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pÐet,ively" Th-î s !¡as ê.n exploratory stu.dy to test, the prineiples of the
above nrethodn so tlpt, these li"feti:nes are subjeet t,o r*FÕro

Before an jgrtramoleetrlartr-y*bo¡rded proton may exehange røith a síte
on another moleeulen the hydrogen bond must first be broken" ^ageÍn eonsicìer

salicylaldeh¡nce" This rnay oecur by twlsting el-ther the -0H grôupe or the
*cHO groupo or both out of the plane of the beneËne ring" stud.ies of
ber:zald'eþde have reveeled erridenee of a barrier to lnternal rotat,ion about,

t'be C-CHO bond, presurna-brï$ 'because it has partial doubl-e bond eharaeter

(102)' This also support,s evídevree ån favour of a planan 1¡enzaldehyde

nolecule' Anet and ¡'hnåd (102) have detemnlned the free energy of eetivation
J.

A Gr for this hind.ered rotation to be ?.g keaL,fmole (at -lajoc). r,Iarieus

pa.ra-su5*t,itut,ed. benzaldeh¡,rdes havø aLso been studied. (-10A, I03). The

ånternal rotation of the -oH gnoup about *r,he c*o bonci ln phenoJ- is al_so

hLndered beeause of conjugation effeets r^råth the.rj-ng n _eleetro¡rs and the
censequent partial dor¡bl_e bond eharactey of the C_O bond, Evans (104)

has estimated the Z*fold. barrrer t,o roÈation by ínfyared to he 3,4 kcaü
mol-e whereas ¡aierowave data i:tdicates it is j.3 keaLfnore (r05),
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rn t'he study of the l ong*range eaupling eoRst,ant betv¡wen the
phenolle proton and ri-ng proton I{4 (hereaft,er referred te es i{u. } in
J,J*dlchlcrosaLley).aldehyden it was found that by inereasing the temp-

erature of a solution of t.hie eonrpound the magnít,ud.e of the spl i-ttíng
deereased. By increasing the ternperature still furtheru this splitting
eould be elimínated altogethero

slnce the J-ong-range coupring i"s asseeiated rrith the intra_
moreeular hydrogen bond and ro¡ij,l- disappear r,",hen this bond is broken,
temperature studies r*ere therefore eerried out to study this hydrogen

bsnd and assoeiated proton exehange reaetions further, From the datao

proton exchange rate cpnstants and èhermodynanrie aet,ivation parameters

I'zerc obtai-ned."
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.4.. COI,ÍPOUNDS

The eompound 3e5*dlehlorosal ieyLaldehyde r^ras cbt,ained fpom

Frinton Laboratories and was reeryst,aLr-i,øed. fyom benøeyn befors use"

For some co¡tfirmatory expeviment,s it was aLsø røerystalll¿ed. from earbon

tetrachloride and ether, 5-ehlçrosaS.icylaldehyde Lras øbtained. from

East¡nan Organie Chemicals and rn¡as reerystallized twice fron berrzene. T¡e

corapound 3r5*dlbromosaì-ieylaldehyde, fnom Aldrieh Chernleal- Co,o was u€èd

r"rithout further pu::i_fieationo

The solvent.s aeetone" aeetonitrire, benzeneo earbon disulfide,
earbon tetraehlsride, eyelohexane and. methylene chloride were speetro-
quality grade from ],fathesono Colem¿n and Bell" The othey solvents used

r¡rere: bçnze¡e-du and ehL.¡roforrr-d fvom ÞIerck, sharp and. Dohme co. af
Canada Ltd"o hexafluorobe¡:zey:e from pieree Chemieal Co., dimøthylsul_

foxlde from Aldrich Chemieal Coo, arld tetrameþhyLsílane from 1rjuelear

Ì{agnetic Resonenee Specialties" Carhon tetraehloride was pl1nifíed. and

dríed by passing it thro':gh Linde molecular siève 4A r,¡hi.ch was heåted to
þoooc before useo D5-methylsulfoxide was drled over eal"eår:m ¡ycirid.e and.

fr¿ctionally dlstilled at atmospherie pressure. The fraetion takeir

dtstilled. at 189-lg0oC (106). A]-l other sol-,¡ents r,rere used without fur{:hcr
purifl-eation' Several experi:nonts r,.rere ea'eried out in highlSr pu:r1fied

aeetone but these r,¡i-11 be dì scussed in the 'tExperimental Results' ehapter,
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All compounds in sorutíaË were sturÌieci wrth L - z m*Le ft
t'etranetþlsilane (ri'rsi as intarner refeyenee using the prevrously
Ceseri'oed. elperimental preceduyeso All solutioRs r¡ere degassed by the
freeze-pump-thaï' teehnique before the spe*tre î,{Íere obtained,

The ring proton speetnan of 3rJ*diehlorosalieyJ_aìd.ehyde beiongs
t'o the AB syst'em" sinee in most sohvents et room ternperatune prot,on H,
a}'so eoupl'es r'¡ith the phenolie prolonn the tlro resone.neos correspar:d.ing

t* lI, 'r"¡ere split int,o deublets" A d.sublet r,¡as alss obser::¡ed fo:, the
pheneS.ie p*cton resÕnaneè in these sol_vents" However"" it r,¡as alrntays

sl5.ghtly broeda:- than the tr.ro :,ing proton doubleis,

The enalysic of the spectrum ÌÀres s.t,ralghàfç:yvrard* The Long_

rånge eoupS-fu'rg eonstent Jog-ti_ l+as obtained by siniple spaeing i"ules fpor*-'. -B
the ring pr*ton and the pherrolic pz"oton spectna. The rirrg proton eeupli¡g
Ja¡ *d the Ho and i! 'o:roton shifts r^¡ere ebtained by a:r AB an*lysis" The

phenolie and aldehydic proto* shifts r"¡e¿*e obtalned by first, order su,les.

The aldehydie prot,o:r resonance wås a shary sing3_et, The same proeed.ure

vras applied in the analysis sf the speetrurn of JoJ-dibromosalic¿v-Laldehyde"

The moroeule 5-ehlorosarieylardehyde exhibits two J"ong-rang6

coupling eonstantso The aldahydic proton eouples wltlt the ring protair
in the J-pcsition'r"¡:lth a eouprlng JCHO*H"" The phenoric pnotorr eoupres

)
';rith tl:e rång proton in the 4-position, e,s in 3uÞdiehrorosaÌ-ieylaldehyde,
'r¡¡ith a eouplir:g icj{_H', The magnit'¿d.es of these tr+o long-rång€ eouplingsn
s'ç -'re11 as the phencllc end aldehydi-c prct+n shífts ""së1.e d.etemrined by
fårst' ovder rüles" The ring protor: eouplings e,nc shåfts î{ere cbt**in*d b;".

an åBC analysis*



The H¡ pfoton shift oî 3uJ-dicÌrì-orosaS-icylatdehycte in raost

solvents occrmed tu low field of the Ho Froton shj-ft, Ho,,.¡ever in
c6F5 the tr'¡o doubrets eovrËspondi-ng to proton fo a,ecu*ed to high

field, The quest'ion arose: i"s thls a soLvent shift cr doesfhe zig*
zag long-rangë coupli:rg eonstant rule break down i:r this sclvent and is
a eounlinn ,i^-- ,H, present? This problem r,ras resolved by studying theUH--?

spectra of 3oJ-dichlorosa).icylardehyde j,' csz - c6F6 sorutionso As

wello speetra of this compou:rd ¡¡eye studied ln CSZ _ Aeetone solutions"

AtI spectPe llere reeorded. and ealibrated at leest four tirnes"

The shífts are :'eported r"¡i-th an areuraey of t 0"005 pÞyn" Severa.L phene*

lie preton shifts ldel:ê exeept.ions ¡rhe-ee these resôas.nûes wëre verxr broac
and henee the shift,s .r.rere ha:=ier tcr rrieas.rr_re" Thess ese indieated. in
the experimentei datao The errors 1n the eoupling eonstants are stan_

dai'd d,evietÍons from ilre Íûtsåïlo

Temperatuse studie s an 3 oJ*di-chlorcsaLiey..t aldehyde eo..åeÐiqnç.

wefe also easried out. Trrese ¡riLl- norn¡ bs eonsi-c.eredo ilhen ilre temp-

erature of the benzer:e - d6 solution was ¡aised above roorn temperature,

the magnitude of the long-rånge ceupl_ing decreEsed..¿ntil at the eoales*

cenre temperature the two doubrets eorrespondfng to proton H, eolJ-apsed

into two broadened singlet,s, As the ternporatu:"ú .r¡ras yaised above the

eoal-escenee peint 't,Ì:.ese ¡¡eaks beearûe sharper until- finally they r,rere

nearly identieal in height, and. r¡idth at helf heigbt wlil.i the peaks eor_

responding to pnoten Hr' The J¿¿¿ur protern and the eorresponding re-
sonances r+ere not a-ffeeted by the temperature" Henee this was an ideal

q,-stem for studylng proten chemieal oxchange rea.etion yates by means of
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Ëqu.ation (3-5f-), i,rhich aÞ.r:lies above Èhe cea]-escenee terçerature. By
a.npl¡ãng tiris equetíon to the oxperj¡nent*,} datan tho first arder rate
eonstant k for proton exehange is easüy obtained, The reratlve peak
heights r/ro are straight,fozr,¡ard to measure sinee the exeh¿nging and

the non-exehangi-ng proton resrllenees are elose together i¡ the speetrum,
?, at' every ternperature 1s obtained in the absenee of exchange fr.om the
l-j-ne r,¡j-dths at haLf height Ay *, ef the HO proton peaksu

