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ABRSTRAOE

A kinetie study of the nitration of anisole in
acetic anhydride has been osrried out, The concentrations
of the reaction product were determined by ultraviolet
grnectrosoopy. It wae found that addition of acetlic meld,
sulphuric acid and lithium perchlorate aagelaxataﬁ the
rate of resctlon, but lithlum nitrete revarded the reasction,
The order éag@ﬁé@naa of the rate with respect to anlsole
18 lesa then unity, The reaction ls third order in nitric
seid in the absence of added scetle acid, and second order
4n nitric ecid in the presence of added acetic seid, and
then first order in acetie acld, It is sugpested thet the
non-integral order of anisele is the result of the sluule
tansous reacilons, one of %ﬁi@ﬁ is dependent on anlsole
concentration and the other independent of enisole. The
- yeactive species in the %%@'f@aa§iaﬂ@ are suggented to be

tuwo different protonated acetyl nitrates,
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INTRODUCTION

Many prevrarative nitrations invoelving nitrie
acld dissolved in acetle %nhﬁdriéa have beon reported
in literature. Kinetie sbudies showing the relatlive
resetivity of a number of aromatic substrates and
their halogen derivabives towerds altric acid in
aceblc anhydride ﬁava been made, Thus i@ﬁnav etgalﬁl
found that aromatlc substrates conbaluing electron-
donating groups nitrated fogter then those aromatic
substrotes cgn&aiﬁimg &1aetrﬁégithﬂxawing Eroups.,
Litﬁla,h@waver, i? kneovn ebout the émﬁaﬁlgd mechanisng

i i
of nitration in nitric seild-acedic anhydride aixbures,

Such Eaak of knowledze of the details of the
‘mée&&nism of nitration in nitric acid-acetic anhydride
mixtures erises in pert from uncertainty as to the
neture and exbtent of the reaction between acetie
anhydride and nitric seid. Abbempte by Cchen and
Wibautg and by PmulB to elucidate the mechanlsm of
nitration of benzene were unlikely to be successful
when they assumed that nitrasiacid was present in
acetle anhydride at stoichiometric concentratlon., A

49546,7 now poiants to

very lsrge smount of evidence
the faect that the reaction between nitrie acid and

wxcess acetle anhydride,leading to the formsiion of
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soetyl mitrete, is very wevid and goes virtually to

sompletion 1

Amﬂ@ +* ﬁﬁﬁﬁ——f———aﬁaﬂﬁ 4 Ar

Thers 1o in fact seue sonlflield batween the |
oxperimental results of Cohen amnd Wibant and of Paul.
Gohen and Wibant found o third order dependence om
{stoionlonetric nltrio acld of the rate of nitration
of bengone in scetle anhydride solution. Paul clalmed
o seeond(2,2) ovder dependense, Both found a fivet
avder dapondence on the bensens osncentratlon. i
appears thon that 1i4tle rollisnes oan he plecsd an
Taul's conclusgion that the niltrating specles 1w

nitroninm 1on, %0, ,

Hore recently 1t has been shown by wrigmﬁg
that troatment ﬁf(ﬁ-xylﬂﬁe and ¢ther methylegubatituted
bengenes with nitric aecld in meetie enhydride leads
te the formation of woetoxy an well as nilre derivatives,
Thus in the nitration of o-zylene with nitric scld in
i

asetic aphydride it wes found that in addition to

# ¥

Sennd @Wﬂi@fﬁwﬁmﬁflﬁﬁﬁﬁg Jyh-dimethylohony) anetote
wes formed snd It wﬁ% e meier product, @&yiﬁ%z@n in
the amount of nitrle acid and aadition of mouelie

aeld 414 not affsot the prodort conmpesition. Addition

of sulphurie aeld which had 2 merked sccelerating



effect on the rate of nitration in acetic anhydride

caused a very slight:iﬁéraas@ in the yield of acetoxy
product, Sulphuric acld, therefore, catalysed the
acetoxylation reaction., Furthermore, o-xylene was not
acetoxylated wﬁen nitric scld was repiaaad by an equivalent
amount of sulphuric acid, Ou the b@sia ef these results,

i ~it€wa@ proposed that the'éeetexylating gpecies was

the protonated acetyl nitrate. ; ,

The above suggestion is substantlated by Read 's?
work on the kinetics of nitration of o-xyleme in nitrie
acld-acetle anhydride mixtures. He found that the scetoxylation:
nitration rate ratlo was constant throughout each run and
from run to run under different conditions as when the
cenaantratiané of nitrie acid and o~xylene were veried. This
rate ratio was also unchanged in the presence of added
aceti€ acld, sulphuric acid, ana‘lithium nitrahé even though

the individusl rates altered markedly. These results lead to

the conclusion that elther the same reactive species is
regsponsible for both aeetoxylaﬁi@n and nitration or, that
separate acetoxylating and nitrating species must have a
common precursor. This single speclies, or precursor to

separate species, must contaln both acetoxylating and

nitrating groups and ascetyl nitrate was suggested to be the

most probable such entity., That acetyl nitrate 1s not the
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active reactive gpecles was supported by the fact that the

. reasction was found to be zeroth-order in o-xylene concentration

for both acetoxylation and nitration. Preformed acetyl nitrate
(from nitric acid and acetic anhydride, c¢f, equation (1) )
would react with o-xylene in a reaction whose rate must be
dependent on the e#xylene concentration, Furthermore; the
accelerating effect on the rates due to the presence of
minute emount of added sulphuric acid indicated that the
‘reactive specles must be pretena#ed; elther formed from z
protonated preeursai, or for&adyiu a protonation reaction,
In each df}these cages an eaéanﬁial step would seem to involve
the resmction between acetyl nitrate and acid,

When m-xylene was used ag the substrate the sum of
rates of acetoxylation plus nitretion was the seame as that
rfarﬁanxylene,~bﬁt the individual rates differed markedly.
,Raaé;?héréﬁaxe doncluded that the scetoxylating and nitrating
éﬁééieﬂ wgra 1deﬁ€1eam; for only then could he explain the
observations that the %aﬁic of the rate of acetoxylation
to nitra%ion is depéﬁ&éﬁf on the nature of the subsirate
\but is independent,ég the éaﬁeaatraﬁgon of s partioular ;
subatrahe‘ of pogsib;e aeatuxylating and ngtxatimé gpecles,
formed from acatylhaitrata and aeld, only §r0teﬁa@ed acetyl
nitrate could bé'ba%h. It wes therefore concluded that the
‘acetoxylating species wes the nitrating specles and that

this was one of the following protonated acetyl nltrates ¢
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The reactive specles in nitration and aeataxylatien of
o-xylene in nltric acid-acetic anhydride mixture is then
protaaétaa acetyl gitrata which is formed in‘é slow step,

On this assumption the oVarali'meahanism is written ag follows:

HNO5 + Acy0 === AoONO, + AcOH

AcoNO, 4 HA —ZHO¥5 sconoH*A"
fost »Ar0Ac + HNO, + HA
AcONOBYA"™ 4+ ArE T gy

. ArNO, + AcOH + HA
In confirmation of this mechanism Read showed that the
reaction was»zarathmordar in o=xylene and third order in nitric
acld, in the absence of sdded acetiec npeid, and second order
 in nitric acld and first order in acetic acld when aeeﬁic
sold was added, In addition he demonstrated that, as would be
predicted from the meahamism, sulphuric scld exerted a marked
matalytiaa; effect and lithium,aitrate‘was an anticatalyst.
It was not paéﬁible to discriminate between the three protonated
acetyl nitrates on the basis of the kinetlc results, Read
suggested that the lemst reamctive species(present in highest
concentratlon),that protonated on the carbonyl grouy,was the

least likely active entity since 1t seemed unlikely that



protonation on the carbonyl group would be slow enough to be
rate-determining.

