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PREFACE

The work described in this report was authorized under Task I L7627201X)4803.
Environmental Quality Research and Development; Solid Waste. This work was started in November
1972 and completed in April 1976. The experimental data are recorded in notebooks MN25 OK and
MN2521.
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approval of the use of such commercial hardware or software . This report may not be cited for
purposes of advertisement.
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SELECTIVE REDUCTION OF DINITROTOLUENE ISOMERS BY ASCORBATI~
ION. RELATIVE RATES IN HOMOGENEOUS SOLUTION

I. INTRODUCTION.

In the final step of the present trinitrot oluene (TNT) process, the undesired TNT
isomers are removed by washing the crude TNT mixture with a hot solution of sodium su lfite
(sellite).1 Disposing of the huge volumes of heavily concentrated and intensely red-colored waste
tha t is generated in the sellite treatment is a major problem in pollution control. Incineration of this
red water (one approach to disposal) produced an accumulation of vast stores of solid waste which
are considered potentially hazardous to the environment.

Other difficulties in the sellite method include formation of substantial amounts of
byproducts and losses of approximately 3% of 2,4,6-trinitro toiuene (a-TNT) product. 2

In the present configuration of TNT production , purification after the final nitration
achieves a high quality product. An alternative to this method is application of a purification
treatment at an earlier , intermediate stage of the TNT process. This approach is rendered more
credible by the recent development of the Stanford Research Institute (SRI) process, incorporating
low-temperatu re ni t ra tion for production of in termediate dinitrotoluenes free of tr initroto luenes . 3
Chemical treatment of this intermediate mixture can be successful only with selective action
directed against the undesirable isomers of dinitrotoluene (DNT). Furthermore , this approach
becomes very attractive , because a mix ture of pu re 2,4- and/or 2,6-DNT should nitrate exclusively
to provide high quality a-TNT. The present research is concerned with fundamental development of
such a method , which is based upon the chemistry of reduction (not previously considered) of
nitroar oma tics.

Crude DNT consists of five isomers in the approximate quantities shown in figu re 1.
The isomers in greatest abundance (97% to 98%) are 2,4- and 2 ,6-DNT. The remaining thre e
unwanted isomers are composed of 3,4-DNT (50% of the group of three), lesser quantities of
2,3-DNT, and even smaller quantities of 2 ,5-DNT . Although 3,5-DNT is also hypothetically present.
the amount is insignificant.