The experimental proeed,ure was ss fol.lows" severar soluti-ons
of 3nJ*diehlorosalicylaid-ehyde at different coneent,rations in benzene-d6
''rere prepared l+ith 1}fs as intevnal referer:ee and ¡.r¡ere then degassedu Eaeh
sai4ple -v'ias Tsarmed in an oil bath to about LZT-\1¡A}C to eheck i,¡hethe: the
tubes eoulcl r^rithstand. the add.ed prrssureo The proton speetre wene then
det'erqrined every 2 a:c 3 d.egrees untir the eoareseeriee ternperature .,,reË

neached' At' least an hour r,¡as allowed for the solution to eo¡ue to equil*
ibrir::n at eaeh teinperature before the speetr* *rer€ recorded, Longee
equilibration times lrad no effeet,

Above the eoalescenee tenrperature a systernatie analysis of the
speet,ra r,ras earri-ed out every J to 10 d.egrees, The resoltuion was alrrrays

at an opt'mwn a:rd was checked by the á.ppeåraneo of the r!-ng proton Ho

peakso or the aldehSrdie proton peako satu-ration effects r-¡ere alr"rays eheeked

for and elimin¿ted b3r 6þsçrrring the speetra at low r.f, i-ntensities" Ali
spectra I'rere reÇorded lith the same s.rùeep timos" Hor"rcver, confi:raatory
erperitrients -t¡Iere earried' out r'rith different s're€p tj.rnes to eheek for slow
pa$såge conditions"

Ât l_easi, I raeasurçments of the relat,i.rre hetght" 1/ïo were oL¡Èai:ted,
truo from eaeh calibration of the spoetnun at eaeh temperatureu Tho base
l ine of eaeh speetru'n r'ra.s extended after the resonances .Ì¡Iere recorded. and.
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peek height msasuïements were determined r+ith respeet t,o 1t wåth a
ru.ler" The peak widths et, Ìrarf height e*Ì.respÐrldlng tc the nan_exehang_

ì.ng proton HO r+ore detemrined. et eac]î tempereture" At least B maaeure-

mente rr¡ere a1u,'ays obtaånedo ?he er::ors quoted for the rerative heights
and peak wldths at half height eorr'@spond t,o standard devi¿t,loyrs fron
the mean" Alt the sslutions ,¡ere studj.ed in the above marujero

Befone k ean be eareurated fron equation (3 - j1), the nag_

;:H: ï,:ï::ï.:J:lî" ;:;*;:ï:j';ï,:" äï::;î:
the lowest possi'ble temperatureu 9u3ocn '"rhene exehange effeets are expeebed

t,o be nearly uero6 Studies at, ¿ 'l-6r¡sr telnp*natuee j"n bepaens*C. could not
be eaffiled out' due to the poor rescSutien at, temparatires near t,he freezlng
point of benøene. Speetra above 110ÛC were aleo hard to obtafn due te
the bu:uping of the sorution absve t,he b.enzene boirång point"

À11 t'øraperatures were determineci. befoz.e end after eaeh eel-
ibratlon usÍng- an ethylene glyeol or a methanol sanpLe and a ealibration
graph of lnternal shift versus tenperatureu This rrres prepaned by Varian
Assoelatesu P'a1o Alto, Caltfsr¡riao The temperaturm ne\¡er ehanged. by more

than one degroe from the beginnång of the spreetrar earibrat,i.ons unt* the
snd' Thls earrespond.s t,o e t,j.me intervel of aber:t, two to three hours j.n
whieh tempønatrÞe equitibration vras sttainedu resolrrt,ion adJusted, a

saturation eheak earriec out, and. eÈ least, four ri.ng proton, p¡enotrie and

aldehydie -prr:ton eal-Lbratio¡zs earríed out. The preeisi.en å¡: rneasur5-ng

the ternperatuye is esÈímated at +0.5ÐC"

The re'te eonstants for proton exahange eeur-d not be detemiined
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by s'tuciyr::g the phen*}je p?óto:,* dcubl-et" Thes* peaks '.,.ere a.1_r,iays

siighttr-y b::cacier at rcom temperature than the coruesponding H, Þrertan
d*uirlets" As t,he terrpeeatus'e 1,fe.s iesreased they eorra¡:s*d. and fu-rther
broadened. Henee several Frócesses are thaught tc affeet ilre phenolie
croton r-esrnance line r,¡-idths" Th.e aI-dehydåe prot,*n 1.rsonånÉes e*etre

å,}','råys sharp and theee line ¡rrdths at har f Þ,ei6ht weye temperati.z:.e

Ì-i:dependent, o

The :"*te eonstaitt k for proton exehange r.¡as eaLe¿1*te.i fcr
al"L tha ssLut,Íons usitrg eqr:etÍ-on (3 _ 5l), Sj_i.¡ee tlie rat,es *henge,orith
*h* e*neent'r¿tion cf 3uJ-'cÍ-ehì-cr*sar-ieyialdehydeu an i::,eemroleeuSar

exehange proeess ¡nus¿ take pl"aee and. tite eetu¿l k*"*he.r:g* r,tagnàÈudes

¿r* tl'ri*e the mearured k' The least sr.rÐ.;:e* anallns3s of il.ie d¿ta ç+;.e

eeryiod out' oil tl:i* rBÌ'Í-360 eor,iputer at the gy111r-srsity êf äËnÌtrbå. The

regressioir ø'naþsis p Õgraril wes obtel"ned fy,on E"To våïr der liour¿¿e, .{s
we]-}, s*"rçraI af these analys*s were e*.:*vied- eut on a desk ealeu*1a.Ler"

c. rryqBAREå l.GÂSuEÐ"fExjTS

The ínfrared. speetra lre*e obteined et reom tempere,ture usi.¡rg

a Pe¡:kln-E}ney 3jT Grating Speetraphotometer." The C€ çtret,ehing fre_
c-tleneies ¡+efe ealiby*.ted oir a L0 i::eh strlF-ehart Hon*yrrell :¡:eeorder r,riilr
eall-bratio¡: bands obtained- from an ind.ene referenec, A ar0z5 ;ii¡,r" **l_r-
'ç"ras ugeC"
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ALI of the prot,on cheraieal shífts determined fn thås sto.rdy are
ån ppm to low fieid of intern¿l TT,is asrd. aLt the aoupl:.ng eonstai:t,s are
in cps"

Thø proton chsmieaS shift,s and eoupling eonstents of JnJ-
diehLorosalley1ardehyde (¿) in various soLrrents are gí-uen in fable 3-ï,
Thu Jon-H* values are the åïre'ilge of the rfu:g pnoton and the phenolie-'-'B
proton splittings. Both eouplÍ_ng constants J* and J^-- __ ar.â

rhe Hu ri.ng-proren ehifr ?ïa5 åss*sn-- iït;kr::ïi:î:*:nu'"
t'o the H4 ning proton shi.ft on the "oaçie of the zig-sag long_¡.¿y1gs erlup-
3"ing ruJ-e ln thase solr¡ents r+here the long-långe coupLing.nas r:bserved"

t{n exeeptipn r^râs c6F6 irr r,¡hiele t'}re 5 prot,on tresoaânee oeeur¡:ed. to high
fieJd. T'h1s was shaûm te aríse fron a eolvent shåft and not frcm a

bne¿kdsv¡:r sf the zig-sa¿g ruJ-e by studying 305-dj.chro:,osalieyS.erdehy-de 1n
C6F6 - CS, sol-ut,isns" fhe proton shlfts ane gÍ_ven in Table 3*fI and

Figuee 3-I frem r,¡hieh it is seen that, ineye.asing .the eorroçrrtration of
c5F6 in solutisn shifts the Ho proton resonånee to Lorr¡ fieldn berow that
of the I{g nroton resorlanceo
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Fostnofes to Teb1e 3*I.

1" A3-1 proton chernj"oal shifts are in ppm to Isr.¡ fíel.d ef intes.nal Tl{S,

2, é,1I" eoupling eoastents ara in epsu

3" Ft*rified as descrlbed under 'rBx-perÍ.ment¿1 MethÕd.srr.

4e Under soh¡ent, pøakn

5" The peaks rnrere bre¿dened but definite spLitt,Í.:ngs ?trere hard. to

ealibrate"

6" Ði-rnethylsulfexide"

V " Not obse:r¡ed"
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reþ¿s J"-rI
Prot'on chemieal shi.fts and couplLng eonstants for 3r5*&1:eúorosalieyl-

aldehyde(l) in C6F6 * CS, solut,ions at 30oc.

