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etfeot on the rate ot nitratiD~ in acetic anhydride 

caueed a very glight,increaee in the yield of aoetoxy 

product. Sulphuric acid• therefore, oatalysed the 

aoeto:xylation reaclt:ton., Furthermore, o-xylene waa not 

aceto:xylated when nitric acid was replaced by an equivalent 

amount of sulphll:rio ao1d. On the basis of these resulte, 

it l.was' proposed that the aoetoxylating species was 

the protonated acetyl nitrate. 

The above suggeat1on is substantiated by !ead's9 

work on the kinetics of nitration of o-:xylene in nitric 

acid-acetic anhydride mixturea. He found that the acetoxylation: 

nitration rate ratio wae constant throughout each run and 

from run to run under different conditions as when the 

oonoentrations ot nitric acid and o•xylene were varied. This 

rate ratio was also unchanged in the presence of added 

acetiC acid, sulphuric acid, and lithium nitrate even though 

the indi v1dtaal rates altered m.arkedlf• These reerml ts lead to 

the conclusion that either the same reactive species is 

responsible for both aoetoxylation and nitration or, that 

acetoxylating and nitrating species must have a 

common precursor. This single species, or precursor to 

separate species, must contain both acetoxylating and 

nitrat groups and acetyl n1 trate ~ttas suggested to be the 

most probable such entity. That aoet7l nitrate is not the 



aoti17'e reactive species waS, suppox-ted by the faot that the 

reaotion 1r1as found to be z~rotb ... order in o-xylene ooncent:rati<m 

tor both aoetoxylation and nitration. Preformed acetyl nitrate 

(trom nitric acid and aoetio anhydride, of. equation (1) ) 

would react with O•xylene in a reaction whose rate must be 

dependent on the o ... xylene concentration. FurthernH)re• the 

aooelerating effect on the rates due to the presence ot 

minute amount of added aulphttrio acid indicated that ·the 

'reactive species must be protonated, either formed from a 
' protonated precursor. or formed in a protonation reaction. 

In each of these oases an essential step would seem to involve 

the reaction between acetyl nitrate and acid. 

1fuen m-xylene 'Vras used as the ~t!'bstrate the sum of 

rates of acetoxyle.tion·plu.rs nitration was the same as that 

· tor .o~x;rlene, but the individual .rates d~f'fered marked,ly • 

. R~a~., th~:t'lfl!t~e conolu.tled tna.t' the acetoxylating and nitrating 

~pe~1es were 1dent1oe.lt for or1ly then could he explain the 

observations that the ra~io of the rate of a.oetoxylation 
' 

to nitration is dependent ~n the nature of the substrate 

but ia independent ot the oon<fetttration of a particular 

substrate~ Of poss:1 bie ~oe.tox;rlating and. n~ t~atiXJt speoiEH:;~ * 
)1 ! I 

formed from acetyl nitrate ~:md acid., only protonated acetyl 

ni. trate could be both. It \vas therefore concluded tha.t the 

aoetoxylating es was the nitrating species and that 

this \'tas one of the following p:rotonated. acetyl nitrates 
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The reactive apecies in nitration and aoetoxylation 

o ... xylene in ni trio aoid-acultic anhydride mixture 

protonated acetyl nitrate which is f'ormtld in a 

then 

step. 

ot 

On this assumption the overall mechallism is wr11rten as tollc:nnu 

+ Ao 20 ;::::=~ A.~()N02 + AcOH 

+ slow > AoOJO a+ A ... 
2 

!cO NO 
~ArOAo + HJ02 + 

~Arli02 + AeO)l: + !!A 

In oonf'irmation of this mechanism Read showed that the 

reaction was zeroth-order in o-xylene and third order 1n nitric 

acid, in the absence of added acetic a.oid; and second order 

in nitric acid ·and f'i:rst order in acetic acid when acetic 

added. In. addition he demonstrated , as would be 

p:rC~tdioted from the mechardsm, sulphuric a marked 

oatalytioal effect and lithtum nitrate was an antioatalyst. 

It was not possible to disorimina:te between the three protonated 

acetyl nitrates on the basis of the kinetic results. 

suggested that the least reaotive species(present in highest 

oonoentrat ),that protonated on the carbonyl grou~,was the 

likely active entity since it unlikely that 



protonation on the carbonyl group would be slow enough to be 

rate-determining. 