DNT ISOMERS

CM3 CM 3 CM3 CM3 CH3

NO2 O~~ t~~~
’T’ NO2 

~~~~ 
NO2 NO2

L~j J L~~
J...NO ~~~~~~

t
NO2 O

2
N

~~~

’

~~~~~~~~~~~~

NO2 NO2

2.4 2.6 3.4 2.3 2.5

$7% to SS% 2% to 3%

Figure 1. Composition of Crude Din itrotoluene
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Our approach was based upon predicted reactivity diffe rences owing to variation in the
disposition of nitro groups on the aromatic nucleus. It was postul ated that redu ctan i s will attack
isomers containing on /zr )  dini t ro  or pa r a dinitro groups rather than mela dinitro groups. (Similar
reactivity differences have been found for nucleophilic attack of the isomers , hut sluggishness of the
reactions hinders development of practical systems) )

A literature search confirmed the approach , as reports of extensive qual ilal ii-’e tests
(colorimetric) for reducing sugars (e.g., glucose or ascorbic acid) were found . 4

~
6 Provided the

reactions are conducted under basic conditions , o-dinitro benzene (o-DNB) is converted into a water
soluble anionic species. Studies of this reaction resulted in the proposal of two different reaction
paths and reaction products (figure 2). In the fi rst scheme , two hydrogen atoms are added to o-E)NB
followed by base-inauced enolization to the salt of o-diaci-dihydro-dinitrobenzene. 7 Another
investigator suggested reduction of o-DNB to o-nitrophenylhydroxy lamin e followed by
base-induced isomerization to the acid form of o-nitroson itro benzene .8 Regardless of the precise
mechanism and product structure , application of this apparently facile reaction for purification of
DNT isomers seemed feasible , i.e., if reducing sugars could be detected by oxidation with o-dinitro
compounds (thereby reducing the nitro compounds), why not use reducing sugars (in excess) to
selectively reduce unwanted DNT isomers with o- or p-dinitro groups?

2H 

cx ::: ~~~

NO2 4H r~ Ir NHOH 2KOH i~ ’r 
NO K ’

NO2 NO2 ~~~~~~~ NO2 K
1

Figure 2. Proposed Reduction Schemes for o-Dinitrobenzene

Some of the distinct advantages of this approach may be summarized as follows:

1. Aqueous solubiity of the reduction products dictates easy separability from
residual DNT.

2. Major waste products (excess carbohydrates and their oxidation products) are
innocuous, and incineration would generate acceptable emission of carbon dioxide and water.

3. Reagent sugars are relatively inexpensive and available in bulk.
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This report describes studies for evaluat ing the reactivity of DNT isomers towards
ascorbic acid , a model carbohydrate reducing agent. As a result of these studies , addit ional
heterogeneous and homogeneous chemical and electrochemical studies were under taken , and wil l
appear in a separate report .*

Initially a homogeneous system was chosen , since feasibility of a heterogeneous system
rests partly on rates in ho,nogeneous solution. Additional uninterpretabl e design variables appear in
heterogeneous systems which normally must be evaluated empirically for a set configuration. Since
DNT’s are very slightly soluble in water , it was necessary to incorporate a cosolvent. Acctonitri le
was chosen because it is commercially available as high-purity material. Further , as compared with
organic solvents in general , the dielectric constant of acetonitrile is high . Acetonitrile is also
comparatively “inert ” towards acids , bases, and reducing reagents. Therefore, an 80—20 acetonitrile
water medium was chosen.

Addition of external buffers proved not to be practical because of solubilities in the
desired-buffering range or ionic strength effects which could not be assessed. Therefore , ascorbate
ion-hydroxide was used as the buffering system (internal), with a high background (0.5 M) of
sodium chloride to provide a constan t “swamping” ionic strength. The overall medium poses several
difficulties in accurate and interpretable readings , however. The dissociation constant of ascorbate
ion to the dianion is lowered by the reduction in dielectri c constant. Hence , solutions of high
alkalinity were required for dissociation to dianion. (Prior to actual commencement of studies , it
was ascertained that , qualitatively, reduction proceeded at reasonably fast rates only at relatively
high alkalinity. It was, therefore , postulated that the dianion of ascorbic acid must be the most
active species in reduction).

Potentiometri c measu rement of p !-1 with the glass electrode-calomel system in this
medium also presents several problems. First , measurements at high alkalinity may produce
pH-dependent junction potentials which wifl affect values in a systematic , but unpredictable way.
Also, pH measurements in this medium are only “operationally ” defined as pH . since
