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THE REACTIVITY-SELE(‘TIVITY Z’R1NC‘If’Ll-l: 
FACT OR FICTION? 

The idea that there is ;i relationship between the r;ltc of a chemical reaction and the sclcctI\~ity of the 
reagents involved, and that this in some way stems from transition state change with reaction rats 
variation. has been wjdcly held for many dccitdcs. A popular undcrpraduate text-book ’ sets out the 
concept thus: l * In a set ofsImilar reactions. the hlghcr the ItxI, the later the transltlon state is rcachcd m 
the reactwn prowss.. . . Thus. in the attack be a reagent of high rcactlvlty. the truwtion state tends to 
rcscmblc the reactant: in thcattack b> ;i reagent oflo~ rcactivit), the transitionstate tends to rcscmblc 
the products. 

Practically. this postulate has been found cxtrcmely useful m the intorprctation of cxpcrimcntal 
results: among other things iis H’C shall .scc. it cnablcs us to acctjunt for the rclatlonship between 
KiKti\It). and selectivity.” Most chemists ha\x acccptcd these conwpts as axiomatic. Other 

rcprcscntaticms have been glixn. from vaguely bvorded gcncralisitmns to precise mathematical 
defimtwns. with echoes over the ~ohole range of organic rcacttvity. through to inorgamc oxrdation- 

reduction systems.’ and electrode reactions.’ 
oUt.q -‘I 

Some of the latest discussmns of this principle iirc set 
but these must lx taken as illustrative rather than comprchcnsivc. 

Thus, in poncral. If two reagents R 1 and R,, whtxc R, is more rcactilc than R,, arc alloH*cd to rcilct 
with substrates A and B, it IS considered that not only will R, react faster H.ith A (and H) than Hill R,, 
but the ratio of raw constants k, k, will be groatcr for R, than R, . Qualitatively, the principle means 
thcrcfore that log k log K rclationshlps such as embodied in the Hammett or Bronstcd treatments of 
data will be curved. approaching a dcro slop as k becomes larger; in the limit. xro sclccti\ity as 

denoted by xro slops (/j. z or [I) ofsuch plots is produced by rcagcnts of infinite rcactivit);. comcldcnt 
with diffusron control. Quantitatnx trcatmcnts of this approach have been made. of bt hich the Marcus 
treatment is the lxst known, and this has been applied to clcctron.J proton (.scc later). and methyl” 
transfers. For ;1 family of free energy relationships, substratos X , , X, . . . X, reacting ivitti lTiigtXlS 
Y 1 Y2 *. . I’,, (multiple structure-rcactii ity rclationshlps). the selectivity dcnotcd by 11, z or /j ~111 
dccrcase as the rate gets faster. if the rcacti~it)-selcctl~.it) prmciple (RSP) is in opration. 

Jcncks has rocxzntly summariwd- a systctnatrc hay of trcatlng such potential reactit it)-sdccti\*it> 
cffccts by defining direct and cross correlations as shown in Fig. 1. IIcrc the cun’ature offrec cncrg 
correlations. of kvhich the slope rcprcscnts a change in the sclcctivity factor .IG ’ AC; , is described by 
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Hammond cwtlioients p, and \ ariatrons in slolw (.selccti\ ity) of a family of linear free cncrpy 

relationships (I.i*l:Ks) by C’ordcs cout~icwnts 1 c. The yuestion under ciwussion hinges on the dcgrw 
ofdi\crgcncc of these parameters from zero, and to what cxtcnt such di\crgcncc is due solcl~ to change 
in rrltc; the exycrimcntal demonstration of an LFIZR thus appears pcncrall~ incompatible ivith the 
RSP 

‘1%~ ~~ie~+.-point that there is no validity in the RSI’ is undclubtcdl~ considcrcd cxtrcmc. 
Neiwthcless, taking cxtrcmc to mean ditliwlt rojustifj.. thon sonic chemists w+o have wnstdercd thts 
concept may admit thaw the altcrnatl\.e position is now somcuhat tenuous : advocates of the RSP are 
faced with explaining the rapidly incrcasmg bw.i~. ofexperimcntal dilta ivhcrc it fiiils IO appiir. In&cd, 
it ma) by douhtod ifsuch ii widely held concept ci*t’r rested on slimmer or more dubious 0 idcncc. Is it 
rciillv possible, hwvcvcr. seriwsl~ to suggest that 011 claims to its ohscrviiticln m the form of non-/.cro 
Hammond or C‘ordca cocfJicicnts arise in fact from Atcrn;iti~e GIUSCS thrrq$ ct>nsldori~tic)n of 
reaction series 

(1) m which thcrc ib a chanpc 
onset of diffusion control 

in mechanism or ra tc dctermini ng step. a catcgor) which includes the 

(ii) or in which variation in rate accompanies sclccti~it~ variation awing cntircly from changes in 
stcric or soI\ ent cfl?cts or proximity interactions due to discontinuous or 
struut urc or reaction conditions along mcmbcrs of the reaction scrics 

rim-s> stematlc changes in 

(111) or in ivhich tho rate chiinpc m\atipatod is not suflicicnt to pcrnw the hcparation of nhat might 

tw genuine RSP cffccts from ex~rimcntal noise 

(it I or, finallj ‘, m which substituont-substitucnt 

intriguing cffwt discusscd 1 n some detail later’? 

interactions occ’ur. a partlcularlj cm plcx and 

Consideration of this situation falls into two parts which must becmphasiscd as yu~te distinct : first 
of iill, discussion of cxpcrimental evidence for and against obscn*ation of changes in sclcctil*tt). 
induced cntlwl! by rate ~wiatwn, and sccondl~. H hat such obsen-ations ma). or ma); not tell us about 
the thcorctical conncctwn bctwcn transition state variation imd reaction rata. 

The expwmental area to be discussed first is one in which we have been particularly involved -- 

that of proton exchange reactions from acid to unsaturated carbon nucleophiles.2-’ “’ The basic 
experiment is the ob.wnation of acid-catalyzed hydrogen exchange at the 2- and 6-positions of 4- 
nitro-NJ-dimcthj lamhne in dcutcriosulphuric acid, which can be followed by nmr. Hcrc, reaction 
proceeds on minority species free base. and the observed rate constants koh, do not vary greatly with 
acidity, the effect of mcreasmg rate with increasing acidity king ofkct b_v docrcasing frw base 

concentration. Variation m rate over a wide acid concentration (20 l(M)“,,) can thcrcforc be followed. 

The k,,,. values must thus bc converted to k,, using cyn (I ). 

log k,, -. log kob, - pK, - H;;‘. 