The guestion srises ag to what happens when a more
active substrate than o-xylene is used. FProm Wright's
findingsg as the substrate is made more activated, i,e. more
methyl groups are added, the yleld of acetoxy compounds
increases, at 19aat'in the unhindered positions, Now anisole
is rather more reactive towards electrophiles tﬁan is o-xylene.
Ty owe 18 =0.764"° | 510

4 ; «
whereas Q‘z*_m + Q.;-Me = =0,37 « Bince P

for nitration is -6.5'C anisole should be substituted in the
heposition 1076+3(=0uT64 + 0375) _ 546 tines as fest as o-
xyl@ne; It seems unlikely thsat ametaxylation of anisole does

" poour sinee no aa@tazy'campaund, fgrméd‘f@Om the reaction of
aniaéle with nitrie seid, hes been repaitea in the literature.
An explenatlion of the absence of acetoxylation of anisole
must be sought in terms of a different mechanism of nitration
to that which occurs in the cage of o-xylene yhere reaction
wilth & particular protonated acetyl nitrate leads to both
acetoxylation and nitration, In the work described in this
thesis the kinetics of nitration of anisole in scetie
anhyariﬁa have been investligeted 1n an attempt to elucidate

the mechanism of the reaction,



Helting pointe mnd belling polnts sre uncorrected,
Unlews otherwise strted, reference velues are glven in

Beilptein " landbueh dey Uvganischer Chemie ",

inisele{Hopkin acd ¥Williewms ILtd, ) (200 nl.) was washed
geveral times with 18 sodium hydroxide and then with distilled
water untll the washinge were neutral to litmus, After drying
over anhydrous magnesium sulphate, the snlecle vas distilled
and a middle frection was collected,b.p. 1%@g£%%§$},

p=Hitroenisole |

Yhe m@ﬁﬁéﬁ used was similar to that of ﬁ@gﬁl%i. Bodium
nydroxide pellets(11 g.) were diesclved in water{100 ml,) and
penitrophenol (35.5 g.) was added, Dimethyl sulphate (24 ml.)
was then added dropwise, with sheking, The mixture was
vefluxed for an hour. It was then sllowed to cool and vater
(100 wl,) wes added, The precipitate formed was washed with &Y
sodium hydroxide and thes with distilled water, It wae

recrystalllsed twice from sbuolute alochol, m.p. 53.5°-54,5°
(547),

exeapt that ocenltrophencl wae used, After refluwxing, the

mixture of c-nitrophencl, sodium hydroxide, snd dimethyl
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aglph&z@ Was ﬁa@l&é and water{100 ml.,) was added., Two layers

- were formed. The lower layer wes washed with water., Carbon
tetra&hlarid@ wes edded and the solution wes washed with dilute
sulphuric acld and then with water until the washinge were
neutral, After drying over silica gel and removal of carbon |
tetrachloride tha\mixhur@’wgs distilled under reduced pressure,.
The distillate, collected at §QQ~§60/}8 " , %aa washed with
0,14 sodium hydroxide until s ved colour no longer formed in
the aqueous layer. The organic layer was then washed with
water, dried and dlstilled under reduced pressure. The yellow

distillate was collected at 1&6a~1@80/20 mm, (277° /760 mm, ).

. Acetic anhzdriég
Acetie anhydride(Riedel de Haen,R.G.) was fractionated

under reduced pressure through a six foot column packed with
helices, The first 104 éf the distillate which contained most
of the acetlc acld impurity was discarded and the pure acetic

anhydride was collected at 60° /55 mm.g.

Acetic acid
Acetic acid(B.D,H, ,AnalaR) of 2 purity not less than

99.6% was used without purificationﬁ

‘o=Xylene | | ,
o G%XYl@ﬁﬁ(biﬁ,ﬁ’) was used without furiher purification,
2-Propeno: |

2-Propenol(Shell Co.) was used without further

parification,



aarh@mvt@traahlawiﬁgfﬁ_ﬁ HeghnalaRk and Rledel de Haen,

ﬁgga),W$ﬁ used without Purther purificstion.

&iﬁh?a%vsﬁrbgﬁatﬁiﬁ TeH, ) waz drisd im oven at 140° for

peversl dsys sud wes used without further purifiecation,

@&ﬁium hy&r&xiﬂ% pallets (5, 0.4, ,AnalaR) were used without

further parifiestion,

Sulphurie acld(Rledel de Haen,ReGs )y 95-977, dyol.B3,

Wwes used with@%t further @ﬁr%fia%ﬁiaa*

ﬁryﬁﬁ%l vielet(B,D, 4, ,4nalak) wes used without further
purification,

%i%riﬁ soid wos purdified by @iﬁtiili?g a wixture of one
AV@lﬁw@ of fuming nitrie ecid(B.D.H,,Analak, s.g. =1,5) and

two volumes of 987 sulphuric acld(B,D.H,.,AnalaR) under reduced
pressurs, The solourless distillste wes collected in & trap

- sooled im & mizxture of dry lce %@ﬁ'aéaﬁémaw The first 107 of
t%@ dlstilleteswas discorded, It hes previously been ﬁhﬁwag

that the sold %ﬁ%%%ﬁ@ﬁ in thie way anaslysed as 99,5 3 0437,

@diu@ ﬁyﬁfﬁ%ﬁéﬁgﬁﬁﬁ Hepdnulak) pellets were dissolved
in distilled water té give a 44 solution.
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ﬁ@@%iﬁ acld (B, D,¥, Anelak) wae dlssolved in purified
acetic anhydride to give a 1M solution.

