794522E-04
0.73«51403E-04
0.78342964E-04
0.79067812€-04
0.78704514E-04
0.79983358E-04
0.86722757€~04
0.86496178E-04
0.85703788E-04
0.835310084€-04
0.89125060€~04
G.91201109E=~04
0.897429052-04
Ued38104869E~-vs
0.51622001€=-04
0.564861926E-C4
0.94188974E-GC4
0.92257156E=04
0.926469789E-04
0.96623654E=04
0.97723649E-04
0.99540521€E~04
0.98627897E~04
G.9594L03%5€~06
0.957194621E-04
0.957196216-C4
0.97274729:-04
U.97753950¢€=04
0.,9817«831E-0Q4
0.984C110%E-Cé
Ue993116192-04
0.9977003462-04
0.99770034E-00
Q.9954C521E-04
.990831061E~J4
U.970831615-0¢
0«59083101E-04
0.984C1106E-04
0.98401106E~04
0.97989312-04

108

Time (sec)

51 ()

J.20253C002+04
0.2958500G2+J4
0.20912C00€E+0¢4
0.21238999¢8+04
C.21568Q000E+04
J.21963399E+2¢
0.222210015+C4
J.225430002 404
74223755008 +3%
J.23202G50GE+04
3.233523999€+34
6.23855030&+04
0.24182000:5+04
2.24508999E¢04
J.2648360J012+04
0.25163000€+04
0.25490000E+04
7.25817000&+04
3.26143000E+04
0.26470000€+04
0.26797C00E+04
0.27123999€+Q4
0.27451001E+24
2.27778000€+04
J.,281C3000e 04
0.28631C01E+04
J.28758C006¢E+04
0.2?7085000&+04
0.29412000€E+04
0.29738999E+04
0.30066001€+04
2.30393033E+04
0.30713999E+04
0.310646001€+04
0.31373000E+0¢
0.317C0C00€+04
0.32027000€+04
J.32253999E+24
7.32650C00E+06
0.330C70305+04
J.33333993€+Cs
2.33661001E+04
0.,3378800C¢E+Ce
0.34315000€¢C«
J.340461G018+04
7.34963000E ¢%4
2.3529500G2+C¢
J.55022030E+04

Q35048999 E+06 -

0436270001E¢04
2.566C3000:¢34
2.369300025+24
N.37256001E+04
0.37583300e¢04
0.37910000&+04
0.3582373Co¢c+04
Ue38566CQ1E+006
0.58892000€¢04
J.59218999E+04
2.39546C01:2+04
0.39873000E+04

Ve981743312-04
Q.779670728~04
Ue98427397E-04
0100093135 -03
0.102C92958~C3
Ge103270128~03
C.10351425€-03
0.103752838-03
0.10139116£-023
0.10040153€E-03
0.99770034E~04
C.55773034E-24
0.10023047:2-33
0.10102435€-03
0.10327612€~03
0.10471287€6-03
Ue10423175£-03
0.10423175£-03
0.106231756-03
0.10359197-03
0.10280160E~03
0.10280160€6-03
0.10139116€-933
0.10232925£-03
J.10115792E-03
0.10092530€-03
0.10G40153E~-03
0.10046158E-03
0.99770034E~-04
0.10046158E-03
0.99999990E-06
0.99311619£~04
0.99083161€~04
0.99770034€-04
0.99999990€~04
0.99770034E~04
0.53855315€-04
J.98627897e-06
J.990831618-04
0.995605218~04
0.99773034E~04
0.69999990&6~04
0.99540521E-04
0.100230472~03
0.10046158E-03
N.10069313~-03
0.10115792€-03
0.10009313€-03
Q.1018%%8E=03
0.102C93955-03
0.10256520€-03
0.10280160£-93
0.10351425€6-01
0.103G3363€~03
0.10351425E6-03
0.10399197e-03
0.10399197¢-03
0.103752383€E~03
0.10447198€-03
0.103752383€-03
0.10327612€-03



Appendix B

Table B-11

Time (sec)

(concluded)

] o0

J.402C00005+04
0.640527300E+04
0ev0853999E+04
0.61181001£+04
0.415G7002€E+C4
J.41833999:+04
0.621610012+04
Y 62687953E+04
J.628170025+04
Je03142998E+04
Dee3470C00E*I4
De37970022+04
Ja66123999E¢0%
De6beS51001E+04
0.64777978&+04
V.451039969E+04
J.65431C01E+04
V.45757998E+04
0.46085000€+04
0.66012002E+04
0.46738999E+04
0.670606001E¢04
0.607392993E+Q4
Q.67713999E+04
0.648046001E+04
0.,68372998E+04
0.48700000E+04
0.9027002E+04
0.69353999E+04
0.49681001€+04
J.500C7993E+C4
0.50333999E+04
0.50661001E+04
0.50987995E+04
0.51315C00€+34
0.516420022+04
Je519068599E+C4
J.522560G01E 04
J.52622002e+04
D.329645999E+04
0.53276001E+54
0.536C2998E+04
J.539305002+%4
0.56257C02€+04

J.10280160€-03
0.10351425e~03
0.10232925€-03
Ge10327012E-03
0.10250520€-03
0.10327012€-03
0.10280163€~03
J.103752838-03
0.10327612e-93
J.10115792E~03
0.10209395€-03
0.10069313e-03
C.10162485E-03
0.10009313-03
0.10023047€~03
0.10009313€-03
G.10069313E-03
0.10G23J«7€~03
0.10023047€-03
0.10046158E-03
0.10066158E-03
0.99770034€-04
0.100¢9313~03
0.100230472-03
0.10346158¢-03
J.10115792€-03
0.10209395€-03
0.10280160&-03
0.10303863E-03
0.10351425€-03
0.10495422€6~03
01067128703
0.10471287€-03
0.10543867E-03
0.10399197€-03
0.10471237€-03
0.10568169E~03
0.105438672-03
0.10543867€-03
0.10695622€-03
0.10623175e-03
0.123C3863:-C3
0.10351625E~u3
0.1028G160€~G3

109



at

Tine (sce)