The question arises as to what happens t1hen a more 

active substrate than o•:x:;vlene is used. from Wright's 

ttndings8 as the substrate is made more activated, i.e. more 

methyl groups are added• the yield of acetoxy compounds 

, at least in the unhindered positions. Now anisole 

is rather more reactive towards eleotrophiles is o-:x:ylene. 
:1- . 10 + .jo 10 

O"J.t..,.Q)!e is ... 0.764 whereas cr4 ... Me + <r;5 ... Me = ... 0.,375 • Since p 
for nit;J:ation is -6.510 anisole should be substituted in the 

4-poaition 10""6•5(•0 •764 + 0•375) = 340 times as fast as a-

xylene. It seems unl:tk:ely that aoetoxyla,t1on of anisole does 

occur since no aoetoxy .compound, fcrm,~d .from the reacjion of 
I 

anisole with nitric acid, has been reported 1n 'the literature. 

in explanation the absence of aeetoxylation of sole 

must be sought in terms ot a different sm of nitration 

to that Y'thioh occurs in the case of o-xyle:ne ,l>Tb.ere reaction 

with a protonated aoetyl nitrate l 

aoetoxylation and nitration .. In the work de 

to both 

this 

11 the· of nitration of 

1nve in an attempt to elucidate 

the meohani of the reaction. 
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(100 ml.) was added,. Two 

with 

tetrachloride was 

sulphuric 

the solution was 

until 

, After drying over ica 

the was dil!!ltilled. 

.. Oa.rbon 

with dilute 

were 

of oa:rbon 

reduced pressure. 

0" 1 :N sodium until a :red colour no longer formed in 

the The organic layer was then with 

er,dried distilled under reduced pressure. The yellow 

distillate was collected at 1 108°/20 rom. (277°/760 mm.)" 

Acetic anhydride (Riedel de Haen,R.G.) ltas :to:nated 

under reduced pressure through a six foot column packed with 

heli<Hts. The :tirst 10% of the distillate whloh contsi.ned most 

ot the acetic acid impurity was disca:rded and 

anhydride was collected at 60°/55 mm. 8• 

pure acetic 

Acetic aoid(B.D.,R •• AnalaR) or a purity not lass than 

• was used l'Ti thout pu.ritioation. 

P..•Xzlsn,! 
o·liiylene(b.D.H ) we.s u.ru~d without further purification • • 

{Shell Oo.) lm.s used -vrithout further 

purification. 
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The following Tables Graphs repre 

typical runs carried out under different conditions .. 

the proposed mechanism of' the reaction (p"44 ) 

equation Jl(m) = 1 +ott is derived. 

F(m) the form 

. 1 1 . 1 "if, 

F.(ml = - + • ·a In(1 +m) ... ..."'a ln(1-m) ... 
1 -m 2 ( 1 +a ) 2 ( 1 -a ) 

2 2a ln{l-am) 
1-a2 

l'lhere m is the fraction of n:t trio acid consumed and a :ts 

the ra~io of the initial concentrations of nitric acid 1 

anisole. I represents the data ot a typical run 

and function F(m) is plotted against t1me(t) in 

Hcnvever, tor mo rune only initial rates (up to 

ion) were measured and in 

of the funotio:n :r(m) ifiae used 

such oases an approximate 

t F(m) ::::: -1-- • In a 
. . t ... :m 

few oases, in particular for runs No.,3 ,to 9 used to 

deri ve.:;itha order with respect to anisole (Graph III) 

the function .F (m) = . 1 ~m + m was employed" A typical 

e.xample of these runs is ehO'!tj:n in Table II Graph II .. 

lfithin experimental error the t1i·Jo approximate expressions 

tor F(m) l to identical rate constants where allowance 

11 made for the factor of 2 difference in the slopes ot 
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. ,U!L~,._l 

!(*iat12n gf .An:t..§.~J.~.,. :tn l$r.e, 42§l:Lsr. Anttz&L:r~u 

(HNO,l ~ o.O$t1 M f = 150 

~nisole):r; .0.2:01 M (,m. m:~ 4:537 at ?>07 mp-

F (m) , t:l:, •.. l · + · . l. ""$,, • .... l.n ( 1 +nt) ... 1 ""2a "·•ln (1 •m) ..,. • 2!;~ i:J.n ( 1•am ) 
< • 1 -m 2 (t +a ) 2 ( 1 -.a ) 1*a 

t/m1n. 
3 
6 
9 

12 
15 
20 
25 
:;o 
:55 
40 
70 
100 
130 
160 
190 

l . 

Initial slope ot F(m) Ys t plot is 1.7 x 10~4seo,"" 1 , 
[DO ] 

a= ,, ,J .. l,._,,. 
Qtnisole] 

f = dilution taotor 

om = concentration of 

reaction products 

m = CEtaQ~i~n ;prodJ.!o~sJ.~ 
initial [amo3] 

= fraction of reaction 

sm • extlnotlon ooettioient of 

reaction products 
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[Ani 1 = 
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[An11!Jole] 

ls.2so4] 

2 
4 
6 
8 

10 
12 
14 
t 

= 

= 4. 

lh 

) V8 t 

1 

£m • mp. 

