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ABSTRACT: The ter Meer reaction has been used to prepare 
i l-dinitroethane from 1-halonitroethanes in good yield, 
as described in NAVORD Report No. 3777. This reaction 
has now been studied kinetically in dilute solution in 
water and aqueous dioxane containing excess acetic acid- 
sodium acetate buffer. 

The reaction is second order, the rate-determining 
step involving a nitrite ion and the aci-form of the 1- 
halonitroethane. Certain effects of changing buffer ratio 
and concentration are discussed in terms of an equilibrium 
between the anionic and the nitro and nitronic acid (ac^-; 
forms of the substrate.. Under the conditions described, 
this equilibrium is established very rapidly compared to the 
subsequent ter Meer reaction with nitrite. 
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A KINETIC STUDY OF THE TER MEER REACTION 

INTRODUCTION 

The reaction of 1-bromonitroethane with potassium 
nitrite and potassium hydroxide in aqueous methanol to 
give the.salt of 1,1-dinitroethane was first reported by 
ter MeerUi. Johnson, Ferguson and Jensem^j sub- 
stituted potassium carbonate for the hydroxide and carrie 
out the reaction with 1-chloronitroethane below room temper¬ 
ature, achieving yields as high as 70,*. This . 
the best laboratory and commercial preparation oí 1,1-d.ni 
troethane, 1,1-dinitropropane and their homologs. 

CH3CHCINO2 + KN02 + K2CO3 -»CH3C(N02)2K + KHCO3 + KC1 (1) 

The present kinetic study was initiated with the in¬ 
tention of determining the nature of the reacting species 
and if possible the details of the mechanism. While 
this work was being carried out an excellent report on a 
similar study by Dr. M. Frederick Hawthorne was released 
by the Rohm and Haas Company Laboratory at HuntoVille, 
Alabama^'. Hawthorne measured the rate of formation of 
dinitroethane (DNE) from l-chloronitroethane and excess 
sodium nitrite in ethanol. The reaction was observed 
to follow a very clean pseudo-first order ) 
80¾ completion when the nitrite ion was in large UOO-foldj 
excess. The rate constant at 30° was calculated for a wide 
variety of substrate and nitrite concentrations, and generally 
fell into the range 0.02-0.03 1./mol.min. 

In the present study most of the work was done with 
1-bromonitroethane (BNE) as substrate since 1-chloronitroethane 
(CNE), though more readily available, cannot be purified do 
easily. Both of these halonitroethanes are weak pseudo¬ 
acids, but an accurate measurement of their ionization» 
constant cannot be made since they decompose readily when 
titrated against base. The nature of the decomposition 
by base was explored as a preliminary to this wore . 

PRELIMINARY RESULTS IN 70,¾ DIOXANE 
e 

Dinitroethane, the anion of which has an intense yellow 
color, did not appear when (a) potassium nitrite was adaea 
to a solution of BNE in excess dilute aqueous potassium 
hydroxide or (b) BNE was added to nitrous acid in a dioxane 
water solution in the absence of base. On the other hano, 
when BNE was dissolved in 70/ aqueous dioxane containing 

1 
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only an excess of potassium nitrite, a yellow color developed 
Immediately and yield of dlnltroethane (DNE) was eventu¬ 
ally detected (Table I). When the same experiment wau con¬ 
ducted with added sodium acetate acting as a buffer, yields 
of DNE reached a maximum of nearly JOfi before starting to 
decline (Table I). These results indicated that the reaction 
involved only the unionized halonitroethane and nitrite ion 
and that the function of the added base in the optimum 
synthetic procedure was to convert the DNE to its less 
reactive and less soluble salt and to neutralize acidic by 
products. 

TABLE I 

REACTION OF 1-BR0M0NITR0ETHANE (0.04M) 
WITH KNO2 (0.10M) IN 70$ 

WITHOUT ADDED BUFFER: BNE + NOg- 

NO BUFFER 

Time DNE Br 
Min. # # 

10 11.0'' 12.3 
20 16.5 I8.4 
30 21.9 24.0 
40 26.8 28.9 
60 35.1 39.3 
90 41.1 49.8 

120 44.7 56.O 

DIOXANE AT 50° WITH AND 
DNE + Br" 

SODIUM ACETATE (0.20M) 
ACETIC ACID (0.02M) 
DNE Br" 