Table B~12

Data for Mustard Hydrolysis at 298 K
Twice the Initial Mustard Concentration

G

0.317CC001€+02
D.643799972¢+02
2.97050003£+02
0.12973000€+03
J.16239999c+03
0.195C5300€E+02
0.2277599¥E+03
0.26044000E+03
0.2931097952+C2
0.325730315+23
0.358470008+33
0.39114999E+C3
0.624000002+02
J.eS56670015+02
Q.487%3535012+02
D.522C3003E+03
0.554730201£+03
QD.5873EC0IE+02
J.02004999£402
1.65272998€+03
0.68540997E+03
0.718C30032+02
0.750760312+012
0.783440G0CE+03
0.91612000E+02
0.34896997c+02
0.88165002¢E+03
0.714330C2€+03
0.94700000E+03
0.97967999E+23
0.101240G0E+04
0.10450C00€+04
J.10777030E+04
0.11104000E+04
0.11431000E+04
J.117570005+04
0,120840002+04
0.12411000E+04
0.12738000E+04
0.13064000E¢04
0.13391000E+0¢
0.13718000E+04
Je14045C002+04
0.14371000£+04
J.146498C000¢c*0¢
0.15025C00E+04
0.15352C30€+04
D.15678CQ0¢8+04
D.16005000€ 3«
0.1633200uE*0¢4
0.16659CNJ2+04
0.169B500CE+24
3.17314C00E+ 0w
0.176400005+0¢
0.17967Q20E+Dw
D.18254200:+04
0.15021000£+J4
J.18947C00€E*04
Ce19274500E*04
0.,19¢01000€ *04
J.199¢800GE+Co

Appendix B

G.16769617E-D5
J.70957726E-05
0.15595515€-04
0.2606604092-04
0.32286930E~3w
0.420726465-04
G.50234203£-04
0.56493689E~04
Ce063763346:~04
C.?73451403E-04%
0.78360%04z2-04
G.87700057:-0C4
Ue950605172-04
0.972707295=C4
0.10608958E-03
Ge11220186E-33
0e116402499E-03
0.12270394E-03
0.12560296E~02
0.12823303:2-03
U.13772085:8-27
C.14060468E~03
J.16125383E-03
G.1468593565-C3
0.151705CeE~03
J.15100800E-903
0.15848929E~03
0.16255488E£-03
0e15958799€~-(3
0.16330522£-03
V.16982431E-03
0.16904403E~03
0.166364121E-03
0.17458230€-03
0.179060535-03
0.17458230€6-C3
0.17498467E-02
0.18238943E-012
0.18030186£-03
0.17701088:-03
0.184926795-02
0.185353U1E~03
0.17988707¢-03
0.18462679:-03
G.18967087€-03
(.180926795-03
0.18535301:-03
0.19275264£-033
0.19010789:-03
Ge155780602~32
G.19366218£8-C3
0.19142%¢0E2-03
0.188799083:-(2
C.1976906978-03
3.19180081€-033
0.19230903e-03
Ue1999861¢c=03
0.19319¢5%E-u3
0.196964639E-03
0.20183665e-013
Ge19543379E-(3
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Time (sec)

@

0.20254C00E+04
0.20581001€E+04
0.209CBCO0E+04
0.21235000¢+0¢
0.21563000E+0¢
0.21390000£+0¢4
0.22217000€+0¢
0.22543C0GE+2¢
0.22870000E+04
0.23197330¢€+04
0.23523999:+04
1.23850CJ30E+34
0.26177500¢c+04
0.245C3999E+04
0.24648310015+04
0.25157000€+04
0.25683999E+04
J.25812030UE+0¢«
0.261369995+04
0.26466C31E+04
0.2679302CE+04
J.27120CoCE+04
N.27440001E+04
0.27773000¢&+0C
0.28100030E+04
0.28427000E+04
0.28753000£+04
0.29080000E+04
0.294C7000E+Q4
0.29733999E+04
0.30062000E+04
0.30388999E+04
0.30715000E+04
0.31042000€+04
0.31368999E+04
0.316%6C001E+04
0.32022000€+0«
0.3234899VE+04
0.32676001E+04
0.330G3000E+04
0.33328999E+04
0.33656C01E+Q¢4
N.33983000E+0«
0.34311001E+04
0.36638000€+04
0.34965000E+04
0.35291C01€+04
0.35618C00¢€+04
0.35945C00£6+34
2.362720C0E+D¢4
Q.3659B02GE*0¢
0.3692500CF+24
0e37252000E+0w
Q.375780°99€+04
0.379060015+04
0.358232C00€4+04
0.38561001E8+04
0.3888700uE+04
0.39213999€+0¢
0.395641001€+9%¢
0.39868000E+04

0.197469697£-03
0.20276831€-03
0.19633608E~02
0.19633608e-03
0.26270831£-03
V.20230185E-03
0.19588441€-03
Us199980614E-03
0.20276831€-23
G.19543379:-03
0.197242356-C3
Ce2006e4S564E-03
0.19724235e~03
0.19498439=5-03
0.20137233=-03
C.19260952€-03
0.19230503&-93
0.1976%697€-23
0.c01836053E-03
0.19453601€-03
0.19+530601E-03
0.2009C927-03
0.198152618-03
0.193642182~03
0.19633608€-03
0.20090927£-03
0.19364218E-03
0.196335608E-03
0.20090927¢-03
G.192752445-03
0.19498439€~03
0.20183665£-03
0.19498439E-03
0.19498439€E~03
0.20044728E~03
0419588441503
0.19408867E-03
C.20137233E~-03
0.19078861E~-03
0.19453601E-03
0.199v8614E-03
0.19186681€~03
0.199C67282~03
G.10543379€-03
UGe19588441E-03
0.19952627€-03
0.19220903¢~-33
0.199C¢6728=~03
0.192309036-03
0.19860952£-33
0.19364218€-03
0.19633608E~03
0.19078861€~03
0.19319639:-03
0.19952027€-03
0.19098523€~03
0.19998614£-03
Ve190935232~03
0.19815201€-03
0.19453601€-03
0.195834412-03



Appendix B

Table B-12 (concluded)

Time (sec)

'] ¢)

71.4G16339925+Cé
0,+0521331£+04
J.40848Go0c*06
7.41175000€E+0¢0
J615C10N15+04
J.e1827993E+04
1.621550CQE+04
0.626482CJ022+34
0.4281300Q0€+04
N.3137032€+04
N.,634839992+04
Jea37S0C0JcE U4
0.646117002€+04
D obbLb63599E+Q0
D.66?771C312+04
0.,6450970025+04
0.65623999€+04
Q.65751001E+04
0.660779985+04
0.66405000€¢+04
0.66731001E¢04
Q.e7057998E+04
0.67385000E+9%
0.67712C02E+0¢
0.68037995€E+04
3.4836500GE+0¢
0.68692002E+04
0.649018997€+04
0.69345000€+04