Sulphurie acid

The required w@ne&m%r&%ﬁea of sulphuric seid solution

was prepared by dissolving an asppropriste aveount of sulphurie
- aeld{Riedel de Hmen,W,G.) in purified soetic snhydride,

Lithium nitvete ‘
Lithiam @ﬁ?@@%@%@iﬁﬁﬁ*ﬁ Vo, 01908, ) wes dilssolved in

Anale® glaclal acetle eeld{16g.) and the resuliing eolution
wae ﬁilﬁ%@ﬁ w@%x acotle anhy sadride(Miedel do Hoen,R.C.) %o
2% ml., After dlluting the aolubic nowith 1M seatie eeld
golution, 4ietilled aitrle acid wem added to produoece the

reouired lithium altrete solution,

(Ea?aﬁag%ﬁéiaﬁ}(@,§§@§%*3 wers %&yﬁwgﬁgiy dlesolved in glacizml

agetie aeld(B,0,H,,Analal) and were nade up to 50 ml.. 3 ol.

ef ithe 1ithlum acebate stintion were %%%ﬁ tisrated wlth
perchloric acid solutlon %o the besle slde of the cndepoint
using orystal vielet ag the indleator. The 1lthium avetate

and gﬁra%iaf@w acld solutlone were thexn mix%& ian the %@?zﬁpriata
provortions by volume snd the mizture was dlluted with acetio
anhydrids(Rledel de Haen,R,G.) to produce & solution

cantaining 19 acetie acld snd the revulyed concentration of

lithius perohlorste,
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Orystal vielet
‘ Cryetal violet{lg.) wes dlseolved in glacial acetie

%@iﬂg“f}ﬁ #ls 3»

Determinat

ion of the Ixtinction Cosfficient

ﬁiﬁ@%i&% of nitration of snisole were followed by
UV spesrophotonetrde analysis of th@‘rgﬁﬁﬁiﬁn %raﬁué%é. P
Propanol wes used as the solvent. 1t was verified that the
solvent did not absorbk above 270 mpl,

las chrosatographie %ﬁ%l?ﬁié(?y@ Avpon Chrometograph)
of product ailztures 1&&1@@%@& ﬂ%@%:aw and gmﬁiﬁ?é&ﬂi%ﬁl%%
were the @aiy two @rgﬂ&ﬁtﬁ formed undsr our conditions (
aplacle was in excess of the nitrlo aeid], @ﬁifﬁi%ﬁg aﬁ,al"g
have measured the Isomer dietribution obtained on the |
nitration of snlsols with nitric escid in acetle snhydride as
baing 735 o= and 279 penitrounisclesg, The %p%@t?@ of pure
ow and penitrosniscles in Sepropancl were deternined and the
az@imaéimn coefficisnte at the wavelength of @ﬁxi%ﬁm
ﬁbﬁ@f@@imﬂiﬁﬁ?»mjiiaf the nitration product mixtﬁr@‘war@

2,100 and 10,380 Ll.uole™ om,™"

respectively. From ithese
veloeg snd the fsoner distributicon detersmined by Griffiths
etyel, the extlnetion cwefflicient ﬁf the product mixture at

JOT muvwes caleulated to be 4337 i‘mﬁl%"iamg”’.

Zinetie method
4 2% ml. volumetrie flesk contsining 10 ml. of acetbie

anhydride was welghed snd an aspprovriste amcunt of distilled
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nltric aold was added, The flesked was welghed agsln snd the
volume was made up ke 2% ml, with scetle anhydride. Volumetric
4ilution of this standard golubtion would glve & allrle aseid
golation of the r@@@ir@ﬁ sonceantration for s kinetio run,
Only freshly prepared nltrie seld solutions were used for
kinetie runs, 4 soultion of ariscle in acetic snhydride

g prepsred similarly. The %Qlﬁ%i&ﬁ% of nitrie sold snd
aniwole were placed in n thevmogbeteld waler bath vhich was
matntained st 25.00 2 0,03° by meons of 2 mereury-toluen
regulater snd epn elestrle hester, After %0 minutes eoual
volumes (20 21,) of the solutisng weve minved and wers
ghaken to eneure heosoganeity, Hieht samvles (4 ml, each) of
%h@ regction mizxture were withdrewn st sultable tine
intervale and weve diluted te 100 ml, with Z=vrepsuel, The
apectrus of eash soiution was scanned fyom 205 @/Lt@ 35 mu
using the Beckuen DE-24 spectraphotometer, Z<Frppanel was
%@@ﬁ i1 the referenne sell, Uelile of ¥ om, path lenpth were
used, From the optieasl densities of the zsolutionn st 307 ﬁ/ﬁ

{7\?ax } the concentration of the product mixturs was

caleulated, It was verified thaet the separste solutlong of
altric celd and anlsele ip acetle anhydride, when dlluted as

above with 2epropancl, showed mo absorption at U7 Ry

In the kinetie runs with o-xylene the aliquets of

the resectlon nmirture were qusnehad in 50 wl, of 4l sodiun
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hydroxide and were extracted (Sx4 ml,) with AnaleR carbon
@%%r&@hi@wzﬁ@ﬁn The combined carbon tetrachloride layers were
diluted with 2«propensl snd the spectrum was run{f-propenol
in the reference ecell) on ﬁh&vﬁﬁﬁkﬁﬁﬁ DE=-24 spectrophotoneter.,
The @1&%31&@ layer vas centrifuged snd diluted 4o 100 ml,

#with dlebilled weler. The speotrum of @aé aolution wasz alse
doternined (dlstilled watar referencal, ?wam'th@ optical
denslitles of the serbon tetrachloride extrscts st 300 n

and of the alialine aripacts at 295 @/c%h% goncentrations

of whe products, nitroxylenes and phenyl acstate, could be
avaluated, The exbizedion seefflelents used for these

B

salonlatinns wors those meamured by Head™ s

P ?Ef R 4
am traxylones = JOTILM ?"‘g&h@ﬁﬁxiéﬁ = 4912 wp



RESULTS

Tables and Graphs
The following Tables and Graphs represent the

typical runs carrlied out under different conditions,
From the proposed mechanism of the reaction (p.is4 )
an integrated rate equation P{m) = 1 +™t is derived.

Ol ig a constant and ¥{m) has the form

Fln) = e b 122 Jp(iem) = —1228 90 (1en) - -g%§~1n(1—am)
tem - 2(1+a) 2(1-a) -8

where m i1g the fraction of nitric =cid consumed and a is
the ratic of the initlal concentrations of nitric scid i
anisole, Table I represents the data of a typical run
and the function P(m) is plotted against time(t) in
Graph I,

| However, for most runs only initisl rates (up to
20% resction) were messured and in such cases an approximate

form of the function P(m) wes used § P(m) = b, In a

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

the function Plm) = ?T%g“

+ m wag employed, A’typieal

“example of these runs is shown in Table II and Graph II!,
Within experimental efrar the two apprroximate expressions
for P(m) lead to identical rate constants where allowance

1s made for the fesctor of 2 difference in the slopes of
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the Pln) ve t @1&ﬁﬁ,‘ﬁrﬁ%f plets showlng the depesndence
of the r@t§ on the cconcentrations of nitrie acid and
acetle acld are shouwn in Grephs IV and V.