13.4 14.4 

26.7 28.9 
38.1 44.2 
53.5 60.6 
68.4 78.8 
66.1 87.2 

62.3 89.I 

The reactions of Table I were monitered by (a) deter¬ 
mining spectrophotometrically the DNE produced and (b) 
determining the amount of bromide liberated by Volhard 
t tration. It can be seen that the initial rate of bromide 
ion production was substantially equal to that of DNE 
formation. Thus, in the reaction of BNE with nitrite there 
was initially no significant accumulation of intermediate 
products and all steps (if any) su< -eeding the breaking 
of the carbon-bromine bond were rapid ones. As the reaction 
proceeded, however, the amounts of bromide ion and DNE 
produced began to differ substantially, the DNE concentra¬ 
tion reaching a maximum, then beginning to fall off rapidly. 
This difference may be attributed to side reactions which had 
the effect of producing more bromide ion than DNE and which 
became more important in the later stages of the reaction. 
Such side reactions may have involved decomposition-of 
BNE catalyzed by bases or by the products of the ter Heer 

2 
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reaction and autocondensation °f DNE to^orin ?^3 ^ e_ 

fa! rS"U2t&l£a^o*aW.ne. Ib) 

^,5^* o NO2 N\2 
t \ v 

GH3 a 

no2 

N - C - CH3 

/c 

CH3 - C - h - 0 -J: - CH3 

lOg 
no2 no2 

la 
Ib 

Thus, as shown ln Table !I, a ^slu^sllt of DNE 
and nitrite was observed „mt? in 70¾ dioxane. 
was added to a b“f™pe<iD^g wasfost at the rate of about 1? 

pe^houfwhlle nît?né Z "append to be Indefinitely 

stable. 

TABLE II 

SIDE REACTIONS OF DNE/SOLVENT: 50 CC. OF 
3 70¾ DIOXANE CONTAINING EXGESSSODHJMo 
ACETATE-ACETIC ACID (10:l) TEM .. 5 

Time 
Hours 

0 
1 

• 2 
3 

0 
1 
3 
5 

24 

DNE 

2.01 
I.58 
1.60 

0.429 
0.422 
0.413 
0.392 
0.297 

BNE 

2.19 
1.4 
.0.94 J/a 
(0.56)/1 

no2- 
103moles 

0 
0.97 
1.27 

0.995 
O.99O 
0.975 
0.983 
0.987 

Br- 

0 
0.74 
1.25 
1.63 

/a Calculated by difference: BNE0 - Br- 

In the better synthetic procedures forME bhese^lde^ 

sÕaCtha°tnSthfp^"a separates as 'the Insoluble potassium 

salt as fast as It is formed. 

For the above reasons only bhe early p°^irate°constant: 

taken1 only6before^the si.niflcant 
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had any value. The results of a typical experiment in¬ 
volving equimolar concentrations of BNE and nitrite in 
70# dioxane-water at 50° and in the presence of an acetic 
acid-sodium acetate buffer are given in Table m. it 
can be seen that the reaction showed moderately good 
second order kinetics to about 30# completion, but that 
beyond this point the rate const its began to fall off raoidly, 

TABLE III 

REACTION OF 1-BROMONITROETHANE (0.02M) WITH 
KN0« (0.02M) IN 70# DIOXANE AT 50° WITH ADDED BUFFER 

2 SODIUM ACETATE = ACETIC ACID = 0.10M 

Time 
Min. 

0 
30 
45 
60 
75 
90 

120 
150 
240 

OD 381/a 
mu 

.287 

.407 

.520 

.630 

.736 

.362/b 

.427/b 

.534^ 

kt = (l/A0-x) - (1/A0) 

kt (DUE) 
M 

0 
.0017 
.0024 
.0030 
.0036 
.0043 
.0052 
.0062 
.0077 

A0-x 
M 

.0192 

.0175 

.0168 

.0162 

.0156 

.0149 

.0140 

.0130 

.0115 

5.0 
7.4 
9.6 

12.0 
I5.O 
I9.3 
24.8 

36.9 

1./mol.min. 

.167 

.164 

.160 

.160 

.167 

.161 

.165 

.145 

k = O.I63 i .003 (excluding last point) 
/a DilutetVî:100 /b Diluted 1:250 

I 

To confirm that the reaction was second order and 
first order In both nitrite and BNE, a series of experi¬ 
ments was carried out under conditions identical with 
those of Table III in which the BNE and nitrite concen¬ 
trations were each varied over a four-fold range. As be- 
fore only the early portions of the reactions were studied 
and the results are given in Table IV. Within the rather 
broad experimental limits imposed by the competing side 
reactions a first order dependence on the DUE concentration 
and a first or slightly greater than first order dependence 
on the nitrite concentration was observed. 