J' ) !lilt 

~ 

) ,, t ;r: 1 



LAnisole] 

[~ilfO:;) 

(A(~OB) 

t/min. 
3 
6 
9 

12 
15 
18 
21 
24 

150 

= o • .Jtot} '" t m = 4337 :307 w.p. 
= L,O) X 10-3 M f(m) .~ 1!m 

= 1 .. 001 M 

a x 102 m .-1-
m 1-m 

o. · O.a1902 0,0349 , .• o:;6 
t '3747 6,0688 1.074 

o .• f62 () .• 5608 0.1029 1,,.115 
0.,205 0.7090 0,1301 1.150 
0.249 E\611 0.1580 J·-188 

:0.292 0090 o. 1852 1, .227 
: 0.329 1 .,. .. 400 0.2092 1.265 
0,368 t .27?0 0.2334 1.305 

Slope of J(m) vs t plot is 10 x I0-4seo.·1 

fABLE VI 

i~trat1on. 2f Anise*• in Aoe\io ~hldride wit~ 

lHNO~ o. 0521 ~~ 

(Ani ] =0.4014 

{LiOl04) ::: 1.20 x 10 ... :;~~ 
[AoOH) = 1.001 M 

t/m.in. 

3 
6-
9 

12 
15 
18 
21 
24 

0.434 
0,746 
0.859 
0.959 
1.048 
1.097 
1.131 
1.193 

:t = 150 

· tm = 4337 307 mp 

. r(m) = ,·!m 

om x 10
2 

1.5020 
1.5790 

9710 
:;.3170 
3.6260 
3.7960 
3.9110 
4.1270 

0.2886 
o.4955 
0.5708 
0.6373 
0.6966 
0.7293 
0.7514 
0.7929 

Slope ot F(m) vs t plot is 25.40 x l0~4sec.-1. 
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"' [ l:Ul03~~i) [Ani scla}(:M) (AoOHJ0(): Rat~x106 bx102 

mole 1 ... 1 3 '3 ·1 mole'"' 
.... , 

sec. "'"1 
"' 

1 0.0511 0.2010 - 5.97 . 22.2 
2 o.osto 0,.4017 - 4.90 9.2 

' 0,0562 0.0251 - 5.56 124.92 
4 0.0585 O.O!:H7 - 9-.48 91.58 
5 0.0525 0.1006 - 12.6 86.56 
6 0.0526 0 .. 1488 - 14.67 67.74 
7 0.0515 0.2028 - 19.7'3 71.21 
8 0.0518 0,1014 - 1 72 76.05 
9 0.0516 0.2009 - 23.22 84.12 

10 0.0331+ 0 .. 3940 - 3.88 26.4 
11 0.0212 ·' o.osoo - 0.95 200.27 
12 . o •. o2o8 o.osoo - 0.92 20:3.40 
13 · o.·1 Of!.7 . 0 .. 391~0 - 47.24 10.65 
14 .. o •. 0735 o. 391~0 t4.77 9.44 
15 0,.01~1 0.3991 - 0.,16 29.30 
16 0.0330 o. 3991 ·; -· 21.05 14.27 
17 0.0536 o. 3991· - 6.86 11.15 
18 0.0665 0.3991 - 9 ... 98 8.50 
19 o.0977 0.3991 - 42.99 11.53 
20 0.0804 0.4109 - 32.16 15.06 
21 0.0518 0.2000 - '26.94 96.90 

0.0163 0.4109 - 0.23 12,82 
~~ @i~t Q,.LH09 - 0,.81 13.49 
2~ 0.~·002 0 .. 3'+89 16.45 4.48 
25 0.,0529 o,.Lr:s71 2.2218 117.54 4.23 
26 o .. os49 0.4215 o .. 43.98 3.67 
27 0.0574 0,.3802 1.3856 81.51 4.07 
28 0.0548 0,.4027 1.7147 71,24 3.33 
29 0 .. 0534 0.3905 1.8498 101.46 4.79 
30 o. o.,.t.,o26 1 .. 4058 55.12 3.35 
31 0.0512 0.3998 1.0005 47 .. 41 4.30 

o .. osrt 0.,3998 1.0005' 48.08 4.26 
0.0516 0.3198 1 .ooo; 44.79 s.oo 
0,.0514 0,.1999 1.0005 22e~82 4.11 