WC hayc carefully chcckcd the Hii’ acIdit functionzw and find that it is dcfincti bj. indicators Hhosc 

logarithmic ionisation ratio acidity plots are acuuratcl> parallcl to one another in the ovcrlappinp 
regions. that 4-nitro-N,N-dimcth~lanilinc IS a ~vcll bchavcd mcmbcr of the scrics. and that the 
anchcwmg of the s~alc IS correct. ‘I’hc log k,, values pivc an ACCllri~tt’l~ linear plot against II,.-‘q the 

acidit! function Mining the cwrcsponding cyuilibrlum carbon protonation prwcss. over ii rate 
range of 10” (numhr of points 27, slqw 0.65 t 0.01. correlation COAT. c).Wb 1. 

‘I’hc /.crc) )~ammond cocfficicnt of this Hrcrnstcd plot has no iiccord uith Marcus theory, ;I 
quantification of the RSP.“’ Calculations shoki.” that cvcn makmg the prc-exch;ingc term“’ zero 
whwh produws minimal cun aturc in ~hc approprlatc 13rrvlsta.l plot, bccausc in the model CL okcd b>. 
!Miircus the primiti1.c pitr;lbolas now overlap In their rcgmns most nearly approximating lincarit~, 
thcrc should still bc a variation in slope of about 0.2 oi.cr the rate rungs: considcrsd. 

In addition. parallelism is found titucen this plot. and those for proton cxchiingc horn ~~~UWUS 

suIp}luric acid IO orhcr aromatics. ils UXZII a~ to ddins and ;IW~> IOWS (TahlC 1 fclr cuamples 1. and the 

gcncraliscd result ” for all such molcculcs considcrcd is that zcrc) 1Iammund and C’wdcs cocttioicnts 
;lrc mirintair1a.l. (‘l’hc slope for bcnanc rcprcscnts the only clear-cut anomaly, I.81 instead of unit>. 
implymg a product-lik~“lato” transition state+ If this is indeed the C;ISC, the difflicult~ ofoorrcl;~tinp this 
with a IOH reactivity is bvel1 illustrated by the figure in Ref. 24, whcrc the stwp slope for bcnznc can by 
seen to involve it in “crossovers” with other molecules of more normal slopa.) 



4-nitro-~,N-dimcthS~ntllnc 

(?. 6-LxclsllionsI 

J - mc~th~lacetophenonc 

(3 , : - pm it Ions ) 

thiophcne (2- pnsitirmn) 

phenylacct~lcnr 

styrcnc 

“Temperature 35’ , except for amine and aretuphcnune (kC* 1. 

b 
1~ k,> refers to 4-nltro-h’, N-dtmethylanllinc. 

‘Arid per cent. 

The samcpicturc cmorpes from considcratwn of the data in aqueous prchloric acid.“’ Accurate 
lincarit> of lug k H, plots for protonation of azulcncs. bcnzcncs, and &fins impI> zero IIammond 

cocfiicients. ‘I’hcw slopes arc ussentiall> constant (I-ig. 2) uith an avcragcd value u.ithm cxpcrimcntal 
error of that in sulphuric acid; thus the C’ordcs wc‘fliacnt IS xro. Thcsc slops paramctcrs march in a 
steady horiwntal courst’ undctcrred by the predicted al~yws for reactant-like or product-like 
transition states over a rate change of IO.’ ’ 

‘I’hc p;rralMism of the log k 11‘ plots has Imphcatlons for the applicability of Hammctt 

correlations. and their varlatwn with acidity. ‘I’ablc 2 shows the C‘ordcs cross correlation cxprcssing 
this. The fact that the protilcs for the hydration of stjrencs prwxxiing b>. rate-dctcrmining proton 
uptake arc parallel. tqxth~r ivith the obsen.atwn ofan accurate d ’ plot at WC acidity, means that an 

accurate CT ’ plot will tx produced at air!. ac-idit! with a constant 11 value. 

P 

D - 5. 71 : 3. 1 i (2. ?37) 

-5 * 3.81 T c. ! i (3. +I;] 

-1c - 3. 41 i 2. 16 (I. 99i) 

=bn+ 6(-d Iqk dHJ 7 OHc, 61’ - c 

%t cl. 76. 

‘Rcactlvity range of each cotrchtlon: 1C”. 

d 
Overall rcart ivity range: 1:’ ‘, 

‘Corresponding relatlonshlps arising from essentially zero Hammond 

and Corder; cwlfwitwts obtain for styrene and arctylcne hydr!Jlysrs tn 

aqwous sulphuric acid. 
I’ 
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Fig. 3. Kclatron~hlp hcluccn I~rcvwcd ctxtticlcnls and rcl;ulve rcaxn I[) fur h~tirol~sls (rate hmlring proltrnallr,n) 
of c;irbon baby () ongIna pwnts.” 
drulcnf3. ‘* I. phcn>hln!l crhcr; 

the dotted hns LS dcfincd by thcsc; x. pnts more rcccnll) added.” .,’ c. 
Z. mcthylvmyl sulfide, 3, arutcnc-l-r. 4. lI-nlcIhn.t~-[rrfrI\-P-mc~h~l~t~rcnc. C+ 

crh~l~ql clhcr. 6. quwwulcnc-3-r Ibwxi on thw p>rnlst. i. phcnylwprqxn~ I ether : 8, mcrhglqclohcxcn) I 
clhcr. 9. c~hytc)clohcwn~l cthcr. 10,clh)lc~clopnrcn~l srhcr. I I,c~h~li~~~propcn~I cthcr. 12. .I-mcrhox)mdcnc; It, 

mcrhjl r-c~cloprop~l~an~.I crhcr. 

logk 

Scparirtc hnc;tr Hrrwwcd plots fvr the 
::. HIY),,Ii 



Thcw argunwnts ma? & taken to the cxtwmc h) ‘I’idwcll‘s r~su~ts.‘O*‘l H.hich demonstrate a t cr! 

rcspwtablc linear crwrclation bctnwn d ’ and rates of protonation of r-cubst~tutcd &fins in 

sulphuric acid, Lvhich in the most rcccnt Hark i\ shr)w.n to cover a rate change of IO”. the original 

plot .“I now havmg hccn extend4 in the uppr region b> data on c’n;lmmt protonation and in the 
Iwvtzr rcpion by use of trifluorometh>~l suhstituonts.” ‘I’hc acidit> arbltrarll> chosen for correlation is 

Ho 0: howc\.cr. the assumptwn that the correlation is a real one and not just fortuitous for this 
acidity alone. together with the clbwned parall4ism of rate acidit! profile for the ICSS rmcti\c of 

thcsc rnolcculu~ (about the loucr two-thirds) has the irnplicatwn that the /) v;duc ( 10.5) 13 again 
in\ arianr if.lth acidrt~, and the IIammond and C’ordcs cwclticicnts arc constant o\~r this 
txtraordinaril> Iarpc riitt’ range. This fiisoinatinp wrrclation Ivill tw rcfcrrai to law. 