0.19678361€-03
0.192752445=G3
~.1986G952€-03
0.19146681E=03
0.19952627€=03
0.19142560€6=03
0.19952627€=03
3.19056607€~03
0.19815261€=03
C.19275244€=03
0.19815261E-03
0.19319689€-93
0.19906728E-03
3.19098523&-03
0.19998014E-03
C.19186681E-03
0.20090927-03
3.19186631E-03
0.20046728€~03
0.19142560€-03
0.19906728€-03
0.19098523€-03
0.1986G952€-03
0.19364218€=03
0.19033608E~03
0.19408367E=03
0.19453601E-03
0.19588441E-03
0.19230903€-03
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Table B-13

The Data for Hydrolysis of Chlorocethyl Ethyl
Sulfide in 5% Acetone/Water (V/V) at 298 K

.ime (sec)

CHE

0.92259995E+01
0.15230000€+C2
0.22260000€+C2
0.29250002¢€+0¢
0.362500CCE~Ce
0.63259998E+0¢
0.50259998E+0¢
0.5727C00CE*02
D.64627999%E+Cc
0.712739999¢+0¢
D.78E50021E+02
3.35372CC3E+02
0.926099978+32
D.7906396955+(02
0.100866000€+02
0.11365000E-02
0.12045000£+33
0.12766CJ0E+C2
0.13467300E+02
J.16167C528+03
0.164867699E+L3
0.15567999E202
0.,162690008+02
0.169¢9CG0E+0}
0.17687G00E+C2
0.1862000GE+D3
0.19121001E+02
0.19821001E+02
0.20522000E+03
0.21222000€+03
0.21923000€+03
0.22623000E+02
0.23374001£+03
0,264 024001E+C3
0.26725000E+03
0.25425999E+02
0.,20126001E¢332
0.268560CCE+C2
0.275%4000E+03
0.28294000E*02
0.28995001E+«C?
0.29695001E+03
0.%0365999£+03
0.31095699¢&+C3
0.31757300€+02
D.32498001E+33
0.,33168501€+23
0.33898997€E+C2
0.34558996E+03
0.353(0C00E~02
0.36025CG0CE*CE
0.367510018+C02
0,37451001E+C2
2.38151999£+012
0.38851999E+C3
3.39551699£+02
0.640253000z2+C2
0.409854C01¢8 #03
0.4106560012+C3
D,92356999¢£+03
0.03054999E+03
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0.115C8001€=0¢
C.63286942E-05
0.29853813¢e~C4
D.e23642676-04
C.e98884185E=04
0.58384369E-04
D.6068C8458-04
0.727779776=04
0.785235328-C¢
0.286139559E-Cé
U.8¢099350E-C4
0.,912011508~04
0.93325332¢=04
0.55940035¢6=C4
0.95083161E-04
G.101624558=03
0.1006%313E-03
Ga10280160E8~03
Ue104671¢3:-03
Go104654226-C3
0.1C542149E=(3
UelUZ214634CE-LS
G.10615951E=02
0.10939%02E-03
G.10814340E=03
0.1078%e¢2E~03
0.11015389¢-03
0.11117315€=03
0.11091751€6=03
0.11066235€6=-03
0.10889299E-03
0.10964776E-03
0.11040788E~-03
0.111686326-03
0.10990058€-33
0.,11142939E-03
0.1135G108:-03
0.112640C«6E~03
Ge111963742-03
0.11064C+386-03
0.110640738E~03
0.11066235e-03
J.11164374E-03
0.1096058:~03
0.112606066E-03
Ue11266046E-03
O.111¢c26328-02
£.70936562¢-03
Go1C9647765-01
0.10939562€6=03
0.11040788E~01
0.110¢60235€E=u3
C.11515389¢-02
G.109667758-02
0.11091751E=03
Ue10916406E=03
U.108362058-02
0.11117315€=03
0 11117315603
0.10864258E-03
0.11040788E-03
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J63756U00E*L3
Nobba36000202
J.45157031e9(2
JenS58790315402
Je2a60(75992432
Deb?3C7999E+¢02
1.,680C9CCCE*03
JeeB8710001E6+72
De09610001E+22
D.501105v9E Q2
N.50810999c+0
0.,51512CU00&+02
1.32212G5G8+03
D.5291333358+03
G.33614001E+02
0.56314001E+03
2.55032001€+02
0.55765002E+23
0.564665997E+C2
0.57165997€4+03
0.57864998E+03
0.585679976+03
N.592879995¢233
0.5996900CE+03
0.606£69000€E+)3
0.61370Q001E03
0.62071002€6+03
0.02771CQ02€+03
0.63471997£+03
0.662C2002€+03
0.66922998¢€+03
0.650229938+03
0.66323999E+03
0.67025000E+03
0.67725000€¢93
N.586200015+Q3
0.09125001E+Q2
0.0932700289+012
0.70927CJ2E€+03
Je?1228CU3E0L
D.71925003€+03
0.72623793z2+0
9.73353994E 0
Q.76079999E+012
Q.764779999E+C3
J.7854E10005+03
N.761820016+C2
J.76882CC15+03
D.77583C025+C12
0.782E4C03E+03
Q.789840036+02
0,79084593c+03
0.80386998E+01
0.31085997€6+0)
J.31785999¢£+03
0.925C38GJ2¢€+012
0.33237000E+C3
0.33933C00:+03
D.84639C01E«0Y
PEL- B R TR ]
.““:0(.',“1"
0.86740997E+03
0.87440997E+03
0.88141998E+02
0.38841998E+03

0.11060788E-012
Je110662352-03
Ue11J4C7888-012
Je110517251E-03
Ue109867765=03%
Co1096a?75E=02
Ue10939502£6-03
0.1067398538-03
0.100395626-0Q3
0.11040783€E~03
Je1J96CGS53E-03
Co1091640068-23
Ue11C4G788E-03
0¢11015337€=03
Ue109395482E=-02
0.10935502€6-03
0.11040783€-03
0.1104C738€-03
0.10939562€6-03
Q0.109¢646776E-03
0.10960058€=03
0.10886299€~03
0.10914406&=-03
J.109¢47768-03
0.10766651E=23
0.11015339&-03
0.110407882-0Q3
0.109395¢°:=Q3
0.10816360£-03
0.109146406£-03
0.10914406E-03
0.10939562F=02
0.11015389€~03
0.11066235£-03
0.,10964776E-03
0,11040738E~03
Q.107646776E=03
0.10839265E-03
0.10864258E-03
0.10714406E=03
Q.110153896=03
We1C3600536-03
Te10964776E-03
Uel10¥16elbE-QY
G.10885299€=-03
0.11C15339E-03
J.15990C53€-33
J.109¥CC53:-03
U.11117315€=03
G.11915369:2-03
Ve lG764776£=03
Ve10339562€~-03
Ga1106062356-03
Q.11015389E-01
0.109647765-03
0.10 24776E-03
0.11015339¢-03
0.110153872:2-03
0.1106623%5€=01%
0 *0339205¢-U3