standardization requires external aqueous buffers. To provide pH measurements in the absciute
sense of the definition requires establishment of electromotive force (EMF) response pattern s to
[H ~ ] with the electrode system employed , followed by establishment of true pKa values in the
medium for buffe r systems utilized for standardization. Finally, there would be desire d a
determ ination of Kw for the system at the ionic strength employed. Investigation of these pH
considerations is a separate research problem and was not pursued. Operational pH values were
employed throughout and , for the purposes of kinetics, it should have been possible to derive an
operational pKa for ascorbic acid dianion. However , sodium (or other cation) response to the glass
electrode is undefined in 80—20 acetonitrile water , so that corrections for this effect could not be
applied.

These combined difficulties prevented the actual establishment of an operational pKa
for ascorbate ion which could be applied to interpretation of the kinetic data (see appendix A). The
chosen system also limits the range of data obtained , and this self-limiting feature hinders the
establisnment of rate laws, particularly if complex expressions involving m ore than one rate
coefficient are required.

*DaviS G. 1., Schiff , L. J., Gorrell , J., and Sommer , H . Z. Further Studies on the Selective Reduction of
Dinitrotoluenes. Report in preparation.
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II. PROCFI)URI~S ANI) RESULTS.

I n i t i a l  efforts described herein were concerned with a study of the rates of ascorbic
acid reduction of th e individual  I)NT isomers. Experiments were conducted at 25°(’ under  pseudo
first-order conditions over a range of basic 1)11 values in an aqueous acetonitril e (80/20) medium
whose ionic strength was maintained constant by the addition of 0.5 M sodium chloride. The
buffering point was controlled by varying the amounts of standardized carbonate-free sodium
hydroxide added to the sodium ascorbate solutions. Equal volumes of ascorhate stock solutions and
1)NT stock solutions were mixed to produce a reaction medium containing 0.01 M tota l ascorhate
species.

As 2 ,3-, 3,4-, and 2 ,5-DNT isomers produced high ly colored reaction products , rates of
reduction of these isomers were determined spectrophotometrically. The spectrophotometer was set
at 550 nm for 2 ,3-DNT , and 540 nm for 3,4-DNT.

Reduction of 2 5-DNT was followed at 540 nm in an Aminco-Morrow stopped-flow
apparatus. Rate constants and half lives for the 2,3-, 3,4-, and 2,S-DNT isomers are recorded in
table I .

Since the 2,4- and 2,6-DNT isomers did not produce a colored reaction product , their
rates of reduction were determined by following their disappearance on a gas chromatograph. Rate
data for these isomers are also displayed in table 1.

To evaluate the practical util i ty of selective reduction , a few experiments simulating
process conditions were perfo rmed. In these experiments 1.0 gram of a mock , crude DNT mixture
was treated with 10 ml of a pt-I I I  .49 solution containing 1 .0 gram of sodium ascorbate. Starting
material disappearance was analyzed by gas chromatography. Data are recorded in table 2. After
10 minutes , significant losses of the undesired isomers had occurred while the 2 ,4- and 2 ,6-DNT
isomers were completely recovered. A 20-minute contact time was sufficient to remove 2 ,5-DNT
completely, and reduce the amounts of 3,4- and 2 ,3-DNT substantially. Although full retention of
2 ,4-DNT was realized , a 20-minute exposu re did have a small effect upon the 2,6-DNT isomer.

III. EXPERIMENTATION.

A. Preparation of Solutions.

I DNT Isomers.

For 2,3-, 3,4-, and 2 ,5-DNT, 0.00455 gram of the DNT isomer ( l0-~ M) and
7.31 grams of sodium chloride (0.5 M) were added to a 250-mi volumetric flask which was filled to
the mark with 80/20 aqueous acetonitr ile.

For 2 ,4- and 2 ,6-DNT , 0.09107 gram of the DNT isom er ( l0~~ M)and 14.61 grams of —

sodium chloride (0.5 M) were added to a 500-mi volumetric flask which was filled to the mark with
80/20 aqueous acetonitrile.

2. Ascorbate Solutions.

To a 250-mi volumetric flask were added 1 .98 grams (0.04 M) of sodium ascorbate and
14.62 grams of sodium chloride (I M). The flask was filled to the mark with 80/20 aqueous
acetonitrile.

10
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A 2 5—mi aliquot of the 0.04 NI ascorhate solution WaS placed in a 50—m i vo lumet r ic
flask. To this a measure d volume of’ 0.8725 M carbonate tree sodium hydroxide  and a q u a n t i t y  of
acet on itr i le equivalent to 20% of the added base were added. This solution was diluted to the murk
with 80/20 aqueous acetonitrile. The ascorbate concentration was reduced to 0.02 M.