The effects of added scetic seld, sulphurie acid,
1ithium nitrate and lithiue perchlorate can be observed
from the dets recorded in Tebles ILI, IV, V end VI
respectively and their reapective ¥(m) vs t plots are
shewn in Graphs VI, V11, VIII and I¥,

Results of o-zylene rung in purified and unpurified
acetic snhydride are &ailéﬁt@d in Tables VII and VIIL
r@@g@etivgly and are pvlotted in Graph X,

Teble IX shows the slopes of the ordey plots of
zniscle, nitric acld and acetle acid in scetlo snhydride
and in purified mcetlic anhydride containing added scetle
aclid.

The rates of all the resctions are summarised in
Tahle X,




[ﬁﬁﬁ3] = 0,0811 M ‘ £ o= 150
[Anisole]= 0.201 M N 8 mv#?a?ﬁ' at 307 mpL
9(m)%%ﬁ“'} + L Seeein(14m) » *-~§—win{1*m) - -~ﬁ-in(1wam)
S tem 2(14a) - 2{1wa) | 1=8°
t/min,. D ¢, % 10° m F(m)
30 0,040 0.1383 00,0271 1041
6 0,065 0,2250 - 0,0441 1.068
9 0,097 0,3%55 a*aéﬁ? 1 1@3
25 0,223 n??‘& Qvﬂﬁ’! 1 | 351
50 0,252 0,8715 0.1707 1,289
35 0,283 0,9787 0.1017 1330
40 0,310 nmm 0,2100 1,368
100 0,545 168831 0.3689 1,765
130 0.636 2, 2000 : 04310 1970
160 a715 2,&73ﬂ 0.4845 2. 181
190 0.776 2,6820 05254 2,371

Initial slope of P(m) vs + plot i 1.7 x 1@*Aaaa‘”1;

[0, ] ,
a8 = -2 SO Dy = optiosl dansity at 307 mp
(anigole]
£ = dilution factor m o= —RE20NL08
. initial [amoBJ
Gm = concentratlion of = freetion of reaction
reaction products ahz” extincetion coefficlient of

reactlion products



T

[ 4] = G,0518 K = 150
[tnisole] = Cu10t B & = 4337 at 307 mp

o) = “Tégw +m

’t}ﬁflﬁﬁiﬁgg D g Xi@g i} ";‘é’%’ 4 0
5 Cetis 0,3966 0,0766 - 16160
10 6,100 0.56871 0.1328 1,286
15 C.272 0.9447 0.2825 1,406
20 - 0,329 | & ‘33@% 0,2199 1.502
30 0,443 - z.%zae C 0,2962 1,717
38 0,483 1.6600 0,325  1.799
4o a‘ﬁ?"% | 1.,8110 - 0,3%00 = 1.889

wll

Hlope of Tlu) vs t plet is 4,6 x 107 see.”

[mmo4) = o, 551? ¥ £ = 150

[inisole] = 0,320 1 ﬁg; = 4337 at 307 nu
[4c0H] = 1,00 ¥ = Pln) = ”T%E”
t/min. s o x10® ﬁg e
_ e G8Az 1,007
% £:033 8:4988  Biveor  1.204
6 0,358 1.23%00 0,2399 14316
8 0,538  1.5130 0,2029 1. 414
10 0,517 1,7870 04,3460 1,529
12 0,579 1.9890 0. 3551 z.ﬁ@é
14 0.633 2,1900 0.4240 1.736
16 0,602 2,3920 0. 4631 1,863

Slope of ¥(m) ve t plot is 8.68 x 104 g0 =1
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- [anisole] =
[H%%Q@]

t/min.

5
10
15
20
2%

53

0, 0506 M

5*&@% i
= 0,00 ¥

e
0. 083

0,150

0, 267
0,315
04361
0,405
0448

[0} =0,0504 ¥
[Anisole] = 0,402 ¥

Em = 8337 et 307 mp

Pm) = iR

- . Q
,ﬁ@ z10%
0, 2882

0.5188
0,7493

5“@@*§@§n :

Yilopa of Pla) va

[a. %ﬁ&] = 4,04 x10™° 1
t/min, De

2 O 427

4 0,267

6 0,303

8 0. 478

10 0,502

12 0,662

14 0,725

16 Qn%f@

Slope of ¥{m) ve ¢ plot 18 13,921 2 10

- 1.08480
12450
%ﬁ@ﬁi@'
15480

fe 150

t, = %37 at 307 mpL

m

0,0569
0.1025
0.1480
0,3022
0.2143
0. 2465
0. 2767
0.3058

t plot 48 1.81 = 107

9(%} & w?%ﬁm

) ) E‘

@mxﬁa m

0. 4381 0,0869
0.9222 0,1829
1. 3600 0, 2697
1»55&@ 0D.2280
2, 0120 063690
2. 2880 0.4538
2‘§$7@ : 0.4972
2,8190 0.5591

e
1,060

1.114
m'm
1.223
1,272
14327
1,383

1.441

BaO,

wd

-1

i#ﬁ

1,005
1,224
1.369
1,488
1,664
1.831
1.980
2268

&%GQuQ



.{Anigﬁle]
 [1a10,)
(acon)

t/min.

Slopé of Flm) ve + plot 1is 2.10 x 10

pea

=

i

0.0845 W .
0. 4013 ¥

1,03 x 107 1
1,001 ¥

Dy
0,055
Q%?g%
0,162
0,208
0,249

10,202
0,329
0,368

f= 150
€ = 4337 et 307 mp

Pm) =

-3
gm % 10

0.1002

QQE?&V
4, 5608
0.7090
”baéii’
14,0090
1.1400
1.,2720

TABLE VI

|

=

Ti

Cm

0,0349
0, 0688
0.1029
0, 1301
0,1580
0.1852
0,2092
0.2334

-l

Jem

1,036
,1gﬁ7ﬁ
, 1»11%

«150

10138
1ize7

1,265

Q}OE

8@0Cy

-1

a8

dded Lithium Perchlorate and Acetic Acid

[H&Qéh 0.0521 ¥
m@;ﬁﬁ?#'ﬁ

(Anisole]

[vic10,)
[4con]

$/min.

ovat

]

i

1,20 % 1&”3%
1,001 H

D,

0. 434
0,746
0,859
0.959
1,048
1.097
1.131
1,193

f = 150

- = 4337 .8t 307 my

ﬁ{m) s

‘ 2
em x 10 |

’ 1§5§2@

15790
2.9710
343170
35060
3. T960
35,9110
4.1270

=

m

0,2886
0,4955
0.5708
0.6373
0.6966
07293
0.7514
0.7929

=

1.406
1.982
2,330
2. 757
3&296
3.694
4,023
&.829

Slope of P(m) vs t plot is 25,40 x 107%gec.-



[o=Xylene] = 0,414 ¥ £ = 50
[i04] = 0,0537 M €y = 3673 et 300 mp
?gm; R . D(biank} = 0,065