4 
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TABLE IV 

“?n 
(CH3C00H) - (CH3C00-) = 0.10 

^lal Conoenrr^n3 

0.02 
.01 
.03 
.04 
.02 
.04 

0.02 
.01 

•°? .04 
.04 
.02 

O.I63 
.143 
.154 
.171 
.184 
.143 

Completion 

£- 

36 
20 
40 
42 
42 
56 

cave 
O.163 + 0.013 1./mole min 

the TER MEER REACTION IN WATER 

. ««afn-iated bv the Rohm and Haas 
In the mechanism P0ftu1^* ?L0lved the .nitrite 

3Up, the rate determining ^^thaneU). If this 
talyzed ionization of ^l°esent case it would re- 
chanism were t0 apPiyhromlnation of the halonitroethane, 
ire that the rate of allv eaual to the rate 
ich has been £°wjd p0DC.eUdo acidic compounds(6), also ionization of these pseudo acia ^ ^ ^ Meer reactlon 
substantially equal to ^ to determine 

der similar ^^J^^l^ioxane-water were frustrated 
«omination ra4®a 1 f7bpPmlne with dioxane, further ex- 
;r?m|ídtes ^r/MpTaction wore carried out In 

[ueous solution at 50 • 

rt/inrfi M ons values of the DNE con- Under ‘hese new condltlone val ^ rapldly with 
•ntratlon appeared to fall m dioxane an<J u ls h 

ime than had been th® °aa®J^aLtion reaction assumed 
ieved that in water th precluded the possibility 
ajor proportions. . following the appearance 
f monitoring the reaction y 1 ^ p05Sible to follow 
f DNE spec tropho tome trie ally^o‘‘aiid titration and the 
he appearance of bromide by Vtlhmined by dlazotlzatl0n 

.^^rfnïïrc “a lS’a d -bseouent^ouplln^wlth^ «.;mide 

■ates^wasUsually * only'fair and often poor since neither 
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mpfhnd rave hich precision at low concentrations, and 
the rate constants tabulated below should be taken only 
as approximations. 

The measurements in water, the results of which are 
given in Table V, were all with (BNE) = (^2"^ ~ i V acétic 
Under these conditions, and in the presence * th 
acid and sodium acetate, the rate was ^ six times the 
average rate at the same buffer concentration in 
dioxane If the buffer ratio was kept constant, the valu, 
olr0ïhr«perlmontal second orden rate constants Columns 

5 and 6) were relatively independent of the total butler 
concentration over a ten-fold range (runs 1-6). Variations 

were in the same direction and of the same order °r 
nitude as those caused by changing the ionic strength to 
the same extent by the addition of sodium Perchlorate 
(runs 11-13). As discussed below, this indicated the ab 
sence of general acid or base catalysis in the rate 

deteruiining step. 

A more marked effect on the experimental second 
order rate constants was observed "ben the bufferratlo 
waschanned. Comparison of runs 2, 8 & 10, runs 3, 9 
r^ and runs 5, 6, 12, 13 & l1* shows a definite trend 
with changing pH. Decreasing the acetic acld/accvatc 
ratio resulted in a slight but unmistakcable decrease in 
the^reactionrate. then the acetic acid was withdrawn 

entirely the decrease was substantial. 

Coupled with our previous findings that the ter ¡‘leer 
reaction proceeded to a negligible extent in either very 
acidic or very basic media, these results give a fair 
cualitativo picture of the effect of pH on the reaction. 
To discuss this effect it is necessary to anticipate our 
consideration of the detailed reaction mechanism and to 
accept the fact that in the presence of a buffer system 
the rate determining step involves the reaction of an 
unionized form of BNE with nitrite anion. 