35 o.o511+ 0.1999 1.0005 .60 4.61 
36 0.0513 0.1004 1,0005 19.49 7.01 
37 0.051 '+ 0.0502 1 .,0005 9.36 6.71 
38 0 .. 0767 o.4o4o . 1.0133 112.72 4.74 
39 0.,1012 o.4ol!.o 1 .01 281.13 6.10 
40 0.0550 o.L~o4o 1.0133 45.32 3.47 
41 0,0313 O.,l+Ol~O 1.01 1 36 2.99 
42 0,0116 0.4040 1.0133 1.52 2.73 



Run No. (HHO;~M) (A.n~l e~~o (AcOH] ) X1 k lt1 
1''~1 13 
..... 

I!UIC,. 
... 1 

43 Cl,.Ctf97 () j; 4()J,J. 1 1 • 00 H)'5• 5.91 
···•·· 44 o. 0 .. 4041 1.0100 44.32 3.65 . 41:': 

. .... ) o. 11 o.A~c4o 1,,01 .::32 5.90 
46 0215 0.4040 1.0100 .58 :;.41 
47 o. o. 1.0100 41.05 ).44 
4t3 o. 1 1.0095 '·11 ).11 
lt-9 o.o:;os-1 1.0024 12.95 :;. 
50 0.,0504 0.4004 1.0024 4~.49 3.91 
51 0.,0721 0.4004 1.0024 89.26 :5.99 
52 0.1006 0,4-004 1.,0024 214.78 4.80 

Run No. [rn~a,l( ;.; ) [AJli soleJ(I4f) [H2so4~M) Rate x106 

X 10:> Rlole 1-l. 

tu:ao. ·1 

53 0.0506 0.4017 - 9.16 
t:1 ,5l~ 050:3 0.4017' - 8.45 
''55 0.0506 0.4017 4.0 51.97 
')6 o.oso4 0.4017 4 .. 0 51.76 
57 0.0507 0.4008 1.0 15.36 
58 0.0509 0,4008 L,O 14.91 

nun • UINO~( ) tAn1sole]OO lJlcOH~!Jf) lL1N03~r~) :r1 

xfO mole 1 ... 1 

seo. ·1 

59 0.0510 0.4013 1 .,0031 1.03 10.51 
60 0.0545 0.401} 1 .oo:st 1.0;, 11.45 
61 0.,0506 0.2006 1.0(>':31 1.0) 5.57 
62 0.0503 0.1003 1.,0031 1.03 2.lt6 
6} 0.0517 0.4013 1.0014 4.14 7.70 
64 0.0508 0.,4013 1.,0014 o. 13.72 

'Run .. \HNO~JC ) [Anisole]U{) [AoOH~M) tiJ1.010~( ) e xt 
""' 

103 1 ... 1 nwle 
sec. 

..,, 
o.oq21 0.,4014 1.0010 1. 21 

1 '· 0.0521 0 .. 4014 1 .. 0010 1..21 13. 

Run .. [HNO;)Ctl} [o"' ena)C ) x106 k x1o2 

l.mole+.eo .. -1 -1 
• 67 0 .. 0506 0.,414 2 .. 07 1 .. 60 

68 0.0514 0.414 1..70 1 .. 
0.0527 0.414 5-80 3 .. 

70 0,.0537 0.414 6.87 4. 
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GRAPH II 
action o ( Anisole with N/trlc Acid 
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RAPHJ[ 
Order Plot for An/.so/e 

Reqctlon of Anisole with 
Acid in Acetic Anhy 

• I I 

tr/C 
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GR PH 
Order P/fJt lor- N/tric Acid 0 

Reaction of with 11/tric 
Acid in hydride 

I· 



G H 
for t\l!etic Acid 

with Nitric Acid 

An hy d ri dt' c onta i nt"nj 
c c 

o.\ o.;2, o.::; o.lf o.5 O·' o.7 o.~ ().'J 1-o 
1cj ( H!-i03 + AtOH) +I 



RAPH~ 
Reac i:icm of An;sole with Niiric Acl« in 

pure cefic Anh to.inin:J 

Acetic Acid 



eaction of AniSDie. wi/A. Nitric Acid in 
~re 

en [H,s 

tic An 

Sulphuric 

(1) CH,. ~1-o,xto~sf1 

' I 
ICf 



f. 

