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Acetic acid/acetate ion buffer acts catalytically upon the nitrosation of 
amines under conditions in which the only nitrosating agents are N20 a and 
NOBr, but  mh~b~ts mtrosatlon by H2N 03 . The kinetic characteristics of these 
phenomena have been analysed quanti tat ively and compared with similar 
effects caused by the solvents THF, DMSO and dioxane. The experimental 
results show that  this behaviour is an effect of the medium. 

(Keywords: Acetic acid~acetate ion buffer, Kinetic8 of nitrosation; Medium 
effect; Morpholine) 

Kinetische Untersuchungen zur Bildung von N-Nitroso-Verbindungen, 8. Mitt.: 
Nachweis eines Medium-Effekts yon Essigsiiure/Acetat-Puffer auf die Ge- 

schwindigkeitskonstante der Nitrosierung 

Essigsiiure/Acetat-Puffer wirkt bci der Nitrosierung yon Aminen kataly- 
tisch, nnter Bedingungen. wo .die alleinigen nitrosierenden Agentien NoO~ und 
NOBr sind; andererselts wlrd dm ~ltrosmrung durch H2~O 2 unterbuncTen. Dm 
kinetischen Charakteristika dleses Phgnomens wurden quanti tat iv analysiert 
und mit ghnliehen Effekten der L5sungsmittcl THF, DMSO und Dioxan 
verglichen. Die experimentellen Ergebnisse zeigen, da/3 dieses Verhalten auf 
einen Mediumeffekt zuriickzufiihren ist. 

Introduction 

I n  a p rev ious  a r t i c le  ~ i t  was r e p o r t e d  t h a t  HAcO/AcO - buffer  affects  
t he  r a t e  of  n i t r o s a t i o n  of  morpho l ine  (MOR) a t  w e a k l y  acidic  pH.  The 
m a i n  conclusion of  t h a t  a r t i c le  was t h a t  the  buffer  on ly  ac ts  c a t a l y t i c a l l y  
when the  order  of  the  r eac t ion  wi th  respec t  to  morpho l ine  is below one. 
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Under experimental conditions in which the reaction is of order one with 
respect to the amine, the reaction rate is independent of the concen- 
tration of buffer. These findings were interpreted by postulating a 
reaction mechanism in which the buffer forms NOAcO. Under these 
conditions kinetic studies do not show NOAcO to act as a nitrosating 
agent but merely to furnish an alternative pathway for the formation of 
N20 ~, the effective nitrosating agent. The concentration of buffer used 
in ~ was between 0 and 0.2 M. 

Subsequently we have observed that  under conditions in which (the 
reaction being of first order with respect to morpholine) the buffer was 
not expected to affect the rate of reaction, a catalytieal effect pro- 
portional to the concentration of buffer did in fact occur when this 
concentration was increased to 1 M. The present article describes a 
quantitative study of this catalysis and discusses its possible causes. 

Experimental 

All the reagents used were Merck p.a. except the morpholine which was 
Merck p.s. and from which morpholinium perchlorate was obtained by 
neutralization and purified by successive recrystallizations in ethanol. 

The experimental techniques used (the initial rate method) have been 
described elsewhere 1-~. Kinetic measurements were made using Coleman 55 and 
Uvikon 820 speetrophotometers, and acidity was measured with a Radiometer 
Model 82 pH-meter. The wavelength at which it was chosen to work was 249 nm, 
an isosbestic point of nitrite, at which the differential molar absorptivity 

= (651 _+ 3)" 10 M -1 cm-L All experiments were carried out at 25 °C and the 
ionic strength was kept constant with NaCIO 4. 

Results and Discussion 

On the basis of the known experimental facts ~' 4, working conditions 
were chosen in which the nitrosation of morpholine takes place 
exclusively via dinitrogen trioxide: 

2 I t N O  s ~ N203 (fast) 
N203 + R2NIt -* R2NNO + HNO 2 (slow) 

The corresponding rate equation is 

[MOR]o [nit]~ [H + ] 
(1) 

v o = ~ (K s + [H+])  s 

where ~ includes rate and equilibrium constants, K s is the acidity 
constant of nitrous acid and [nit]o is the initial stoichiometric eoncen- 
tration of nitrite. 