Solvent Lo¡¡-field Hi-gh-fie1d
,Conçcsítion proton proton \F(nrolefl c6F) shiæ '"uiil- rcHo Yon i¿n Jou-n*

IJ

o (csz) ?,uguf?) 7ågz 9"806 11"234 ?"52+0.a3 0, jl++0,03

?Q ? "ÍgLß) ?,bzg 9"830 JJ-."3? 2,50+0,dr

&D ? .t+BgG) T J+60 g "g63 !L"z3i z " s9*o "at+ 0, JrrgO,OJ ,

6a ? "4?a ?.1+7 g "g?3 3J"2}9

B0 ?.ttgg 7u+gg gego? 11.249 ÞaFã_

l-00 (cEQ ?"i26 ?.+ra?) g"gq3 JJ,z6+ z*5?+e"a3 0,116+0"03

a*lo Preseni i¡r alJ solutions Ln eoneentratrons ( 5 moLe S"

?" CoupLed to the phenolie protono

3" Coupllng to phenolic proton d,å.ffieuj-t to resoh¡e"



Figure J-l

The ring proton ehenical shifts of 315*dichlorosa-

lieylaldehyde in C6F6 - CS, scì-ut,ions et 3OoC as a.

funet,lcn of solvent compcsit,ion, The shifts are in

ppm to lorr field of internal Tl'{S" The x i::dicates

the ior,¡-field proton shift i'rhereas the 0 indj-eates

the high*field. proton shift"
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vlhen the preli:ni-:eary experirnents in this study rrere earried

oütn a J mole f solut,lon of JnJ-di-chrorosalieylaldehyde i:r eeetor,e

was prel)aredo Both were used as obtained corîmercíql]-y r^¡ithout special

purifieati-on procedures" The acetonÉ 
'¡ras 

speetroquality grade, The

solution was degassed r^rith TI'Ís es an internar referenceo

When the p"m.rn speetrtrfl of thls solution ¡¡as obtafu:edu the

two high-field ri:eg proton lines of the ÀB spectrr.ri"n were considerably

broader than the two lorn¡-field Iånes" Thi.s mggested that the high_

field rfng proton eouples u'ith the phenolic proton" Therefore the aeetone

:Ï:; "; :ï]*-ï,";"ï: ïï""::ï::""J3ïîr..ïï':::
a temperature range from -?,3oC to +6"5oC and the ringo phenolie and

aldehydie proton shifts r*e¡e determined" The eoaleseenee temperature r{s.s

approxi:nately 29oC" å.bove this temperature the relatirre he.!-ghts t/Io
were mêafltt'ed togethor rn¡lth the line wi-dths at half height of the lornr-

fietrd AB d"oublet. The proton chemleal exehange rate eoÌrstants were eal-
culated using equation (3 - 5I).

A complete study of 3rJ-diehlorosallcylaldehyde j¡ aeetone solutions
was then plannod" several solutionE r,rere pre¡:aredo Hot¡rever the 1orrg-

range eoupli:rg bet¡¡een the ring proton and the phenolie proton eoul-d never

agai-n be obserr¡edo I'lany ex¡periments v,rrere trled. fhe compound rvas used.

r'úthout further pu::ifieat'1on, after being reerjrstallized frorrr CCl4o from

Ecetone or from ethero Another sarnple of this eompound v¡as obtai-6ed from

Frinton Laboratories and tried. Acetone luas pWified i_r¡ Ìnâny T¡rays" ft
was refh:xed for ser¡era] hours i,rith IOInQ4o then consecutively distilled,
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dried ovey CaCl, and redistilled" ft r,¡as kept ove:, ai_r¡nlna" Acetsne
fvcm severel rnanufactuvel"s "oras tried" ,A.fter 't-hese prryifieatior¡ prçeessçs

liere cåpried cutu rnany solutions ¡¡ete prepared, rnany in a d::y box and

aÌl t¡ere cegasseciu Tho vaeuwn line was fLarned oui, i:efore eaeh nreparation.
Sol-utions were trj.ecÌ r,rith end r,rithout j¡¡le¡çal 

TT,ÍS.

Scl'¡t'i-on prepal''ations r^rev"e eiso eareied rrut *n the vå.euu-lil line"
The eompnunc was reerystarij-zed frern eeetoneu piaeed in arì nomø:?o ,cribeu

attaehed to the vaßurlïr 1íne, wan'ned slightly and. degassed" .4.eetone,

pu:cified l:y t'ho K'{rÀCI¿s Froresse r,¡es pr-aced over caH2r degassed an the
vaeuu/n line and \Æ.euu*t1l dist,il"led into thc ïløïïtopo tu.be" ¡Fy.s*cpeetír¡e of
t'he eondítians '*nder r+hich the sol"ut,ions i"-ere preparedn the ring proton
spect,rwn ali^iays consici:ed of a s¡irn-metrieal AB c*uertet, r^ri+-h no evJdanee of
a }:ng-range eouplingu evan at -I5cC"

Finallyo B' Richerdstn prepaxed a j rnoie ./, *o]-ut,ion as he no:mal,ì-y
i¡'"culc fnr obtaini-ng a:ì ïlsrnors spe*trurnu rr¡j-th the seme lesìút" conseo^uentJ,5r

no f'¿rt'hcr tertper:ature studies were earried out oR e*çåene solutions,
One inLerestång ¡'es.rJ-t emerged. fron t}'ris study hÕi¡reve3'e whteir

shc¡wed that in aÇetonen as i¡r C6F5t the HU ring proton shift ís tc hi.gh

field 'unth respect to the Hu prcton shift. This was eenfinned Ï:y studying
tlie spectra of 3r5-diehlo::osalieyl-aldehyde in r.s*t,on+ -cs, so-l.utions" The

results, i'n Ta"ble 3-rrl and Fi-gul"e J^Zu shor¡ the aeetene sojvqrt shift on

the I{o proton" The phenolie proton resonanc€ '¡iås very broad ( ..- J0 eps

at hal'f heíght) in solut,rons with 1or,,, aeet.one eon*entrations and beeans

sharper as the s.eetone ecncontreti-on ånc¡çased" Tha rces*n í*:r this is
not hqoi,rr]"
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r-Ltr ^ å TÌrL¿y_Le )6LLJ-

Proton ehemieai shifts anC eoupJ_ing eonstants for
JuJ-dichlorosalicylaldehyde (n) in /"cetone _Cg"

CÒne n

{mole
A"
lc/

sr:1'r¡t,ion at

SoLvent
composXtion

joÕc,

Lorr¡*fj-eld
proton
shift

High-Í5.eld
prot,on
shiftmoLe ,k aeet,one V.ro J¿,YoH

<5

<5

<5

<5

5

5

)
É,

0 (cs^)

o
O

tu

l¡n

8ù

iû0

?"11.gÞ(\)

7"¿iBB

? "5Õ6

7,5tr5

7,588

7.678

7 "737

7 "779

7"807

7 "392

7,1+65

o lcQo
f o{i-U /

7 "þga

7 "5L4

7.563

IaaL/

7 "668

fofUÕ

YoÕUÕ

g"B3g

9"856

g.B6L

9.?QL

9"953

9"g}g

10"0Ló

30,CI3¿i

2,52+Q"aj

2,50

2tr1Lø )L

aø ))

7"53

aø ))

D EÉ

¿ø) l

Ii.23&,l'$'05

tr3-,2û É0,Ð5

L1"2O gû"ûJ

LL,23 t0,03

W,27 å0"t3

11"30,+.0"01

2L"33 90"0T-

Ll-"347+Q "tO5

]'L"363+Q"Ðû5

1* Coup}"ed to the phenolie protcn
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The ring protai: chemieal shifts of 3rJ-diehlorosalicylal*

dehyd.e i-n Aeetane - CS2 soiutions at lOÔC as a function ef

ser'lvent composition, The shífts a?e i* ppn to Low field of

internal TlfS" The x indieeÈes the lor,¡-fiold protor¡ shj-ft

i.rhez"eas the a indíca*,es the high-fielcì proton shift "
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fn Tabl-e 3-t the Hu rlng prcton shift in Di{SO was assigneci to
higher field than the H4 pno'ron shift, in analogy with the aeetone

speetrum.

Thø assignment of the H, Froton !.esonanee to lol¡ field r,¡itÞ¿

respeet to the HO Proton resonance in most solvents is support,ed. by other
evidenee* The noreeule 3oJ-dibronosalieylaldehyde was studied in csa

(taule 3-IV)" rf the H, proton resonanee oceurs at lor^r field in the

diehloro eompoundç it should oceur at even lower fiel-d in the dibromo

eornpound relatj-ve to the Ho proton pesonanee" Á.nd ít does" The intennal
shift is 0"213 ppm whereas in the diehloro compound it is 0,102 ppm" This
is in agreement with the larger ortho Q effeet of the bromine atorn as

eompared with the ehlorine atom (10f).