964774 93
0.10964776E~0)
0.10990058€-02
0.10964776E-03
0.10814340£-03
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pH STAT CONTROL PROGRAM
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I. Introduction

The plistat program monitors the acidity of up to four reactions and
adds titrant as needed to maintain pH at a user selected setpoint. It
is written in the BASIC language and runs on a DEC MINC computer in
RBASIC mode. The program has the ability to set initial pH before the
user initiates the reaction. add titrant (either according to a "speed
factor" or a stoichiometric method), recor/ pH and cumulative pH as a
fun~tion of time, and write results to a file that can then be analyzed
by other programs. Program flow is controlled by means of selections

from a specified menu.

II. Setting up to run the program

To run the program, it is necessary to connect lines from each pH
meter to the computer and also a line from the computer to the pH stat
controller box. To connect the lines from the pH meters to the !INC,
find the four A/D channels in front of the computer. These are labelled
0,1,2 and 3, corresponding to meters 1,2,3, and 4. If less than four
stats are being used, they should be connected so that the lower
numbered A/D channels are used (that is, if only three stats are being
used, connect them to channels, 0,1, and 2). To connect a line to a
channel, line up the pins on the channel terminal with the slots in the
sleeve of the line connector, push the connector over the terminal, and
rotate the sleeve about a quarter of a turn clockwise. You should be
able to feel the connector lock. The line from the computer labelled
"controller" (if the label is gone, it is the line with the round
multi-pin connector) should be connected to the back of the pHstat
controller. Simply line up the notch in the receptacle with the tab in

the connector and push (it can only go in the right way).

To "boot up" the BASIC system, insert a copy of the system disk
containing the PHSYS program, into the leftmost disk drive on the MINC

and turn on the power switch (the red switch a little right of center
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on the front of the computer). If save data files are to be written,
an initialized data disk may be inserted into the rightmost drive at

this time (or for that matter, at any time before you are ready to

control a reaction's pH).

After several seconds, the system prompis for the date. The
expected format is DD-!MM-YY, where DD is the day (numeric), MMM
is the 3-character abbreviation of the name of the month, and YY
is the year. An example of a valid date string is "9-MAR-84." 1MNote
that you do not need to insert a leading zero before the day to get
it to two digits. The next prompt given by the system is for clock
time, and you should answer in the form HH:MM:SS for~hours, minutes,
and seconds. Hours should be given in 24-hour clock time, and seconds
may be omitted., After a few seconds the message READY is displayed
on the screen. You may run the PHSYS program at this point by typing
RUN PHSYS. The computer responds by displaying the PHSYS menu on the

terminal screen.

Enter or change parameters

. Calibrate pH meters

. Enter or change setpoints
Set initial pH

. Control reaction pH

N N W N e
.

. Exit program

The numeric order of the menu items is approximately the order
in which they would be selected in a typical rum, although the actual
order can be flexible and the program has a lot of internal default
valuns. All menu items other than the sixth can be selected more than
once in a given run. To select a menu item, simply type tane correspond
ing number through the terminal keyboard. Each item is discussed in

more detail below.

1. Enter or change parameters

This item allows the user to set or reset the run parameters.

Parameters that may be set are the number of stats, the number of
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readings to average for each pH reading, whether speed factor or
stoichiometric titration is to be done, and the pH meter factors A

and B, For all parameter input, if the program has an initial or

current value, that value 1s kept unchanged if you hit return in response
to the prompt. For reference purposes, the initial or current value

is printed. The exact meaning of each of these parameters is as follows:

Number of stats : Answer with the number of stats, if different
from the current value (which 1s printed for reference). I!Must be numeric

between 1 and 4. Initial defaul wvalue is 4.

Number of seconds between each reading : Answer with the number
of seconds between each reading of the pH meters. The value must be

between .1 and 600 seconds. The initial value is .l seconds.

E 2

Number or readings to average for each pH : This number of readings
are averaged to come up with a pH value that is written to the screen
while pH is being controlled. Combined with the number or seconds
between readings, the user can contrecl the rate at which titrant is
added and also the number of points written to the save data files (if
any). For example, if the user wishes to add titrant not more than once
every 10 seconds, a possible combination of values for these two para-~
meters would be one second between readings and ten readings to be
averaged. If the experiment runs for 15 minutes, 90 points (900 seconds
divided by 10 seconds/point) will be wyitten to the save files. As a
general guideline, the number of seconds between readings multiplied
by the number of readings to average for each pH should be small rela-
tive tc the reaction's expected or approximate half-life. By default,
25 readings will be averaged for each pH. These two parameters do not
affect the rate of titration when menu item 4 (Set initial pH) is
selected; in that case, the MINC adjusts the pH as quickly as it can.

Speed factor versus stoichiometric control : speed factor
titration is selected by typing 1 in response to the prompt "Enter
1 for speed factor or 2 for stoichiometric control," while typing
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2 results in stoichiometric control. If speed factor control is chosen,
the next prompt is for the speed factor itself. The meaning of the
speed factor is that PHSYS will add that number of squirts (each 2.5
microliter) of titrant for each pH unit that the solution in question

is off from the setpoint. For example, if speed factor is 20, pH is
6.5, and setpoint pH 4is 7, PHSYS will add (7-6.5)*20 or 10 squists to
the solution., If stoichiometric control is requested, the program
prompts for the initial reaction volume in liters and an overshoot
factor. In this mode, the program computes the amount of titrant to be
added stoichiometrically (based un the reaction pH and the normal con-
centration of the titrant) and then increases this amount according to
the overshoot factor. A factor of 5, for example, tells the program

to compute the amount of titrant to add and then to increase this amount
by 5Z. A small overshoot factor is desirable if pH is tending steadily
awvay from the set point between titrant additions because then the
average of the readings between additions will be biased towards the
set point and the computed amount of titrant will be insufficient to
bring the reaction back to the set point.

pH meter factors A and B : The default values of A and B are .942
and 7, respectively. The user will not generally need to change these
as long as he or she is using the standard "blue box" between the pH
electrodes and the MINC. The program computes pH from a voltage
signal from the blue box by multiplying the voltage by A and adding B.
For example, a voltage of O corresponds to pH 7 (0®%A + B = 7) while
a voltage of -1 corresponds to pH 6.057 (~1*A + B).