B. Determ ination of Rates.

1. Spectrophotometric Determinations.

To provide a final concentration of 0.01 M ascorbate , 2.5 ml of the 2,3- or 3,4-DNT
solution and 2.5 ml of the 0.02 M basic ascorbate were added to a 2-cm cell. After shaking , th e cel l
was placed in a Cary 14 spectrophotometer and measurements were started within 15 seconds of
mixing. The 2 ,3-DNT was observed at 550 nm and the 2 ,4-DNT was observed at 540 nn i . The
reactions were followed to comp letion and the rates and half lives were calculated using a computer
program for pseudo first-order kinetics.

2. Stopped-Flow Kinetics of 2,5-DNT with Ascorbate Ion.

The reactions were followed in an Aminco-Morro w stopped-flow apparatus at 540 nm.
The apparatus was fitted with a thermostat set at 25.0°C. Solutions were prepared to give (on
1:1 mixing of two reaction solutions) a final reaction solution containing 0.01 M total ascorbic acid
species , ionic strength of 0.5 M (compensated with sodium chloride), 1.0 X iO~~ M 2 ,5-DNT , all in
a medium of 20% (by volume) acetonitri le and 80% (by volume) water. For example , stock
solution (A) of 2 X 10-4 M DNT was prepared in 20% acetonitrile and 80% water containing
0.50 M sodium chloride. Then , a primary stock solution (B) was prepared of 0.0400 M sodium
ascorbate in 1.00 M sodium chloride in 20% acetonitrile and 80% water. Secondary stock
solutions (C)  were constructed using 25 ml of (B) with varying amounts of 1 M sodium hydroxide
(0. 100 to 0.800 ml) and diluted to a final volume of 50 ml with 20% acetonitrile and 80% water. In
the stopped-flow apparatus , equal volumes of (A) were mixed with equal volumes of (B). The
apparent pH of the mixed reactant solution was measured on a Beckman Research pH meter with
glass/saturated calomel electrodes. The kinetic data were computer-analyzed by a program for
pseudo first-order kinetics.

C. Potentiometri c Determination of the Second Ionization Constant of Ascorbic Acid in
80/20 Water-Acetoni t rile.

Solutions were prepare d to contain the total ascorbic acid species of 0.0 100 M with
accurately measured sodium hydroxide contents and enough sodium chloride to provide 0.50 ionic
strength. Apparent pH values were measured on a Beckman pH meter equipped with glass and
saturated calomel electrodes. Parallel solutions containing all species except sodium ascorbate were
prepared. The background pH obtained from the latter solutions provided the molarity of sodium
hydroxide necessary to titrate the medium to a given pH. The medium titration was conducted
from J O O X l0~~ to 2.5 X l0~~ M sodium hydroxide. From these data the apparent pKa and
ascorbate dianion concentration were calculated.

D. Treatment of Crude DNT with Ascorbate.

To 1 gra m of mock crude DNT mixture (composition: 2 ,4-DNT , 83.20% : 2,6-DNT,
13.84%: 3,4-DNT , 1.72%; 2 ,3-DNT , 0.94%; and 2 ,5-DNT, 0.30%) in a 25-mI round-bottom flask

13
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was added 10 it il of a ~Il 11.49 ascorhate solution prepared by dissolving 5 grams of sodium
.iscorh:~te in 50 ml of 0.8725 M sodium hy droxide. In one experiment the mixture was stirre d for
10 minutes and in the other experiment the mixture was stirred for 20 minutes. The solids were
filtere d , washed with water un t i l  the wash was colorless , and placed in a vacuum dessicator to dry.

For the 1 0-minute experiment , 28.93 mg of product was placed in 1.5 ml of benzene
containing dinitroxyle ne as an internal standard. A 31.19-mg sample in the same volume of solution
was used for the 20-minute experiment. These solutions , along with a solution of the starting
mixture , were analyzed by gas chromatography on a Hewlett-Packard 7610 equipped with a 4-inch
by 1/4-inch column filled with 5% Carbowax 20 M on Chromosorb W AW , 60/80 mesh. The
following conditions were used : column , 200°C; FID , 300°C; injector , 200°C; and helium carrier
flow , 60 mI / mm . The data were processed and the concentrations calculated by an Autolab
System IV Computing Integrator.

IV . DISCUSSION.

The data in table I show that for all isomers the rates were pH dependent , increasing as
t h e  solutions became more basic. All of the data may have also been influenced by atmospheric
oxygen. This effect has been inadequately examined , and may contribute to uncertainty in the
determ ination of rate laws for the processes. Furthermore , at all pH’s the reaction rates decreased in
the order of 2 ,5-DNT > 3,4-DNT > 2,3-DNT > 2,4-DNT > 2,6-DNT , as illustrated in figure 3. These
results confirmed our expectations that the undesirable 2,5-, 3,4-, and 2 ,3-DNT isomers are more
easily reduced than the isomers we wish to retain.

CH 3 CH3 CH3 CH3 CH3
NO2 ~~~~~~~~~~ NO2 ~~~~~~~~~ NO2 02N ~~~ NO 2

02N 1~) 
> 