?:g Dy =D = n{blank)

t/min, By i e

0,094 C.0416 1,043
€, 204 040607 1,100
0,256 0.1138 1428
0,320 0, 1423 1,166
0,381 - 0,1694 14204
0,437 O, 1984 1 o201
0,570 . 0,9534 1,239
0,553 0.2570 1511

10 7Y = =2 0
RBREEE

O

4 1

Slope of P{m) ve ¢ plet is 1,28 x 10 Vsee,”

D = measured optical density of earbon tetrachloride
extract |

Dy = opticsl denslty of the nitroxylene mixture in
sloghol ‘

£ = dilution factor

&N = extinction coelficlent of nitrexylene mixture



Goncurrent A yyietion and Hiteetle,
:ﬁ gfi@inéﬁ %i“ @;ﬁggri

[éwalma]m 0. 414 M O f = 10
[m0,] = 0,0506 # €y = 3673 at 300 np

. ( . ,
Pm) = [ bleak) = 0,042

= DeD(blank)

t/min. Dy " 33& |

5 0123 U116 1012
10 0,258 0. 0044 1,025
1§ i}m§?ﬁ U @ﬁg’? ?ﬁﬁ?}?
20 0.B14 0.0486 1.051
26 0,640 0. 0605 1,064

30 0. 740 00690 1,075
a5 0,770 0,0728 1,079
40 0,865 0.0818 1.080¢

Dy

HSlope of P{m) ve ¢ plot 1o 0,41 z 3@”&seaq

Acetio {eon] [Anisole] [ﬁﬁﬁg] Blepes of Orier
Aphydride Plot
Purified 1 0,05-0,40 B 0,05 B 0,75 g 013

Furified 1) Q.41 0,022-0.101 2,40 £ 0,09
Purified 0,35-2,208 O,4H 0,084 1,03 & 0,12
Parified s 0,84 0.011=0,0088 2,94 ¢ 0,13
Unpurified = 0,025-0,2031 0,05H 0a.T6 2 0413

-1



TABLE X

Run Ko. [Hﬁﬁgkﬁ) [Anisole)(m) [Aaeak%) RataxTGﬁ kxx107
Cmole 171 23 mole ™

-3@09‘1 sec,™!

1 0.0511 . g.2010 — 5,97 22,2
2 0.0510 0., 4017 e o A,90 9.2
4 0,0585 0.0517 - 9,48 91.58
7 0.0515 0.2028 o 19.73 Ti.21
8 0,0518 0.1014 s 10,72 76,05
8] 0,0516 0, 200¢ o 23,22 B4,12
10 Ob 0334 0; 3949 " 30 88 26.4
11 00,0212 - 0,0600 e 0,95 200,27
12 - 0,0208 0,0800 e 0,92 203,40
14 _0,0735 - 0,3940 e 14,77 9,44
15 0,011 - 0.3991 o - 0,16 29,30
17 0.0536 - 0.399% e : 6.86 11.156
18 0,0665 00,3991 e %.98 8.50
19 0.09?7 Q¢3991 haanad 4?‘99 1’ 53
20 0.0804 0.4109 — 32.16 15.06
21 0.,0518 0.2000 s 26,94 96,90
22 0,0163 00,4109 o 0.23% 12,82
23 % 044 04109 w— 0,81 13.49
a4 et tet! 0,4002 0.3489 15.a¢ 4,48
25 0,0529 = 0,437 2.,2218 117.54 4,23
26 00,0549 0,.4215 0.8888 43,98 3.67
27 0.057T4 0.3502 1.3856 81.51 4,07
28 0.0548 04027 1.7147 T1.24 Be33
29 0.0534 0,3905 1.84098 101,46 - 4.79
30 00,0529 00,4026 1.4058 85,12 3.35
31 0.0512 0.3998 1,0005 47,44 4,30
32 0.0517 0.3998 1.0005 48,08 4,28
33 0.0516 0.3198 1,0005 44,79 5.00
34 0.0514 0,1999 1.0005 22,82 411
25 0,0514 0,1999 1,0005 25,60 = 4,61
36 0.0513 0,1004 1,0005 19.49 7,01
37 0.0514 00,0502 - 1.,0005 9,36 6,71
38 0.0767 0, 4040 1.0133 122,72 Co4,T4
5‘? Oa‘Oig’ GQ‘{*Q‘Q’O 1.0133 :’?81013 . 6.10
40 0.0850 0.,4040 1.0133 485,32 O 3.47
31 3‘3?13 0,4040 1.0133 12,36 2:99

2 .

16 - 00,4040 1,0133 1.52 - 2.73



Bun Ne.

4%
4k
g
46
47
48
4y
50O
51
B2

Run Yo,

53
ShBh
55
%6

58

Tun Ho,

59
60
61
62
63
64

Run No.

@5'
66

Rug ¥e,

67
68
69
70 .

[mwo.Ym)

0.0TY7

00,0532

0.0611
0, 0215
3, 0827
0.0118
0,0300
0. 0504
0.0721
00,1006

[HEGJ(3)

0,0506
0,0503
0.0506

O 0,0804
0, 0507

0.0509

[z 3]( H)

(w0, J)

0.0521
0.0521

o )

0,0%06
0.,0514
0.0527
0.0537

[Aﬁi@m&ék%} [aa@ﬁ}(ﬁ); Bate xi@é x x10° )
 mete 171 17 mole”
sac, ! oo, ™!
04041 O 1.0100 0 165,00 5,91
0. 4041 1.0100 44,32 3,65
0. 4040 , 1.0100 6.58 Beh1
C0.40B0 | 1.0100 41,05 3,44
0,400k 1.0095 1,77 3011
0.4004  1.002% 12,95 3,28
0, 4004 1. 0084 42,49 3.97
0, 4004 1,.0024 86,26 599
0.4004 1.00604 214,78 4,80
[ﬁni ni@i%) [E,80,)06)  Bate %106
x 1&’ " mole 17
aac.“g
04017 - 8.45
0. 48017 &;G §1~97
0, 4008 ‘ 1.0 1¢Q91
fratmorel()  [acor)n) Liﬁ%ﬁL? Rate x10°
x10 mole 17
) @&Gnyi
C. 4013 1.00% 1,03 10.51
0,4013 1.0031 1.03 11.45
0, 2006 1003 1,03 557
0. 1003 1.0031 1.03 2,46
0.4013 1.0014 4otk 7,70
GL.A01% 1.,0014 D, 83 153.72
(anteolel() [acomfu)  [r1010,)(4) Rate x10°
' X107 nole 1™
gac,™
0.,4014 1.0010 1.21 13.23
U. 4014 1.0010 1.2 13.0%
[gwxylan%(%) Rate x%ﬂé k xi@g |
1.mole hec, ™ 1%mole ™ “sec, !
0,414 2,07 1.60
0,414 .70 1.2%
O.414 5,80 396
0.414 6,87 4,44
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GRAPH V

