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‘ Nucleophilic' substitution is and has been an acti\re
area °f ‘""esﬂgaﬂm f0" PhYsical. organic” chemists..jl,I;i:‘_l-_l‘"-j,.:f:"‘.":: o
gold's original mechanistic descriptions \S 1:nd S, 2, uere~}' ) -":'I:'-.'."
“n“ti&lly | controversial because of the proposal ‘of . ionicv.""._l;.;:.;
intermediétes in the s 1 process. Now the contrqve,-'sy 13..'I

over the lack of int,ermediates in the s 2 process’. uinstein'.""--:"'

N

proposed that the s 1 iomzation is better described in a

N

"5_- stepuise fashiOn with the substra.te forming f1rst an inti—”':'-v.ll.."‘"

s

mate o ion pair Hith no solvent separation folloueu by ion-—_'_.'-'f.'f .

*

pairs suct:eswely separated by Layers of solvent until the',
kinetically free ions are obtained. Sneen extended this idea:.

" '_“‘:' and claims that al( substrates in'/nucleophilic' substitution:.-";.""-'.{

j‘.?'.'reactions ionize at least to .the intinate ion-pair stage be—,
".‘fore nucleophilic attack Thus, Sneen mamtams that S, 1 and__{‘_;;'

o '-s 2 are operationally equivalent to tuo extremes of 8. coann.l".l."'x S

...4 o

L

:‘difficulty in establishing thp existence of ' the intimate e

. /\

:ion-pair in reactions uhich display s 2 kinetics.,.. '

:l'he present study is concerned uith the displacement of

.-.A-.'sulphite 1°“ bY tet"ﬂphenylborate 1on on tuo trityl deriva-— R

tives, namely nalachite green and paramethoxymalachite green,

A

using uatar as ‘ the solvent. : "A; mechanistic \escription is
derived, using spectnophotomet"}c methods, uhich uust in-4~'"'-‘ e

R clude tuofifferent ion'lzed torms of the substrate (differ-. "‘;:
‘.’ R . P PR . ’ :
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i\terest to- phys1cal organic chemists for-many,xears.,]'The“

~early mechanismS/postuleted for nucleoph{lic .substitution

’ . P Lo o cN ‘
Ve . react1ons were those proposed by IngoLd:‘“sN1 and SNZ'(1)'

g

Schemes 1 and II. respect1vely.

. Scheme I

' Rx ===Rr~ + x o - PR
. R° + Ne—o-RN T
* ‘ . .o . . . e e._ .

. '. : R T S : oy e

PP S R

.oh

°
RN

RPN

Pl . 5 I

°

:o_p‘.

. version occurs ﬁt the centre nf attack.-iff_?;-»'*

Y/

Fl

My R "wi" : - . T

Nucleophwl1c subst1tutwon react1ons have ,ggen;of'gveat.

: . . ," e, : o : ‘
ih%?ffl"”ii_ﬁ :ffﬁfﬁf Rx + Ne EN---R--—XJ ———hRN + x .?fffhfffgﬂ il

In the S 1 scheme, the rate ’determ1ning St%P is the forma-ﬁfl'rphh_'

‘ff.‘Ji' : ijjlrt t10n~of the carbon1um Jon. ’1ntermed1ete;: folloued by fast?ﬁ;'ffﬁ‘
ﬂ_;.f ) o nucLeoph1lic attack. Thus, the § 1 scheme g{ues an obseryedtf
| jrate uhich Tis 1ndependent of the nucleophile concentrationrf
and 1n the case of opt1calLy actxve centres of aftack, race-;:cf'”
7% m1zatwon occurs. ‘For the SNZ scheme,~ the observed rate is;fﬁ

dependent on‘ the nucleoph1ie concentration and optical in— i

The or1g1nal proposal of 1on1c intermediates 1n’an or:;v
‘-ifp " ;ganic react1on met‘uﬁth cr1t1clsm (2) however, 1onic.17ter-fhﬁ'f.'"
e med1ates din- this lreactﬁon are nbu uell establvshed and at-z;viif“"
tent1pn1.has recently been focused on the poss1b1l1ty “of ;} -
1ntermediates 1n typlcal S 2 processes_ Also, some nucleo;.'F

phitic subst1tution reactlons seem to d;splay characteris-i;"

‘,'".




: I \\ }tﬁcs'{h-betueen'the extreme s11'and'SNZ;éategbries,aﬂdithese'
T await- sat1sfactory explanat1dn (3, 4).: e o '_, _.A
é ' P - ‘1. - The. present - state of the debate over nucleoph1l1e sub-
ﬁ . st1tut1on mechanxsms or191nates with Hinste1n (5 7) ‘who pro-'. ?.
> posed that in medla of Low d1electr1c constant (e a’s acet1c :fj'
A : 3F#d) thf sy1 1on1zat1on is better deer1bed by a series of R
:? . ‘f'l equitibria,‘» . ;~ L L fL N R Do
) . - Scheme 111 ”Q,H\; o ;., - ”'_ ?H*f v {L,,'f': c '~'.-' ;j
o ,' .‘.' IF\Q%RQX =nn |x :#R ||x w—n _;mug % xe /'

ljf intwhich tHe: k1net1calLy free 1ons are generated via thefff'“'

S", ',~‘ PN ' B . -f' ' - ) \ \ :—'.: . .‘.
; \L\f.re.‘“h . fornat1on of,ion-pa1rs of vary1ng degrees of tightness and'~
.. RN DRI P . ./ .‘ \ ) oo

i ) on any or all of the,w1nste1n intermediates must nou be con-
:f} , sidered any comprehensive descr1pt1on
JUF. e .
~ 'k L ;‘

N SR 'SUbSt11ut10n react1ons. The 1mportance of th1s scheme 1s theff',.'@ :

. R ; . o,
It:’": : 17: )de-empha51s ‘of “major one step reactions “and replacing *them"'. A
;fi?'l‘:fiiih;'.. uith more elaborate schemes;:uh1éh‘ach1eve the same resultshf?;i“df";-

1 | "‘ ‘,’” v1a ‘a series of. smaller.steps (8).1;L ;'hf_:ﬂ {-?S:niifti 3717? '
. W;'i P The qgestaon nou aerse; eé to the 1hfluénce of the sta-}f .

| bil1ty pf .the carbon;un.ion on the nJmerOUS k1netic possi-:(lb,;;ﬁ:“

L f W bilitnes a$soc1ated u1th Scheme III. . Ifﬂnucleophiles arely;l ;
.:;;?'$ iﬁ;:fcapable of attacking any of the 1on1c 1ntermed1ates and the{a:} v

- ‘~.;.":t;neutpal substrate, then the.less ;table carbon1um 1ons u1ll€h’ ;

T{fw“jj “”;{than,probably manifest Less solvent separation before nucleoph11-€l4-‘;ﬁfﬁ

‘.)

1c: at-tack- ;




izes at

'~at1on C13 s1mplif1es to: an- expre581on

~as,

:-th1s condition, the rate_becomes

Th1s mechanist1c descr1pt1on Led Sneen

ionepaxr theory - (9-11)

philic attacki can occur,
. I,.

—_—— \v - '
'y ‘e

If the npcleoph1le conceutrat1on‘1 “in

“._.