~~~~~~~~~ NO~ NO~ 
> >

NO 2 NO 2

2,5 3,4 2,3 2,4 2.8

Figu re 3. Decreasing Order of Reduction Rates of Dinitrotoluene
Isomers with Sodium Ascorbate

The observed differences in the rates of reduction of the three unwanted isomers
(table I )  can be explained by invoking steri c considerations. The electronic configuration of the
reduction products (figure 4) requires that the two nitro groups be coplanar with the aromatic ring.
Thus, 2,3-DNT, the most crowded of the th ree isomers, exhibits the slowest rate in this group. The
3,4-isomer reacts, depending upon pH , about 30 to 40 times as fast as the 2 ,3-isomer. Although the
nitro groups are still adjacent , their separation from the methyl group has a pronounced effect upon
the rate. A fivefold to tenfold increase in rate over that of the 3,4-isomer was observed for 2 ,5-DNT .
Apparently, a nitro group adjacent to a methyl group has an easier time becoming coplanar with the
ring than a nitro group adjacent to another nitro group that also wishes to adopt the same
configuration. Greater charge separation (figu re 4) in the reduction product of the para-substituted
isomer might also account for the 2,5-DNT being the most reactive isomer.

~ 
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CH 00 CH CH

®NJ~~~~~~J \o
oO

2.3-DNT 3,4-ONT 2.5-DNT

Figure 4. Possible Structures of the Reduction Products
of’ Unwanted Dinitrotoluene Isomers

If resonance form s of the type needed for one or two electro n transfers are important
contributors, then steric inhibition of resonance which is a unique feature of ortho-disubstituted
systems could also explain the difference in reactivit y between the ortho- and para-substitut ed
corn pounds.

In the case of the 2 ,4- and 2 ,6-DNT isomers, resonance forms in which the positive
charge resides on a carbon atom attached to a nitro group cannot be realized (figure 5). This migh t
explai n why these isomers behave in a totally different manner under the reaction conditions.
Reduction products derived from the 2,4- and 2,6-isomers consist of insoluble material rather than
water-soluble colored species.