Keaction of Anisole with Nitric Acid in
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GRAPHIX |
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DIscUsSsSION
- Rate Measurements

Effect of added Acetic Acid

The catalytical effect of acetic acid on the
nitration of anisole can be seen from Table X. There are
great differences in rate constanis obtained from runs
‘which were carried out in ordinary anslytical reagent
grade acetic anhydride (runs 3-12), fractionated acetic
anhydride (runs 1,2;13~2§), fractionated acetic anhydride
contalning added acetic acid (runs 24-47), and ofdinary
analytical reagent grade acetle anhydride containing
added acetic acid (runs 48-52). These differences are
attributed to the presence of verying amounta of acetic
acld 1n scetlc anhydride, |

On the assumpbkion that the reaction hes a first
or@ér dependence on anisole, a second order dependence
on acetic acid (see p, 45), the mean rate constant
caleculated from runs 2h=47, which were carried out in
fractionated acetlc anhydride containing added ascetic
acid, was found to be 4,43 x10~2 1.%mole " gec.” .
Fmploying this mesn rate constant snd the rates obtalned
from runs which were carried out lun ordisary analytical
reagent grade scetic anhydride (runs’-12), the caﬁc@ntrationg
of acetic acid which would give the observed rates were

calculated., Values found lay in the renge 0.4-1.5 M and
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grouped elosely aboutithe ﬁ@an consentration of 0,94 M,

This @anéenﬁra%idn is equivalent to 5% of acetic acid

present in the ordinary snalytical rengent grade acetie
anhydride, This figure seems reasonable since the purity

of "AnalaR” acetic anhydride i@\stat@d to be "not less
thénVQE%"» The @anaagﬁgaﬁicn of acetic aechd present in
fractionated acetic éﬁhydride can likewise be caleulated

from the rates obtained from the runs which were carried

out in fractionated acetic aubydride., With the same
assurption as before and using thé mean rate constent, .

4,43 x10™2 1»3mcle“53ae.“i, the valueg for the concentration:
of acetic eecld in frectionated acetlic asnhydride were

found to rapge from C,02-C,2 ¥ with 2 mean of O,1 ¥, This
correeponds to 0.5% of acetic mcld, Read? also found
differences in epparent rates in the nitration and
acetoxylation of o~xylens when different samples of acetlc
anhydride were used Bs zolvent. The differences were

likewise attributed to dlffering concentrations of acetic acid

present 1n acetic anhydride.

Bffect of added Sulphuric Acid

As shown in runs 53-58 (Table X), it is clear thet
the addition of a concentration of 10™°M sulphuric acid
in the resction mixture lncreases the rate by 75%% as
compared to that in fractionated acetlic anhydride and by

a factor of five in 4 x?Q"S ¥ sulphuric scid,



Sulphuric acid exlsts as acetyl sulphuric acid,
QHBGQOSGQGH, 1nwaeat1e anhydride, Because any small amount
of even very weakly basic impurities would merkedly affect
tne very low concentration of the very strong acetyl
sulphuric acid, the order dependence of the rate on sulphuric
ascid éﬁneemtratimn was not further investigated. Read9
obtained a larger increase rate factor (19) in the nitration
and acetoxylation of o-xylene with 0,04 M nitric acid and
4,5 x10“5M sulphuric scid, The runs on anlisole were carried
out with 0,05 M nitric ascid. It would be exvected that.the
catalytinal effect of sulphuric acld would be less marked

2t higher nitric acid concentrations.

Effects afvaddad_b;thiqy‘&itgata and added Lithium Perchlorate

| It has been shown in Table X (runs59,60 and 64) that
the rates of nitration are decreased by factors of three
to 8ix in presence of added lithium nitrate as compared to
that without addition of lithium nitrate. It is suggested
that lithium nltrate functions as an anticatalyst,

On the other hand, in contrast to the anticatalytic

effect of lithium nitrate, lithium perchlorate exhlibits a
marked accelerating effect, Runs 65 and 66 (Table X) show .
that on the addition of 1,21 x10™°M 1ithium perchlorate
solution to the reaction mixture, the rate of nitration
incresses by a factor of three as compared to runs without

added lithium perchlorate, and by factors of nine to elghteen
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as compared to those runs with added lithium ﬁitfate;

’While thiS'catalytié éffeéigmay’be due to the fact that é
trace of perchloric acid, pr&senﬁ’in lithium perchlorate
solution, would aecelerate the reaction substantially, it
shnnld be éqinted but that some care wae token to ensure that
the solution contained (e slight) @xcesﬁ'ef lithium acetate
rathgr than én excess of perchloric acld. It is suggeated
that the acceleration represents s true 16nic strength
‘effaé%; Whatever the actual transition state of the reaction,
iﬁ is almost certalnly much more polar than the reactants.
Thus 2 polar solvent with high dielectrie constant and/or
high lonic strength would be expected to accelerate the
resction, Since sddition of lithium perchlorate increases

the ionie strength, it therefore causes e marked catalytic

effect on the reaction,

‘digg“ar Anisole, Nitric Acld and Acetlic Acid

In contrast to the concurrent acetoxylation and

nitration reactions of o=xylene in nltric acld-acetic
anhydride mixture which were zeroth-order in the substrate”,
the rate of nitratiag of anisole is dependent upon the

anisole oencent:&tian* Ls shown 1n Table IX the experimentally
measured order obtained from the order plot of anisole is
somewhat less than unity but does approximate to a first

order dependence. Thar@:ié no significant difference in the
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_order determined for runs with added and without added
acetic acid, This indicates that the réactiéﬁ_ﬁath ig
similar in both cases, | o

: A plot of rate vs anigcole concentration (Graph_XI)
is linear and has & posltive interecept of 2.@7 x10°% moles
1.7}

4,91 x107° moles 1. Tsec, -1 (Grayh XII) for runs with added
acetic acid, It appears, therefore, that the non-integral

s80. -1 for runs without added gecetie acid, and of
=6

value of the order in snisole arises from the fact that
part of the rgta,ia independent of anlisole concentration,
thé remainder of: the rate &epend%néﬁ%n\the first power of
the anisole moneantration. »

- However, for nltration af aniaoza the order dependence
on nitria acld is comparable to ﬁhat found by Raadg for
éaetaxylatian and nitration of a—xyléne. In the absence of
added acetlc acid his o&der was 3.14, not significantly
different from the value of 8;94 determined in this work
(Table IX). Thus, nltration of anisole in the absence of
added acetic meld, like scetoxylatlon and nitration of
o=xylene, exhiblits a third order dependence on nltric acid
concentration. It should be noted that the order in nitric
acld changes when catalytic reag@mﬁ guch as acedic acld is
added in the reactian mixture, Read's meﬁb%nismg for
acetoxylation and nitratlon of o-xylene, which invelves rate

determining formation of protonated acetyl nltrate, requires
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v'a ﬁémond order dependence of the rate inerease, produced by
4}a&aitian of a cénsgtant amount af acetle acld, on the nitric
‘sctd concentration, In fact, he obteined order of 2.34 (in
0,340 scetic acid solution) and 2,31 (in 2,2M acetic acid
solution) respectively, In the present work-the order with
respect to nitric aseld was found to be 2.49 when acetle
sold was added, Agoin the order éﬁterminea in this work with
anigole is not significantly different from that found by
R@a& using o~xylene. Hawavef, 81l these values appear to be
significaﬂtly greater than the integral wvalue of 2.