The first experiments concerned the influence upon the rate equation 
of the presence of a high concentration (1 M) of buffer. The dependence 
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of  the initial ra te  of  react ion upon the concent ra t ion  of  M O R  was 
therefore invest igated at  [buffer] = 1 M and  cons tan t  [nit] and  pH.  I t  
was found t h a t  v o = a [MOR]  o. The influence of  the concent ra t ion  of  
nitr i te at  [buffer] = 1 M and cons tan t  p H  and [MOR]o was likewise 
invest igated,  and it was found  t h a t  v o = b [nit]~ (Fig. 1). These results 
confirm the earlier findings ~ and allow it to  rule out  t h a t  the increased 
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Fig. 1. Dependence of the initial rate of nitrosation of MOR upon (O) the 
concentration of MOR at loll 3.8, [nit] = 1.58.10-~ M, [buffer] = 1.03 M and 
# = 0 . 5 M ;  and (0)  the concentration of nitrite at pH 3.8, [MOR] = 

3.71' 10-2 M, [buffer] = 1.03 M and/~ = 0.5 M 

concent ra t ion  of  buffer is responsible for the observed catalysis due to 
NOAcO a t t ack ing  free M O R ,  for any  such a t t ack  would produce a first 
order  te rm in nitrite.  

Ano the r  possibi l i ty t h a t  occurr ing to us was t h a t  the  observed 
catalysis migh t  be due to the CIO~- added  to main ta in  a cons tan t  ionic 
s t rength  being replaced by  A c O -  as the concent ra t ion  of  buffer 
increases, as had  been observed by  Hogg and Jencks  s tudy ing  the 
hydrolys is  of  an iminium ion 5. We therefore studied the ca ta ly t ic  effect 
at p H  ranging  f rom 3.34 to 4,34. Vary ing  p H  causes the A c O - / H A c O  
rat io to v a r y  too (pKo = 4.75), and if the C10[  rep lacement  hypothes is  
were correct  this would  in t u rn  have a quan t i t a t ive  effect on the 
catalysis. Series of  exper iments  were run with p H  and concent ra t ions  of  
ni tr i te  and morphol ine  cons tan t  and  the concent ra t ion  of  buffer va ry ing  

11" 
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Fig. 2. Dependence of the initial rate of nitrosation of MOR upon the 
concentration of HAcO/AcO- buffer at [MOR] := 3.71.10-2M, [nit] = 

1.90" 10-3M, it = 0.5M, (O) pH = 3.75; and (O) pH = 4.00 

Table 1. influence of the concentration of buffer upon the rate constant of nitrosation 
of MOR (eq. 2) at different valuers of pH 

pH e/M- ~ s-  1 d /M-  3 s- t c/d/M 

3.34 0.289 4- 0.003 0.071 __+ 0.006 4.1 
3.39 0.263 ± 0.001 0.065 ! 0.002 4.0 
3.50 0.236 ± 0.003 0.069 __ 0.004 3.4 
3.60 0.191 4-__ 0.004 0.054 ± 0.006 3.5 
3.75 0.151 4- 0.001 0.063 __ 0.002 2.4 
3.80 0.149 ± 0.004 0.051 __+ 0.007 2.9 
3.94 0.141 + 0.002 0.039 ± 0.003 3.6 
4.00 0.111 + 0.001 0.030 __+ 0.002 3.7 
4.02 0.110 + 0.002 0.032 ± 0.004 3.4 
4.07 0.095 ! 0.002 0.026 __+ 0.003 3.7 
4.19 0.077 ± 0.002 0 .034± 0.003 2.3 
4.27 0.068 + 0.001 0.021 ± 0.002 3.2 
4.34 0.0641 ± 0.0001 " 0.020 __ 0.002 3.2 

be tween  0 and  1 .0M.  The  dependence  of  the  reac t ion  ra te  on the  
concen t r a t ion  of  buffer  was found to be of  the  fo rm 

k = c + d [buffer] (2) 

v° F ig  2 i l lus t ra tes  this  behav iou r  for two values  
where/c = [MOR]o [nit]~" " 

of pH.  The  values  of  c and d and thei r  ra t io  c/d are shown in Tab le  1. 
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The  c o n s t a n t  " c "  in the  a b o v e  e x p e r i m e n t a l  r a t e  e q u a t i o n  gives the  
r a t e  of  r eac t i on  in the  absence  of  buffer.  W h e n  i ts  va lues  are  p l o t t e d  
aga in s t  pH, the  resu l t ing  curve  shows the  dependence  of  v o on a c i d i t y  to 
be of  the  same  k ind  as p r e d i c t e d  b y  e q u a t i o n  (1). The  va lues  of  c/d are  
found  to v a r y  r a n d o m l y  w i th  pH, which  rules ou t  t he  poss ib i l i t y  t h a t  the  
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Fig. 3. Dependence of the initial rate of nitrosation of MOR upon (O) the 
concentration of nitrite at pH = 4.10, [MOR] = 3.22" 10-2 M, [ B r - ]  ---- 1.00 M, 
[buffer] ---- 0.912 M, # = i.4 M; and (O) the concentration of B r -  at  pH = &. 12, 
[MOR] = 3.25"10-2M, [nit] = 1.71"10-4M, [buffer] = 0.456M and 