Conel-usive er¡idenee for the above proton assi-gnment eomes from

a study of 5-chlorosalicylal.dehyde in CUD6 slnce the replaeement of a

ehl'orine at,on by a h3nCrogen atom in the aromatie nueleus should have lttt1e
effect on the Hu Proton shift" This is based on the nearly equal ortho

A effect of these two atoms (1oZ)" Arso an ü:requivoeal assignment of
the pom.ro spaetrum of this molecule may be nrade sånee J ring protons are

present and the I ring pnoton coupling eonstants are al1 different. The

speetrun is given in Figure i-3 fron whlch it 1s seen that the Hu proton
resonance oeeu'rs to lov¡est field and exhiblts the long-range eoupling r.rith
the phenolic proton. The aldehydic proton couples according to the zig_
zag rule with the Ha rlns protono

Deeouptr-ing experiments r¿ere earnied out on both the phenolie and

the aldehyrlie protons to confirm the assÍ-grment of the J_ong_ra¡ge eoupling

eonst'ants" The ABC analysis raas camled out on the decoupled spectra,
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rable 2-IJ
Proton ehemlc¿l shlfts and ceupling constants for
JrJ-df-bromosalíeylald.ehyde ln CSg (J nole /") aZ 30oC"

lË ãi 7 "??8 pw,

lÃ

yc

= 2"56j pw"

= 9"757 pplrrt"

åo .A,t 3Oþc"

YA ( Y6) = 6"674 ppn"

YB ( \t+) = 6"866 ppm,

% ( Y3) = 6*507 ppa.

)[¡ro = 8.931 pr¡h"

%t = ll"Û94' PPm'

tot-rb = o"it'fl4oosJ ¿ps"

Jon = 2,jfu0"@ eps"!tD
ï{CI

Vo,, = ll"JJI PPn',"

labLe 3-i{

Protocl ehemiear shrft,s and eouplíng eonstants fon þ
ehlsyosalíeylaldehyde tn C5D5 {5 mo1e. Ø)"

J¿n = 2"67Ëß.03 eps"

Jgc s B,p3.g0"g] eps.

J¿C 5 Oç4f10.0J cps,

Jnur-u = oo4ó+o.oL cps'
vt¿cit

B
Jctto-lta = o"6llo'ol- eps'

The sum of equared derråations 1n tntensitles betv,neen eal-eulated

and obseplrød rlng proton â.BC speetra = 0*019g

bn Al g|ec"

Yrro = p-ltr'l p¡:m' *JcH'-Hc = 0"6Iü+0o0â cps

îhe sp3.3-tting due to JOH-Ï', l:aç neapJ.y då.sap¡:earød"

* .{,lso observed at U5oc"



Fisuqe J:3

The proton nragnetie resÐnånee spectrum ef

a J netro fi solution of $-ehlorasalj"eylalde-

hyder in C6;D5 a-'L 30-C"
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Tabre 3-v gives the proton ehemiear- shifts and coupríng eonstents for
this nro]eeu].eo

Onee'che prot,on assignments of l, J-df-ehloresarieylaldehyde r.rere

ecmpleteo tempe::ature studies !,¡ere caï.Fied out on soluti"ons of this mole-
eule" st'udies of the csz? c6\p anð. cclu so3.ut,j-ons shrlhred that the ex-
ehange rates rvere suffieiently sLo'i., lrr these soh,nents so tliat a eompiete
coaleseenee of the sp3-ittings arising frorir the e

ba observed, even ar rernperatures or r\., 1r.ooc""î:ä:tÏ;3r."Ïl 
"-t

exehange rates were suffieiently rapid. so that the eoelessðnee temperature
was weLl below the beiling peÍ-nt, of the solvent and a suffieientry J_arge

t'ernperature range nras available over r¡hieh the reSative he5-ght, 1/ro eould
'be neasured" Thersfore there is a solvønt effeet en proton .exehange retes.

The pnoton riagnetf e $e6ona.nee rpeeta*um of a J mcle S solutlon
af 3,J-diehlorosai.leylaldehyde in c5D, at magnet temperatures (]0oc) is
giuen 5"n Figure J-Þ" The resurt,s of t,he temperature studiea. of c6D6

solutions are tabuLated in Tables 3_ift to 3_Xf, The wld.ths at hral-f height,

AY + of ihe peaks eoro,e*rendfng to the non-exohanging proton (Hn) are
1¡? epso The h@åghts (r) of the .exeh*ngi.ng pioton (Hr) peat<s r,råth respeet
to the heights (r*) or the non*exchanging proton peaks are absol-ut,e numbers"

The :ræsults of a tenrperature study of a saturet,ed solut,ion of
]'i-dj-ehLonosalieyS-ardehyde in cc14 ( ( 5 more oó) u* glven in Tabie 3*xrrÐ
even though proton exehange studies eouLd not be earried out en this sor.u-
tion" Thj"s sa:lutioa v¡as also studied 'øith eyelohexa¡ae instead af TMS &,s an

i^nternel referenee but this data is rnat included j.n Tahtre j_XïL This enabled
temperatures of ,tt' \zoÐc to be r*raehed but the rate of proton exehange r+ae

stilL to slow te be rneasured,



r.reufe 3_*

The proton magnetic reson&nee spoetrun of

a J mole S solutlon of JnJ*dLehLorosalicyJ.al-

dehyde 1n C6D6 at 3ÛÐC'
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¿-v ,L

The iresults ef t"¡le i-nfrared studias alre as folLor.iso Th€

c=û etretehing frequen*y cf e saturated ( ( J nehe (,) scLutåon sf 3,
j*d.iehlorosalieyS-aldeh3rde in CClr, fs \6?2+ j" *'t r,ir"nqr selutions of4/

thi-s e+np*und were prepa,red it1 CóD6 fa:r *vlao porlaro rneåsuyements, in-
frared speetra of these Ltere also obteined" Fsn fcrl.t. so].ut,ions (0.25,

zo\u 5,0 and 1"0@0 or,øLe $) u the c=0 stretehlng ,frequeneies al-L ranged.

betr,¡een 1670 and l-6?1 em-l. Hence a 4O - fold, change in seiute eon-

sentrat,ion hed ïrr iÌr*asütreable effeet on the CsÐ stretehing frequeney"



DTSfl]SSTON OF RESULTS
%



202

using the I/Io and oYå values gir¡en in Tebles 3_vrr to
3-xru the pseudo-first, order rate constants for prot,on ehemi-eal ex-

change, dcfi:red by equation (J - 5o)s wêr€ ealer:-latad using eqi:et,ions

(3 - 51)' (3 - 5?) and, (3 - 5Ð for crD6 solutions of 3,5-diehlorosar.iey-
J-aldehydeo The trrre rates for proton chernical exehange tr,ere obt¿ined by

nultiplrtrrg the measuved, rates by + faetar of 2, as deflned by equation
(3 - l+9j. The r.elaxation time T, for the protons i.:n the absence of
exehange was ealculated from the 4)/ g vå.ru.es uslng equation (3 * w¡"
The nragni.tude o:f t'r*q used i¡r these ca-t_eulatioÍrs t¡râs +0"6I ëps, ob*

tai¡led for the I mole / solut,ion at 9,3oC r,¡hene alL sxehange effocts ane

expected to be småLL' This r¡a-l-ue was arso gbtai¡ed for the z,J ma]*e 6rt

solution at 8u5oC" Th.e results of these ea].euLations a,re tabulated i.¡
Tables 3*XIff to 3-X1ÆI. Tn order tlrat, the actir¡ation panarnetens rrray be

ealeulated for the proton exehange proeessu a linear relatlonshlp r,ras

aseumed betr^¡een log k and 1/r as gírren by a trineer regression {least
scuares) analysiso These resul-ts are also given ln the above TabLes,

A regresslon analysi.s T¡as earni-ed out by standad etat,i,çtieaL

¡rnocedw'es (108" L09)' the pnesenee of a li¡ser relatlonsh-ip betr+een 1og

k and 1/r is evident fren the magnitudes of the nultipLe eorreletLoïl co*

effieients" .A t¡¡pieal graph of log k versus X/f i.s gívøn irr Ff.gure

3*5 for tiÊ 7"5 mol:a S solution.