In the area of proton additions to unsatur;ltcd carbon atoms whcrc pcncral acid catal~ SIS o;in bc 

cjbscncd. Krcsgc ha\ rcportcd cl ~ticn~-c tor n~~n-zcro (‘ordcs and 1 t;immond coclliclcnts. t- Ipurc 3 

shows the initial data”’ for the i*arlation of x \alucs Hlth rcactliitj for i.inyl cthcrs. the results king 
dcriicd from ;I structuralI> consistent set of acids, aliphatic carbox> lit. E\cn at thih stasc. the 
corrclatwn was stated to bc poor. and the conclusion draw.n that r ~a\ not vcr) scnslti1.c to rate 
change. Ho\vci.cr, rcucnt rcsul ts.‘.’ J’ do not confirm cvcn the slight trwd pro icw,l> consicicrcd to 
~1st. 7’he~ suppst tho <‘ordcs coctCwnt over this wide react ii.ity range ( IO’ 1 IS /c’ro. 

The cl Idcncc for non-/t’ro 1 liimmord ctwtIic‘lcnts may also bc VIC’HX~ criticitllj. Izipurc 4 shw4.s the 
raw data for mcth>l ~-ccl~~pr~~prl~~rl~I cthcr. ” Hhich is comorted into 3 cunc by sliding the IHO 
straight lines togcthcr. and wnsiderinp them iiS part of an oi.crall c’unc. t Iowww, this cunaturu ma) 
not tw prodwcd in rcahty b> wnversion of the transition state through ;i continuum induced bj 
chilnpc in rc;icti\It>. but rather by iin abrupt change in transitwn stilto structure frcm I to 2. produced 

by USC of t\vo complctcl> diffcrcnt acid catalysts. to the cxtcnt that the actual chargt! on the transition 
state is dlffcrcnt. It is pxsihlc that many ~xi~mp~cs of such non-zrr, Hammond uoofIicicnts for proton 
cxchangc reactions to carbon bases ma! wmt about as artActs induced by the USC of nr>n-systematic 
wd or base scrics:” .“’ and indwd Kresge has cmphasiscd the noccssit~ for ;i structuralI) 
homogcnwus set of acid-base ciital>sts cwwing ii H*idc pK, riingc to dctwnmc the shiip of Bronsted 
plots. J - 

The initial r~i~ctil~n J~scusscd. that of proton exchange on J-nitrc>-S,N-dirnctt~~lanillnc, iind the 
incorporation of nuclear exchanpc for other aromatic molecule Hithin f-‘ig. 2, also mlplics lcro 
Hammond iind C’ordcs wcffi&znts for aromatIc clcutrophilic substitution in pcrwal. A icr> 
intcrcsting CxiimplC hiis recently been gii in for mtration in qucous sulphuric ;icid.‘H The rclc~.ant 
equations iire set out beIC)w, cqn (5 I shc)H ing Ihat a wnstant sclcc’til it! 1111 OIIXS con\tanq crf the final 
transition state term; Table 3 shwvs that sclccti\ it> rcm;~Ins around unit! for ;i \+holc \aricty elf 
iirc)matic substraw o\cr ;I ratt’ range of 10 ‘. 

L** 

Ar + NO ’ 2 + Whcland intcrmcdiatc OJ 

‘1-h us : 



Compoun$ 
dlwk (ots. benzeneIb mf:ee:T:~;(‘* 

2 

dlugk,(cb.‘ar&at~~) relative to 
benzene) 

2-Bromo- 1, Sxylcne 

Chlorobenzcne 

p-Chlorotolwne 

p-IIibrnmobentcne 

m-Nitrotoluenc 

p-Nltrdolucnc 

2- Phenylethaneaulphonlc PC Id 

Phenylmetluneeulphon~c acid 

2-Mcthoxy- 4-methylthiazole 

2-Methylleoquinollnium 

l- Phenyllmlchxole 

Methylphenethyl ether 

Methyl Sphenylpropyl ether 

Acetanlllde 

1. 00 (C. 999) 0. 6 

1. 03 (a 993) -1. 2 

3. 94 IO. 9981 [I. 1 

9. 95 (0. 995) -2.9 

3. 91 (i. CO3) -4.8 

2.95 (0.996) -3. 1 

c. 9 7 (C. 99 7) 0 

c. 85 (0. 99E) -1. 2 

1. C4 (1. 3OC) -0. 8 

1. c2 (0. 999) 0. 5 

C. 84 (0. 990) -6. C 

G. 88 (C. 979) -4, 5 

c. 94 (C. 995) 0. 1 

3. 93 (3. 99’)) C. 6 

1. 32 (0. 999) 0, 5 

‘Examples have been chosen from the origmal extersRIve compihtlon 

whkh fulfll the criterh (I) unambiguity of reacting species (ii) acid 

range covered more than 13’/, (iii) more than two points defining mte- 

ac tdlty profile. 

bCorrehtlon coefficient in brackets. 



Smlllar data C\I~I for brcvmlnatwn of substlt utcd aromatIc amInes In sulphurlc acd I t-‘lg. 5). Hcrc 

the results for dlliwznt molcculcs do not al~+a)s o\.crlap In iicldlt). but the slopes apalnst H, arc 

cwcntl;illy constilnt; Iiamrnond and C’ordcb cwtticlcnts arc m-c) for ;i rcactl\Ity ranpc of 10.” The 

;Lrc’;I ofaromatIc clcctrophlll~ suhstltutwn oh one m which atdcnaz agamst the operation of the RSI’ 13 

thus piirtlculiirl> clear-cut. it c’oncluwn rcct’ntlj pl\rtn i~ddltlcrnal support.2” “‘.” 

Ilfctrgcr ha\ put foruard” the mtcratlng ~dc;t that stew cfTc~ts should \ar! ulth transltwn state 

\tructurc. \tcrw Intcractlons at the rc;rctlcw ~tc’ bcq IL’\% pronoun~cd for ;I fat cxothcrmlc rcactwn 

with a rwctrint-llkc “Ioos~:” tranlrltwn state 3 (for a blmolcwlar reactwn) than for a slou endothermic 

rcactwn ulth a product-Ilke “tlsht” transition htate 4. this ayaln should produce ii change m 

Reagent Y Subslltuont X 

3 Cast recct or. early TS. smell ster c dfect of 5 

5 Slow reactIon. lale TS. large sterlc effect of S 

selectwty ulth a change in rate Thus, for reactwn at a stcrlcally congested ccntrc. the Hammctt 

cquatlon uould become modltied to qn (6). uhcre dS vanes with rate. and the corrclatlon bctuccn 

lop k irnd the approprl,ltc form of CJ thu\ bcclwna cuncd 

log k k,, -. dS - Im. 161 

Again. houc\cr. wlcctl\lt\ and thus the Intluctw ofstcrlc t‘tTci’ut\ iippcar to bc constant For c\iimplc. 