# = 1.4M 

obse rved  ca ta lys i s  is caused  b y  AcO-  r ep lac ing  C1Q-. On average ,  the  
r a t e  of  r eac t i on  is inc reased  b y  a f ac to r  of  1.25 a t  a concen t r a t i on  of  
buffer  of  1 M.  W h e n  a n o t h e r  s e c o n d a r y  amine ,  d i m e t h y l a m i n e ,  was 
used,  a s imi la r  b e h a v i o u r  was observed ,  the  r a t e  of  r eac t ion  be ing  
m u l t i p l i e d  b y  1.21 a t  a buffer  concen t r a t i on  of  l M.  

The  n e x t  hypo thes i s  t e s t ed  was t h a t  the  buffer  m i g h t  affect  the  
r eac t i on  m e c h a n i s m  via a second o rde r  t e r m  in n i t r i t e .  W e  there fore  
i n v e s t i g a t e d  w h e t h e r  ca ta lys i s  was also to  be obse rved  when  the  
n i t r o s a t i n g  agen t  was  o the r  t h a n  N20 ,. A d d i t i o n  of  suff ic ient  B r -  to  the  
r eac t i on  m e d i u m  causes the  n i t r o s a t i o n  of  morpho l i ne  to  t a k e  p lace  
exc lus ive ly  via N O B r  +' 6. 

H N O  2 + H + + B r -  ~ N O B r  + H.20 (fast) 
N O B r  + R2NH -~ R2NNO + H B r  (slow) 
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The corresponding rate  equat ion  is: 

[MOR]o [nit]o [H  +] [ B r - ]  
v o = 7 K2 + [ H + ]  (3) 

where 7 includes ra te  and equil ibrium constants  and K 2 is the acidi ty  
cons tan t  of  ni t rous acid. This sys tem was invest igated in series of  
exper iments  similar to those used to s tudy  equa t ion  (1). The addi t ion of  

Table 2. Influence of the concentration of buffer upon the rate constant of nitrosation 
of MOR (eq. 4) at different values of pH 

pH h/M-2 s-~ i./M-~ s- '  h/i/M 

3.45 (1.51 +_ 0.05). 10 .3 (6.70 _ 0.8)- lO -4 2.3 
3.50 (1.58 _ 0.03). 10 -3 (4.40 ± 0.4). 10 TM 3.6 
3.63 (1.12 _ 0.01)" 10 -3 (4.50 ± 0.2)" 10 T M  2.5 
3.67 (1.1O ± O.O1). 10 -3 (2.70 + 0.12). 10 -4 4.1 
3.78 (9.40 ± 0.3). 10 -4 (4.20 _+ 0.5). 10-4 2.2 
3.87 (8.26 -t- 0.12)' 10 -4 (2.70 _+ 0.2)- 10 -4 3.1 
3.93 (7.10 -t- 0.5)- 10 -4 (1.89 +_ 0.08)- 10 -4 3.8 
3.99 (6.25 _ 0.12) • 10 -4 (1.40 _ 0.2). 10 -4 4.5 
4.10 (5.48 _ 0.07)- 10 .4 (1.82 ± 0.09). lO -4 3.0 

buffer  was found no t  to a l te r  equa t ion  (2) (Fig. 3). Vary ing  the  
concent ra t ion  of  buffer f rom 0 to 1.0 M showed the catalysis to be of  the 
form 

k' = h + i [buffer] (4) 

where k ' -  v° 
[MOR]o [nit]o [ B r - ]  

There was no significant co{'relation of  h/i with p H  (Table 2), and so 
the hypothes is  t h a t  the catalysis is due to a change of  anion and the  
mechanism mus t  be rejected. The same characteris t ics  were observed in 
two mechanis t ical ly  different systems,  a t t a ck  by  N~O a (second order  in 
nitrite) and a t t ack  by  N O B r  (first order  in nitrite). 

The above findings suggest t h a t  an effect of  the med ium is 
responsible for the observed catMysis. The react ion mechanism pu t  
forward  in ~ should therefore also hold at  the  higher concentra t ions  of  
buffer used in the present  s tudy,  bu t  wi th  a modif icat ion of the ra te  
cons tan t  of  equat ion  (1) to take  into account  the effect of  the medium 
due to the  buffer: 

~' = ~ (1 + fl [buffer]) (5). 
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In  a supp lemen ta ry  series of  exper iments  we found  K 2 to be independent  
of  the concent ra t ion  of  buffer. 