À"

q 
" 
q*iìrrffi 

ûnOS ¡ i,r gn,Á J,nÐJrynF JN C6Ðó {otUTIgt\T.s
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Tab]e l*XlIl
Proton ehemieel exehange rate esnstants for the 7,5 maLe d,L

C6D6 so1ut1on,

.'1 "r

r(or) fr x ro3 (or-1) k =èzrr(seci-) (2 î) (seco) log k (seeîr)

:,ï]."!+o"J 3"108+0"00J z"ig (z.oo)(1) 0"41.9 (0"50o) aô?B (0"301)

332"2 3.010 5"65 U+"6ì O'1?7 {.A"zLì O'?52 (Ð'668)

3l+6,7 2"88+ 14.3 (11.ó) 0"02s (0,09t) i-,15i (l"eLrt)

352"5 2,837 14.7 (10.r ) Õ,068 (0.0gg) L,L6? (t"û04)

359"7 2"780 2L"7 (L5,2) 0"0þ6 (0'066) L'336 {1,182)

36!+"9 2"?4A 3?,a (22"?) O,O2? (0,044) L"568 (r"356)

(f) The values i.n parentheses are díseussed in the text,

Resul-ts gf tile linear regressÍ-on analysis of the d.ata:

logk =:3"91x10' +9"?6æ
T

i'fultip1e eerreletion coeffieient = 0"990

Stand¿rd errop of the estimate (ån log k) = 0"061

St¿nda:.d error in the slcpe = 0,19 x lO3
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lþble-3--IJv

Proton ehemieai exehange rate eonste.lr*r,s for the ?"_5 maLe fi
C5D6 solutlon*

^1Orz \¿ \ l!.i fi x ro3 {or-i) k =.1_. . 1s*eî1) (zT ) (see,) roe k (eeeil)*(27" 
)

347,5

356"5

368.2

3?8'o

3Bg"z

2.878

2"8A5

2"7L6

2,6t+6

Lø)oY

L"77

z"9g

4"25

ryÉ,, ol2

Q?""t3

A"56.)
Ô,33,

U

0,23.)
0"13a

0"L2
o

0"z¿t8

a.t+f4

Q,629

0"876

ô"9?z

* 4"983

= CI,059

= 8*24 x Lo3

Resul-tç of tho linear Ì:egressiön anatr-ysis ef the data:
'to,' t¿ = +-2S q3û: + 6"Tt+-sh ¡t 

T

l'lu-f*,ip3.e eorrelati_on eoeffteient

Standard erpor of the estimete (Ín log k)

Standan{ error in the elope



?nË

Prot,on ehemicaL exchango

C6D5 solution"

lgble 3-XV

r¿te eorrstartts fos the 5,9 noLe f"

r(ax) $ * ro3 (nr-t) k =(åî r(seeãI) 
Qr) (seeo) loe ic (secîl)

31r.1'B

))v"v

39+"7

?41 .)

369"7

379"5

w"g

Results

2"926

2.857

e.819

2,769

?"705

2"635

?,598

1tr_. lll.

2.3g

3"J-3

4"6?

L0"1

13,?

1ã*f to

9.65q

0"t+19

o"3rg

f\ 91
t+

0"og^

6"0?3

0"059

of the deta¡

Loe k)

a"gg3

0"052

0ol8 x

0"LBB

Ð,379

t,496

0"669

1.00¿r

r"L37

r"?-3A

of the linean regressíon analysis
ãrogk=.3u34xIO)+9"91+

tiultiple eorrelatlon cseffieie¡rt

Star¡dard. arsop of the esiimate (3.:r

Standard exârsp i-n the slope LA'
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Taþle. 3*xv-¡

Proton ehemieal exehange rate eonstants for thc 6"0 u'ale /o

C'D, solution.Ðo

r(or) x i.o3 (or-1) k - I çseeî}) (?T)"(see") los lc (seeîl)'(27 )
1r

326,8

33t"9

335"2

3ttQ.7

348"9

355,7

364"7

368"4

3"060

3"013

?,993

2,935

2"869

2.8}}

2"742

2,?!Ll

2"I?.

2"95

3"t+(,

6.62

9"62

l..z"4

¡5"4

22"?

o"472

g_33g

0,28g

0.151

0.tr04

0"081

0"06 -

0,044

Q"326

0,471

4"539

a"82l.

0.993

1.093

1.188

L"J'b

Rosults of the l-inear regressíon analysts of the data:

J-og k = -2'86. x 103 + g.Lz
T

l{u}tiple eorrelation eoeffiel.ent

Standerd eyror of the estixate (1n 1og k)

Standard efror iyi the slope

Ð,986

a"067

û'20 x L0'
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Ta_t¡åe_J--IVI.I

Prat,cn ehemi-eel exehengø rate eonsterrtç fop the L0,0

mal.æ lo CrDz so]-ut-ion"' oo

?(*K) $ o ro3qon-l¡ k =(#)(s*oã1) (?1 ) (seeu) loe t< {seeîl)

3LB"z 3"L43 I,96 o"5ro o,zg?

3?.9"5 3.t35 Lþ"AZ g"Z4g g"óC¿f

338"û ?"959 6.aL 6"I6i a"Tgj

357"9 2"791þ 14"? o,G6g L"f:67

367"9 2.?18 3?.3 O'031 T"5tg

Re'suits of t'he iinear negressitn analysås of the data:

lcrg k = -2.12 I: \A1 + 8"86
?

I'fult,iple eo*seLatlo¡l eoeffåelent * A,995

StandayC GrrÐr of the estf*mete (ån J-og k) = A,A5?

Standard errÕr tn the sêÞpe = û,16 x lO3



Fieqre J:5
-1.

A ptet of }og k (see"--) versus (absolute
'ì

temperature)-* for a ?"5 mo1:e f, solution of

j 
" 
J*aichlorosalieyleldehyde in C606"
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2Ag

The aet,ivation energies for the exahang€ prûress€$ r¡Tere

obtained from t'he Arrheni.us eeuåtion {3 - 5e) by multiplying tire s}-opes

of tlre ealculated linear relatj-cnships by 2,3Ð R" The int,ereept,s

eÕrrespond to log A, rruirewa A is tlte freq,aeney faetor, The A HÉ, A G#
I

ånd A SF vslues were determined at BOÕC (353"2aK) by means of equations

ß - 5Ð" (3 * J8) and (3 - 59) respeetively and are tabulated in Tab1e

3-XUIII' At BOoC a maasurable exehange proe@ss Õceurs ln al-I sotr-utions"

henee this ternperature was ehosen for evaluating the aet,ivation paz.ameters,

The eyrcrs in the aetivation parameters Ìrele obtained in two

r"råjrsø The finst Îras & statisti-eal approaeh *nd l:oth etanCard errors and

)t/, aonfirdence lj¡ritc in the eeLeul"ated aet,*¡atioR paranieteys r+ere ob-

tained, Theçe are included in Tab].e 3-XWII where the Latter vatrues are

in braekets"

The estjmation of the error in 
^, 

E and a Hl is based on the

stand.erd eyror i.n ealeuiating the slope of the strai.ght linen The ernor
¿

in Açr i-s a frrnetion of the standavd ernor of the estimate ln iog k.

T]:e uncertainty ln ,A E and. an# is so much larger then in ac# sinee

the former depend on the range over rr¡hteh the temperatupe measu.rements

are obtainedn The great,er the range the more aeeurateiy the slope of the
t

straight line may be detemined, The l\ Gr magnLtudes åpe detorminod rxith

a mueh higher preeisi^on si-nee they are a funet,j-on of trog t/k (equatlon

{3 - 58)) ' Beeause of t,his logarithnrie velat,ionshi.pu ån err'Õr in the

t,emperatur"e of tZuK has a negligible effect on the rnagnitude of 
^ 

GÉ

anC hence t,he snaLl €rror 1n A c# i" due i,o the '¿ncertainty fur measurlng

k" The errore ir¡ d.et,emnining A S# ane the largest, sinee Èhøy depextd on
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the s¿m of the eruors j-n A HÉ an¿ A o*" ïn Tabl-e 3-XlrIrI the eryor

I'fmits of k a¡e obtalned or: thþ basis of the standard error of the es-

t,j¡ate ln leg k.

Âlierhand et al" (I7) nave point,ed out that st,atiet,icaL devLatloas

do not reflect the t,rue errðrs due t,o the presenee of sys+-ematle @rporse

Thsse errops rcere also esnsidored in thj-s stndy.

The errçr tn k arises from the oxperfunental e?ro:'s in the

møasuremeylt of to*%' aYi (Ho) ana r/ro ttttich enter lnto eo"uation

ß * Sl>" Consider ihe V,5 mohe fá seluÈion &s a.n exernpleo The standard.

d.er¡i¿tions froir¿ the rnean values of OYå and t/fu for thj-s soluti.on .åre

gi-ren ín fabl-e 3-X" Then, assr.nníng thet tFre nagnitude of J^,, ,. is i<normufl-fi,
*xaetly, tho affeets on the k values obtained ilsing equet,ion (3 - j1) of

eha¡rglsrg th.e re+-1o f/Io end OY tby anount,s eorpespondi:rg t,o the stand-

azd devlations were eonsidered" It was found titet the gre*test dewiatíon

1n k oceurred when the ratto I/I" was mad.e smal].ee by an a:nount eoryesponding

to the standard deviation from the meen and. the Oy å va.lr¡es rrrere ntadc

larger al.so by an amount eorresponding to the standard deviat,lon. Usi_ng

these error llmits of r/ro and oY å, a ner.r set of k values'-rrene eal-

eulated at eaeh temper+tur*e r.rslng equation (: - ¡r). For exarnple, at t+g"5oc

values of o"43 and 0"30 eps were used for T/In and OY å respectively"

These k values are given in Table 3-XIIï i-n braeket,s and eorrespond to the

maxi-¡m¡n uneertainty in mèasuring k" This u::eer*,alnty j-s lndiceted ir: the

A'rrhenius p}.ot (Fågrrre 3-Ð by the rærtical ll¡te passing through eaeh paÍ-nt,

The r:.neecteånty 5.n the tømperature ( a t = + 0o5oK) is i.ncleated by thæ

horiaontal" Line and the weertainty 1n tlre neåsur&ment ef eaeh point is thus

repreÇented by a rectangJ.e. 1's{o strai-ght lines were drar,¡n røith ¡rexj.ynurn and



minimtun slopes in sueh å. filã.F¡n€p as tø pasË thïough eaeh reetangtre (J8)