'“-substrate cencentration, pseudo f1rst order

k1szN ]
4+ k

. o T
\ .

fdrffhe obsérQeH.Fdfe dadéteht.w;@ffk;1

R

e

pendent on

SCheme IV 1s operat1onally équ1valent to,

the classicalj§N2 react1on.,

optical 1nvers1on at

'
‘

ph1le musf approach the substrate

which the leav1ng group departs..}

to"Equat1qn E1j 1s establ1shed

great excess over the

'.1 ZCN ] . ’A:-",,_ .‘"4'.'-", :,l '

the nucleophile concentrat1on./}

-

Th1s scheme_

P R
Vo ey

[y

to propose the

“n uh1ch' the substratc‘aluays ion-

"., “ i

k1net1cs uiLl be

5.-3'>. .'k" -"tN'°j t he :hu-

T

Th1s extreme of

-1

")‘

also pred1ct§
&

least to the'int1mate 1on—pa1r stage before nucleg—

Scheme 1V S S
T ke - ’
" RX ==2R"X . .
> k_1— - . > ,
: Tk i
\,_RX ‘—"(”RN+X

wh1ch 1s L:nearky de—”f“
%Ubut not the same;k

the centre of attack s1nce the nucleo-.5?§

P

.on: the opposwte swde from :




)

ﬂ”-arq betueen SNT and 8 2 1n order.w |

.gd;thfs model
R proposed that

";ahionthmb1nations

ever, if k

‘s1deshqf

compan1ed by fuLl 1nver51on at-,the éentre-dfféttack., How—'

1s small, the react1on may 1nvoLve further in-

=1
termed1ates related

ina to more highly ‘solvent separated 1on—pa1rs.:

avaitéble.

a h1gher degnee of racem1zat1on.

to-nueleophilic 'éttack}”uhichf“1n turn, lefds to:

Therefor;,
posed that the observed h1net1cs of s 1 and S 2 are actually

-.,. ] -~

extremes of a common mechan1sm through uh1ch aLl nuclepphll-‘:."‘-

..’ . ' . .- : .-f' A"

ic subst1tut1on react1ons proceed.g,Also, th1s common mecha-;-fF“f”:“‘i

.- .'~‘: N

: B . " S - / . d
l1sh1ng the ex1stence of the 1ntimate 1on—pair,¥ntermediate

- o ‘

o

th.*1n reactvons prev1ously cons1dered to follou s 2 knnet1cs. uf;ﬂ'}.

<

to the: w1nste1n‘ on1zat1on scheme tead-"

ThUS, bothl'*i

the 1ntermedjete canbonnpm ion: become more equally‘ﬁ'-'

Sneen (9) pro-}:f'.

- *The term

-.t1v1ties.of carbon1

" ;For Rhstance,-ltr1t

Y

: model systems:for the methyL

has met

th1s thes1s 1s

< ar

7'tr1tyl

and thzs 1dea persi??%lﬁ

to provide evidence that

. I

um ions have become»much more 1mportant.:y”'

yL carbon1um .fons*: have

carbon1um 1

th severe cr1t1c1sm (2).

LN

1ons't refers to qﬁQngﬁqut;yé?¢};qfhg_*ﬁf"
tr1tyl‘(triphenylmethyl).1on. . c T e T T T

Because of the Sneen proposal,,the structures and reac_;~‘.”

B )

been _used as

(12, 13), ;__t“‘rﬁl"'*

R

3,

LaHer (14)

the trityl 1on react1ons uere simple cation—f“~ﬁ“

the mechanism ﬁor

f

‘ the cat'lbn-anion comb1nat10n t'eact*lons m solut'uon (15 grob-.'.-'*‘
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" A ";“‘; SR LI i
v ' aLinear Free Energy Relat1onsh1f§ L - ‘*u?; ;Z”ﬂ
' ST, 0. - . o K . ...:_—- i ‘
. o The 1ntroduct1on of three pertinent l1near free en¥rgy BRI !
: ,.relationships (LFER s) '1s usa#ul at this n%1nt..l hese are '-{1ﬂ;’ﬁQ"V
. s ~.jf: the Swa1n Scott LFER (15), the Bronsted’ LFER (16) and the i '

e

g g G IR - 1T T T e Ll s e TR T

ey Ay TR

:lti'uﬁ]ﬂ"i;:f.‘ water.., The\parameter § 1s a neasure of the sens1tivity }&f.h,}'

R1¢ch1e LFER (17).; ALL of these LFER' are concerned uith

e . -, Q ‘ O 4 o ;
B /react10ns foltou1ng secOnd order k1netics.. The Sua1n SCOtt i.~”

] o " ' .

/~t_§'a',: LFER deals u1th react1ons uhncb'd1splay class:c SN. k1net-jffi1fef¥,n

the &itch1e"' _ .

i nnaLLy,

The general eQUat1on ?or}theQSQeinﬁSEdtf ﬁFER?iéfﬁﬁQenflf“'

fﬁdr reactions taking place in the same solvent, ;typicatly

’

-l‘
s

(select1v1ty) o+ the substrate tdvyhanges in ‘n’ "The para— wf’ﬁﬁ?‘“

f{fh;"ﬂJS meter “’n' ;s a measune of the nucleaphilicity of the sub—'f

: stituting reagent.,}f“ﬁ;“‘ - Qf N } 3
ATt R \ e, H " . - N '.' v . - N . . -1.
j*?jﬁff Equation CZJ requ1res a standand react1on for uh1ch the

,‘ -I-'

1=9rate constant 1s k The ‘s"and fn‘ values are defined for

- BT AN

o L T: this reaction.h fhe standard react1on foﬁ the SHain-ScotF "ﬂef47h7

S ,.'

o
yLFER is the atfack of water (sblvent) gn:nethyt
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t . .
ﬂanserwes of nucleophi?es have been determined ._,,values
J.for other substrates can be obtained frpm the1r ra;esvof“re-i'5

l. '. f"' L A - N ) - ..~‘: _:‘:. e L D
'._act1on w1th the same ser1es of nucleoph1les. ;:_;m"_;ﬂJ;*Q@f&“

”-xfuhere

'Z#base equil1br1um constant of the nucleophile.,":$H&'
'}meter_ ys ,constant for«'a ser1es of bases‘ofTs1 .
”5ture.. Under this restr1ct1on, nucleoph1liC1ty and'basicity ‘Cligﬁtfff
'jare probably closely related quantlties.f iThei'a parameter 1
3g’js substrate dependent.-iflf;the substrate 1s ‘a strong acid,.ﬂ
::f¥?then'k ‘

7”!n th1c case, ‘the act1vated complex 15 said to be 'reactant

’TQ;l1ke' {f the Substrate s’ a weak ac1d, then 2 u1dl depend
ﬁito ‘a greater éxtent on Kb and ﬁ w1ll be cbose to unity.A"
'k;th1s case,- the activated .complex 15 sa1d to b&::'product

""‘;-:'_'l1ke' ;
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- R . R LoooE
gyt . - R v , 2
- : \

‘ef1nedf to have fffﬁi,‘ forf

- i ' \ e . ." Ty
L uater.. The valuetof for any nucleoph1le can be obtained}f}.gi'

- "n e

'by measuring the rate 'of reao¢1on w1 h methyl bromide andv:f"5;

P KR

“ffxcalculating 'n' from Equat1on IZﬂ.; Once the n‘ values for ;ﬂ‘

‘1. ”
‘.

4!

:

..I

The~Bronsted LFER deals u1th the react10nsifof bases ‘

e

.' i

\ The Bronsted LFER "js“;
SRR L S

the second order rate con;tantf“\,im:"

. ' . A RTINS

A

5 S RS ;
will depend less on b and B uwll be close‘%b zero.-

~ ~lee

2

.

./,»

l
i .

This correlat1on between 0 and react{on rates 1s equ—~
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c By a\s1mple man1pulat10n of Equatxon [33,

\'

e A ,'?,"'-'?" F.-°.9'.-'. -"-'z,:;?:-f“- .7'*9"55, R 9"" T e

'.¥ﬁff3f 7f'f'f of the bK , the nuc}eoph1les should be lwnear uith slope&

5T;Eﬁ5;_Th1s LFER fwas originalty dev1sed 1n relation tof the;h

:\ .

;ﬁfﬁ}ﬁ:;;hf wf'ff Bronsted def1-_t Qn of atids dnd bases (proton tran;fer re—u_'

_ ”E;TQ actions) but 1s elso appltpable to he more general Leutst‘

def1n1tion.: The Brongted LFER also is re evant to the reac&
.{ \

-

V.