Reacti()h of An;sole with Nifric Acld 

in Acet/c AnAydricle CtJ17fttininJ addeq' 
~ith/t~rn Nifrtl 
0 )[L.jN0

3
] ::= 

r:l!) [4/ND.J)~I-03 



GRAPH IX 
Reaciion of Aniso.le w/th f'//trlc Acid 

in t/c Anhydride eontaininJ 

<l L/thium Perch/orate 

',,f 
"" I 1-
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GRAPH X 

Reaction of o~Xylene with Nitric 
Acid in Acetic An-hydride 
tn w~f h A tic An/,yclrlde 

(2) wdn pure A fie Anhydride 



GRAP XI 
R a fe Anisol~ I: ion Plot 
React/tm of Anist:tle with tlitrlc Acid 

t/c An 
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GRAPH 

Rate vs Anisole Conceniration Plot 

etc ti of Anisole with N/tric A aid 

-pure Acef:, Anhy C!tJrdcu~llnj 
Acid 
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Rate Measur~~ents 

ljltfeo1_o:r ad,ded ,..!?,etic Ao:\,!1 

The oatalytical effect of acetic acid on the 

nitration of anisole can be seen from Table X,. There are 

great di:f'fere.noes in rate constants obtained from rune 

whioh were carried out 1-n ordinary analytical reagent 

grade acetic anhydride (rune :; ... 12), fractionated aoetio 

anhydride (runs 1,2.13-23), fractionated acetic anhydride 

o•ntaining added aoetic acid (runs 24-47), and ordinary 

apalytioal reagent grade acetic anhydride containing 

added acetic aoid (rune 48-52). These d:tf'ferenoea are 

attributed to the presence of varying amounts of acetic 

aoid in acetic anhydride, 

On the assumption the:t the reaction has a first 

order dependence on anir'lole, a second order d1apandenoe 

on acetic ao1d (see p. 4~• the mean e constant 

calculated from run.s 21~ ... 1+7 • which vtc·n:."e carried out in 

fractionated acetic anhydride containing added acetic 

4 h ~2 3 -3 ·1 acid• we.s found to be .M-3 x10 1. mole seo. • 

:Rmploying this mean rate OO:rJJ:llta,nt an.d the rFltes obtained 

from runs which were carried out in ordinary analytical 

reagent grade acetic anhydride (runs 1 ~,), the ccmoentrations 

ot acetic acid which 1-tould g:lve the observed rates were 

calculated. Values found lay in the range 0.4-1.5 M and 



grouped closely abo~t.tho mean connentrat1on of 0.94 M. 

1!his oonoentra:tion ia· equj.valent to 5% of }-lcet1o a.c1,d 

present ir1 tha ordinary 'i:uu:tly·t.ica.l reagent grade acetic 

a:nhydr1.d.e., This flgure seem a rea.sonable since the purity 

of ".Ane,laR" acetic e,n,hydrid a :ilil £Jtated to be ''not. lese 
' . -

than 95%". The eonoehtrat1on o.f aoet5 o aofi.cl present i.n 

fractionate<l acetic anb:ydrid.e can li.kevrise be calculated 

from the rates obtained from the r·uns wh:toh vrere carried 

out in fractionated acetic anhyti.ride. With the same 

assumption as before and tu::ing the meun. l:'(la.te constant, 

4 .. 43 xto-2 L. 3u:a::le ... :;EHao~ '"" 1 ~t the values for the conoentration; 

ot aoetio e,c1.d in .f'raotio:nated acetic s.nhydride 'V·rere 

found to range from 0.,02-C<., 2 ~~ with a. mean of 0.1 K. This 

oorraeponds t.o 0,.5% of acetic acid .. Read9 also found 

d1ftere:noes in apparent ratee 1n the :nitration and. 

aoetoxyla.tion of o ... xylene rJ~~'hen dift~erent aa.mples of acetic 

anhydride were used aa solvent- The diffevences were 

likewise attributed to differing concentrations of acetic acid 

pre•ent in aoatio anhydride. 

Jffeg,]_,Qf ad4!d. SY:lr.Ehurio A cit! 

As shown in runs 53-58 (Table X). :lt hl clear that 

-5 the additio.t' of a ooneentration of 10 · M sulphuric acid 

1n the reaction mixture increases the ratu by 75% as 

compared to that 1n fraotio:tl.a.t.ed acetic anhy·dride and by 

a factor of five in 4 x1o·5 M sulphuric acid. 



Sulphuric acid exists as acetyl sulphuric acid, 

ca:3oooso2ou. 1ne aoe.tio anhydride. J3ecause any small amount 

of even ~ery weakly basic. impurities would markedly affect 

the very low concentration of the very strong acetyl 

sulphuric acid, the order dependence ot the rate on sulphuric 

acid concentration was not further investigated. Read9 

obtained a larger increase rate factor (19) in the nitration 

and aeetoxylation of o-xylene with o.o4 M nitric acid and 

4.5 x1o•5M sulphuric acid. The runs on anisole were carried 

out with 0.05 f~ nitric e.cid. It would be expected that, the 

oatalytioal effect of sulphuric acid would be less marked 

at higher nitric aoid concentrations .. 