B y  means  of  a non-l inear  opt imiza t ion  procedure  described 
elsewhere a the values of  the cons tants  now involved in (1), and corrected 
by  (5), have  been calculated as follows: 

= (1.55 ± 0.12)" 1 0 - a M - i s  -1 
K 2 = (1.12 _ 0.06) • 1 0 - S M  

fl = (2.45 __+ 0.28)" 1 0 - 1 M  TM 

This value of  K 2 agrees well with o ther  published values for the same 
ionic s t rength  (0.5 M), 1.07" 10 -~ M ~ and 1.13" 10 -~ M 7. The value of  a is 
also comparable  with those t h a t  have been given by  various au thors  in 
the absence of  buffer 1' ~. 

The same considerat ions are valid when B r -  is present.  I n  equat ion  
(3) ? mus t  be corrected to account  for the ca ta ly t ic  effect of  the buffer 
medium:  

7' = ? (1 + 5 [buffer]) (6) 

The values of  the cons tants  involved,  as calculated by  non-l inear  
opt imizat ion,  are: 

7 = (3.18 ___ 0 . 2 8 ) ' 1 0 - 3 M - ~ s  -1 
K 2 = (4.25 ± 0.49)" 1 0 - 4 M  

6 -- (4.78 ± 0.61)" 1 0 - ~ M  -1 

I n  this case the ionic s t rength  worked at  was 1.4 M. Other  au thors  have 
publ ished comparable  values of  K~ 7 and 76. 

To confirm t h a t  the  observed catalysis  is an effect of  the medium due 
to the buffer, the influence of  o ther  media  upon  the rate  of  n i t rosat ion of  
morphol ine  was studied.  The substances  chosen (dioxane, T H F  and  
D M S O )  were of  a t ype  no t  interfering wi th  any  of  the reagents  involved. 
Series of  exper iments  were run  in which the  p H  and  the concentra t ions  
of  M O R  and  ni tr i te  were kept  cons tan t  and  the concent ra t ion  of  organic 
solvent  varied. I n  all cases a ca ta ly t ic  effect was observed which was 
propor t iona l  to the  concent ra t ion  of  solvent  (Table 3). 

Table 3. Ratio ( r ) between the initial rate of reaction in organic ~olvent (1M ) and in 
wate~ 

Solvent r 

Dioxane 1.42 
Acetic Acid 1.25 
T H F  1.43 
DMSO 1.08 
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These results confirm quali tat ively and quant i ta t ively tha t  the 
effect studied is due to the change of medium, and seem to show tha t  the 
less polar the medium, the greater is the effect. When studying 
diazotization reactions in various media, Schelly observed similar 
catalytic effects s. Dix and Williams, however, have recently reported 
inhibition of the nitrosation of alcohols by effects of the medium due to 
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Fig. 4. Influence of the concentration of nitrite upon the rate of nitrosation of 
MOR at [MOR] = 0.67 M, [C10,H] = 0.45 M, # = 1.32 M, (O) in the absence 

of buffer; and (C)) at [buffer] = 1.07 M 

T H F  and the alcohols themselves 9. The differences between Dix and 
Williams' system and ours lie in the identities of the nitrosating agent 
(H2NO +* instead of N203) and of the nitrosable substrate  (alcohols 
instead of amines). To see how these differences affect the results, we 
studied the nitrosation of MOR under conditions in which there is a t t ack  
by  both  H2N02 + and N203, first in the absence of I tAcO ,,.nd then in the 
presence of 1 M HAcO. The results are shown in Fig. 4, where it can be 
observed tha t  HAcO catalyses the a t t ack  by N~O a (increased slope of the 

j + 
graph of vo/Enit]o against [nit]o ), and inhibits a t tack  by  H2NO 2 
(ordinates at the origin). Therefore it seems to exist an effect of the 
medium which is positive or negative according to whether  the 
nitrosating agent  is one of the electrically neutral  compounds N20 s and 
NOBr,  or the charged H2NO ~ . This interpretat ion of our experimental  
results quite possibly provides an explanation of catalytic effects found 

* Or NO +; the two are kineticMly indistinguishable. 
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b y  o the r  a u t h o r s  1° in n i t r o s a t i o n  r eac t ions  b y  buffer  media ,  a n d  
under l ines  the  i m p o r t a n c e  of  t he  inf luence of  the  m e d i u m  in the  
i n t e r p r e t a t i o n  of  smal l  c a t a l y t i c  or i n h i b i t o r y  effects in mechan i s t i c  
t e rms .  
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