Firure 1 shows the effect of pH on the experimental 
rate. According to this scheme the failure to react at 
very low pHs is due to removal of the nitrite anion as 
nitrous acid (pK = 3.4). Failure to react at high pHs 
is due to removal of BNE as its conjugate base. Only at 
intermediate acidities, where substantial amounts of the 
fwn reactive species are simultaneously presen* xS there 
anv reaction. The rate is greatest at that pH where the 
product of the concentrations of BNE and nitrite is at its 
maximum, pH 4.5 to 5*5 io Figure 1. 
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FIGURE 1 
Effect of pH Rate of ter Meer Reaction 

The data of Table V is consistant with such a picture 
if the nitrite was substantially completely ionized over 
the entire pH range studied while the BNE was completely 
unionized only at the higher acetic acid concentrations 
and only partially in its unionized form at lower acetic 
acid concentrations or in the absence of acetic acid. It 
can be shown that under such conditions the proper experi¬ 
mental rate constant would be given by the expression, 

k 
proportion BNE unionized. corrected 

An accurate determination of this proportion would 
recjuire a good value for the ionization constant of BNE. 
While such a value is unfortunately unavailable due to the 
decomposition of this pseudo acid when titrated against 
base, Pearson and Dillon(b) have estimated the ionization 
constant of the chloronitro compound to be somewhat lower 
than lO“6. 

Rather to illustrate the type of treatment which might 
illuminate the effect of acidity on the rate in this pH 
range than to give accurate corrected rate constants, the 
value of 8.1 x 10“7 was chosen as the ionization constant 
of bromonitroethane in water at 50°. This was chosen 
a) because it seems of the right order of magnitude, 
b) because it is exactly l/20th the ionization constant of 
acetic acid, thus facilitating calculations and c) because 
it makes the data fit. 

8 
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iislnr this firurc it was possible to calculate the 
proportion of BNE ionized and, hence not available for 
reaction at any concentration of acetic acid and sodium 
acetate (The proportion BNE ionized is independent of 
the total BNE concentration provldlne the buffer la present 
In sufficient excess). These values ^ ínr^¿umn 
7 of Table V. From these values the corrected rate 
constants were calculated and are presented in Columns 8 

and 9* 

It can be seen that this type of treatment more or 
less eliminated the variation In rate constants with buf.er 
ratio again within the rather broad limits of experimental 
error. The validity of the treatment depends on how 
closely the figure chosen as the ionization constant of 
BNE anoroaches the true value. To the extent that this 
?ïea?Sen?wasvalid it can be said that the rate constant, 
but not the rate, is independent of pH. 

A number of experiments with chloronitroethane (CNE) 
as the substrate were also carried out under similar 
conditions and monitored only by following the disappearan 
of nitrite ion. The results of these runs are given in 
Table VI. The rates were about the same as with BNE and 
the effects of varying buffer concentration, buffer ratio 
and ionic strength were also similar. 

TABLE VI 

THE TER MEER REACTION OF CHLORONITROETHANE 
IN WATER AT 50° 

(CH3COO”) 

0.10 
.05 
.02 
.10 
.02 

(CNE) = (N02‘) = 0.01 M 

(CH3COOH) (NaClOii) 

0.10 - 
.05 O.O5 
.02 *08 
.02 - 
.10 - 

^exptl. 
l./mole min. 

0.96 
.84 
.75 
.54 
.77 

BROMINATION OF THE HALONITROETHANES 

Brominations were carried out under conditions sub¬ 
stantially identical with those of Tables IV and V. In¬ 
stead of nitrite an excess of saturated bromine water was 
added to the aqueous buffered solutions oí BNE. Fhe 
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reactions were monitored by quenching in dilute nitric acid, 
blowing out the excess bromine with air, and analyzJn8 
bromide by the Volhard method. Again the analytical ™^ho 
was not too sensitive and duplicate runs agreed with each 
other only moderately well. 

TABLE VII 

ASSEMBLED RATES OF BROMINATION OF BROMONITROETHANE 
IN WATER AT 50° 

Run 

lia 
lb 
1c 
Id 

2a 
2b 
2c 
2d 

3a 
3b 

5a 
5b 
5c 
5d 
5e 

(NaOAc) 

0.15 
fl 

II 

II 

oao 
II 

II 

II 

0.05 
II 

0.02 

0.10 
it 

h 
h 
h 

0.023 

(BNE) = 

(HOAc ) 

0.15 
D 
U 
h 

Average 

0.10 
II 

II 

II 

Average 

0.05 
h 

Average 

0.02 

0.01 
II 

II 

II 
II 

Average 

0.10 

0.01 M 

-1 k, min 

0.191 
.173 
.208 
.156 

"TÏ82 

0.109 
.110 
.103 

■099 
.105 

0.056 
.056 

-7556 

0.0213 

0.099 
.131 
.116 
.118 
.098 
.112 

0.239 

k/(AcO") « ^spec 
l/mole min. 