¿nd tÏre rnaxi.mum avïap in the slope {henee ir: A E) 'rr*s t}:us ebtelned'

?lae Âprheitius pl-ot 3,:r.dieetes thet the unserËt¿i.r:ty in k and not'¿n t!:e

temperetuse is the deterrnlnång faetor i.n the '¿neertai-nty in neasuring the

slopest

In thås rÉrÆtnør ãr¡. BîFGF øf +LoL keaL",/nole in A E'was deterrirlned*

TÌris error is overesti¡ratsd slnee the msximwt possib3e usreer+,aiirty in k

r¡as used. based on the stendard deniati-ons i-n OY+ and I/In, -ct1lL i.'¿ is

not mucir larger than the SQf" eanftãenee limit estir¡røÈe for tlti-s sel.å'L1o!ã

{1"E ¡¿*o1"/mole) l:ased on stat:!.sti.eaL ealeu].etlôrrso The sama eoneL'*sion

r¡vas antsil,red at far the other salutíons' TÌ¡erefore onJ-y stat,i-d¿i-eal errore

ane tabulat,ed ln Table 3-XWII and the jÇf, eonfidenee l-iml-t s 1n A B inay

b* tr*ated as 'rnaxi¡num €Ftrð?so

Systernø"tie srroys ntgy erise fram other sôurees" Tlre first. j"s

Èhe eiroi+* pf the rnagntt';de of J^,, ,, j-n "l,he eonptrete abseþee af exehairge
UH*tiR

*ffeets' Tþre "¡alue used àn this study (0,61 eps) was obtai¡ed. in bsth tÏ:cE

l- end ?oJ mø3.ø fi solutions s.t temperatures just, above the f¡eeeing poi-nt

ef benzene v¡hen exehange effeets ape expeeted to be saal-l-* If this value

is in erpçr' the true rnagnitude eeuld only bo langer" Caleul-ati-ons r"rere

*arried out by inereasing Joi+*l+ by +0.06 epso The k vaiues inereased-" -B

slightly at eaeh temperatu¡"e and the new straÌ-ghÈ line r-¡as nøerly paralJ"*T-

t,e the origireetr" The e<¡rreeted A, E rr"alue r.¡as *¡eLL l¡åthln t}æ previously

detennlned evrçt' iimits ol the otsíginal /\ Eu The effeet on a GÉ was

negJ-lgi-b1e due to tþre logarítirmie relationship of l\ G# on k" Bleans

{?4) a}so found tha?* over}ap betr,reen "the ti.¡a reso}xånees and an ineorreet
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s6l"ectl"on of J l,r*re rÌot, F*rtier:l'arly erçortant"

A. systeraa't,ic errop may a:rise from a $nå1"1 lefig_rartge eoupling

betrceen the CHO protÐn a4d ring protons H* and \ and betr,x@e?r the OH ¿nd

HO Þrotenen Dst¡bLe rssônaflee exlreriment.s waye earried out in v¡hleh ¿re

CHO and OH protons wsre iyradiated-¡øl¡iIe the ring pnot,on speetra .were

studied" 4nly æty elight, rægligXble effeet,s $rere obsey\r@do Anry 1ong-

fênge eouplings besides J^o*r, are therofore neanly seroo or s€rôebesides tOO*% ,

Finally the applieability of equatÍ.oa (3 - 5L) to the stud.y

under eonsj.deration must be eonsidered" Thls equat,f-on çtas deri.ved frsm

BLoshrs el-assieel phenorrrerrologtcal. equattons to wlrieh a qr:entunt eorneatåen

rnr:.st. ba applled (21)" In this study the corrøeticn r,ras negliglble" The

applleation of thi-s egr:ø.t,ion arso assumes that the rnagnitud,e of JOH-H, iu
t,entperature lndependent and d.eereases only due to proton exehelrge effeet,s"

This is S.n ar:elog"y w1tÌr eoi:fomratíonal studiEs based on the measr¡rement

sf, rrarlati-sns of eouplÍng eenstaittE with tempepature r,yÌtere the assrxaption

j-s mede that the eoUpLing eonstants j_n the Various lsorìiers are tempera-

trise lndopendent" The resuLts obteined fnom sueh studies ney be subjeet,

to errstra (ffO¡" CouplÍ::g eonstants are e:rpeeted to shoa¡ an irrtrinsic
variation with tenperature (111) whi-eh has been ebserved for F-F and H-F

eoupllng constants (112)o

The exaet dependenee ot t'r-rh on temperature (oxeluding exelænge

effe*t,s) is not lç¡rat'tt" Iio'l,lorre:: it is expacted t,o be rrery sntal-1 for tr,ro

reåsehso Flrst" the J*, eouplings for all the c5D6 solutions over all
tempevatuve rångùs are eonstant çith e" nuximum ra?lge cf on3g Z"t&g +*ø ?"55

cps (teblçs 3-\rr to 3-xr)o seeondly the rong*range eonpl!,ng Jcg'-Hc í*
J-chlozasaS.ieyleldehydø {feble 3-V) l.s also ternperaturø independçnt"



- 1Fa^fl (
b ø r.'!jui-rà^r I Li'r U¡' IELfjX_OT,ON EXCH¡iüG.{ F,Eâ,ü?IC¡I-æ.r*- -*'r_--.'--.___ ..å___- .,_ _,__ -

l-, .I+3e.s3::q!1OO

Ti:e pseud$ iirst nrder rete esïìsta¡tt,s k in Tablã 3-xvrrr in-
eres.se ae the coneentratiçn [¿l of 3*þdiehr.orosatrieylaldeh¡rde in c5B6

*¡le'rggæ¿ç;,:, fhis suggests that a possible proton ex*hange resetíor.l

e*eurs 1rl-a tlte eoLlåsion of 2 moLeeules of Ä whÍ-eh xts-y be represented. as
e /.^ràa'J k]

A + þ"'¡ ;b) A*' + ¡l iqliere [u] = þ{ o

"-1
?lr* r*een l-ífetí:na of Å b*àr..¡eevz exehfi.nges, T ¿, is relet,ed to the ee::_

';en'LionaL ehey':ì*ai ra-Le *onstant kn kg {1.*)

3^61 #{ = kr [o.] [o]_hl
l,o

so Èhat

i-62 k s h *rfu: = kr [^'j E kr [u]"
rf equatLón (3-de) is rzatr-i-do k is i-!nearå3* dep*ndent, on [u I .* a p]ol
of k -*ers"* 

[.U ] fo" *asÌi so]ution shou]d be a st,raÍ-gi:t, line passing through

tha o::igín :-'l-'.'.,': ; sicpe equal ta \"
Tne k r¡a.lues f,or eael¡. soLuti.on t,cg*ther i.¡ith the eol-ut,fan eon-

ee¡:tratlons in n'aJ.e oþ anú me¡'tarity urtii,s at gOÕc are gåven in Table 3-xv:iïr"
At t.ïxis ternperatr:::e the exeï:a""rge Tr:rðeess seeurred in *.LT_ the eotrutionso

The e*:':'¿ersion *f üre sclution eo*eentratisns fram nol.e ff ta
rnolaríty units t"'jfl nou b* deseribed, Fi"rst ef all the eonce:rtrg.tir-ons irr

rnotarity u::i+-s 1rte3'e €"rí¿.3'l¿ated at r*om tenr;øwature by viøåghing eut, ths

solu+'e A, C6Ð6 and TliS' The resuSts li'¡dieated that at, roûn a;enipers-+,rlrû

ihe t¡ç1we of 1l{S used as en ínte:.na1 refeysr¿ee had en}y a sååght, effecÈ

iü C¿ür SìtLUTfûÌ'tS I C if, 0Rü S 
"1rL 

I C-n.{ l, }E
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or¡ the total_ volr¡^ne af t,ha solut,ion {L_?%) and. henee on the molarity of
A (motr-es of A pen }iter cf solutlon). ¿,t B0oc the valutne ef lÌ.fs ín

solut,íon riust be even less sinee TÌ,{s bol}s at 26,Soc (}13), Thls vol-
ujfle 'r¡ras negleeted in the Ea1eu-letiens,