2. Calibrate pH meters

For reactions tending towards acidic pH, the meters should be
calibrated at pH 4 and 7. Otherwise, the meters should be calibrated
at pH 10 and 7. All reactions for a given run of PHSYS should be
. tending in the same direction. For best calibration results, the pH
meters should be allowed some time to warm up (a figure 6f 30 minutes
is given in the design article, but at least a few minutes would be better

than nothing).
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The first prompt from PHSYS in the calibration procedure asks the
user whether the reaction is going acidic or basic. Enter A for reactions
going acidic, B for those going basic. The user is then told to place
the electrodes in a pH 7 buffer and adjust the CAL knob until a pH
reading of 7 appears on the terminal screen (one CAL knob per stat).

After pH 7 is obtained, the user hits any key (for example, <return>)

to continue. The instructions on the screen then tell the user to place

the electrodes in a pH 4 (for acid-tending) or 10 (for busic-tending)
.- buffer and adjust SLOPE until the desired value 18 obtained. Again,
- the user presses any key when done. At this point, the user may type
E: "R" to repeat the calibration procedure or <return> to return to the

main menu.
3. Enter or change setpoints

This menu item is selected to establish set point pH values for
( each stat, that is, those pH values at which the PHSYS program will
try to maintain each reaction. lNote that each stat may have a different
set point. If no set points had previously been defined, the program
- prompts the user for the setpoint value for each stat (there is no
1; initial default value for set point pH). After values have been entered,
E the user is given the opportunity to change one or more of them by

. entering the appropriate stat number and then the new value. Hitting
<return> for stat number brings about a return to the main menu, while
!5 hitting <return> for the value prompt retains the current value (which
is printed for the user's information) but leaves the user in the set
point change procedure., If the user tries to set initial pH or control
reaction pH (menu items 4 or 5) without having given set point values,
the PHSYS program automatically invokes the set point procedure before

continuing.

4, Set initial pH

This menu item is used to bring the solvent pH to the set point
value before the reaction is initiated. If no set points have been

given, the program invokes that procedure before setting initial pH.
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The first prompt is for acidic or basic titfant.' The user should enter
1 for acid or -1 for basic (the titrants for all the stats must be
either acidic or basic). If stoichiometric adjustment had been requested

in the parameter section, the program prompts for titrant concentration

in normal units for each stat. Different normal concentrations for the

titrant in each stat are allowed. The user is then prompted for the
percent tolerance within which solvent pH should be adjusted to set
point pH. Adjustment will continue until solvent pH is within this

percent tolerance for each stat. The default value is 1 Z, Therefore,

for example, 1if pH 7 is the setpoint for a particular stat, adjustment
will continue until pH in that stat is between 6.93 and 7.07, that is,
7 plus or minus one per cent. At this point, the program gives the
various concentration and tolerance and allows the user to correct them
if needed. Entering 'C' allows the user to correct these values, while
hitting <return> starts the procedure. As usual, hitting <return> for a
prompt for a value already known to the program causes that value to be
retained.

Two problems could throw this procedure into a very long or even
infinite loop. The first is the selection of an excessively tight
tolerance, so that the progran can never bring all the state within the
acceptable limits. The second is that since titrant of only one type
(acidic or basic) is being added, if the solvent goes too far on the
other side of the set point it will never be within the desired per
cent tolerance, Fortunately, the initial pH adjustment procedure can
be terminated by hitting the character 'X' (without a <return> while
the procedure is running. The message "initial adjustment stopped by
user”" is printed, and you can get back to the main menu by hitting
<return>. If all stats are successfully adjusted within the desired per
cent tolerance, the message "All stats are within x % of setpts" is printe
and again you can get back to the main menu by hitting <return>. You
may, if you wish, re-enter this procedure by selecting menu item 4 again.
An examble of when you may want to do this is when the program fails to
adjust initial pH and you stop it, and then replace the solvents with

more stable ones or are willing to accept a larger tolerance.
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5., Control reaction pH

Usually, you would enter this menu item before you start the reactiomn.
After everything is set up, you will have a pause during which you
can start your reaction and hit <return>, enabling you to get a reasonably

accurate start time.

As with menu item 4, if no set point pH values have been given,
the set point procedure is invoked before continuing. The next prompt,
again as in menu item 4, is to enter 1l for acidic titrant or -1 for
besic (this prompt is bypassed 1f item 4 had been previously selected),
If stoichiometric adjustment is in effect, the next prompt is for normal
concentration of titrant in each stat (again, this is bypassed if these
values had been entered under item &4)., Following theae, the program
asks for the time limit for the experiment in minutes., ' The program
will add titrant as needed and collect data up to this time limit. Next
you are asked for the file name to which to write the data for further
analysis. The name you enter should not contain extensions (that is,
things like .dat). You may hit <return> if you do not want a data file
from this experiment. The name that you enter is truncated to 5 characters
and the volume and type extensions are appended by the program automat-
ically. Though you only enter one naze, the program will create as many
files as there are stats. All data files are written to drive SYl:, so
be sure vou have a disk there before answering this prompt or a fatal
error will result. As an example of file name generation, auppose you
entered "SCRATCH" in response to file name and there are 3 stats. The
program would then proceed to open files 3Y1:SCRAT1.DAT, SY1:SCRAT2.DAT,
and SY1:SCRAT3.DAT. These files may be examined on the screen by entering
"TYPE SY1:SCRAT1.DAT" 1in response to the READY prompt (to type the first

one) and may be transfered to the VAX.

The program now displays all this information and gives you a chance
to correct it by typing "C" followed by <return>, If every item is
correct, start your reaction and hit <return>, The reaction time clock

is started when you hit this return.
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As with setting initial pH, you may terminate the control run by
hitting the character "X" during the control phase. If you stop the
teaction by hitting "X", the message "Run terminated by user" is printed.
If you let the reaction run out to the time limit, the message 'Normal
run termination" is printed. In either case, the files created (if
any) will be properly closed, and hitting <return> get you back to the

main menu.

6. Exit program

Enter this menu item to stop piogran execution. This is the
prefered way to stop the program, as opposed to moye traumatic methods
such as control-C and turning the machine off. Stopping via this menu

item properly closes all save files.