~{}f’:r- Eéwis acids and nucleophﬁles are Leuis bases.\ This,LFER 1s,

/

be ‘e

the system /(log

: As\already\\hentione L slou reactiohs should shou a strung

dependence on pK «;téi'@ close to unity) uhiLe fas¢ reac-”
. / o gt \ ST ;, " .4.. )
t1ons should shou a Louer dependenae oh pK (i eL=_€ closer B
.t N ‘ {l . ot .

0 ‘. M H

‘.'/ \" -

,ﬂf have reportpd a 9 value of 0 52 for crystal violet. These Bt"'

i

-

&

‘

',,chrystal vfolet,'-as {mplied by their reSpect1ve strhctures\ S

n'f f The Ritchie' LFER:jis the mosb interestiqg correlation;f

&

- \.\'-'.

i.e related to the study of trityl ions and is g1ven py “iﬁ}f}ﬁ oy

i can be obtained.- Thprefore,‘ a pLot of Log k as a funct1onfr'1*

,\.' LR

alues are as expected singe the react1on -rates for mala{ffgfff'

: 'tp ze’°5' This is borne OUt 1n observation.-B+u1ce (19) has»‘}r’,nfnﬂ

'chite,green are zfaster than the correSponuing rates forﬁ;in7--%"
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RO ‘:~' Z The standard react1on, for uh1ch ko 1s the nate constant, 15 R

. == L
: that betueen malach1te greeh and uater (%%éﬁfnt) u1th the N,r '

\‘a

'{value for th1s reaction defined as zero. The N parameter is.“vjﬂ;a.:fw :
ﬁyﬂi] - .dependent on' the nucleophlle and Js 1ndepen3ent of %he 3ub-~133f,“‘.~iji
,',:‘ . . C. - " :.. ' \'a .\“- . N ‘, . e _“»(. ‘. .':_:‘ . O o ..‘. 2 .. ':_". 1
. RS ”strate.,-; ,?,,',;;-51 :.,_1 au::_: Rtf" N e _
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The Ritchle fLFER Wis of 'part1cular '1nter€s;ta because'

o 1", Ve
'jthere 1s no select1v1ty parameter uhich depends on the sub-"-;_“

l ﬁ strate (c f Equat*on EZ]). Equat1on [5] does not appear to:f_;fﬁzlf

-

ibe universally val1d. Thus Scott and co uorkers (21) reportLJCtiy
the reaction yate constants ot tris-p-an1sylmethyl cationjb

-

uith a senies of nucleophiles and compared these to the cor-::lb

Tﬁfrespondlng,reaction rate constants for malach1te gFeen. Thf
L .w~_a,; . e
‘ 4work provided an excellent l1near correlation betueen the*-
R N S : ‘ : = "
"H}tuo series but the sLope uas not un1ty,,_as requ1red by the”

a-
x,,’

'.*fiR1tch1e LFER.. Therefore, Scott proposed a modif1cation oftb{:

'.,:,'the Ritch'le LFER i LT e ' N '
. At - - : ’

B i-ojﬂ. ki f'ﬁi+.{,ﬂf7,;p;;ﬂﬁf_u
L L6 . Leg ), =TSN L pe
5 SRR e B 'E S R

CP ' . ,--_u,.< . . L)

e e R AR R gL

"ﬁldhich includes é substrate dependent parameter, S

|'(,'

*Unquestionably, the Ritchie LFER prov1des an adequate”;- RPN
& -

.ftfdit for a uide var1ety of nuc[eophiles on a number of dif—
“373ferent substrates *,.Nevertheless, the Lack of a’ selectivity f737ttﬁ'f e
P -_‘ ' L “:::..*” . . .

*}parameter tends to contradict the Hammond postulate.'R1tchie SRR

o RISES 7 . PR A

'”jctaams that the lack of ‘a select1v1ty P&rameter 1s s1leY *"L‘ff}ff :

Rl ST
f . .
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Q~; ‘khat the react oh rate 1s pr1mar1ly dependent on desolvatwonfff.‘

L,,i”i,m. : 'ﬁ of the nucleop 1le (17). ThiL clatm is not supported by the o
de S

3 values of the Bronsted LFER for tr1tyl 1ons s1nce the PY“'

.j;%. va[ues do not - 1nd1cate the act1vated complex to be as 'pro-'izelof?u'ld

U duct ltke"as 11 should be. Pross proposes an: argument l22 Yo
ﬂfxf\ \ , i

-based-on the soLvat1on of the tr1tyl nf to reconc?le the:.'L'

-7

R1tch1e LFER w1th the Hammo‘d postulate.

. g o
S Pross' analys1s of t e s1tuation-ﬂis. complex but his],fr“
';?- ;@‘ concLuégons are %as1ly sy mériZed.ﬁ In an apr7h1c solvent,;' 3f ffkt:

'the hal1des are well kndwn tq be-a

the nucleophilic t1es of
. He

@

) > Br 5:1.. Houe er, in protic solwents, t%fs\orderffff.f'*'i- C
) ..: ‘ : o 3 ,.,:,‘ }
;is reversed.

i

TH1s reVersal 1s due to solvat1on/phenomena;ﬂf””a”

.f ;' i P 15.” Th1s observa;ion 1nd1cates ;trohger solvent-solutef . .
_i; 5' 1nter;ction2”with hh more electron donating s°lvenés'h;hllf&.ju’l ;;

‘h {}- : log1cal deduotionﬁ;s. to conclude that theiﬁlore. capable'a€£' : *{E;
ﬁl trityl 1on 1s of acCepGQn e; ' L i

Because of the grfater
. e . '-‘,' 9

”"Thcl,zfef 1s solva%ed by a'

'1hherent nucleoph1l1c1ty ofy~.

u

prot1c solvent muéh

Ji:;eét

cleophil1d1ty of F9 to less than that of cle ';o? wlgz,Vf;

Q: Th1s solvenh 1nteract1on thus reduces the apparent nuef}

T e

l‘,.

The extjhction coef¥1c1ents of

3
dependent on solvent (23)

of donating electrons,

. ; The more capable the solvent 15‘15'

g electrons (Ts

!

the more react1ve3f""'

the trltyl ions are strOnglyre‘

f the louer the extinctmon coefficientfrf

better

. ”a the trityl

1on 1s), ;;h

soiVated eit uill

be 1n -a ffni?ey

more 's0- thanf:.ﬁ3blfa'




rﬂactive the tr1tyl 1on 1s 1nherently,:

N posing effects apparently caqcelf leading to the;

‘ ff‘LFER, in u?

‘ Nto ‘a soLut1on of malach;te green

P - l

7

S . . . o
S v‘;'.:lt-,. ! ! ! . :.l._ e ;'-'.v ’
SO 00 e RPN CIEN
bas1c SQQVent such as uater.- 5 . :Q' SRR
"__T importance of the solvat1 n of “the tr1tyl 1ans ,

,forms the g1st of the Prpss rat1onal1zation of the absence -
of a. select1vity parameter 1n Equatlon ES] 1 e. the more re1”~

o e

the better solvated it;z L

\

is 1n uater. The better solvated‘ he 1on 13,' then the more:h-éheQ“

‘ . '-\. —
1ts react1v1ty s decreased and he“ce 1ts select1v1ty is in*. B 7,5"j3“'

v

Thds, a trityl ion w1th 1nherently lou selectivityf'h R

-

’creased.j

'uwll have 1ts\§elect1v1ty 1ncreased by solvation.:r"' ©
aitchie:”,

.’

1ch most of the carbon1um 1ons are embnaced by anﬂ{*f

o

‘;equat1on W th no selectivity parameter.u{ffi'

4,‘

The quant1tat1ve ~exper1ments reported 1n

.

When the sulphite ion is added
\

'thfs thesus

relate to a novel react1on.

" '~x ,'-'

\—.