Eftmct.s of added L!thium N1tr$t§: a:q.d ,t.ddJd L\!!lium Perchlorate 

It has been shown in Table X (runs59 1 60 and 64) that 

the rates of nitration are decreased by factors ot three 

to six in presence of added lithium nitrate as compared to 

that without addition ot lithium nitrate. It is suggested 

that lithium nitrate functions as an antioatalyst. 

On the other hand• in Qontrast to the antioa.talytic 

effect of lithium nitrate, lithium perchlorate exhibits a 

marked accelerating effect., Run.s 65 and 66 (Table X) show ' 

that on the addition of 1.21 x10-3M lithium perchlorate 

solution to tbe reaction mixture, tha rate of nitration 

increases by a factor of thre.e as compared to runs without 

added lithium perchlorate, and by factors of nine to eighteen 



-:59· 

as oomJ?ared to thoi~Hit runs wi tb added 11 t'lllwn nitrate~ 

While this· oat~lyt:lo effeo~ .may· be due to. the faot that a 

trace of perchlorio acid, prese:rrt in lithium perchlorate 

solution, would accelerate the reaction substantially; it 

sho'l.llcl be po
1
i,nted 0ut that some oare was taken to ensu:re that 

the solution''oontained (a slight) excess of lithium acetate 

rather than an excess ot perohlorio acid. It is suggested 

that the aoceleratiOn·represents a true ionic strength 

effect. Whatever the actual transition state of the reactic:.n'l, 

it is almost certainly muon more pola:r:• than the reactants. 

Thus a polar solvent with high dielectric constant and/or 

high ionic strength would be expected to accelerate the 

reaction. Sino addition of lithium. perchlora·te increases 

the ionic strength. it therefore causes a marked catalytic 

effect on the reaction. 

In contrast to the concurrent acetoxylation and 

nitration reactions of o~xylene in nitric acid-acetic 

anhydride mixture which were zeroth-order in the subatrate9• 

·the rate o:f' nitration of anisole is dependent upon the 
' ' 

anisole concentration. As shown in Table IX the experimentally 

measured order obtained from the order plot of anisole is 

somewhat less than unity but does approximate to a firs:t 

order dependence. There:is no sign,ticant difference in the 



. order determined for runs with added end wi th<:>ut ad.ded 

acetic aoid. This indioatea that the reaction path is 

similar in both oases. 

A plot of rata vs anisole oon{lantration (Gra.ph XI) 

is linear and has a positive intercept of 2.07 x10 ... 6 moles 

1 .... 1seo.""1 for runs without added. aoetie acid, and of 

4 -6 -1 -1 ( ) it. d d .91 x10 molee 1. see. Graph XII for runs w h a de 
aeetio acid. Itappeat'e, therefore, that the non ..... integral 

yalue Of the order in tUlisole e .. riBIS from the .:f'aot that 

part of the rate is independent of a1;1iaole oonoentration, 

the remainder o:t;· ·the rata dape:p.dt;n.S ;,(bn the first pot-rer of 

the anisole ooaoentration. 

However, for .nitratio:rJ, .or .anisole t}le o~der dependence 

on nitric aoid is comparable to ~h~t found b;y Read9 tor 

aoatoxyla.tion and ni.tra.tion of o ... x;ylena., In the absence of 

added acetic acid his o~der was 3.14, not significantly 

different .from the value o:f 2.94 determined in this work 

(Table IX). Thus, nitrat1on,of anisole 1n the absence of 

ad.ded acetic ao1d, like aoetox;ylation and ni trat1ol'l of 

o-xy1ene • exhibits· a third order depe:n.denoe on n:i.trio acid 

concentration. Xt should be noted that the order in nitric 

acid changes when' oa:talyt:tc reH':t"g~bt such as acetic acid~ 1a 
_·, .. :. :, 

added in the reaction mixture. Read's meohaniem9 for 

aaetoxylat1on and nitration of o-xylene, which involves rate 

determini:n.g forma,tion o:t protonated acetyl nitrate, requires 



a second order dependence of the rate increase, p:roduoed by 

addition of a o!Vnstant amount of acetic acid, on the nitric 

acid concentration. In fact, he obtained order ot 2.34 (in 

0~34M acetic acid solution) and 2.31 (in 2. acetic acid 

solution) respeotbrely. In tbe preaent work>the order with 

, respect to nitric acid v~as found to be 2.49 wher.t acetic 

acid was added. Again the order determined in this work with 

anisole is not signif'icantljr di:f':terent from that found by 

Read using O•Xylene. However, all these values appear to be 

sign1:f'1cantly greater than the integral value of 2. 