CH3 CH CH

/
00 ~o ,oO

N
~~~~0 ______ 

N 

~~ o 0 
N

~‘ \o ~/ ~o0
Figu re 5. Resonance Form s of 2,4-Dinitrotoluene

Another important aspect of this particular system is the large difference between the
amounts of the unwanted and desired isomers that constitute the crude DNT mixture . Thus, not
only must the unwan ted isomers be more easily reduced , but their rates must be tremendously
faster than those of the desired DNT isomers. This condition is necessary -:o that none of the 2,4-
and 2,6-DNT will be affected in the course of removing unwanted DNT isomers (see appendix B).
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In table 3 the ratios oI ’ the rates of’ the 2 ,3-, 3,4-, and 2 ,5-isomers relative to 2 ,4-J)NT ,
the faster of the two desired isomers , are listed. Note the increase in these ratios as the p 11 is
lowered. It may be concluded I’rom these data that selective reduction should allow 2 ,5- and
3,4-l)NT to he completely removed from a mixture of I)NT isomers containing much larger
amounts of 2 .4- and 2 ,6-DNT without any substantial loss of the desired isomers. In order to
completely remove 2 ,3-DNT tinder the conditions of this study, some small quantity of 2,4-DNT
would he reduced since the relative reaction rates are somewhat less than the difference in the
quantit ies of these two isomers. The actual amount will depend upon the degree of purification
which is desired (see appendix B).

Table 3. Rates of Reduction of 2 ,5- , 3,4-, and 2,3-Dinitroto luene (DNT),
Relative to 2,4-Dinitrotoluene

pH 1 2,5-DNT 3,4-DNT 2,3-DNT

I 11.865 8856 925 22

12.155 4332 512 18

12.333 3056 497 17

12.473 105 1 243 j 8

The failure to observe excessive loss of the desired isomers when a crude DNT mixture
is treated with ascorbate is very significant. The data in table 2 demonstrate the high selectivity of
this system in which the undesired isomers exhibit a much greater sensitivity towards the reducing
agent. This ty pe of heterogeneous treatment , in effect , simulates the approach that would have to
be utilized if selective reduction is adapted to a manufacturing process. Another consideration is
that complete removal of the undesired isomers might not be necessary . Specification grade TNT
could possibly be prepared from a DNT mixture which still retains some small amount of one or all
of the undesired isomers. It should also be noted that the percent recovery figures (table 2) of the
undesired isomer parallel the order of their previously determined rates of reduction
(i.e., 2 ,5-DNT > 3,4-DN1’> 2,3-DNT). A reversal of the order was observed for the other two
isomers.

V. CONCLUSIONS.

Our efforts have shown that , in a basic ascorbate solution , dinitro aromatic compounds
in which the nitro groups are ortho or pars to each other are more easily reduced than those

F compounds in which the nitro groups are meta to one another. This difference in reactivity has been
utilized to selectively remove undesired DNT i~om~rs from crude mixtures of DNT. The reduction
products, being water soluble , are easily separable from the unreacted isomers. Further studies are
required to improve the efficiency of this process ; that is, finding the minimum quantity of
reducing agent that will be necessary to effect complete removal of the undesired isomers in the
shortest possible time.
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APP ENDIX A

M ECI IAN ISTIC RELATIONSHIPS TO CONJUGATIVE ELECTRONIC EFFECTS. FAt LU RE
TO OBTAIN RATE LAW BEARING ON MECHANISM. HY~~ THETICAL MODELS

Ascorbic acid is dibasic , providing a monoanion , HAsc~~ at slightly basic p11 values and
a more reactive dianion at higher p1-I values. The st ady increase in rates of reduction wi th
increasing p 1-I suggested that the ascorbate dianion , Asc = 

, was the active species in this system. To
determine the extent of the Ase ® participatio n in the reductio n , i ts concentration as a function of
pH had to be established (i.e., its second dissociation constant). Attempted determination of pKa
was conducted potentiometrically at the same ionic strength and in the same medium as the
reaction system for ki netics. The difference be tween total added hyd rox ide ion concen tration and
the hydroxide ion concentration corresponding to titration of the medium to the given pH