IV. Pertinent Equations
Voltage to pH

The blue box connected between the pH electrodes and the MINC
functions as an amplifier for the electrode voltage. It sends a voltage
(call it V) to the MINC for each stat. This is converted to pH by the

equation
pH = AW + B

vhere A and V are pk meter factors A and B (.942 and 7 for the usual
blue box). Other types of amplifiers may require different values of A
and B for the above equation to give the correct pR. The amplifier
should be designed or adjusted so that no expected pH is converted to a
voltage outside the range -5.11 to 5.12 volts, as the MINC will set these
values to the endpoints of this range and the recorded pH will be

incorrect.
Number of squirts (speed factor)

Let pH be actual pH, pH(S) be setpoint pH, F be the speed factor,
and D be +1 for acidic or -1 for basic titrants. Then the number of
squirts added to a given stat will equal

Y = (pH < pH(S))*D*F
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rounded to the nearest integer. If the computed Y is less than O,

no titrant is added (so note that the adjustment can only go one way).
Number of squirts (stoichiometric)

Let pH, pH(S), and D be as above, F be the percent overshoot
factor, M be the normal concentration of titrant, V1 be the current

reaction volume, and V2 be the volume per squirt. Then
X = (10(-pH)-10(-pH(S)))*V1/(V2*M)
Y = (-D*X)*(1+F/100)

As under the speed factor method, Y is rounded to the nearest integer,
and negative values of Y are set to 0. The new reaction volume V1 is

then given by

Vi = V1 + V2*y
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430
440
450
460
470
“80
499
500
510
520
5§33
540
550
560
5§70
580
$90
600
610

REM PHSTAT S,E.JACKSON 5/83
REM UPDATELC A VALCDES 3/Ha
N2=25 \ a=.962 \ 8=7 \ §=53
N34
DIM X(3),P(3)/N1(3),52¢3),v0(3),vI(3),M(3)
DIM DIC(3),B2(3),C1(3)
REM
£9=2030
F9=0
F2=1
T1=,1
FCR I=0 TC 3
$2(I)¥==1 \ vO(I)=0 \ Vvi(l)=U
NEXT I
0=0
M=y
v2=2.5000CE~Co
REM
REM
DISPLAY_CLEAR
PRINT ‘pH Stat Controller, version 2.0, March 1984,°
PRINT
PRINT \ PRINT °‘MAIN MENU:’ \ F1=20
PRINT ‘1= Enter or change Parameters’ \ PRINT “2= Calibrats pH metar
PRINT ‘3= Enter cr cnange sa%*rcoints’
PRINT ‘4= Set initial pn’
PRINTY °S= Control reaction p»*
PRINT “6= Exit program’
PRINT
PRINT “Menu items other tn2n £ may be selactad seversl times in a r.
PRINT
PRINT “Enter your choice fallcusd by <return> :°;
INPUT P1
PIsINT(P1)
IF P1<=0 TreN 330
IF P1=26 THEN STOP
IF P1<25 THEN 40C
PRINT ‘3etween 1 2ang ¢ ple2sa !°
60 T0 320
ON P1 GOSUd 770,1430,35GC,1870,137¢C
60 T0 200
REM READ Ph
FCR I=0 TC N=1T \ P(I)=3 \ MEXT I
N6310
IF P1=5 THEN N6=N2
FCR J=1 TC N¢é
IF P1<>5 GO TC 500 °
GET_TIME(ST)
IF (S1=S0)<T1=,Q07«N THEN 480
AINC/XCIIN2QrTeN)
S0=$1
FOR I=0 TO N=1 N P(I)SP(ID+X(I) \ NEXT I
NEXT J
FOR I=0 TC N=1 \ P(I)=2P(Il)/tic=d*5 \ NEXT I
IF F1<>9%9 THEN - GOSUS 58C
RETURN
REM
REM PRINT ON SCREEN
MOVE_CURSOR(1,1)
IF P1<>S THEN 620
PRINT *Adjusting pH. Running time (sec) : °,T3
123
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623
630
641
659
660
673
6323
690
700
710
720
730
740
750
760
770
780
790
830
2143
320
830
340
350
360
370
380
890
903
913
920
930
940
950
9617
973
980
990
1000
1010
102¢
1030
1040
1050
1060
1070
1032
1070
1130
1110
1120
1130
1140
1150
1160
1170
1130
1190
1290
1210
1220

Appe

PRINT

PRINT *Stat Setpt nH
IF P1<>5 THEN PRINT
IF P1=5 THEZIN PRINT
FOR I=0 TC N=-1%
PRINT USING ° H]

IF P1=5 THeN 710
PRINT

G0 70 729
PRINT USING
NEXT I
RETURN

REM

INPUT X$ \ X1=VAL(X3)
RETURN

REM

REM PARAMETER
DISPLAY_CLEAR
PRINT ‘Enter new value or
PRINT ’
PRINT
GosSus 750

IF X1<=Q THzN 390
IF X1<=4 THIN 880
PRINT
GO TO 820
N=X1

REM

X.383

‘RLRAGAAAAA

ENTRY

‘Tame(saec)

a.:’,ﬁAAAﬁ

‘Nurver of stats, now =

‘Betuween 1 2na « plaase

Actual pH i

Squirts Cum squirts’

¥, 448 TiI*1582(1)F (1)

ReRIgmanatr®in2(D)i01(I)IC1LD)

<RETURN> for no changa.’

® o400 ..
N2 H ’

PRINT ‘Seconds obetueen rezdings (.1 %o &00), naw = “;T1

GCsus 750

IF X1=0 ThnEN x1=T1

IF X1>=,1 ThEN IF X1<=600
IF X1>6C0 Tmswn 940

IF X1>0 TreN IF
PRINT ‘Between
G0 T0 900
REM
PRINT ‘Nurbar of readings
GOsSus 75¢C

IF X1>=1 THIN N2=SINT(X1)

«1 and 630

PRINT “Znter 1 for speed
GOsSus 75¢

IF xX1=0 69 10 1120

IF x1>0 60 70 1030

F2=1

GO T0 112

TF X1<=2 $3C 10 1110
PRINT ‘1 or 2 please !'°
GO T0 1029

F2=x1

REM

IF F2z2 TxeN 12CC
REM ENTER FA4CTOR
PRINT *Speed factor,
Gosus 7s¢

IF X1>0 THEN $=INT(X1)
GO TO 1350

REM

now

THEN T1=xX1

X1>2.1 THEN 920

plezsa

to sver293 for eacnh pHs, nouw = “;N2;° : *;