1.21 

I.05 

1.12 

I.06 

1.12 

1.04 

Comparison of Series 2 and 5 and of Runs 4 and 6, 
Table VII shows the experimental rate constant ¿0 be inde¬ 
pendent of the buffer ratio at a constant buffer base con¬ 
centration. The constancy, under these conditions, of 

k ntlA0Ac") at a11 bufrer ratios and buffer concentrations 
shows the bromination to conform with the general picture 

10 
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of general base catalysis »here most of the catalysis is by 
the buffer base. 

The brominatlon of chloronitroethane^conforms^with^ 

the same general picture viaox ; 
15# lower. 

TABLE VIII 

bromination of chloronitroethane in water at 50° 

(CNE) = 0.01 M 

Run (NaOAc ) ^HOAcJ. 

la 
lb 
1c 

2a 
2b 
•2c 

0.10 
It 

0.10 
h 

0.10 
II 

Average 

0.01 
h 

Average 

k. min. 

0.084 
.084 
.097 

TôBÏÏ 

0.106 

.109 

-1 
k/(AcO") = ^spec. 

1./mole min. 

0.88 

O.96 

MECHANISM 

if i-hP molecular form of the halonltroalkane were the 
If the moiecuxar i Mecr reaction, the secondary 

SEïSaÂÆe^ » 
applied or a somewhat (but not very ma(Je t0 

detect^a^eaction between'nitrite ion and 2-nltropropane or 
detect a reacvi npith°r pave a measureable 

for the ter “ee^h c0-v^rted to the anion or to 

unreactlve. It necessarily follows that the iLJ. -- “ 

the active substrate. 
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The preferred reaction path involves the following 

sequence, 

'Br CH-CH + :B 
3 ^02 

kj t Br 
— ch3Í 

l-l N02(-) 
+ (1) 

CK31 
< 

CH3(t 
.Br 

NOOH 

+ H:3 

°2(-) <k-2 

+ NO, (-) A 

/Br 
CH3â 

N 

CH l 

00H 

02 

+ :B (2) 

+ (3) 
NOOH 

If step (2) were rate determining, the reaction velocity 
would be independent of the nitrite concentration. The 
first order dependence on nitrite requires either that 
step (3) be rate determining or that step (1) be rate 
determining and that nitrite be the catalytic species in this 
slow ionization (i.e., :B in equation 1). 

Hawthornehas interpreted the fact that the reaction 
when carried out in 50$ ethanol, in the presence of large 
excesses of nitrite and in the absence of a buffer goes at 
about 1/3 the rate when chlorodeuteronitroethane is sub¬ 
stituted for the normal compound as evidence that the C-H 
or C-D bond is broken in the rate determining step. 
Thus, under his conditions, step (1), the ionization, was 
rate determining. 

For the same situation to prevail in the presence of 
the acetate buffer would require that acetate be relatively 
inactive as compared with nitrite in catalyzing the ioni¬ 
zation. This would show up if the rate of the ionization 
(as measured by the bromination) in the presence of acetate 
and in the absence of nitrite were relatively slow as com¬ 
pared with the rate of the ter Meer reaction in the presence 
of both acetate and nitrite. This is not the case as 
evidenced by the fact that with the same buffer concentration 
that gave 80$ ionization in 15 minutes a typical ter Meer 
reaction had progressed only 27$ in two hours. The re¬ 
sults of Table VII show that the ionization of BNE is 
general base catalyzed. The direct dependence on the 
nitrite concentration coupled with the independence oi tne 
experimental rate constants in Table V on the acetate con¬ 
centration show that under similar conditions the ter Meer 
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is not general base catalyzed. These results can only be 
rationalized by assuming that under our conditions step [5) 
is rate determining. 

It would seem then that in the presence of the buffer 
there is a mechanism shift. That the shift is not complete 
is evidenced by (a) the slightly greater than first order 
dependence on nitrite concentration shown in the results 
of Table IV and Hawthorne's Table II, (b) the failure of 
deuterium substitution to lower the rate by more Jian l/3> 
The C-D bond has been found to break 1/6 as fast as the 
C-H by other workers^). 