corresponded to the concentration of ascorbate dianion. The pKa was then calculated from the
formula:

IHASC®PK a = pH + log I
L Asc -

Five values over the pH range 11.534 to 12.671 gave an average PKa of 11.85 ± 0.03. When these
data were incorporated into calculations to determine the order with respect to ascorbate dianion
for the three unwanted isomers, no satisfactory first- or second-order fit was obtained. Mixed firs t
and second orders were also unsatisfactory . More complicated expressions were not sought , for the
precision and range of the data do not warrant determination of several independent parameters .

In another at tempt to elucidate the role of the ascorbate dian ion , a model was
postulated in which it was assumed that the reaction was first order with respect to ascorbate
dianion and exhibited no dependency upon the other variable species (other than DNT) in the
reaction medium. The following equation could then be derived:

[Asc] 1 
= 

H® 
+ .J—. ( I )

R 0 R2 Ka R2

R0 = observed pseudo first-order coefficient

R2 = derived second-order coefficient

Ka = second dissociation constant for ascorbic acid

A5CT = total ascorbate concentration

Treatment of the 2,5-d initrotoluene (DNT) rate data (21 values), according to this
equation (by least squares), gave no significant intercept (small negative value). Hence, pK a could
not be derived. However, the plot was linear (correlation coefficient 0.996) and provided an
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app ar ent value b r  of 2.94 X l0 I l ~ The value ot the linea r corr elatk )n coeflicienl may he

misleading since variab les are tran sformed to obtain linear treatment.  (The actual equation is
nonline ar with respect to the exp erimental variables. )

An alternative method of plotting (statistica lly , even less interpretable) is derived from
the following equation (with the same physical model):

R 0lH ~ l = R 2 K aI ASCI T~ (R o) ( K a ) (2)

Th e  equation would be linear with respect to the plot of R L H + ] versus R 0. However ,
these variables are not independently separated. Linear treatment of this data (least squares
provided a value fro m a scatter diagram) for Ka of 3 ± 2 X 1O 3 . (The pK a 12.5.) This is an
exceedingl y high PK a value and would be difficult to determine by any method. The intercept
provides R~Ka = 3.11 X 10— 11 , a value consistent wi th the reciprocal plot (equ ation 1) . This
would give R, = I X 102 M~~ sec~~. The poor fit of the data could result from an incorrect model ,
or systematic mathematical derivations produced by the many inherent faults in the system (as
previously described). Consequently, the data cannot establish the rate law or mechanism
unambiguously. However , the strong pH dependency at high alkalinity points to the heavy
involvement of ascorbate dianion in the reduction process. The inadequacy of the model (or data) is
emphasized by utter failure when applied to data from 3,4-DNT kinetics. Here , the dissociation
consta n t from the model is, from a total scatter diagram , completely undefined. Reciprocal plot (as
in equation I) produces curvature , especially near the intercept where it is least desired.

Although the increase in rate at high pH values suggests that the active reducing species
is probably the dianion of ascorbic acid , there may be a significant contribution fro m the
monoanion. Inability to establish the rate law for the processes prohibits selection of a mechanism
from a num ber of reasonable hypothe tical models, some of which are shown in figure A.

Either a stepwise or concerted electron transfer from ascorbate dianion to the aromatic
system is possible. Nucleophilic addition followed by internal scission with a two-electron transfer is
also reasonable. Complex chai n mechanisms with stepwise electron transfers could occur , with
anion radical carriers . These possibilities are illustrated in figure A. Depending upon the rate law.
kinetics should be able to reduce the number of applicable models, but a better working system
must be found to increase the range and quality of data obtainable for these interpretations to be
made.
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(1) STEPWISE ELECTRON TRANSFERS

(a) STEP I
oO o0

NO2

CH3 JiI~I~J + 
R ~./

0
~~~*o SLOW 