-

factor or 2 for stoich., cantrol (now °;F2;°

® o o 8 . o
sSq H ’

REM STOICH MZTHCO-NSED VCLUME

FOR I=1 TO N

PRINT “Initial solution volumo (liter) for Stat 2 ¥ A

ndix C

124
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IF VOCI=1)>C THEN PRINT “(now *3vOCI=1):° ) “5 = =

;P9

1230
124640 50Sud 750
1250 IF x1aQ THEN IF vO(I-1)>0 GO TO 1310
1200 IF X1>0 GO T0 1290
1270 PRINT °Grea2ter then 0 please !*
1230 GO T0 1220
1270 vO(I=-1)=x1
1300 vi(I~-1)=v0(I~-1)
1310 NEXT I
1320 PRINT ‘Qvershoot factor (percaent)s ncw °*,;F9x100;°
1330 GOSuB8 75¢
1340 IF x1=Q0 ThEN 1390
1350 IF x1>0 THEN 1380
.360 PRINT °‘Greater than O please !°
1370 50 10 1320
1380 F9=x1/7100
1390 REM
1400 PRINT °pM mater factor A, now °*JA° : °;
1410 GOSU8 750
1420 1% X1>0 THEN A=X1
1430 PRINT ‘pH meter tzctor 3, now *J25° : °*:
1440 60SuUd 75C
1450 IF X1>0 THEMN B=Xx1
1460 R:?URN
T 1470 REM T : :
16480 REM CALIBRATE
1490 DISPLAY_CLEAR
1500 MOVE_CURSOR(12,1)
1510 PRINT “1s reaction going acaidic(A) or pesic(2) °’
1520 INPUT XS
1530 IF X3=°a° THEN X$=°A°
1540 IF X$=2°p° THEN Xx$=2°5°
1550 IF x$=°4° GC TO 1569
1560 IF x3="3° THEN 1610
1570 PRINT ‘A or B please !°
1580 GO T0 1510
1590 P9s4
1630 GO Y0 1620
1610 P9=1Q
1620 CISPLAY_CLEAR \ MOVE_CURSOR(12,1)
1630 PRINT ‘Placo o;octrodas in pH 7 buffer, Adjust CAL until pn = 7.°
1640 PRINT “Pruss 2any key when done. *
1650 GOSUs &42C
1660 GOSUa 1830
1670 IF X$=2*° THEN 1&50
1680 CISPLAY_CLEZAR \ MOVE_CURSOR(12,1)
1690 PRINT °Placa electrodaes in pgH “;P9;° ouffer. Adjust SLOPE unti1l pH =
1700 PRINT ‘Press ony key wren dona,’
. 1710 REM
1720 G60SuUd &2C
1730 60Su3 1830
1740 IF Xx$=°° THEN 1720
1750 CISPLAY_CLEAR \ MOVE_CURSCR(12,1)
17600 PRINT “Entaer R to racalisrata or any ostner kaey t0 9et H2ck to main menu,’
1770 GOSUB 42¢C )
1780 GOsua 1839
1790 IF x$s°° TnEN 1770
1300 1% X$=°R° THZIMN 1480
1810 IF x$=2’pr’ THEN 1430
1820 RETUKN
1830 REN
125
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1840
1850
1860
1870
1880
1390
1930
1910
1620
1930
1940
1950
1970
19380
1930
2000
2010
2020
2030
2040
c050
20060
2070
2080
2030
2100
2110
2123
2130
2140
2150
2160
2170
2189
2190
2230
2210
2220
2230
220
2250
2260
2270
2230
2290
2300
2310
2320
2330
2340
2350
2360
2370
2180
2390
2600
2610
2420
2630
2440
2450

GET_CHAR(XS)
RZTURN

REM

REM.

REM CONTROL PH

CISPLAY_CLEZAR

MOVE_CURSIR(12,1)

IF P1=3 THZIN ©1=99

IF P1=za THEN F1=(

IF S2(0)>0 TrEN 1930 \ REM ENTER SZTPOIATS
G0Sus 3450

CISPLAY_CLEAR

PRINT ‘Input 1 for acid titrant, =1 for neeic :
IF D<>0 THEN PRINT ‘(now “,;C:° ) *;

GOSud 750

X1=INT(X1)

IF xX1<>0 THEN D=x1

IF aBS(0)=1 THEN 2359

PRINT ‘1 or =1 please !°

GO TG 193¢0 -

REN

FOR I=0 TO N=1 \ N1CI)=C \ D1CI)=0 N C1(I)¥=9
IF F2=1 THEN 216(C

PRINT “Concentration (NORMAL units) of titrant, Stat & “;I+1,°
IF M(ID>Q THEN PRINT ‘(ncua “IM(I)2°* ) °*3

GOSus 750

IF X1=0 THEN IF M(I)>) THEN 2150

IF x1>0 THEN 2150

PRINT ‘Graatar tnan J plessa !°

GO 70 2030 ‘

M(I)=x1

NEXT I

REM TIME,FILEZ,IC FOR ITSEM 5

IF Pi1=4 THEN 2351V

PRINT “Taimg limit for expariment (rinutes) : *;
GOSua 7S¢ ‘

IF X1>0 THEN 2240

PRINT ‘Greater than O plezse !°

GO TO 2150

T2z0C*x1

PRINT “Yzva filo name, <RETURN> for ne file : °;

INPUT Fo

IF F$=‘° THEN 2230

F3=SEG3(FS$,1,5)

FOR I=1 TO N )

IS SY1:7+FS \ I3=IS+STRE(I) I3=r¢+’,0AT°

CPEN I3 FOK QUTPULT AS FILE =1

NEXT 2

PRINT “Entar run ID : °:

INPUT IS

IFfF F$="° THen 2400

FOR I=1 10 &

PRINT a1,13;° StaT1T 2 ;1

PRINT SI:'TIHE':TA6(1A):'Pﬁ'iTAB(ZJ)i'SCUIRTS CuM SQUIRTS®
NEXT I

CISPLAY_CLEAR

GCSU3 34CH

MOVE_CURSOR(12,1) _
PRINT ‘41t <RETURN> to bagin, or C to corract thase °;
INPUT X3

IF X$=°C* THEN 1890

.
' 4

126
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2400 IF X3=°c’® THEN 1890