the rcactlon of rncthwldc Ions ulth 1 -chloro-J-X-2.6-dlnltrobenrcn~ In methanol 31 50 to form the 

%lclwnhcmlcr complex >~clds an excellent straight line plot for log k \s n wcr it 10” chanpc In r;itc 

r.Ni ‘ 37 kJ mol ’ I ” A Imc;lr plot fc)r a vrnllrrr rcltc change 13 ;ilso observed for the log rates of 

h! drcjl! 513 of %dlmcth> I-l-X-twnro! I chlorldcs procxedmg b!. an aqllum Ion mccham~m. apamst 

d l ” In hjth casts. stcrlc croudlng iit the rcactwn ccntre uould by ~xpcctcd to be large. It IS also 
rslaant that 1’iift.S \CillC cjf E, \illucb for aw\>mcnt of the we ofstcrlc Intcractlons.‘h which hilie bwn 

HI&I! uwd. appwr to rcyulrc no ildJlhtrIICnt with Chirtlgc In reactIon rate uhcn used In klnetlc 

wrrclations. 

In the field of S,l r~;~~tl\ II!. it has been \ugg~~teJ’~ that the stahlllt~-s&ct1\ It> rclatlc~n~hlp 
bwomc% more wmprchcnwc ;Ind comprehcn~thlc If\ ICUC~ asan crtanlplc ofan I.I.‘ER rathcr than.;i\ 

often rcccntl> s~pp~tcJ.~*~~~~ “’ A I~~it~~lfc\tittl~~~ of the RSf’ 

The ~lvl~ll;ir\ l IS th,tt \;trl,~tlons I~I Cirun\+,~M-N In\tcln m \;IIUCS itnd tlamrtwtt IJ \iIIuC\ c;lnncjt 
bc mtcrprctcd In terms of tr,lnvtwn xtiltc \arlatwn ;1\ raw IS iarlcd. l’hcw wn~luwns hate bwn 

qucricd.“-‘ hut twcrthclw NC do not ~13h to \clthdrau our orIgInal arpumcnt\.‘q and huggest the! 
iirc x1111 uorth conAcr;itl~~n. 

l-or C\i~tllplC. tJro\s’k ha rwcntl) prcj\Idcd drrtcr for the dcct~~~t\ S d k, ku) of ~thi~nl~l and 
uatcr l tttirch OH ~ub~t~tutcd Jlphcni Imcthyl chlorlde~. and Jcmonstratch that log S pl~jt\ Il:;arl! 
d@lnlrt C ’ I’hus. In 70 ‘I,, cthiinl)l u3tcr the folloumg wIc’ctl\ ItIcs S arc’ found: unsuhstltutcJ. 3 23. p- 
chloro , 2.84; p-mcth!l. 4.66. p.p-dlchloro. 2.75. 

Ar \ 
% 
/ 

)CWE1 

*,,,CH-fl - * ;q :I- 

;‘;;- 
)CHOH 

17) 



“crossover”at 

Innumerable precedents would indicate that the reactivity of a side chain attached to an aromatlc 
nucleus, in which m- and p-substituents arc systematically altcrcd, would follow, at least 
approximately. a Hammctt type LFEK, and further, whether the reaction u’as an equilibrium. or, as in 
this GISC. irreversible, that the (1 value would alter as the reagent sol\ont was changed. We may thus 
write: 

log k, (I[ I!h * t log (k, )(, (W 

log k, = /QJ ’ t lag (k,),, (9) 

so that 

log k, k, = S = (/I~ - pu )zh l + lq(kr k,),. (10) 

The data do indeed yield a linear plot of log S Z;a *. of slope - 0.45, so that from eqn ( 10) the diagram 
shown in Fig. 6 can be constructed. showing the individual log k vs t-7 ’ plots. Such a treatment shows 

og k or IogK 

4. p = 3.1 3 

*a .6 .L .2 0 -2 I *L +6 0 u- . 



lop k = N . - log k,, 0It 

whcrc k is thr: ohscrva! wwnd order rate constant for the reaction ofa given nucleophilic systt‘tn with 
a given cation. k,, is dcFndcnt solely on the identity ofthe cation, and N . is dependent solely on the 
nu~l~~phili~ system in which the rate is measured. This clearly shows an abscncc ofany depadcnw of 
reactivity on scleaivity. and in accepting this, it has bccn ~~dcly suppasd that therefore these results 
arc anomalous. and nwd some sjwcial expianatiw.““’ This is nut ncc~ssarily so, however, and in fact 
thtso conclusions may wctf by compatible with other results in this area of reactivity, uonsidcrod to 
support the RSCB.4nh*‘n ” 

Suppose that a scrics of cations differing one from another by systematic subsliluml change ohq 
eqn (1 1 ). Suppose furtha that their logarithmic raft’s of reiiction uith a certain nuclcophilc system 
plot linearly against, say. an appropriate scrm of ~yuilibrium constants or l~~~rithrnl~ rates, possibly 
defined in terms of some G sualc. Then it inevitably ft3llows, provided oqn { I I ) is followed twwl~*. that 
the slopes of all such plots of this cationic scrims with other nuuleophiho systems must be the wmc; I.C. 
selcutisity remains the same, and m and 0 values arc constant. 

Flgurc 7 shows tho data for ;I series ofnt- and p-substituted di~~~nium ~u~~~~Llnds plotted ~~~in~t 
0’ , and Fig. 8 for substituted phengltropylium ions plotted against the pK, + values in water. Whcrc 
available, rclcvant equiiibr~~ data arc ploltcd as H’cII. 

-- k,/k, 
\ 

-6 
t 

I 
1 

-t -6 -8 
pKR* HI$It 



The slopes ofthc LE’ERs thus obtained arc by no MWX constant, but shcrw the degree of variation 
expwted from the wide range of difkrunt solvents and reagents used. These changes are amply large 
enough to produa the magnitude of variation in selcctivitics and m ~*aluc~ found for other cation 
systems. The direction ofthe f.ariation issuch as to producu both apparent RSPrind anti-RSPcffects. 
and aossovers wwr, indicating a change from positive to negative logarithmic sutcctivity ratios. 
Data from Fig. 8 is analysed in Table 4. These show an apparent anti-RSP cfI&t, but the slopes of the 
kinetic data against the corrcspondmg equilibria prwduce good straight lines of similar slaps 

(Hrcmsted plots for the diazo-uompounds also have similar slopes as shown in i-‘ig 7). Results for a 3- 
mem~r scrics of triph~ny~m~th~l~~rbc)niurn ions (Crystal Violet, .?4alachltc Green, and pnitro- 
Malaczhitc Cirocn) have also been obtained.” Here /j ~~alucs are generally smaller than for the J&w or 
trop!lium ion rcactlons (SW law discussion), but again their iariatlon with nuclwphiic is 
~ppre~i~bl~. 