CHç~~~~~~~ 

— ~~ ETC 4

NO 0 0 N®2
.0 00

— 
D A DO A®

(b) STEP 2
Oo,~ ,~ oO

N®

0. + A. 

(CH3)~~~~~~~~~ 

+ 

R,..7°~~~~~O

Go” oO

P 0

(c) STEP 3

D®+ A

Figu re A. Some Hypothetical Mechanisms for Ascorbate
Reduction of Dinitrotoluenes
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(2) TWO-ELECTRON CONCERTED TRANSFER

O~~~~~~~~~

D • A CH3J1I~?—~1 0 

— ~~ $ ~~

‘0” ' ~~~O Oo,j
‘

~~~‘~“~
‘ R

(3) NUCLEOPHIUC ADDITION — 2 ELECTRON TRANSFE R

0- 0-

~

D + A 

0 
~~ ~ + 0

(4) CHAIN ELECTRON TRANSFER EXAMPLE

(a) D + A — D® + A® INITIATION

Ib) DO + A ~~- P + A® (CHAIN CARRIERS P AND 0. FOR A DECOMP TO A . )

CHAIN I /
(c )ç P + 0 — ~D® (PROPAGATION STEP FOR A DE~ OMP(

(dl A® + 0 ~~ 0 + DO (CHAIN CARRIERS 0 AND A® FOR D DECOMP TO D®I
CHAIN II /

(~) (~O + A 2 A ®  (PROPAGATION STEP)

If ) 2 A® — A + 0 PARTIAL TERMINA TION

(g I 2D® — 0 + P PARTIAL TERMINATION

(hi A® + o® — P + 0 TERMINATION

Figure A. (Contd)
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APPEN DIX B

RI QUIR E M I NTS FOR A SE LE CTIVITY FA(1’OR FOR TRIN I TR OTOLU EN h MIXTU R E S
IN HOMOGENEOUS SOLUTIONS UNDER PSEUDO FIRST-ORD ER CONDITIONS

Let U he an undesired isomer and D be a desired isomer. Then the following
parameters can be defined:

= pseudo first-order rate constant for U

R2 = pseudo first-order rate constant for 1)

(U 0) = initial concentration of U

(D0) = initial concentration of D

Then the ra tio any time , t , will be given the selectivity factor for any time:

D/U = (D0)e’ I ~2 t /(U0)e’R b t (B I )

In order to evaluate the usefulness of the system it is necessary to consider the
selectivity independent of initial concentrations , i.e .,

(D/U)/(D 0)/( U0) = e R 2 t /e~~~l t = e(R l R2)t (B2)

We set standards for the improvement in ratio and for the degree of attack upon D. Let
the improvement be lOX and attack upon D be 1%.

(R 1 -R 2)tlog 10 = (B3)
2.303

2.303 = (R 1 —R 2)t (B4)

Now suppose the allowable attack upon D is 1%.

D ~~ 1!- = e~~ 2 t (85)100
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R,t
—0 .00436 = — (B( )

2.3

R ,I = 0.0100

(137)

= 2 303 + 0.01 = 2.313

The equation (B7) defines the ratio R 1/ R 1  as 2.3 1 X 10 2 , which is the min imum by
which the result may be obtained. Equation 84 defines a diffe rent requirement , namely that ,
R ) t — R’,t = 2.3. Combining the two conditions , we can prepare table B.

Table B. Reaction Time , as a Function of Rate , Require d to Meet Specifications

R, R 1 Reaction time for desired result

sec’~ sec”~’ 
sec

I X  I0~~ 2.3 1 X 
lO.. 2 100

I x l0’~ 2.31 X 1O’~ 10

5X l0~ 1.055X 10_ I 5

1 x 10—2 2.31

5x 10—2 1 .055 0.5

lx 10~
•
~ 23.1 0.1

Preparation of such a table leads to several obvious conclusions. First , the stated time
for the desired result becomes very critical with fast reactions (to prevent loss of D simultaneously
with achievement of the desired ratio). Accurate timing will be necessary if R 1 7 R~ fulfills only the
min im um requirements , in any case. (Although further reaction would improve the product ratio , it
would exceed the attack requirement for the desirable material.)

The equation (B7) described can be used to obtai n minimum (R 1 /R 2 )‘s for any
homogeneous case where the reductant is in excess and follows pseudo first-order kinetics, once the
practical limit of attack of the desirable isomers has been established. The data (table 1, text) show
that the selectivity has easily been achieved by the system under study for all of the undesirable
isomers versus the desirable ones.

However , this result is not generally applicable (even in homogeneous solution) when
reductants are not present in large excess.
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