Read’g meah&niamq

also requira& & first order
éepéﬁdeﬁe& of the rete increase on the acetic acld
concentration, For GﬂxylEﬂﬁlih& experimental crder was 0,91
and for snisecle 2 value of 1,03 was found. Nelther of the
values differ significantly from the integral value of 1,

" The gsmp&riéaﬂ of the orders in the substrate, nitric
acid and acetlc acid between the nitration of anisole and
cwxylana is quite gimilar except that the former is
dependent on the substrate concentration and the latter is.
independentiof the substrate concentration, It is thus
obvious that nitratian of anisole in acetic anhydride has

a similar mechanism as that of e-xylana and perhaps

differs in the rate determining step.



1% was concluded in the previous section that a similar
mechanism to that for o-xylene (p.5)} wnﬁlﬁ gerve to explain
the kinetic results for anisole with thg rate determining
étep‘heing the reactlion of the protonated acetyl nitrate
with the substrate. However,\it'aheuld be'peiﬂted out that
the same protonated acetyl nltrate which is the active entity
in the acetoxylation and nitration of o-xylene cannot be
the major nitrating species when‘anisale is the substrate.
@his faliow& beéause formation of protonated acetyl nitrate
is the rate‘determining gtep in the o-xylene reaction and as
shown in Table X nitration of anisole is three to four times
as fast as acetoxylation snd nitration of o-xylene unéaf'
gimilar conditions, |

It might be suggested that the pretcnated écatyl nitrate
which ié,#séﬁﬁnsibla for nifration and acetoxylation of o~
xylene‘&éwalﬁc'iﬁvalvad in the anisole independent reaction,

If this were so then the rates of the o«xylene reaeﬁion and
those of anisole independent resction would be ldentical
under the same conditlions since in each case formation of the
(same) protonated acetyl nitrate would be the rate determining
step., Unfortunately it is impossible to compare exsctly the
rates of the two reactions because the rates were not obtained
under identical conditions and, moreover, the amount of acetic

acid impurity in the acetic snhydride used for the runs with
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a»xyimm& Ty unlkmown, Therefere the p%ﬁﬂﬁ%% ?&ﬁ% ﬁ@ﬂ%@&ﬁﬁ%
cannot be evalusted from the ﬁ&%&; ﬁew@@%xﬁgg%&ma%@g of the
amﬁﬂn% of %@@ﬁi& Beid inmpurity iﬁ am&%ﬁa snhydride lead B0
ra%@ aongtants Pam the Hezylens wﬁﬁﬁﬁiﬂﬁ which appear to be
aboub mgj times greatoy thanm the yabte constants evaluated
for the anisoclie indepcudent resction, &py&ra&%ly furthaw work
i# regulred te sottie this disexepanoy, |
| “inoe mnisole is more resotive ﬁh@n,éwxy&agﬁ it muet
be suffieclently resctive to reset %mmﬁ&iaﬁaly with @ny of
the "Read” protonsted scetyl nitrate (pe5).From Wright's
kifam@ﬁﬁg@ it might be expected thet snisele vwould resct with
one of the "Read" protonsted asetyl nitrate to give a high |
yield of aaa@axyiﬁtaﬁ %r@ﬁaaﬁ;'wa@ most f&?ﬁﬂfﬁ%@& conditiong
fuy ﬁh@lfﬁrm@%i@n.ﬁf sogtoxylated ﬁax&vativ%$'ayé at low
anisole &Qﬁﬂ%ﬁﬁ?&ﬁiﬁﬁ%kfaﬁ %§a§‘$he rate of the &ﬁi&él@
ﬁ@y@md@aﬁ‘%@&gtian, presunably leading to nitro-derivatives
only, iw a6 o minimum, A elngle g&a ﬁhr@ma%aﬁraghia
axamination of the reaction @?ﬁﬁﬁﬁ% d41d not revesl any acetoexy
cempound and further study of the resmeilon produocts ebtained
8% very low sninole cenventrations would %aﬁwaxr&nﬁaéw

, Until the points ﬁiéﬁﬁ$%$ﬁ~&b$?ﬁ sre declded, the
mechanisn of the nitrevion of anisele in scetic snhydeide
will remein in doubt, However it is %@ﬂtaﬁi&mly @ua@&%ﬁ@ﬂ
%m&% Ghe snisole indevendent reaciion in br@ughﬁ &%@ut by

“he kﬁ&ﬂ protoneted meetyl nitrave, probably Gl gn?wﬁﬁg(13
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and ﬁhe anlsele dependent reaation involves a leas reactive
protonated aeetyl nitrate, perhaps, GH3 q~0ﬁ0(cﬁ)(li). The

mechauimm of the reaatian would %hen be

X
N N 1
(Gﬁ3§30>20 % HHGEW Gﬁﬁ_q-o*me + CH5000H (1)
‘ ky A
CH,w(=0=N0,, '+ HA —————> OH,=0=0-NO0_A" (2)
3 E; 2 slow 3 g é e -
| N k3 o
OH -cu?-'-m AT + Ar-H *)Arume + OH,CO0H + HA (3)
> g 2 fast 3
Y H .
S ‘ 7 . . KQ
- cmjna-cs—-meg 4  HA ——-—‘eziswc«omceﬁ) {4)
‘ D famt 007 g_
) + RS o
OH., ~0~-0-N0 (0H)A™ + Ar«-H—-—) Ar-NO, + OH,000H + HA (5)
2 % slow 3"}

The rate eguation derived from the sbove mechanism is
+
rate = k, [oH,00000,] (HA) + 1k, [oH,000M0 (0H)A™]far-H]

Since equilibrium in (1) lies to the right, [CH,C00NO,|=
stoichiometric {Hﬁ%]. Substituting {@33«3&)%?] in (6), we
obtain rate = kg[mw.ﬁ]%(m] + kgk, [ano,] o (HA] [Ar-—fi} (70
In absence of added strong secid, HA is nitric acid, and it
follows that |

[Ha] =[mN0,]=

[HNO, ] [CH5000K]
x, {(orz00 ) 20]




wé{-ﬁm

Substituting HA in (7), the vate equation becomes

3 sowugh 2. AEE . o TP iy 2 <& ¢
&Q[m§@§]gtlaﬁgyﬂﬁﬁl ) ”fﬁg%[hﬁﬁé]gg[ﬁﬁgabﬁﬂj]ﬁr“ﬁl