Calculations shown in Table 5 illustrate the general pint that within the “noisr” of the estt”nsivt 
Ritchic plots there is enough deviation tu allow for slog vanati~~ns of appropriate LtZRs ampI) 
sut~~~i~nt to ~c~(~unt for the range of s~l~~ti~it~ ratios and m salua obstrwd in ~~rht~ni~lnl and cation 
reactivity. 

It IS stressed that the abo1.e arguments arc not intend4 TV imply that the detail4 reaction 
rne~h~nisn~ for all wtions with nu~l~ophil~ is the wmc nctzssarily; acctwding to Einstein and 
others” there art distinctly di~~rent dtgrrscs of s~)l~,~ti~~n of catiws in~~~l~ed in r~~t~-dGt~rminin~ 
rc’autmn. and the species in\lc)l\a! m the rwctlons of stable cations studied by HItchic mlpht ~141 bc 
di%rent to those for less strrbftz cations gwteratcd irt sjttr as unstable intermediates. 

p-NO; 0.68 4. 78 4. 3s 4. 21 ;, 13 5, 4.3 : a. :H 

H -1.29 2. 51 2, ; : 7, 72 3. 6” 3. 55 3. ifc 

p-CH ) - 1, 54 1, 23 2, I? 7. 13 3. CB ,t. 21 !J* 03 

‘For graph, see cnrrespcmdlng number In F~gurc i, 

*‘Calculated from qn tlil, 

‘Calculated from lcxgk -: n’p + Intercept. 



WC do nctt b&eve, however, that Ritchic’s results represent anything extraordinary: the same lack 
~,fselccti~*tt) change Hill k found if any reaction wit% ofconstant mechanism can be examined over a 
suffiuicntly large rate range. This docscmphasisc the possible dangers, previously pointed out’*‘- and 

recently recmphasiscd,“’ in interpreting results. where diffcrcnt ij values arise for change of solvent or 
reagent, in terms of vxiablc transition state structures giving riw to RSP effects, and in basing 
rf~du~ti~rnson dataco\eringonl) alimit~d rarrpcofrcactivlt_v. Preciscl~ th~sam~~intshavt~enmadt 
in Conncctirrn kvith work on CC) rcac.ti\ity,JJ 

12, (w-2 2 
Q -11.6 lor 
monosubstltuted 

benzenos 

benzatdehydes 

rcqxctively. A number of tcry intcrcsting examples involving general acid or base ~~t~l~sis are to Ix 
found in .Icncks’ uork. and thczzc, and rzthers closely related, arc collected in Table 6. It has beuomc 