2470 DISPLAY_CLEAR

2480 MOVE_CURSOR(12,1)

2490 PRINT ‘Controlling pH. Prass X to terrinzte run,’

2500 GO TO 269G

2510 REM P1=zé& = SET INITIAL Prm

2520 DISPLAY_CLEAR \ MOVE_CURSOR(12,1)

2530 PRINT ‘Setpoant tclerancael(pct). Addjustment will continue till 2ach’
2560 PRINT “stat is witrin this cct tclarence of its setpcint (dafault 1%)
2550 GOSuB. 750

2560 IF X130 THEN X1=1

2570 IF x1>0 THEN 2600

2530 PRINT ‘Greater than J plaase !°

2590 GO TO 2530

2600 E1=x1/100

2610 CISPLAY_CLEAR

2620 GOSuUd 3400

2630 PRINY °“Hit <RETURN> to begain adjustment, C to correct thasa °’;
2640 INPUT Xx$

2650 IF x$=2°C* GC TO 14v3

2660 IF X$=2°¢c’ GO TO 1290

2670 DISPLAY_CLEAR

2680 PRINT “Addjusting initi2l pH. Press X to return to mzin maenu.’
2690 START_TIME(°CAHl°) |
- 2700-GET_TIMELS]) \ REM _INITIAL SO=RUNNING SQ KEPT IN PH READ GOSU3 = B
2710 REM start ’

2720 GOoSuB 420

2730 FOR I=0 TO N-1

2740 GOSuU3 3250

2750 IF v<=0 THEN 2700

2760 IF P1=4 THEN 2830

2770 1IF N1(I)3D9 THEN 3059

2780 N1CI)aN1(I)+1 .
2790 D1(I)=y

2800 C1CI)=CI1(I)+Y

2810 GET_TIHE(T3)

2820 C2(1)=aT13

2830 FOR J4=1 TO Y

2840 SET_LINEC(I,1)

2850 SET_LINECI,O)

28460 NEXT J

2870 IF P124 THEN 2900

287?% IF F3='° TmEN 2900

2830 PRINT RI*1,USING ‘A.r333%222 g 443 $333°,02¢1),P(1),D1(1)7
2690 PRINT #I+1,USING ° 23889833’ ,C1(2)

2900 NEXT I

2910 GET_TIME(T3)

2920 Gosus 58C

2930 GET_LHAR(X3) \ IF Xx$=2°x" THEN 3069

2940 IF P1=é4 THEN 2970

2950 IF T3>=T2 THEN 3060

2960 GO TQ 2710

2970 REM

2980 REM CHECKX ERROR TOL 21

2990 €0=0

3000 FOR I=1 TO N

3010 X12235(P(I=1)=5201=1))/P(]~1)

3020 IF x1>:0 ThEN E£0=Xx1

3030 NEXT I

3040 IF £0<sE1 GO TO 3GeN

3C50 GO T0 2719 127
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3060
3070
3080
3090
3100
3110
3120
3130
3140
3150
3150
3170
3130
3190
3200
3210
3220
3230
3240
350
3260
3270
3280
3290
3300
3310
3320
33130

140
3330
3360
3370
3330
3390
3400
3410
3420
3430
3440
3450
34060
3470
3480
3490
3500
3510
3520
3530
3540
3550
3560
3570
3539
35%0
3600
3610
3020
3630
364C
3650
3650

K2M END A0J CR CONTRCL=SAVE IF P1=25
START_TIMZCHALT®)

MOVE_CURSCR(15,1)

IF P1=4 THEN 3190

IF x$=°x" THEH 3139

PRINT “Normal run tarminztion,’

GO T2 3142

PRINT “Run terminatea oy user.,’

IF F$33°° T=iIN 3250

FOR I=1 TO N

CL0Se »1

NEXT I

GO TO 3252

REM

REM

IF x3=°x’ GC T0 3240

PRINT “4ll stats within ‘JE1#100;° pct of setpts.,
GO TO 3250

PRINT “Initial aogjustment stopped by usar,
PRINT ‘Hit <RZTURN> to raturnm to Main menu., °/
INPUT XS

RETURN

REM COMPUTE NO. CF SJUIRTS Y

REM F2=1 : SPZEC ©ACTOR, 2 : STOICH

IF F2=2 G0 TQ 3340
YZINT((P(I)=S52CI))=S=D+,.35)

GO T0 3370

REM
Y2({132(=P(I))=1CA(=S2CIN))={VI(I)/V2))/NM(I)
Y=INT(Y*+,5) .

YYe(1+FG)x(=D)

IF Y>99935 THEN Y=26G999

VI(I)=vI(I)eYay?

RETLRN

PRINT “Titrsnt type : ‘,°

IF F2=1 Theh 3440

FRINT “Stat’,“Titrant conc.”’

FOR 1I=1 7O N \ PRINT I,M(I-1) \ NEXT I

IF P1=4 THEN 347G

[ 4

PRINT ‘Root file nmamae : “;5& \ PRINT “Run ID : “;1I3

RZTURN

FRINT “Setpoint percaent tolerance : ‘,;21¢150
RETURN

REM

REM INPUT SETPQINTS

IF 52(0)<=3 30 T0 3752

REM PRINT CURRENT

ClsPLAY_CLZarR \V MOVE_CURSORC(12,1)

FOR I=3 10 N=-1

PRINT *3Stat 1 “.;1+1;° Setpoint gM = “2S2(D)
MEXT I

PRINT ‘3¢ ycu wish to change thesa ?7°;

INPUT X

IF X$=°Y° TazN 3620

If X3="y* TmiNn 3620

RETURN

PRINT

PRINT “Stat no. ( <CRETURN> to quit changes) : *;
605U3 75¢

I=INT(X1)

If I<=J THEN RETURN
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3670 IF I<=4 THEN 37CJ

3060 PRINT “1 thru & pleasa!’

3690 GO 10 3630

3700 PRINT

3710 FRINT °“Stat “;I;° Setpoint @ “,S82¢(I-1);° N3g value or <RETURN
3720 GosSusd 75C

3730 IF X1>0 THEN Se(I=-1)=x1

374G GO TG 3630

3750 REM

3750 REM ALL NEw VALUES

3770 CISPLAY_CLEAR MOVE_CURSOR(12.,1)

3730 FOR I1=0 TO N-1

3790 PRINT “Stat a °*;1+1;° Setpoint pn ¢ °7
3300 GOSu’d 75G

3310 IF x1>0 GO TC 2é47

3820 PRINT “Greater tnan J plaasa!’

3830 GO YO 37%)

3340 $2(CI)=r1

3850 NEXT I

32850 GO TO 3439
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