(a trityl ion) chloride,

the colour fades eer;wrap1dly,'1ndicat1ngacovalent bond for- o ‘?

mation between the malachiie green 1on and' sulphite ion..;fi;ﬁrfﬁ

when sdd1um tetraphenylbora e 1s added to .thts solutioh, :
chlour returns to the solu;ton. jv}hié éolour 1s the same as’g S

the colour of a malachite green aolution uith sodium~ tetta-?a';ifhﬂfiilﬂ
d phenylborate added dwrectly to it.:Therefore: tnﬂaqueous so-;f“:. "

\

lut1on, a spec1es 1ncapable'§f'*forming a covalent bond, te- f-ﬁ-.

traphenylborate ion, s capablé of 'diSplacing ~a covalent— ﬁf

1

ly bonded Specnesy gulph1te 10n, :{L:?:ﬁh




é, ;‘ j'“ﬁ;;f=.eol§ solution ,of malach1te oreenechloride 15 prepared uith

- e sod1um solph1te added.f Th1s colourless solut1on 1s then di-'k:‘
Lﬁ? fi;b;f:”-éﬁﬁ,luted w1th 'aoetone. andl remains.eolourless.;ﬂ Hhen sodium .

? o “&%E:traphenylborate 1s nou.oneo to th1s/solutoon,l the-solu~fﬁ;

‘ o JRRELE _ A e

;}g”‘:5§*“33; that the displacement o} sulphite by -tetraphenylborate in

RS n <’ ., a,

i

ylborate with a reversal of these conditions uhen acetone 1s

,',.v‘ ..... 4 R y

added The fact that tetraphenylborate poorly solvated

3 -_,g‘.

,'1n water is demonstrated by the precip1tat1on of potassium”

SO

'~?fions from uaﬁer by the tetnaphenylborate ion (245. ,33“

-t

'''''''

s ".w g

: }';:ﬂl,fb'- fg;‘_Th1s reaction :je;ifﬁﬁ'nuclepphIlzc' (for uaei of a better

’,.

1tself a very powerful nucleophile (21)..The product must be

Ilu';t{_hlhjrf?';uater, sulphite is probably better solvated than tetraphen-'

should be relatxvely stable. The leav1ng group, sulphite, 13'”

‘ﬂ an 1on{c species S1nce it is coloured and tetraphenylborate?f
1on fs 1ncapable of coyalent bond formation. Also, this re-ﬁﬁ
action provides a means Vfor determining the rate of d1sso~3;

hﬂlﬁf_;fg'-hf iat1on of sulphwte 4on from the trityl ions uhich may giveﬁ1’

e aqueous, solbt1on 1s strongly ;1nfluenced by solvation. In L

'term) subst1tution in uhich the carbon1um 10n 1ntermediate'ﬂﬁf

L t1on st1ll rematns cblourless.,» Thws /observat1on suggests-v3

flThe d1splacewent of sulph1te ion by tetraphenylborate itj

;1on on a- trityl 1on 15 interesting for a number of reasons_iaﬂp.,,u.
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ffmethoxyphenylm
"(HGCL),f
”afride;f
'_and'duinol.
'i viously 1n this Laboratory..
Iand BeLL dye recrystall1zed from d1st1lled uater.
;sulph1te was
._'NaTPB was Aldrich
 H Br1tish Drug House\

jwere made uswng freshly d1stilled water.aiu”

fu,olving pHeOMG

:_spesttvelx.
’. ﬁEttler Balance.
e,Packard 2801A quartz thermometer

. 0.05%. by a Neslab RTE-8 refrigeratedl&1rcutating bath.

'volumetr1c pipettes oa

.LThe cuvettes used were

Experimental < T oMo Dol DL n T

\)_1) ’ a - ’ _,.-'“"’ A
: The uhemlcals used ‘were paramethoxymalach1te greeh per~*..- o

. Py . .

‘ .o ) . V& . N
--chlorate (pHeOHG;lO ), bis (4 N N dJmethyLaminophenyl) 4- ’“f?j

hyl malach1te green chloride

L‘I AN

bis - (4~ N N d1methylaminophenyl) phenyLmethyl

perchlorate-

chlo-f.

5 .
sodium . (NaTPB)' sulphite ’

»tetraphenylborate,. -spdium-

The pMeOMGClO was | prepared and purifled pre-

The MGC[- uas Matheson, CoLqﬁan ‘j ‘.

-

The'sodium

-'Baker Anflyzed'_ reagent (100 0% assay). 'The

'Gold Label'

reagent (99 1014).

- g . e

O . T PR - . T R A
"'.' L T . s * S, o

. ot - <. . .- PN
-1 i s . . Lot : o3

i B .
 The react/pns were. folloued spectrophotometrically on a Lo
nye Unrlam SPSDD equ1pped uith celL Jackets._f Reactions 1n-"' T

aand MG. were foLlowed at 602nm @nd 615nm re-.

atL weighi g8 were made’ on.a four decimal place:d

The. emperature was measured by a Hewlett-

‘and ma1nta1ned at 25 OD*

-

flasks used were grade A quaL1ty.

1 OOGm quartz ceLLs adidt were r1nsed

L]
5 ) »
. ' 2 .
1
N '. (. . S e . o .. .
SRRy L LT **ﬂ ﬁ? o
-~ . a . - ~ (A B A
- . e T 75?‘9 ‘ig‘v:}:r 'ﬂ R :

reagent (99+%) and the qurnol N

. AlL solutions ii% S i;‘“

AL;V'.;f"

uifh anaLyt1cal‘grade acetone betueen runs-. . _,"}'; fJ5“7f“¢;‘3_?”’
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priate amount to:haké_approximately 4“5 X 10

LD

-:The fPB and LY}

Preparation of Solutions
The .dye stock solutions’  were prepared by "dissolving.
0.2028g . of MGCL  in 1000.00ml water (5.557 x 107 °M) and

0.1079g of pNeOMGCLO, in-500.00nl water (4.692 x“107*M). The

NaTPB stock solutions werge mﬁde by ueighing out the appro-

"M in 500.00mi.

Tﬁe’quidol stock was pcépared by ue%gh1ng o t d.1101§ to

o make 1000 OOml of 1. 00 x 10" M sotutnon." This solution was

;then d1tuted -40 OOml.1n 100'00ml to g1ve a. stock of 1 00 X

- 1b:ﬂMf qu1nol.. The NaTPB and qu1nol stocks uere used u1tb1n':
l . . S o ] . . A ‘
four days of preparat1on.. : . °
'Kiﬁeticikune.. T ‘ L i 1; - | ; :;..‘-; : T\

Att.fhne uere'brépared in: 100.QOmL:IVOLUmefrfc'fLasks,

"'The appropr1ate/amounts of - Na 3 were bréﬁeidhed~and“ptaced ,

,1n dry ftasks. Each solut1on uas then prepared from the dry.

f

'-Na 50 51mmed1ately pr1or to use. F1rst¢ 1 .00ml of the qu1nol

23

1

-stock uas added, foltoued by 3 OOmL of the dye stock. Next,
"the appropr1ate amount of NaTPp stock was added and the sol-'.
fut1on brought up to 100 ODmL w1th uater and thermostatted.

The sd[ut1ons nou;?conta1n uork1ng concentrat1ons of 1.00" X

6 e -5

10751 qu1nol ahd 1 de7 X 10 >n MGSO3 oF 1. 408 x 10
(The dyes are effect1vely transformed~ 1nto'taeirg

'\. [.

¥

6
3

sulphltes at these concentrat1ons ) ,The qu1nol uas added to

-~ ¢

.:.stab1l1ze tbe sulph1te jon’ and d1d not affect the rates (17).1'

_20 concentrat:ons were. 1n a faar excess over

SU3-

M pMeO-~

N r]
i .y ;
i etk it et

A h s e
J
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YST]
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stant .for each dye. Howeveér, the infinity abéorbances for

':fday to fade not1ceably and were ’almost colourless after a

‘secondary'photophemical react1on: R ' T -

.parameter curve fit based on the hethod by Moore (25)' and

gproducing a pseudo-f1rst order raté constant. .

15 N

the dye concentrat}ons and so were effectively constant.