DAL R

Ki [( @H ﬁaﬁ ) ;?6 ] j o gi [{ ggﬁﬁg )gﬁ]
Putting ~ .
o ko B
' ow S end k" = - 5 4

L ﬁﬂﬁﬁgﬁjgﬁ] Ky Raﬁ3gg}g],
and on substitution the above sguetion then becomes

rate = [0 JF_ [om,0008]( k! + k" [ay-n])  (3)

Bauation fS} Shaeg prediets =z less than first order
dependence of the rate of rﬁaaﬁimm.@ﬁ,aﬂiﬁalﬁg , %aémnd arder
&@yéﬁﬁ@nm@ o1 ﬁi%rié &ﬁié and & Iirss @r&ér dependence on
acetic amcid, The order found were GoTH %iﬁh regpect o
anisocle, 2,49 in pitric scid in the presence of added acetic
geid, end 1.03 in ecetle meid (ef., Table IX). In the absence

of sdded acetic seid, [ﬁﬁ§@@ﬁ§]m[ﬂﬁgﬁﬁﬁﬁﬁﬂ] end s third order

dependence on nitrls acid should be obasrved, The value
found was 2.9%4. The spregment b@twa%n the @r@@im%@& order of
the reactants and those found 1s about as good as that
obtnined by Qé%ﬁgiﬁ ple study on the acetoxylation and
nitration of o-xylese.,

How wrlting ¥ = imitiaz[ﬁﬁﬁj]%t; € 4+ N = iniltlal added

[01,000], X = Anitial [Arwi] 5 & = p "WheTe ¥ 18 the
concentration of resetlon produet formed in time ¢ 3

gy ‘ W
b &= WTﬁw&wzw end a = wEw%wﬁm y and substitutlng these
B' + kK"K



b

values in (8), we obtain

N %% = (1=0)2(14am) (1 =bm )N (041) (k' + K"X)

On rearrangement and integration, we then have

R . — & constant = N(OHN) (k' + K"X)¢
(12m)?(1sam) (1-bn) '

Let F(: mr 4n v
) " j (3*m)8(1+am)(1ubm)

« A, and on integration this

~eguation becomes

P(m) = =i + Bln(1-n) + Eln(1+am) + Dln(i-bm).= & (9)

H

. Where

A = 7ab‘+ a=b+l B = 2ab=a+b S
i P12 (241)2(b=1)2
2 \ | 2
B 2 and D = =b

(2112 (2+b) (b=1)2(a+b)

Because the coefficilents in F(m) involve rate constants
which we wish to determine, ecuation (9) is a rather
difficult rate equation to work with. However, in nearly all
the runs m was small, a<1 and b<1, Hence on expansion of
tﬁé logarithmic terms in equation (9) and neglecting terms

2

higher thav m™, F(m) is reduced to

1

F(m) = Tm

+ %(b»a)mg - 4
 Since a and b ave ususlly amall, the second term can be

neglected. Thus 1

The plot of F(m) vs t should have a slope of N(N+C)(k'+ k"X)



wHT

Whim& reduces to Ng(k'* k"%) in the nbsence of added acetlc
pecid (when € = 0), For the plet in Graph I where X = 0,2 M

end 0 = 0, k' 4s ounly about 10% of k"X and K may be neglected
in comvparison with k"X, The rate equatiou thus Bee@m@e (a = 1

N
and b = =)

T ! " ‘ . . i 2y L] 2 ' -
C{1=v)(1-m)  2(14D) 2(1-b) (1=b%)(1=b)  bm)
o By , i | |
= KN 4 i

This function is used in the F(m) vs t plot for Graph I,
The proposed mechanism is {n*ﬁsgﬁré_ﬁith the kinetic

effects of additives, Since additicn of acetiec acid increases

the coneentration of free nitrio acid 1) virtue of equilibrium

(1), the rate of formation of prgtaﬁaj iceﬁylgniﬁxata (1)

and the ecuillibrium concentration of pr@%dgé{e@’gcatyl nitrate
(I1) will incrense. G@ﬁﬂequ&ntly it 1w expﬁmtéé that rates

of enleonle independent and d@p@ndentireaatiéﬂ and thus the
total rate of reaatibn should be inereased by an amﬁﬁnt.
proportional to the smount of added scetic acld (ef. eq.(8))
and this was observed, |

| tddition of sulphuriec aclid leads to the formation

of the very strong acid, acetyl sulyvhuric acid, QHSGQOSOQOH,

which acts as HA in the mechanism, Agein the rate of formation
of (1) and the equilibrium concentration of (II), and hence
the overzll rate of nitration should be incressed. This was

also observed,



shum pitrats soting a9 a2 base voducen the stebtlouneey
siets soncenteatisn of (1) theeneh desrotonntion of the
protonsted acetyl niteote and 1ikswige reduses the eqpiliberiun

pomsentention of (L7 by the follewing twe @@@wiﬁiﬁ ponetiony ot

' 7 P e, “i“ o P (0 el S IS % -
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pK;Géﬁgﬂggﬁg = ~7;515) imdicaﬁea that nitro compounds are
eaﬁ&idarabiy‘laaa'baai@ then aclds end hence (IT1) would be
expected tq be mﬁck lesgs &tabla then (III)Q Torthermore the
oxygen stom which is bonded to nitrogen and carbon in zeetyl
nitrate should be laas'bééxa tﬁ&n the other oxygen atoms of
the nitrate gfauﬁwginaaiegeb,af these axygeﬁ atoms carries
one=half of a formal nagaﬁive charge, Thug (I) should be
less stable than (II), Ii 1s suggested that the central
oxygen atom in protonsted acetyl nitrate is so weakly basioe
that 1t is protonated only elowly snd formation of (I) then
becomes rete determining provided that the substrate with
whieh it rescts, ig 1taelf7guite reagtive‘ Protonation te
form (II) should clearly be much more faster £han formation
of (I) and 1t i thepefore reasonable to suggest that while
formation of (I) is slower than subsequent resction of (I)
with the substrata; £armgtian of (II) is faster than reaction
of (II) with the substrate, Hence the resction of anisole
with (I) 49 a geroth order resction while the reaction of anisole
with (II) is first order in anlsole.

Pinally, we may obtain values of k' and k" from the
plot of rate vs anlsole mﬂncentratién,( see Graphs XI and XII),
From equation (8),the imtereept of such a plot is N°Ax' and
the slope is ¥2Ak" where A 4s mcetic acid concentration, Por

runs contalning added acetle acid the intercept ls 4,91 x io“é

1 i

e e . u-é' o '
mole 1, sec, and the slope ig 1,02 x 10 *8@@. i. Since
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N 20,05 4 oand A = 1.0 M, k' is caleulated to be 1,96 2 107

i 3 -t

12no1le™®sec,~! and k" is 4,08 x 10"°17mole Ysec,”', The rate

constants (k,, ) listed in Table X are related to k' and

obsg,
k" by the expression
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