Severai sthel" assunptiorrs r¡rere nade iyr these eaïeulat,lo¡ts" The

totaL voLume ef eaeh solut,lon r,¡as obtained by adding the voLumes of puee

benøene and pune sol-id. A- ân ideal solutlon assrnnption, This is an e.p-

proxfuratlon wh.ieh nray be made* as lsill be seer, sinee the eryors in
dete:En1ni.ng the ¡atÆ eonstants exçeecl those in tho eoneent:=tíon det,er-

minatiûns' The volu¡ne of benzene is reaelily obta!.ned since it,s density

at E0oC is 0"83-J gms,/eeo (li-il)* Tire d.errsity of 3oJ-dåeirlorosa.l-ieylal-

de.ÌÐde wes nøt kfrc¡r*m and rnras detemrlned experi_mentall-y in the foLlowi_ng

manner@ The selid A u4s lnurrersed ån r¡arisus ssLvent,s of krroi,r¡r densities

iy: whlch lt r.¡aa lneoluble* -When the two densj.ties weye nee.r"ly eque,L the

ssLid rEmai-ned suspended in the solvento Thè eiensåty was dete:måned. as

L*65+Ð,! gmsofeeo at' TJõc wlth a precisåon of about, 5.Ja4', Asswning that

the densl'uy of solf-d A remalns unchanged at 8OoC, íts voluryre, and lrenee

the molarlty ef each solution r¿as e¿Lculated,

fn the fíneI soJ.uti-otts the vo}xrø cont¡,lbution from solid A i.s

Less than 10f' mherefore t}:e s!.gnifieanee of tl-re Érrors assoeiated x"ij.th

the de.nslty detewrinet,lons of À deereases by about a faetor of l0 in the

total r¡olume and rnolarlty ealeuJ.atlçns. Thls just,ifies t,he nethod. of

d.etesninlng the ciensir,y CIf the solid"

The mein sêurce of error in deterrninlng solu:L,1on eoneentraì-íons

ín molarity units lleo 1n the asswnpt,ien of ¿dditive vpf..tgneso ?håe ers"çr

is not knqrf¡ï and is estjmated. at approxlsm,teLy 5#"
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T"þiq 3:.{-I{

Resultrs cf a linesl" rçgression enal-ysis eerrelating tire peeudo fj"rst
onder rate eonstant,s (i) t {secil¡ i.¡i-th the eeneentrat:.u,*(1) of 3u5-
dåehleycsaliey3-atrdehyde flal i" C5DU at BcÕC.

&e [Al * expresËed i.n u¡it,s af ma;;e /,.
3*63 u (see-l) = t"Z (t0"5) L¿l *1"0 {*3"0)i")

I.fu-ltlple corre,latj.on eecffielent: 0.gZ

Standard &rFßÏ. af tÍ:e cstir¡atø in k: 3"9 sørz-L"

b, LU] - srçprÐssed l-n moles/ltter: of soL,¿t,ion. s

3*& le {sec-.j) = Ló"8 (gÍ"a) t^] *tr"tr {*3"0}"
l.fuì"típle e.*yreïat,ion eoeffieient: 0,8?

Standa.::d srpûr of the est,.ïr,:etø in k: 3u9 c*c*l,

1o Gíue¡t in Table 3-XVITI" A t¡alue of k e O l¡hen þ"] s, 0 ís
ir.¿eLuded ín this anelys:ls,

* Vatrues itl brackets ane standarC ëpc-ÐFÉ j:: the regressien eoeffi-eient,s

islepe end Lnå*reept,).



Figure 3=6

A plot of k (*u*"-1) \rersus the eoneentratisn of

3u5,ÅLcihLorosalieylaldehyde Lnj in moLes/liter

in C5D6 solutions aL 353,2öit (B0oc)"
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A regression analysis r^ras earríecÌ out ts fi-nd the best iinear

reletj-onsh!-p betneen the eoneentrstion of A in selut,ion end the k tralues

at, BOoC to cheek the r¡411dí",,y of equat,Í-on (3 - 6Z¡o T\ço sets of eal*

eulations vrere es.rried out lrith t,he eoncen'i:raticns ín r¡roLari-ty and mo1e fi

units" In these ealeulat,ions the origin ç¡as also incl,uded (k = û when

tAl = 0) " The results are given in Table 3-XIX" A plot of k vers"" [nl

{nroles/I-iter) i-s given ín Figure J-6"

From ths Figure and the mul-tåple eorrrelation eoeffleåsnts it is

seen thet there is a large seatter of points aboui the çtraight line' The

intereepts of both equations (3 - ó3) and (3 * 6¿+) are nea-eiy equal and

tlris lndieates that the eonversl-on frorn møLe f" te molarity units ls aeeurate"

Comparing equations (3 - 62) and ( 3 * 6+) gives th.æ magnÍ"tude of k, as

L6"B+4"8 -l-iters *a1* -1 see,*} (st*,ndard deviat,i-on frorn the nean). The

intereept of -1.1+3.0 sreo-I ls eonipat'lbl-e iuith å uerÕ f-n'uoreept.o Henee

the d¿ta supporL the linear dependenae of ir on [Al and. t]te mechanlËîl

given b)'equ¿tion (3 ^ 6Z)"

The devj-a*,,ions of the points from the eal-culated straight, f-ine

do not arise from ernors in solute eoneentratíons sJ.nee the eorrel-atíon

coefflcients are equal fov eale'¡lations r:.sång mole /: and molaríty units.

[s vre]L" the errer ]i¡tit,s of k for €seh selution do not aecount for the

deviatione" Thi-s seat+-en of the points as seen ln Fi-gure J*ó is hard to

e4plain end may arise fre¡r traees of irnpuríties prese*rt 1n tlie soh¡tions"

The eeincentratisn of these impur*.tiec i-n sotrution must be srnal-L && $"rås

j"ndieated by confånrntory temperatûre stud.åes on a 5 mø\e 4, solution tha't

was independently prepared" Tìre solut,e was reerystalllz*d fnorn etheru



?1 a

dried' and then degassecl' Then the eerreet volumes of c6D6 end TT,f-c î,rene

vaeú-um dlst'ilåed. to nrepa::e the so3-t¿t,Íenu Tøt the setîxe relative height,s

t/f, enA r'sid.Èhs at heLf }1ælght Ay + (HU) were, obt,aly¡ed as for the ort-
gXrtal sol"uti*¡r"

îhe varåo'*s effeets on the rriagirltude sf the rate consÈent,

en the posstbre exehange neehenrsm asd on the aetirrat,åøn paresaeteræ

&s¡ü be diseusgdd"

kln

çrili

2, Solve¡:t_pffeets a¡d Dj¡ner Foffila,tfolr

Tho sorvent, hes e. defi.l:j.te effeet on the rátes of proten ex-
ehange j-n soLutisns af 3r5*dichiçrosalleylaidelçrda eÍnee tkis p:roe@ss ,trrss

obsørved in c5Ðz but not irr cs2c cc}4 artd c6H:.a ssl-ut,íons, this raay be

related to 'L,he l-ovr çofubrllty e'f 3uJ-d.f-ei:.LorosalieylaÌd.ehy:le in the Latte¡.
solveslts {( J mo\e fo) "

I$tecrnoleeular hyd.rogen ì¡onds sxist, betrçeen hydroxyl proteirs of
phenols and arovr:a.tåe rr -slsatrsn qystems {?1, 3jnLZZ) " The errergy ef
ir¡drogen bond forrr:¿tion ¿Ho betrøeen.phenol and benøene is *1"6 kea1,y'

¡role at 2.5oc (53, 11?)" Hor"rðrror" ix a system .r,rhero the phenol-5.c pr-oton

1s strengl-y Í.ntrarro3.eeuJ.arþ hyrirogen bcnded. as in sallrylaldeh5rde or

Jr j*dieh-lorosæ1íey3.aLd"ehyden the experixental .elri.denee i.ndieates thaÀ,. this
bond is not brolten 1n a benzene solution by the eompe"t,ing intes"s.etien ¡ri.th

the n *eleetronso This is based ou dípo1e msmeÞt mea.surËments irr benzene,

para:'Xrlene and diox¿ne saLutiotts {:Y*AZI and on photoreeetis¡l studies in
l¡enzene soh¡tions (63)"

Thé dåts obtained in the sbudy under eonsideratåon support the

i-:rL,ramoleeuJarJ.y hydrogen-bonded species 5.n C¿D¿ solutiens" The l-ong*
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Te,nEâ eoupling eonstânt ,InH_Tr in 3rJ*di*H-orosali-eylaidehyde ås of the*.. 'B
såa1e rxågn{t.-rdc i-n both CC1-U end C5Ð6 solutions (Tabie 3-I) " If a frøe^

tÈon ef the solute irironolie protoits vrere inter¡¿rolecuierly hydrogen bonded

eiÈher v¡ith the C5D6 solvergt n *eleetrons or in a d:*ner fornratlon r,tth

other sol-ute mol-eeules, the magnitude sf this eoupL5-ng r,¡ould be sn¡aÏIer"

Seeo:adlyu 1f el.ther of these i-nter*¡releeular hydrogen bonds vrere

present" the 0H proton çhift, wouLd bè eo:reøntret,ion depend.ent v¡henees for

¿n intramoLeeular hydrogen bond the 0H shift is eoneentration independ.ent

{,1+6, 7t)" The eoneentration shift of th-e OI{ praton of phenol- lr: 'b*nzene

seluti.ons is aËprcxiinateJ.y L'4 pgxn ôr,psr a eoncer¡tration range çt ? ta 2l+

ç"øLe S {fef¡. H¡:'o¡êvôru for 2ró*då*t-butyl-p-neet}ry1phenoJ. ln benaene the

0H shi-ft is independent of eoncentr¿tion sinee the bulþ oi-tho-substituents

shield the 0H proton fivsm the soLver,t enrriro::¡nont, (121), Tire large con-

ecntt'ation ehi-fts that, eee possi-b3-e on intermol-eeular hSrdrogen bo¡rd- fowna*

tlon j-n aromatic stiven'¿s hava 'been desenibed (46, L23), rn the study

under eonslderetion, at rosm àeinperature the OH proton shifts in C6D6 varf

fnom +11"1+J6 pprn (table 3-VT) in the 1 mole / selution t,o +11o389 ppm

{taUle 3^Xl) in the lC r¿o1e /, solution, a ehange of A,O4? pp,¡a (2"8 eFs)

shLeh is negllgfble in ecmparison r.si-th the veLues for phenoL in benser.¡e

soiutions* Àlson srnal"l varietlons were obserr¡ed fon the 0H proton shift

in eoneent:'etion studies of sal-ieyl.aJ.delryde in sete¡r soh¡ents (69).