In these runs, the solution started colourless and the
rate of the return of colour was observed. for all of the
runs, the'&pfinity absorbance values were effectivelyzgén-

P
.

the Llowest 'TP89 concentrations on the MGSOée runs -wWere
slwghtly louer. o A - T L
Anofher noteuorthy observat1on uas the-slou”fadingfof Yok

the qolburbd, product_solpt1qn. , The solut1ons took about a

feu days., Houever, 1n the absence of l1ght, the colour perv_

: s1sted for a much longer per1od of t1me,' 1nd1cat1ng a slou

-

Analysis of Reiults'.' - _', ’ T . .

»

Kihetic 'data ueré initially analyzed using the th;eé 'I- ,\ E

descfibed by Scott (26).." This analys1s gave a sat1sfactory

result for the 1nf1nity absorbance value, but{_;fpr reasons.o ot

e

to-be d1scussed later, ‘a poor f1t of " tﬁeidata- ihﬁtgr@sﬁbf't'f

The 1n(1nity values obtawned by the quré_méthdd‘gért

v

used to’ f1t the rav, data t° }"*:‘ A
L 2 T -
r71 0 lnCp. = TPY =K. Lt o R

“aﬁd tﬁéxtaldé‘af K .., tﬂé?psqudo;fifﬁt'brdék7r3tefqoh§¢ént,
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was d‘e{:pined by linear.le{st squares. Ps is the infinity

absorbante; P is the absorbance at time t. Usually, the

'fir'st',p'oint ortwo of ‘the run had to'be dropped to obta’in'

: ' \

the best fit. These po1nts were always dethmg to g'lve 3
lower value pof kb When included. The justifi cat1on for
dho_pp-’ihg these point"s is contained uithin‘( ‘the .sUg;gested

s::-hemes to rep.resen't “the mechanism. - ‘A'll sudges‘ted's‘chemes'

are mu’l't'i-'-s"tep,‘ and the 'lmtial pomts .may dev1ate as ob-

[

ser.yed due to the t1me of the 1nduct1on perwd for steady

-

state to be ach1eved a.n_“, okce -.ach1eved adherence to’~

B

. r Cel e

pseudo-—f1rst order k\net‘lqs.
-, NI ) '~

F1nally, .the data were f1tted to the dev1sed rate law

f‘ “ \'-'."

and the parameters were determned by an algorlthm suggested

by Hentworth (27) ","fo__r general regresswn analysw.l Tlns

v Pl

method produced the best values of the parameterys and calcu- '

la‘ted the standard deV'lat1ons of each along \nth the covarl-'

‘ances between the parameters. Guess va.lues for ‘, the para-

| ' of ' the- data for - the plots ot Wk

c

meters uere obtamed from the l1near least squares treatment
<4
bs

concentration and slopes of thes plorts as a functwn of re-f‘

as a functton of SO

,a.

ctprocal TPB concentrat'lon._ The e\rrors used for : kas uere o ‘

calculated from the raw data andA the err;:rs used for the

Ny T ° :
L concent ratwn terms uere 15 1n the last dec1mal place c1ted
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Discussion _ ' x

- <

Preliminary-Study )
- The present study 1is primarily concerned u}th 4the dis-
sociation reaction of sulphite ion' fron two trityl ?bns,

' nameL}-pMeOMG. and MGQ, ‘using T#B6 as a trap for theltnter-
mediate carbonium ions produced. %he:conclusions reported . “
depend partly on  some Ege[ininary work jn uhtch an attempt
uas'made to study the direct react1ons of tthe tr1tyl 1ons

S c u1th TPB . This study uas carr1ed out 1n co- operat1oh u1th

;WM Fred Steele using stopped fLou technzque. The reactions fﬁ\wf

'"QbetHEen the’ trityl 1ons and ;f?bg‘uere~ both very fast andil
"”complext.. de ueref; ot ab}e to produce satisfactory second
v :lfxorder ‘or third order pLots for the vartat1on of the pseudo-gtﬂgh}'h
' fﬁ: thrst order}rate constant as the concentrat1on of TPB -
;”-: ;].f,'Varwed The d1fficulty encountered 15 probably a conséquence

.. P
T T L
G s
L e ..

WS e

ptf R _of: two factors.; ‘(a) kinet1c complex1ty and (b) the absorb-?'

L .ances of the solut1ons at any ttme are related t0‘ the coh—

<

’centrations of sederal Spec1es since the substrate; any of a '}":

Ji,ff”ﬂ,]J'bar1ety of intermediates (uh1ch may 1nclude desotvated tr1-.'

e

:Fﬂ(l.”g.n"'"--tyl 1on and vary1ng degrees and sto1ch1ometr1es df ion1c as-""T7gJ5

;fff'fi';i ?'-Tsocwat1on betueen the tr1tyL-1on and TPB ) and the product'ff; 'fﬁﬁ‘,

f@re all,possibly absorb1ng Spec1es.l Th1s strongly contrasts o ;y?-é;

;'fa" used since. the products then no Longer absorb 1n' the

win

:.}V1sible regionr» Houever,, two{vnportant conclusions ar1se

“'Gfrom thjs uorkl he f1r$t.1’ he d1reet reaction ofx_ﬂifﬂmngfE




-”“above'_ nd-the TPB concentrations uere 1 135 x 10

‘*_the trityl 1on' concentration;

' 60

TPBe on the trityl ians jis faiifr than any. nuctebbhile yeﬁ

studied ('kzl—ca.'1 X 104 -1 71) and the second is bhere 45

a component of the rate uh1ch is-probably second order Uith

3

respect to TPBe, (i.e. The best kinetic description of the

rate law that we. found, 1although inadequate, incLudes the
format1on of 1on—triplet, R (TPB 02,) This suggests that the.
f1nal product when the concentration of TPBe is much greater

than the concentration.of trityl ion- 1s the 1on -triplet and

this assumpt1on Underpins alL of the subsequent hiscussion.
T P '."'_\, —’ I . l .‘.‘ L

Beer 8. Lau Determwnation,;mfffﬁtﬂfff xg_j ,ff_k;hujfi*';-‘

o
s

ThelSPECtra of the tr1tyl salts and the complexed tri- SRR

" tyL 1ons in the presence of TPB are shoun 4n Figures 1 and{g“f'"

L ]
2. The concentrations of pMeOMG d MG° r

1 408 x 10 5 and 1 667 x 10 . For. the TPB complexedijfﬁuf@r

the trityl ion concentrat10ns uere, the same as givenﬁ“f'
x :

1ons,_
"- The .

spectra 1ndicate~ the formatton of a new species since the}f

original bands are broadened and the intensity of the bands?

are changed.~.~;t;“;“ﬂ:¢ug'

r T

.“

pendence of the absorbance of the product as 'a functidn of;iﬁ;:‘,‘fg‘

- oAt

.respectively?fﬁ%f}ff'

'Ejgures 3 and 4 (data in Tables 1 and 2) éhbetthe ﬁeQé:V’“'”'

A eeries of trityl 1on con~f§:hif”:7 -




- ~
B

ﬁ"ﬁ;negat ve'numbers_ which vrespect1vely denote_{

: step number. ',nf“5'157;~-f'ﬁ7"'97f

61

=1~ |

£ 0.04 x 100 "cn™! and 2.97 £ 0.03 x 10%n -1

cm -1 tor pHeOHG
.and MGqfrespectiVety. " The L1nearity of .these two plots in-u_
dicates two things: (a) since the.plots are the same,uat'tuo-
uidely different T.PEI'e eoncehtratiqns,- the reacteon'goeefeo

0

completion at both TPB concentratiohé; (b) since the‘slopes‘

-Qf the pLots are dependent only on the tr1tyl ion concentra-

tions present, ;the absorbances of the ‘products obey Beer's.
Lau and hence the absorbance is *e vaL1d measure of the con-
'centrwt1on of the tr1tyl 1oanPBe compLexes. s Eg

T

Notation

‘ 'ﬁireverée»rate cq@gtantsﬂfor the\corresponding Step.;The equi-t

S

] “fblibrium constants, K- are: subscr1pted u1th the corresponding}f

~‘=‘ .\'.,

] oo ¢

o - . -, e

”Jnechanism I L he T

’ {" T

The first scheme considered,

'he foruard andl?v




T e Lot m B LU L L .