Read*s mechaniam9. also requires a first order 

dependence or the rate 1nbra~ae on the aoetio acid 

c.onoentra.tion. For o ... :xylene the experimental order was o. 91 

and tor a.nisola a value o! 1,. 03 "nas round. lei thar of the 

Vl:tlues dt.fter $1.gn1.fioantly from the integral vs.lue of 1 • 

orders in the substrate, nitric 
,. 

acid and. aaetio acid between the nitrat1.on of anisole and 

o-xylene is quite similar except that the former is 

dependent on the substrate concentration and the latter is , 

ind the substrate concentration. lt is thus 

obvious that n:1 tre.tion of anisole in acetic anhydride has 

a similar mechanism as that o! o-x;rlene and perhaps 

differs in the rate determining step. 



It was oonoluded in the previous section that a similar 

mechanism to that tor o ... xylene (p~5) would serYe to explain. 

the kinetic results for aniaol~ with the rate determining 

step being the reaction of the protonated acetyl nitrate 

with the substrata. However, it should be pointed out that 

the same protonated acetyl nitrate ·which is .the aoti'\l'e entity 

in the aoetoxylation and nitration o£ o-xylene cannot be 

the major nitrating·speoies when anisole is the substrate. 

~his follows beoauae formation of p:rotonated acetyl n1 tra.te 

is the rate determining step in the o•Xylene reaction and as 

shown in Table X nitration of anisole is three to four times 

as fast as aeetoxylation and nitration of a-xylene under 

similar conditions. 

_It"might be suggested that the protonated acetyl nitrate 

which is wpane:ible for n1~t"at1o:n and acetoxyla.t1on of 0 ... 

xylene is ·also involved in the anisole independent reaction. 

It this were so then the rates of the o-xylene reaction and 

those of anisole independent :rea(rt1on would be identical 

under the same conditions since in each case formation of the 

(sarae) protonated acetyl nitrate would be the rate determining 

step. Unfortunately it is impossible to compare exao·tly the 

rates of the two reactions because the rates were not obtained 

under identical oondi tions a.nd, moreover, the amount of acetic 

acid impurity in the acetic anhydride used fo.r the runs with 
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and the anisole dependent reaction involves a less reactive 
+ . 

protonated a.oetyl nitrate, perhaps. Oii, ... ~ ... ONO(OH)(II) .. The 

mechanism o:f' the• reaction would be 

K1 * HNO;~===== on3-a11 -o-No2 + o:a:3ooou (1) 
fasir 0 

+ HA 

+ IU 

slow 

K 4 

fast 

+ ... 
Cit~. -0-0-lf. Ot"''A 

.I II I .. G 

0 .H 

The rate equation derived from the above mechanism is 

(2) 

S:tnoe eq_uilibrium in (1 ) lies to the right, loa:3aOOJ02]= 

stoichiometric \_HN0:;1• Subst1 tut1ng ~H3abQNO 21 i,n ( 6), we 
' ' 

obtain rate = k2(HN0:;1st \)U.) + k5t 4[IiNO;Jst ~HA} [Ar-H} (1t) 

In absezwe of' added strong aoid, HA is n1 trio acid, and 1 t 

f'ollo~.Ys that 
[HNO } fog OOOH] 

[na} = [m~ro3J == 2 st .L · 2 · -
K1 ~( aH3co) 2o) 



... k;_l<;~ [~B~J;! (~!~~?,OH] (A=~~t 
. K1 [( )20] 

l>utt 

k. = ""''""~'-·"-" -· -----
Kt (( 

on 1 tu.t:to:n tbe equat1on 

the 

of' 

d 

[oH3tmnu]. x :z 

eonc tto:t'd 

b 

r.J ot 

(of', 

• fcn,oooaJ=[c 

found !m 

t ; 

order 

to 

acetic 

order 



values in (8), ·we obtain 

Nit= (t-m) 2 (1+amH1•bm)N2 (0+l'l)(k 1 + k"X) 