~~pLll~~r to express bond changes during the course if i~ given reaction in the form of threc- 
di~n~nsi~~r~~l reaction ~~~~~rdlIl~~t~ di~~r~~rns~* (Altxry !Uore 0’C;errall Jcncks di~~r~rns~~ bvhatcvcr 
the dcpref of 1~~itiIn~~~~ of such r~pr~s~nt~ti~~ns. it apwars thrit thcsc non-lot-o C‘ordcs ~~~~f~i~i~nts 
cxc‘ur \t hen the rclctl,ant s~lbstittl~rlt variation has ;tn influcnueon both Coordinates of such ;I diagram 
(central at<lm &xx-l), but become very small or tcr(? when the substltu~;lt variation inltucncxzs only 
vnc such ooordinatc (end atom cfl+cct _ ). This cl&t is clertrly shown in Table 6. It may be noted that t hc 
free urtcrgy c”h;Ingcs invobxd ;sre gencrall> i*cry large, and that thcrc is no wrdencc within this 
~~~rnpil~~ti~n fitr curved Brrrnstcd plots, i.e. Hamrni~nd co&ficicnts ilrc fcro. 

A corollary of the differcnc~ in influttnce of end and ocntral :itoms ts that there must be an 
imbalancx! htwct‘n the rcliitibc rate changes induced by substitucnt change at ti central atom and 
th<lx inctu~~d at an onJ ;itrx-n. The c~~usc of this imbalance rnq be through-conjugation, as in the 
results <If J>ubvis,“n Tidwcll,““~~‘* i\nd Katrittky,“- clr clcctrC>st&z interactions {the Wine cf%xt) as 
ntrtcd particularl> for wntral awn1 cfTects in gcncral acid c’atalysls mochanisms.q i.c. substitucnt- 
substituant interauticjns of cvx form or another rxcurring either in tho ground or transrtion state. 
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General acid catalysis of I?al/Q 0 
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General acid utalysrs uf 
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General acid catslyais of 

Melecnheimer complex 

breakdowne 

General acid cahlyaks of 

benuldchyde aryl methyl 

acetal hydrolyef8 

General acid cahlysu of 

Z-rlkoxy- Z-phenyl- I, 3- 

dtoxohne hydrolysLsJ 

General acid catalysis of 

bentaldehyde dkikpl 

acetAsk 

General acid crtalyells of 

thlol anion addltton to 

acctaldehyde’ 

General acfd catalysis 

of ketone blaulfltc 

breakdownm 
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breakdown of alccdwt &ducts 
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pht~ltmtd~um catton’ 

Central atoma Fnd atom’ 
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General acid catalysle of C,HIX 

N, N‘-dipheny~e~ylene- 
i ’ /7,fi , NH- --HCH= O---H---A 
f’i.9 

dtamines attack with -NH 
I 

formaldehydeP (dtoxane-H?O, CeH4X 

24”) 

Generai acid catalystti of CcHaX ‘: D 

carbinohmine dehydrat Lvnp ?$ CHz -e “- _ A 

{dionne-HzO, 25 “I 

General base catalyels of 

Schiff base hydrolysis’ 

General base catalysis of 

formaldehyde hemiacetal 

c leangee 

General acid catalyslcr of 

formaldehyde hemhcehl 

cIe8+iLgcS 

General acid catalysts 

of semkafbatune 

dchydnt tent 

General zctd cttaSysif3 of 

azobenzene formation” 

&f:o.oo 
x 

-$=o.oo 
X 

dn -0.33’ 

dp< 

1 fu =-o.so 
i @SGH 

* 
=0,02 

OH 

qO.OOh 

“All coefficients In the last twa columns are corrected to two &cimal places. 

%ef. 70. Cnrbinolamines derived from C ,~H~I&TIi~CI~. CH \CbH1*S02Nm3, 

CH,CONHNH,, NH,CONH!‘JJQ CIH~WONHNH2, HOS02CcH,N?JNH2, NH2NH2. 

‘pKr refers to the free amine, 

4;t ef. 71. R -7 C?H,,, CICH;CH;. CF3CH2. 

eRef, 72, XY - CF,, CZS, SY),CH,, NO,, SU>CF,, R - C*H<, CH), CH,0CH2CH2, 

ClCH;CH,, HC = CCHl. 

f 
ppql- 0. 2) refers to the ~ut~kbrkum ~~~t~nn of Oh%?- to 1-methaxy-2, b-dtnitro-4-X- 

benzene: the Cvrdcs coefficient b thus normrliscd and may be cornpored dtrectly wtth 

that for the central atom, 

%ef, 73. X = m-!40z, -. m-Ohle, H, p-He, p-OMe, Y=H, X=H, Y = =-NO,, m-Br, _- 

m-F, ,p-OMe. p-Me. p-Oh%, 

tc Classtiled as an end atom (see Jcncks and Jcnckr; ‘). but both bond making and brewing 

occur on the atom to u*hich C! H&X iu attached 

‘p_( = ‘s. 6) refers to thr equil\brlum formation of oxvcarbonkum ions from acetcghenone 

acPtalf5: see fnrltnot6* I. 



j Ref. 74. R - ClCH,CH2. CH 1 CHCH_. CICH+TH;. CH,OCMICH,. CH , 
I 1 

% ef, 75. R - cH,CH2, CH3, CHICKH2CH2, CICHtCH2, CH = CICHh. CFICHj, 
1 

X ‘-5 Hc2N, CH$l, cH ), H, 

‘Ref. 76. R = CH,CO. XIICIH15 nj whew X - p-OCH,, 3,4-diCI, p-$0,. penta-?‘, 

mRef, ;7, X = No?, OMe. 

“Difference in Q is solrly due to point for ripectfic acid-cata1ysb: neglccttng this 

point, the Card-m sufficient becomes zero, 

@Ref. 78. R - CF!CH?, CHCI,CH2, CH - CCH., CH,ClCH;, CH ,, C?H,. 

%W, 73, X = gOCH,, H, _m-F, p-NO,. 

‘Ref. 8C. R - CH,CH>CH?, HQCH7CH,, CF,CH;, NH2COCHI, Ct$-CH2. CO;CHpCH,. 

‘pKn of Schtif ~-SC. 

‘Ref. 81, R = c,H,., ii, CH,, CH,0CH,CH3. CM2CH2, C$CRCfQ I;‘,CCH,, 

“Ref. 82. X - No,, Cl, H, CH,, OCH,. 

%ef. 83, Y = CL, H, CH,. X ,: p-NO,, rj~-NO,, p-Cl, p-CH,. 

Dctailtd dIs~u~i~)n uf such &cts for a specific oxampfc has bwn pr4~sld~d bq ~r~~~s~~nj-~ In the 
gtnorai acid catalysis of Mcisonhcimer complex br~~kd~~n (fourth ontry rn Table 6)+ f iore 

I1 l& x dtogk do;, + d log k dpKtlAj, i.e. ijn + .z, should be cyual to d log k dpKR<ttt. i,c, &,. sinct: 
buth mcwtrc extent of bond cfcavage f~~~ti~n at the 0 atom, and thus the apparent cxtcnt ctf 
change buildup thereon; however large discwpancics exist betwcn numerical values of the two 
exprasions, so that rhc ~nf~rrn~tl~n provided on tr~nsiti~~n state structure b> thcend atom effect is not 
directly compatible with that presided bj the central atom effect. 

Originally. Miller,“” and more recently IMcClennan’ and O’Brien and %fore O’E’errsfI” have 
conwttrated attention on thts phenomenon; in the latter tre~~trn~nt the in~u~n~ of rcs~~~~n~ 
saturation, and sterlc effects {e.g. twistmg of substitu~nt-boring aryl proupsf, as wall as subst~tu~nt- 
substitucnt cross interactions and reactivity-selectivity effects arc discuswd, As the authors paint out, 
the influence of the last cannot be solely responsible for the non-r.cro Cordes ~~3~f~~ient~. because the 
effect IS also fuund in equilibria series*’ [thus for the pK, * values c>f t riphenylcarbinols, ~2 is found to 
be 5.1 and 1.4 f or monosubstituted and Malachite Grwn dcrivrrtita rcspwtivcly); they are also 
tthscn.ed in measurements on non-reacting motecults involving spectral techniqucs.n” It may 
ther~f~~r~ bc pointed out that once agam there stems nr, cnmp&ng wason hcrc for postulation of RSP 
cffccts. and indwd rt st’cms generally aaepted that substitucnt-substitucnt intcractww, cither in the 
~r~~~ind state rn~)l~~ul~ or in the tr~nsitl~?n state. play an important part; ncwrth&z+s this specific area 
is p~rti~ul~rl~ predicted as one for in~r~~s~d ln~~st~~~ti~~xl, s~culatwn, and wntrosorsy in the future 
Thus Horkors have stated’“*‘- that it is in complex mcchrrnistic types, with “coup!cd” interactions, 
that the RSP is least likely to apply, and that ex~r~ples of its tywation must by sought in simple 
waotir,n modes of “push pult” type The altt‘rnvtivu (~pini~?n ma)- twHaw be advanw.I, that it is in 
the latter that rcactl~it~-selccti~it4 effects are most conspmously absent (with tht proviso that, 
certainly m solution, it IS a very rn~~t flint if thcrc is such a thing as a simpltz rwction: tho question is 
roiilly how many cgects it IS possible to put an ~x~rirn~nt~~l figure toi. while mow dcbatc may be 
djrectcd at ~~rnp~~x re~~ti(~ns. where a rclatwzl~~ large number of variables may be ~xpwrmentall~ 
dcfincd, for hcrc the difficult qu~sti~)n arises as to whcrhcr ~pp~ir~nt n~~nif~st~tj~~ns of the RSP can 
Icgitimately and uniquely by intcrprctod in terms of variable tr~itlsiti~~n state ~tru~tllr~, or by means of 
other factors such as substitucrlt-substitu~r~t ir~t~r~~ti~?ns (as usll as the ~iis~L;ssi~~n here, see also ref. 
14). 

We noti turn from dwussion of the kalidttj or otherwise of the RSP, a purported ~~nn~ctl(?n 
between txo ~~.~~~~~~??~~~~~r~~ quantities, to the quite djstin~t qu~sti~ll of \vhat all this has to do with 
transrtian state structures variations arising exclusively from rattt chanpc. The two issues must not by 



confu~cd: the non-obsenanw ofan cxlx!rirnental eonncction bctwwn reactivity and selectivity in any 
instance means that ~x~rirnen~~l parameters commonly associated with tr~nsitj~n statt’ stru~ture~~ 
r~rn~in ~~~nst~nt, and no more. (We have always &en careful to make this distinction, as revealed. for 
example, by refercnLr to the sentence in ;1 rcccnt rcvlcw’ Immediately follaving one quotcdlJ to 
suggt~ otherwise.) All models or pictures constructed to explain the interactions within and bcttvecn 
m~l~~ule~, whither in the ground or transition state, are in the final analysis artcfacts. The only 
realistic day to treat the macroscopic phenomena obsencd in the laboratory IS by definition of 