N

62 . . .' . .-'I '

» \ ! - . J

: ' ' first step, uhereby'thg-substrate forms an jon-pair prior;tti
. ' yieldﬁng-k{netically'free fons, is includedeor'thofoughhgsﬁz

f,uqigvé},, notite should be takénfd? the fact‘thét the same

dependence of the obsarved pseudo -first order rate constant
{ ’ . a

_I "~ on fPBe and 5032 concentrations will- be obtained if gt;ps ;

S | [17 and [2ad, of SCheme v are.combined. -(i.§.~The'substrat§;"

RS - gdirectly forms free 1ons ) 7‘§tep [AJAof Schemé v‘~fs-¢6ﬁ-:"

é ) .-sidered to be 1rreversvble and is Just1f1ed by the obset:a-
- : - .t1ons d1scussed under Beer s Law._' The expression for th?;: ;
;f;fin Vﬁobserved rate constant 1s shoun by*nga'. PR _'t" f 1.
;:; - o ﬂ§,7l . L .: g:f,;l., _. } sy o ;ﬁ;:_ ! >
B {k1k28k3‘ék4[TPB JZ'}' I o ST L -',.F_ SR I
{ Lo -?.“."-1 Kipakizals 32 1wty r kz‘)k“ _"°[T-P.B JZ. *b
T T L ek Zakl,tso 293:198"!} RIS TRTRR R AL b
o - ..' . SR A

K1 Za 3a£TPB J o f{qﬁ}:f?:f

K1K2aK35k‘ETPB ]

uhich predicts tha: kobs
303zo concentratio

a‘positive sLOpe de Af
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: o _lpendentﬂdh 1PB® concentration énq‘h'positive'intereept inde-"
Vo pendent of TpB® congehtratiehaﬂ";The'dependence of k;ls on
; R 803ze coheentration is clearLy"showh by theldata (Figures 5.
i
: to 20, Tables 3 to 18) to be- that predicted by Scheme V. The
' sLopes, m, of. ;he correlations of k gs w1th 80326 concentVa—‘
‘tion -t -d1fferent fﬁ% concentrataons are' g1ven by
i ' R ‘ ’ ) '
;\ . . R . _,".“ ;.;,-_1:;./.".|.",'|. B I ',1,rl-'.
Do .. €101 e 5+ : o
S R 1x23 3ak4[TPB 1% K1Kzak3aETPB 3. .
i . . ' ' . L \\ - . - D ) P .. .-.:_,- .-”‘ '—l
"',Uhich can be man1pulated to give 'ffhf?. ‘ A

kk’x K

1 Za.3a AETPB J

N .'"

'~iﬂbositive,, a correlat1on f}f mETPBeJ '

Eklated data are reported in' TabLes 21 and 22 and the appro-:

Y

5f‘jslopes of

..\,

"35251hce ail the constants inm Equation [113 are necessariLy'“

ETPB J 1 must
.”Jﬁhpr1ate corre(atiohs 'é shown Uy Figures 21 and 22.;-Ljhe.~f3

Figures 21 and 22 are obviously‘not pg‘Htive andf:ﬁ

; H‘;hence Scheme v d°°9 "°t Y‘eLd PhYSicaLly ﬂccéthble results{ﬁﬁ-'“’ﬁ
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Equation 5131 predicts that

function of 50326

ko b
concentration at constant TPB

should plot

y

linear

concentra- 1“'

-‘; t'lon-

This requirelent

has already been established.

.Aivdr,:

k " ve

obé
of TPB

tions‘

Schene VI,

also rcquires that

the 1ntercepts of

'20.

\u

rSus so3
)

Equation E16]

N ’”-‘.,0;.’..;
_‘

e

I -
1‘25‘3

b ETﬁPSS? .

. concentration,, uhich conflicts uith

RS VR
e e
oo R C .

HOM" :

tho

concentration plotslshould be ‘8 function

the observa- "““"“'.
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_.provides an expression for the slopes, “m,;xee a function of
'Cpr fUnction of [TPBe

'fpresented 1n f1dures 23 and 24.\; The pLots are

o

,‘._ﬂ; “ . L ' .".:‘. . ‘ :::: .’_.
Mechanism IIIV‘ . .

correct dependence of F b; on s

‘ TPEO concentrat1on.' Thus, the slopes shoutd pLot as a lige—;ﬁ_j'

2 .,.'
\

v!

.The calculated data are reported?f!

N

:'jjjf Iables 23 and 24. and the apPropnlate coTrelations are}f.7

L
RS

notflinearm AR

and so ScheheﬁVI’ ; "15 notnan'adeqUatep;{hef‘

as-already suspected,

v

descr1pt1on of the mechanism_f;:”h

Schemes v and VIQrare partly correct-f both\peegict the;:
04 gp.concentratien but ne1-ﬁ-Jf:;¥“““'

Therefore, the fornation ot:}
/
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; R -l is an abb\tv1ated form of’Scheme v. In this scheme, 'thé:..
T ;.f“final convers1on of the 1on-pa1r, ROTPBO, xo the 1on triplet, R

'*7;R (TPB ) 27 1s considered to be very rap1d and 1rreversible. R

- -,

tTherefore, step 3& of Scheme VII 1s nou 1rreversxblef*:Edua- Ll

; 5,§?§ﬁij;jﬁfaftion [15] ; ,
&y [TPB 3 ,'j’; o

I S S 515?"'~ k1“2a 3a AR
R “‘A, ks ’f C7p0% 4 K jE gy FE0570

B R A S ,._;q‘.4“ U 3 :
R .is,ngq the expressxon for the qbserved rate constant.: After © -
Gee ot .Zthe “usural manipulation, _Equat1on C15] ywetds _:1. Sl e ;
SR . AT e
‘ . v ) Lot L. . A . f (R B Y ;

W1y 'su.£$93?-1‘:~.;‘k;1,t.k2a;;:,n_ IOt
- PRt & Sl e T
ERE Qbs; K1 2a kBaETPB J.,.'_kfhzazﬁ .
; _1'y;i;eAu R i TR St
:g;;5-*squat1on [16] pred1cts the saﬁ% dependence of k b °6f§§3

Las -
o
L

2

'VconcentrgtiOn EStabl’Shed earl1er "‘th °°n$t8nt interceptsﬂlﬂfJst??

Tl as both the 33632 aad TPB concentrations are varied

slopes, n, of'thev kol versus ‘593?9 concentration correla-*},j;fﬁj

tions, given hy o Z.k’-'¢4311;,i=¥;g;f' ' "‘.3fﬁﬂ_:;@;;i:jff’;} o
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| Scheme vm R
PSS SR m aso ,___a 50,28
R 3 T 3. 3
SU AR TR ze 9 -
R S X [zb: R sd + TPB q—QTPB R s
. l:3b:| TPB°R°5032° —N! Tee® + so3z°‘ .
L Y - R g 'is a truncated vers1on of scheme v1. ‘
i o } o S 'the 10n-pair, R°TP39’ to the ian-triplet, R (TPB )2, -.3 con-—- R
J s L sidered to be very rapid and 1rreve'rs‘lble, uh'lch nou nakes 3

.
.
S
.
s
;
YL
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.
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/ith the experziuental

The next séheme,

step 3b of

'l ndependent of 803

° .79

reciprocab TPBe the 1ntercepts are far fron

concentration, .

Scheme VII is also an inadequate descrip-i'

: K
zero. Therefore,

tiun of the mechanism. L . a

Hechani sn IV

o f

Schene VIII irreversible.

Hithout any further\
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' .?;'concentrations used for 80326 are of the order 10

"'-either ma ‘ot LTPB°] £s0y

B nra’:r, trpa : and t 0

ately tl\e

!

]
<
>
>

iy
]
LE?‘

; -tit}‘], 'TPBf?a's,oB“-——n Tpe° 4 so:‘20

‘ .