On rearrang~m•nt and integration, we then have 

J : : dm. . • constant = N(O•ll)(k' + k"X)t 
( 1 -m ) 2 ( 1 +am )( 1 ... bm ) · 

Let F(m) ::::: [ . ·- 2Jra ... A, and on integration this J ( 1 -m ) ' ( 1 +am ) ( 1 ... bm ) 

equation becomes 

F.\(m) = -;·~m·· + Bln( 1·m) + Eln ( 1 +am) + Dln ( t-bm ),.!"'. A ( 9) 
! ";;: 

and D 

Because the coeff.1o1ents in F(m) involve rate constants 

which t•re \-J:lsh to determine, equation (9) 1 a a rather 

difficult rate equation to work with. However, in nearly all 

the runs m \vas small, e.< 1 and b < 1. Hence on expansion of 

the logar1:thmio terms in equation (9) 8,nd neglecting terms 

higher than m2,,r(m) is reduced to 

Since a and b are usually small, the second term can be 

neglected. Thus 
F (:m) 

The plot of F(m) vs t should have a slope of N(N+C)(k•+ kuX) 



which :reduces tr) N2 (k '+ knX) in the absence of"' added aootic 

e.o:td (when C ::;;: 0). For the plot in Gre.ph. I where X :: o. 2 14 

a.n.d. 0 = 0, k' is only ab<mt tO% of kui and k 1 xnay be neglected 

in oompe.rison v.ri th "k 11X. The rate equation thus becomes (a ·::: 1 

N and b ~ 7) 

' F(m} = .. 1 ~ , + -_ln ( 1 ;tm ~ . 

(1-b)(1-m) 2(1+b) 
... , \ ... i9 

2 
ln ( 1 -m ) .,. 

2(1 .. b) 

2b2 ln( 1· 
(1-b2 )(1-b) bm) 

Th:i.s funcrt~lon is used in ·the F(m.) vs t plot f'or Graph I. 

accord ·vli th the kinetic 

effects or· itives. Since addition 

the concentration of tree nitric an 

( 1 ) '~~ the ra:te of formation of protona L;~c:r:f 

and the equilibrium concentration of 

(II) will increase. Consequently it is 

io acid increases 

of equilibrium 

n~.trate (I) 

~d aoetyl nitrate 

rates 

of e.nisole independent and dependent. refl.ction and thus the 

toteJ. rate of reaction. should be inoree.sed by an amou'nt 

proportiom'tl to the amount of added e,cetic acid (of. eq.(8)) 

and this was observed. 

!ddJ.tion of· sulphuric a.oid leads to the forma,t1on 

of thlti very strong acid. acetyl sulphuric acid, OH3oooso2oH, 

which aots as HA in the mechanism. Again the rate of formation 

of (I) the equ.lllbrium concentration of (II), and hence 

the oV~"!r::711 rate (lf nitration should be increased. This wa.a 

also observed. 



+ 

(:t) 

( 



pKI..06H5oo2R2 ::: ... 7.315) indicat~s that 111 

considerably ss :lc than acids e (II) ~roulcl be 

expected to much se stable (II!}~~ Furthermore the 

oxyg$lt atom ~<rhioh is bonded to n.t trogen c i.n !3.oetyl 

nitrate .should be less bs's~c than the other oxygen atoms of 
·w 

the nitrate group since. e~oti of these oxy«en atoms carries 

one•half ot a. formal :nege:t1ve ahargel! Thus (I) should l:>e 

less stable than (II) • It is suggeeted tha:t the central 

oxygen atom in protc.nate<l acetyl nitrate is so wet?tkl;r basio 

that ,,t is protonated only slcrt-rly a .. :nd formation Of (I) then 

becomes rate determ,.:ning provid.ed that the substrate w1 th 

y;rhioh it reacts. is itself qu.l.te reactive. Protona.t:ton to 

form (I!) should clearly be much more .fi3A:Jtel" than formation 

of (I) and it is the»e:t'ore reasonable to suggest that while 

fol"mation .of (I) 1e slp~:re·r than subsequent reaction of (I) 

with the substrate~. to:rma:-t1on of' (II) is :taster than reaot1on 

of (II) l>Ti"tih the substrate .. Henoe the reaotlon of anisole 

with (I) is a zeroth order reaction i•rhile the reaction of anisole 

with {II) is first order in anisole. 

Finall7, lve may obt~tin vn.lues of lc' a.nd k'' from the 

plot of rate vs anisole concentration ( see Graphs XI and XIX). 

From equation (8) the intercept or such a plot is N2Ak 1 and 

the slope is N2.Ak" }fhere A is aoetj.c acid concentration. For 

runs containing added acetic acid the intercept 1s 4.91 x 1o·6 

mole 1;1eeo.·1 and the slope is 1.02 x 1o·4aec.·1• Since 



A= t.o a. kt is cciloulat 

.-1 and k~ is 4.08 x 10.2l:mola 

to be 1,. 

constants (kobs.) l:hrted in •rr~ble X are related to k* a.nd 

~~ by the expression 
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