mathcmatlcal equations which are designed to reproduaz as accurately as possible the obscrvcd 
ph~n~rn~n~~ in terms of other practia.1 ~~bs~~~ti~ns and which allow predictions about the bchaviour 
of related systems. All pictures c)r models express& in molecular tcirms which fit the uyuations thus 
Mined can bc considered i.alrd. sinLv there IS no way in which pictorial conapts based on such a level 
of sutkfivision can hate any physical reality for us. The prtnciple of{)ccam’s razor informs us that the 
simpler the mathcmatlcal trcatmcnt the bcttcr: there is no point in including extra parameters for 
their own sake. Therefort: the problem of the valid@ of the RSP reduca to the question of whether it is 
ever ncassary to Include in such mathcmatial treatments a propottlonalit) htween the two 
exIWmtntal quantities reactivity and sclcctGty, or Hhethcr tn all ~ast’s in~~)r~~r~ti~n of parameters 
defining interactions (il. (Ii), t&i) and (iv) given in the opcrting section will suffice. A cfoscly r&ted 
yucstlon would bc the number of parameters nuccssarj to cxprcss auouratcly suhstitucnt cfrccts on 
rcttctik ity : hcrc it is possible rather ICSS terms arc needed than rjnc mlpht hat th~)u~tlt If ant’ is gtnd~“d 
too literally by the phpslual pictures of such cffccts,‘a’ although in other areas such as sahcnt or stcr~c 
cffccts the picture is one arising from much grcator mathematical complcxit>., I=nr thcsc rc’asons. it 
may often by more illuminating to plot onC set of ~x~riIn~nt~~l data against another set. rather than 
against some empirical parameter who-se ex~rin~~nt~il d~l~nltit~n is imprecise or has become 
obscured. and ta which some theoretical model at the sub-molcuular Icvcl ma> ha\*c become 
t~n~~~~usl~ fixed.‘: 

Thus, it is necessary tct note that to the extent that the RSP ~~nn~)t be obscned m prauticr: and 
there is much c\idcnL,u to indicate that the picture of mechanisms characterisad by constant sclccti\it_v 
factors ccrtamly cannot bc ruled out then to exactly that extent rho question of transition state 
~~ri~ti~n uith rate change becomes a phil~s~phi~~l rather than a s~ienti~c one, sina no ~x~rirncnt~~l 
cvidt’ncr: can bc brought to bear on it. Such considerations will for example affect the status accardcd 
to Albay-Marc O’E’urrall-Jcncks contour reaction diagrams uhtch arc depcndcnt for their dcfiniticrn 
on RSP efiects, ~~ntr~stin~ with rn~~h~inistl~ pictures~h~r~~t~r~s~d b! constant selectivity factors and 
in H’hlch mechanistic chanpco\cr ocxzurs in a region H here two separate and discrutc pathways both 
become kinctiually significant, ‘l’ho rather depressing corollary to this is that ci’cry mechanistic 
chanptr~vcr abscr\cd bazomt~ potentially a soura of argument closely akin to the clas~ir-al- 
nonclassical carbonium ion contracrsy.“’ 

The simplest possible model for rccunciling LFERb and variable transttwn state structures has 
been put forward by C’anadian varkcrs.“’ 



in 2-dimensional ropresentatwn they arc described by straight lines. As in Marcus theory. the 
internuclear distancxz stays the same for each reactIon of the scrics; the slopes of the wells (m, and m,) 
may however change from reactant to product. What physical reality this mod4 might have is 
lmpwsiblc to judge; cxxtainly in the Alarcus model it is the cunature of the cnxrlapping parabolas 
N.hich gives rise to the prediction of RSP effects. Ne~wthcless. essentially linear FFRs an arise for 
quite appreciable free energy changes from the Marcus model for reactions of high intrinsic cncrgy. 
txcausc for these cases the parabolic curvature in much of the region of overlap is onl! slight,” and 
the model 7 approaches that of Hopkinson.” This is the reason for the postulation of high W’ 
valucs~~ for proton cxchangcz considered to give markedly cuncd Hrrjnstcd plots.” ‘a in which 
considcratlon of the cxchangc term alone would predict only slight cunlaturc. Aspects of this 
argument have been put fonvard in a pcrwptive article by Farcasiu;“” as he points out. the RSP 

should not be obscnablc for rcactlons \virh 3 htgh intrinsic freccnerg!, such as clrmination rcactrons. 
whew the initial and final states are much lower in cncrgy than the transition state, and which thus fall 
into the category of model 7. If any manifestation of the RSI’ is to be found, the Marcus theoretical 
model thus suggests that it must h! sought in highly cxothermic rapid reactions 8 or highly 
endothermic slow rcactions9. just the situation. unfortunately, which may tx uomplic;3ted by onset of 
diffusion control of forward or backward prtxxsscs. 

More complex models can tx used to explain not only non-ohscnww~ of the HSP, but also, where 
considered appropriate. both RSPand anti-RSPcffwts (positive and ncgatwe Hammond and C’ordes 

cocfticients). The basic method in all these cases is to postulate two infIucncTs at Lvork on the data in 
hand. so that RSP cffwts in one can bc ancxllcd, emphasi”cd. or over-ruled in the other, as occasion 
appears to demand. Three variations (i ), (ii) and (iii). of this fundamental thcmc may be diswrncd: 

(i) rceactions which do not show RSP effects have two steps contrrbuting to the ratc-detcrmining 
prowss. Scott has set out the gcncraliscd scheme for this.“- A specific cxamplc has bwn proi ided by 
Press*‘)*“’ who cxplains the lack of R S P cfTcc~s in Kitchic’s rL_xults”’ for arbonium ion reactions with 
nucleophilcs iis due to a desolvation step followed b_v reaction. the more “inherently” rcactii’e 
clcctrophilcs being aIs<) the most strongly solvatcd. and vice versa. PrwaJnh hiis also suggested that 
rcactivit~-sclccti~f~t}. relationships in S,2 reactions ma! hc masked by the fact that ~vhileselcctivit)* IS 

governed solely by the HO>10 LU\40 ~ap,‘~ reacti\ ity is iils(j influenwd b>. the leil\ mg group bond 
braking term. Similarly. linear Bronstcd plots for awtal h>drol>xrs habx been intcrptrctcd”’ in terms 
of a pre-equilibrium frx formation of h~drogcn bridge-bonded complexes between gcncral aad and 

ircetal folloxcd by slow proton transfer. Indcxzd pcneraliaod ML;larcus thccq for cwhangc wmhincd 
uith an adjustable prc-cxchangc fiictor fits this catqyry to ;1 dcgrcc. in that \ariat~on ofcuriaturc in 
Hwnstcd plots from lxx! protwunczd to hardI> pcrccptlblc may bc a~con~modi~ted b> changing the 
rclati~x ~17~‘s of AC;,: and W’.” 

(ii I thcrc arc’ ~‘ffccts both p;irallcl tn (Ili~mm~~nd) and p~rpcnri~cular trj ranti-~Iamn~ond oc 
Thornton J ’ “” the rextwn cocwdinatc tvhich act in opposition to one another. ‘J’hcre arc man] 
cxamplcs of this approach; one such is the proposal I0 that t hc xro 1 ¶ammc)nci and C‘ordes coctfcicnts 
obscnxd by Kemp and C’asc) in the acid-ciitiily4 dtxwmpwtion of bcn/isox;t~oIc’hh iirc due ICI 
precwly balanced Hammond and Thornton effects. 

It is hard to comment on the \*Aidity ~lfinterprctatwns (i) and (ii);certainly in general thq appear 
perfectly rciisonijble. IIoMaw, the following points ma> be made. Firstly. if it IS iicccptd that 
unambiguous cxperimcntal demonstrations of the RSP arc veq diflicult to find. then II H’ould be 
rather strange to suggat thiit Nature has created an cffcct. and then taken great pains IO ensure that it 
cannot be detected in practice! Secondly. suggestion of the various effects is not in itself suflicicnt; 



cxpcrimcntal verification and quantification IS rcyuircd. ofhcwisc any way an cxpcriment turns out 
may bc claimed to authenticate their USC, For example. Press’ interpretation”’ of Kemp and Casq’s 
reSUlfS3hh Gould easily have been mrtiificd to accommodate ahor ncgatitc or pwitive non-zero 
tlammond and Cordcs wcfticicnts, by appropriate adiustmont of the weight piven 10 the parallel and 
pcrpcndicular effects: the fundamental questwn is Hhcthcr thcsc cffecls haye ken Jcfincci sl)f~i~)~ntl~ 

accurately to give them pructir-tiw value. If such effects do m&cd need to be taken into account. they 
do not )ct swm to have bwn cvaluatcd and dcfincd expcrimcntall) so that prophwcs of hw the! will 
operate In an> gtvcn situation can be made. 

(iii) there arc RSP cffccts at work on both cwrdmatcs OC the cxpcrlmcntal plot detinin_c the 
selectivity pattern, so that overall cancellation can occur. For cxamplc. c ’ is implicated many tirncz in 
~~~rr~l~~i(~n of r~ii~ti~.it~ data_ Such plots covt’r very wdc rcacti\it) ranges; they arc thus p~rti~uli~r~~ 
prtinenr to thcdiscussicjn ofthc RSP. The p>int has been raised’“,” that since n * t alucs arc dcrik cd 
from a reactivity scrws which mipht also contain RSP efkcts. a canecllatmn could wcur kdinp to 