{s a hybrid of Schemes VII and Vlu. Again, the ﬁnaL oon-'

version of the 1on pair, R TPB ,_to i‘"\'triplet, R (TPB )2;

13 considered to be rapid and \rreVersible uhich makes steps‘l'-'.‘.::_'-

3a and 3b of Scheme Ix 1rrevers1bl¢. j‘ The expression for the

observed rate constant 1s given by

5 [TPB :ntrea 3) I,-
AR I t

Cs z": +k
9

'_".' +h "::b 3b“‘ za

: 0
+(k 1+kz)(k 2b+k b)k [Tea]

: e , -28
AR X e 3 5051
[CUC A CTPBGJZJ.:v

‘4

'-':lEquation t183 ‘is complex but can be sinplified.._ si/nce the

"’H and the

a

. '!:PB concentrations are, of the order 10 H, terns involving g

20]

":--.depending on the values of fhe ra:e connants.~ Taking note

20'

'i's__of the already observed r.ap‘id attack of o,”" and’ the nore.' -

0.

X 'fl;-_l‘rapi‘d attack of’ TPB on the free trit)‘l fon, * ‘the coeffi-,--'-'l-:'{ R it
| i’.’.':fcients of the [TPBQJ, IZ'|‘|='B°'.Iz and [TPB°][3032°] terms *ln the'

"7"‘;'nunerator are probably of, approximate(y the sane order of'_.-";""'

mgnitude.-_ In the denoninator’, the coe ,
. _'_ \') '.. ' - \-‘
ze'.l terms are.prob,bly of approxi- B

&

aaue order of npgnjtude.. The coefﬁcient of the".'-{'“
.':' 7-’ . \‘-‘:. . L 3 I

should be negligibly snll, -

{o'j_ents of the
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"“°"- Therefore, in’ the concentration ranges used in J:h‘h
““dh the [TPB 3[503263 and CTPBelz terns 1h the numorator
are probably negligible and he I:TPBGZIZ,, tem 'in the denoni—.,l"

" nator 1s probably negligible. Nou Equation |:18] can be sin-
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Before accepting Scheme 1X. as van adequate description
() l

'-"‘vo-'f : the nechanisn, the: necessvty of gll the intermediatos-

rect attack of 1PB

E fore, TPB is unlikely to attack an un-‘lomzed form of RSOB

Yool 2 v

i

" must be discussed. Becausg\;;the presence of - the l*arge‘ .
ﬁhenyl -groups on bo%h the TP 1on and the trityl. group, di-"

o on’ RSO 1s stemcally hindéred. There-:
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. . only-diffenénce.is ‘the interpretation of the intercept terms’
S5 - . of the slopes correlated with'reciprocal TPB :concentration.’
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COnclusion
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..occurs via the winstein s(.'heme - (Scheme III), teeving many .
..'d'lfferent species of 'sol.vent Separated ion—pairs open to-“rl
* pogs ¥ble attaok by TPB ast '
: TPB o__n’.’ the kineticalty free trityl fon . (Scheme VID pro-.'_._,'-:_';l'.'-.:.::::I .
e ‘.ﬁ_l‘.'duces a rate law uhich olosely"‘ w7
:t""pred‘lcting an zero intercept on 'the

”fﬁtpa

-.»-.'ﬂr':'tion of the attack of fTPB
-' : '-.-:,:j.stein scheme is necessary.. Because of.

. ;:react’ion of 303 i _ .
» '.‘-'.dant of the ion-fiair épecies is . the intimate ion—pair"iend
L --..iso this species i( the intermediate of" the winstein scH;me
.I':'noet Likely to be 1nvoLved According to the data, .there - A B
..l.i‘s_"' "o evidence to support the presence of the TPB R SD ’
'-"._'-species,;, houever, neither is its presence refuted Bdcause
of! thé high affinity of both 1p8° .
'{"-'-:ions and the evidence \for _ the existence of the ion triplet, '
:“iin (TPB

:""'upecies is quite possibte.'.f r ‘_ L
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) 'rhe description of the mechanism ofr the reaction stud—

ied in this uonk must incl.ude the reversibl.e .ionization of

‘s v .:.

26 from the trityl group. : Th1s ion1 zation most probably
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0 Simply just considerang attack of
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'escribes the data except for :
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wh'ich 1s derived ‘from either of Equationa tZDJ or':'itzlq,

and the hest valﬁes for “2’ b
‘| L \‘

‘ "‘and b,‘ are obtained. For t‘is calculation, uhich requ'lres

- L the Hentuorth algorithm ‘(2

* drer . .'

- Argi
V-'tions are allis 1n the last decimal place cited and the er-

-l\

lated fro’n’: the rau data._ The results of this curve f‘lt are '
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shbun 1n Table 27.. g The onlx’ comment on the derived values
fqr the parameters ot Equation [263 1s s'mpt‘y that, as ex-:l e

pected, the d'issociat‘ion of 329 frow nsk is slower than
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that from pHeUHG (b1 ‘.,.- 3 ,,3 - 10 =3 __.1 ,nd 9 17 x .,0 3; 1 o SRR
3 by Tra ‘
are evidently faster on pHeonG than on HG ., -.: also “ ex- A

respectively). The rates of displacement of

- . . - )

pected bocause of: lthe stablizing 1nfluence of the methoxy

group on pHeOHG that is not present on HG'-;,. Ritchie (38) 4
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cla“ims that the e,quilibriun constant for the assoc'lation lof
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”v*wan account must

‘ lﬁvolvedfin theﬁ

'h,.ebsorbance chandbs follow Beer s Lau..

.“'.

:.121) for the 4orward rate of the reaction (4 47 x 10 H

"is i 3

:limi;ed and the product

E duction from the kihetics of the reaction.

iions, the equilibrium constant for the a;sociation of
Auith the trityl ions mhst‘

-tequilibriun constant'ior so

.uith so 26 is greater than 1d6 1 Given Scott e date
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-and th;greverse rate reported here the equilibrium‘constant

X 10 (] uhich agrees with Ritchie s claim.
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Practical L1mitations S

In order to place this work in its prOper perspective, 'i;.u

be made ofl the practical

~

experimental researdh.' Because of the lou'

'tsolubilitiee of the trityl ions used and NaTPB, the highest

concentrations p0531ble are’ Limited.

: I

centrations ‘are further limited

The louest TPB cod-f

centrafhon- must be great enough to ensure pSeudo-first”

order kinetics., Thus,
-/

swnce TPBe 4s capeble of displabing éosz
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be larger than the corresponding_
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'“*In thé literature concerning the reactiod& of trityl ions;~':‘
" there is a 'marked absence of product”
- of the Lou concentrations used. -

In the reactions between '

trityl - dons -and amines, ~there.is debate aver .

by the range in uhich the,n

/en trityl:i

e

vlimitations in-TJ"

The trityl ion con-*=f"

the poss1ble concentration range isi'.-“.

determﬁnation is restricted to de-‘hf

'stant for the association of TPBq uith the trityl ions icﬂ g:.

determination. because . - °-
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AT ‘:_;t trityl ions can, at. present, only be measured through dis-" R
iffﬂ; »1;1153;'; ;placement by Tpae.,ﬁ The measurement of the overall equil*'-v 1\%‘?n
S ‘ o e et s A
R brium constant for. the displaCement of -SO < iby' ,P ﬁuis" S
';¥~f L .?[5;' also presently ippossible to determine.n OAs already noted‘- iR
AR the re@q@ion goee to. eompletion at the concentrations used.;' i
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If the TPB

brium study,, the possibilify the formation of another
. ! . . ."'-‘ . . J [ ‘)‘_
S ionic species, (R ) TPBe

A . - i

:;i-?rf“ffff'fj complicates the system. Also, at these lou TPBe

b g,f;;«f.ﬁt tion is. extremely difficult to obtain.\"'
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§on ,.n.ff; concqntrations are kept constant for a series of so3

. con-
s

concentrat{on ‘be dropped jo allow ‘an equ1li-i"'J

’ must be-. considered uhich further.
,acqncentra-;7

tions the absorbance changes are small and useful infonna-”fri

Another limitation is ftheﬁ lebk of stablity of ;tne‘L o
ion in aqueous solution.,Thus, every run must be pre-“.