It may be fairly stated, therefore, that neither of 
these kinetic investigations of the *er Meer.reaction has 
succeeded in documenting a unique mechanism, but together 
they offer an unusually broad survey of the reaction 
system. These results, taken in conjunction, illustrate 
that conclusions on mechanism are necessarily applicable 
only to the conditions from which they were derived. 

It is evident that the experimental k values of 
Tables III, IV, V, and VI are not specific rate constants. 
According to the mechanism favored here the true rate 
expression is, 

d(DNE) 
dt 

fir 
= k3(N02‘)(CH3C, ). 

-3 ¿ NOOH 
(4) 

The concentration of the acl'BNE is related to that 
anion by the rapid equilibrium expressed in equation [2) 
and the concentration of the anion is related to that of 
molecular BNE by the equilibrium in equation (1). Thus 

(ch3c, 
Br 

) 
NOOH 

= k 

( anion)(H:B+) 

; [TB] 
(5) 

(anion) 
ki(molecular BNE)(:B) 
k.i (if: 3+7 

(6) 

d ( DNS ) 
dt 

klk2 

k-lk-2 
^(molecular BNEJÍNOg ) (7) 
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kexptl 
(8) 

Of these rate constant.», only the specific constant 
for the iorilzation, may be-evaluated. 

It is not essential to the preferred mechanism that a 
measureable amount of acl-BNE should ever be present in the 
reaction mixture. The pH independent equilibrium between 
the molecular and the üsl forms, the constant for which is 
given by the ratio kikjj/k-i^, probably lies overwhelmingly 
toward the molecular form. 

It had been an initial objective of this research to 
determine activation energies for the reaction and to 
elucidate the effect of solvent composition on the rate. 
Since both k3 and the ratio ^1^2/^-1^-2 are subject to 
change independently with temperature and solvent composition, 
however, it was Impossible to isolate the effects of these 
changing parameters on the specific rate constant and this 
line of investigation was abandoned. 

As to the detailed mechanism of the reaction of nitrite 
with acl-ENE in the rate determining step, experimental 
evidence gives no clues. Possible routes involve (a) 
displacement of the halide from BNE simultaneously with 
attack by nitrite or (b) an addition-elimination reaction 
with removal of the halide subsequent to the formation of 
an addition complex. For the former to apply, some special 
structural feature of the aci form must be essential, since a 
mechanism that would be equally applicable to the secondary 
halonitroalkanes is not admissible. For example, an in¬ 
ternal hydrogen bonded structure might contribute to route 
(a), (equation 9). 

(9) + '3r 
NO 2 

N02" 

The preferred alternate route (b) may be likened to. 
Ingold's Bac2 mechanism for the saponification of esters1-' 
(equation 10) and involves addition across the double bend 
with subsequent elimination of halide ion (equation 11). 
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R-C-OR* + OH 

ch3-cv 

?H 
N-^0 
// 

+ no2 

Br 

R-C-OR' 

e|4o 
CH3Ç-Br 

N°2 j 

EXPERIMENTAL 

CH 
3 NO 

Br’ (11) 

The materiale and the analytical techniques used were 

described In the previous reportv ). 

Procedure - In a typical experiment (TableDI)^ _ 
o fi? g (Õ ÕÕ?"mole) of sodium acetate trihydrate, 0.30 E 
(0.005 mole) 0f° acetic acid, 148 mg (O.OOO96 mole of^E 
35 0 cc of dioxane and about 12 cc of water wereadded to 
a ÇQ mi volumetric flask. After an hour at 50.0 . a 
2 ml aliquot of aqueous potassium nitrite (0.50 M) was 
added the mixture shaken, diluted to exactly 50 ml w th 
water! and Returned to the bath. At the times indicated 
1 ml aliquots were removed, diluted, and made basic wi 
notassium hydroxide for measurement of the DNE anion at 
?81 mS. When the procedure was varied by adding BNE drop- 
win#» to 50 ml of nitrite containing solvent at t = 0, 
the Identical rate constants were obtained. These reactions 
were also followed by determination of bromide formed and 
nitrite lost, and good general agreement was observed for 
Sll methods. In witer, however, the rates were measured 
almost exclusively by nitrite determinations. Again in 
this solvent it was immaterial for what period the sub¬ 
strate was exposed to the buffered medium before 
with nitrite. Rate constants in water (fable V) were cal 
culated by the formula: 

kt 
(noÎtJ (NOÕ" )o 
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