~uppr~ssi~~~~ of intrinsic ~u~~tur~. ‘I‘hc \alidtt> of this pr~~~~siti~~r~ sums d~~ubtf~~l. hwa~r. 
Dcfimtion of the 0 ’ scale IS now only of chrorwlog~cal sigmficancc, since this scale (and Ihc 0 and CJ 
scrilc~) corrclatc not cwtl) qulhbria in SOI~~~O~.~~~~~)~ but a1s0 in the gas phase,“” as ucll its beirlp 

vcrifitd b> ~~l~ul~tlt~x~s in \vhich an iwdcsmic proass in the absence of sal\c‘nt is ;tssumcd.“‘3 It 
thercfwe seems a rt!;isc)nablc assumption that (T ’ k alucs arc goal indicators of internal electronic 
cffccIs arising in the stabilisittion of ;t positisc charge by ;t subst~tutnt, and indcpcndcnt c~f RSP 
in~u~r~s~s. sob cnt in~~r~i~tl~~ns, and other cxtcrnaf features (fhc terms mttrnal rend cx It”rnal arc used in 
the sc’nsc defined b) tIcplcrl”J t. and furthcrmorc suggcs,t that spwially modified v~~lucs wch iis 
postulated by the Yukawa-Tsuno cqwtion” arc not in fact rquircd; the variatiun m cj r-alucs alone 
accounts for solvent t’ffwts and also substitucnt cffccts being wly fractionally Jc~~Act~d m the 
transition states for S,l hydrolyses or arrjmatic clectrophllrc substitution compared to thwc in 
cquilibna scrlt’s.‘f’S 

As noted prwicwsl>-. an cscsllcnt text-bwk ’ awrts that the RSP has been found t’xtrcmsl> useful; 
m thccvcnt, on~cxanlplcofdublc)us \alidlt\l’ is given. No spstcmatic pattern exists for prcdwtion of the 
mode ofaction of the prmciple in an! given instance, Alt~rn~ti~el~, the numba oflimes ~~~nsid~r~~~i~~n 
of LFERs, together with the corollary that cur\-aturc stems onl) from ;I change in mcuhantsm or raw 
dctcrmining step. hw.c Ied 10 ii cohcrcnt picture of rt’actwn piIthH’;iys dofks documentation. There art 
few examples of rn~~h~inis~)~ in~~ti~~~ti~~rl whtzrc LFERs, p~~rti~l~l~~rl~ of ~i~n~m~tt fwm, haye nolt 
been gainfully cmplujcd; fw an> mcchanislic ~>ssibihty, the form the cquaticw will rahc ciln bc 
predicwd with considcrablc accuracy, and in thcabscnw ofnlcchanistic~hanp~, the limit oflincirrity IS 
h~bitu~ill~ the limit ofthc ~x~rirn~nt~~l range crtvcrd. The general r~i~~ti~~n to this si~u~iti~~n SL’C~IS to 
be that the RSP is valid, that fhcconwpt must be preswed at all costs, and lhat in c~~nsequcncc I:ERs 
arc usually cuncd. while I-f-‘ERs arc exceprioncll and non-typical. arise under spcial circumstances 
only. <)r ~(~n~~~n RSE’ cfiects masked by ~x~ri~l~~nt~l noise. Ewn for the most ~~~~?l~-h~~irt~d 
proponent of the RSP, rhc implwtions of the altcrnatlvc \*icw-point wc~uld pasiblj bc b\wrh 
examination; iit the very least. non-critical use of the prrnciplc may by ill-adbiwd. 
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