L m;gyfz';' pared from a fresh sample of dry Nazso uhich disallous aﬂyf"

' tuo dimensidnal graph. This restriction' hecessitetes theg h

;;n.d'f removal of one variable” by making it constant. ) &h' -TPBP[j”

',;ﬂ*f*}ﬁ{j\n:' tuo runs to "b; run uith identical concentrations. There—f~' ;;
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R '-analysis., ”l:'ﬁf:l'ﬁ.:‘iﬂi;}f 'hl ﬂuaff«;w BRI 3 L

SRR 1 L :.‘“’_ Finally, there is a limitation on the presentation ofﬂ' ;

R g :‘: the data. The observed rate constant is a fUnction of two“ '
: J';?‘ﬁthfi';Jriables 'uhich is difficult “to. adequately represent on a‘ - v
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't‘lons are prepared ’individually and so\the 'constant' TPB

L 'rapid, small errore 'in the TPB concentrations may make the
--.f'corrélation of k bs. with SO

“'~However,, this problem is_ Largely overcome 2_ by; using the

N Inpl 1 cations ,;:_‘ . :‘, o !_I. N e A ', _ L
"';"',fthis reaction to determine the Large equ1l.1brium constants.-,‘:
':"trityl ions.

‘-.hsol.vent on this reack'lon"“-'_f\ As noted, ‘~..:TP_',

. .l'"_'l"the Wonic assoc‘lation bebweeh the tr1tyl\ions and TPB

i '-"_'Hnally, another area vlncgrequires 1nvestigation 13 thc

.;_"»effect tfhe stabﬂity of the trityl 1on involved has on qhe _-'A

SIETS ::-'-fab‘i Uty of TPB

ﬁf';’,cleophilic attack on the A trityl 1ons spec'lﬂcally and nu-"\'
L ?‘.-_""cleophil.'lc substitut‘lon 1n general Th-:s work s(Jggests that S

“'.',',:'ion-pair -f.".","?",.”?n is] very-rapid and the possibility of

9 l‘

'f"gconcentrat.ions actual.ly 6nvolve measurement errors. .7’ since

0

th rate of attack of TPB n. the' trityl ions 1s very."','

s,: IR TET
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=1 conceatraﬂon appear poor. .
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The obvious extension of the current uork 13"‘ ‘to use

B -

for the association of certain ;nucleophiles u'lth certain'i‘

Bl e a3
nother interesting study 1s the effect of '

'will. diaplace,‘-’

20

3 1n ueter but . not in acetone.

\urioUs solvents and,:.

o s .',, 3 .
ML - 13

-solvent mixtures U'!I.l gWe more )nsight mto the nature of SR
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to' repl.ace nucleophi les.

‘.ﬂ\is re,action al has 'lmportant— 1mphcatuons for nu-"'_‘-:.:"
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Abpendi« A el

The data Sets, presented 'm thws. appendix are ~'tuo ex-—iz_-,.' h

i ] I . a

amples Qf the rau data,_.one for each tr__itfl 1oh studied.

OThese data demonstrate the B adherehce to pseudo-ﬁhrst order
ae s

kiﬁetics except for 'H\ ._s,l-i'ght deviat'lon of the first tuo

points,‘ which if mcluded, produte .a louer value for the /‘>

. observed rate constant.‘ / Assu’ming the formation of the ion S
/ ‘ - IR SN

natipn of product wil.l. be I'J‘Ilr due to there unt{ally bein

present. Thus, during the.'lnductibn

- no’ ‘ion pair, R 'I'PB ,,"

penod, the observed rate constant lwilf' be louer, as noted
until steady state 1s achieved,- snth a resul.ting adherence

: .f-.'_'to pseu o-f'urst order k\net'lcs. o
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,Table 29 S

Sample first order data

t1me (s)

zss 2
;o "'-,'-3.57,.;3
476.4 -
595.% "
14,6 "
833.7 ..
952.8
1071: 9
T o1201.07
'1310.1°
S 1429.2

1191 L

-._[TPB 1=, ‘. 543 x 10° '

‘d

S S
0.012
‘o'.o's"s .~

"o, ooz
0. os7

0,209 - -
-, ST
! - /00‘253 L0
. 0.254
040277

0.111_2
,0‘.1.40 N
0.164

HG~$03
50,71 =

.Pl- P

7 0.548"
v of0.s25
. ’o'.g_sié-"
" 0,473 .
. 0,448 -
_,o’.42\1‘7' )
0. 397.:,"-
0. ‘374
- '”-0.35_2
0.328.
0.307 -

354):10 M
e

0,802

' "'.O". 28"11 ‘.N' |

(fig 28)
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time, (3)
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Table 29 (cont'd)

PyT P,

0.263 -
SR 249j

e

T eese

1,“ Y zoq;éi'y

Jéo 1941
" ouies

l' o 0.17-2 ;
0160

"o 137

0, 21aﬁ“‘“"“ ;

0. 148;'f13

| '.0 1’01"': '




iy

2y

ey

o

3

-

© 000

_oosz*

esE,
s

D G B L

V

.

i

18P

=

o 8114

Aarcicl




e T 2

- e

-Hhen’ this occurs, the number of the equation‘in(uthe main

: body of the text is 1nd1cated afteT the equat1on.

steps:
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Append1x B
In the foLlouzng derivations of rate laws, some 6f.the

equations cited also eppear in nthe mawn body of ~ the text.

s

o,

ALl the schemes c1ted use a seLect1on of the follduing .

Ty RSO "9-,‘——_*R°so 280 e
. 2‘6' RS . x_: - ..

° ¥ TPBO'—"R TPB
L e T _‘.". . '\ . A [
ok rYS6 29',3. TPB -—-'-TPB R so

3,

3

'».|:3bJ TPB R so' #R rpe ¥ so ':; o T e

€41 'ui_.'ir're’e- ,+‘_Tg'e ‘—f+.n, ,c_rre");z L s

I - . - ]

_‘M' .0 " . . o ‘- . .‘.’/.-_ e )‘

For conventence and clarvty,“ the steps are aluays numbered
the same uay,' no . matter 1n uhich scheme they are used. yﬂln;--

8lL cases, the scheme g t1rst stated.a Next, the d1fferen—'3
G e N .

t1al equat'nons retated to the steady state ar2 given‘ fol—-_,-‘:' .

o

The expressxons.for the observed rate and observed"'-'_ps udo- R

,\\,. ..e.

farst order rate ;onstant are\nou stated. F1nétly, the ob—}f

).
.',.

served pseudo first order 1s expressed 1n terns of single

26 and TPBe:concent‘at1ons. 1_"5~ﬂf

step rate constants and so3

loued by a summary of the hteady‘state 1n matr1x notation,_;_;?*”“-‘
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l1nes are calculated by

givenuin 'Table 27,; page 86 the concentg;tj

Equation [26] 1s the der1ved express1on for the pseudo-f1rst

-

dﬂ; calculated rate constantsﬁuere also deraved by’Equation EZéJ

Vv
\-4, T

‘using the‘ parameters 1m. Table 27 and the concentrations

used.;\ The plots ind1cate the correlation{ to cluster uell

around the line through the or1g1n of unity slope. Thus, the

rxf

." . J . . . ”

Table 2T

S served rate constants and the calculated rate constants. The B

Equation [26] from the_paraneters Q*ﬁﬂ‘ﬂ

T T TR .--x.%:ojun‘
order rate constpnt.ib':’g:'J'i:;]fjg\faj;g.ﬁgign‘gjﬁl.tl’ S
F1gures 31 and 32 show the correlat1on betueen the ob--h

data are uell fItted to Equat1on [26] by the parameters in»,?n
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