Tire rneaswed C = 0 Ínfrared. stvetehi.rig fleequeneies al"so support

thc rnonomericu int::a¡noleeularly hydrogen-bonded speeies of JrJ-dlehlorosa-

1i<:yLa1-delryde ín C6Ð5 solutåons at alL earreentnations,

fimrevero anothçr ;.¡eak 1nterlaction lrr these ssLuti.cns is possible"
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Reeent studies (Lfuu 125) of the solvent, effecte in
h.ave shor.m th¿t the solvcnt shifts 

^ 
( A = 5a'rl.

beræene ín satrieated køtones a.3"ø positlve for p:ratens lying behir*å a

refereflee plane dra'w:: through tho earl¡onyl eadron etoïa anri perpendte..rlar

to 'che C = 0 bond (benzene leads tç an íneyease in ll:,e ehieldi:rg of thcse

peotorzs). Protons that ane irr front of thls refepeneo plane aee de*

shiel"ded. and lrenca have a negative A vahre t"¡hilo thsse ly3"ng j_n er near

tho plene harre sniatrl êY z,era A t'el-ues $26)" This generaliøatj-on aLso

appeårs to hold. fov /., $ -u:tsatiæaàed ketones (1.26 end referenses thereÍ-n),

Tbese ¡esul-ts ¿re eolrsistent, r,":ttÌ¡. e.e interactås¡r betr,¡een tlre ssLute ear*

benyl con'¡:ounC and the ssl-1oent. Tronsene iL2l{. * LZ6) 
"

This general"åuat,icn Ïtes heon applåed t,s the eolute noleeuJ-e

under ecnsíd*ration, ] u J-dlchloro saJ.i.eylaidel6d* 
"

E.

HB

A. referenee plane Ìs dre"s"-:t as 3.irdl-çrÉ.t*d. '¿hror¡gh the earbonyl eer"bo$ etsm

and. perpendie'¿lae to the C =,0 ben¿t (B)ø Fþórrr (E) j-t, j.s seen tiiat protons

HB' H¿ and ÇH0 shouLd be shielded (positi.ve A ) i-n going fron cDCl", to

C6Ð5 solutàons nl*,efeas thç QH preton shouLd be deshàelded. (negative A )"

Table 3-I j-nCieates that, these A r¡alnes are +0"53)+, +L,ÐïZo fI,J-*? and

-0ø08Ð ppm Yespeetivaly for 5 nole f seiulÍons" This supports the irtra-
mo]-eei:]-arly Ì1ydr*ogen benCed speeies irr benzene so]-utien.

The abor¡s generalizat,ion j"s al.so appl$eable to the telnperature

porllorø speeÈroseopy
f-

- òc,H.) lnrii:.ced by
UU
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dependenee of *)he shefts wiríeh i:.a'ra been obse:*,¡ed on eooiíng sotr-u+.íor¡e of
ketones in t,cluenu -dg rnii{tures (i¿6)" These s}rifts ere roughì-3r præ-

purtionai to the Á r¡slues" ?he ehemf-eal shifts in to].uene -dU soluti*n

are tem¡reratu*e varj-abl,e beeause on l-owering the tø*rperá+,ure the equitri-

brium

3-65 ketøne + tcluene

ås displaeed t,orcerds eomplex forr¡ratioyl" This also applíed to benzene,

but toluene Ì,rå.s ehosen as the a¡.omat,ie sslvent sånee }e¡vrer temperatures

rnay be *btained,

For the rnol.oeule under *Õr¡Éåd6t'ati-onu on Lo'r^¡ez'ing the tenaperatureo

TlrttÕa shift,s Hg'H¿ and. CHO shi-ft to higher fi.elds (ineneased shi-eld.ing,

+ vø A ) r.rhereas the plronolie proton 1n the cleshÍelding eegion shifts to

lor¡rer fíe1dç (*veÄ ) (tables Þ\fI to 3*XI)" Theee results also supperrt

the pnese$ee ei the int:"amoleeula¡ly hydrogen-bonded speei.es as ¡'reLl ¿s

ihe presen*e of a eonplex ì:cttreen the sotru'ca and C5D6 solvent mol-eeuf-es"

However, a phenø3-ic protoir shift to Ïorr¡er fields en deeyeasing the ter*p-

enature 1s also eonsistent, r+ith a sl,ror:ger hydrogen bond (4.6), (A phenoJ-ie

¡:rotøn shift to high fj-eld on ineraasf.ng the teriperature has been i.¡rter-

pneted in terrns of the lrreaking of the hydrogen bond)"

The nagnitude sf the inieraetion {3^65¡ nrust be e*nsidered, The

tem¡rer*ture rrariations in the ehemieal shif+"s of pro'Loü resonãneee ån sone

steroidaL ketones i-n toluene solutåon þiave been dete*nåned (127)" Âss"":rning

a l":1 eoqplexu its heai. of for"matíen rnres estl-mated fre¡t Èhe temperatr.:re

studåes ê.s e,ppyoximat,ely *A'65 kee.1'./n:o1-e" ThLs Ìrs.Lue is ::ege::ded oniy as

an order af nagnltude in 'uåernr of Lhe mairy assrun¡:t5"ons ne.d.e in the eal-
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cuLations' Sol-vent shif.L,s indueed by benzene a¡rd toluene together l*'ith

ternperature studies r,;ere extended to rnethoxybenzenec (fZa¡ r¡here t,he

AH vaLues ef the asswned L:L cemptr-ercÊs v¡ere approximate3-y *1.ç keat,/

mole and w.ried elightly i,¡i-th the ring substi-tuentç" Fina-lly en everaged

value of A H = -0o9+0,2 kcal"/noj"e r+e,s obtaj-r¡ed for the assoeiation of

four para-substltuted banøaldeh3nfes ln tolue:re - du solutienc (lz9). mo

eoc:reLati-CIn r¡i.th sr:.bstj-tuent rvas apperent,

These i-ntenaetions a.Fe vory weak' The magnitude,ç as.e appr'oÍi-

mate beeause of thø asemnption ef 1:J- eonrplexes betr¡een solute and *+olventu

Atrsou tenqæratræe shifts nay be assoeiatêd with. d.Í-apersion forees {L??),

The rragnitade af this inter.aeti.onT.¡as not caleul-ated. fer the setruti.ons

under eonsideration d-ue ts the many êpproxinatte¡ns i-r* tho ealcu-lat,ions

and sJ-nee this intereetion i-s lprovar to be very rrreak"

3 " cegtribEti?qs lg,tlg Ë'hgnglåe. F,r:ol.qn ggn_e_Sidths;

fn all the soluti,ons that r'rere studiød tl:e 0H pe.oton líne vr¿dths

at haT,f helght, AY¿ (OU) çære ah¡ays sJ-igffitr-}r broador than the eomespond.-

ing H, proton l"i-ne wtrdths ¿yå (HB)" Â.s the solution tenrpesatu-ee ruas

ineeeased, the phenolle proton ?esÐnåncÊ doubiet, eoll.apsed and firther
'broadeaed t¡he::eas the 5 protorr resonåner do¡.blets eollapsed ¿nd. beeame

sha::per" For the 5 mole / soJ-ution et 111.7ocu the 0H'ç,¡-rdth at Tlarf

helght A\, (og) was 1,65+0,03 eps rehereas AY r(uo) ana ¿Vr(lh)
t¡ere û"ãS+0"0J and 0"30+0.02 eps respeetivel¡r,

The exaet, l:ee.sörÌ fsr this addj-tional broadening is not, knoronr

but soveral proeesses besådes pnoton exehenge are probably effective,

Fírst, of all the 0H prot,on nå¡r þ¿o'* a ehorter relaxation timç thgn the
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oiher protons. For ex*"rrlpJ-eu the 0H pnoton r"esone.neÉ in salieylie aeid

i-v::i,he absence of eNchange ia a single, sharp l-ine inuhose wtdth i-s s]ígþ1]y

greatee then that sf the hydroq,] proton resûnenre of p-bromophenol (l/TZ *
-'tL0 ¿nd f see. ' FËspettively) {130), Seeondly, the rûaln resonanee r"¡iil

cøns:l-st ef a strong f-ine fsz. CIó-H absarptioit" There may be e srnaIl

isotopie shj.ft for the O18H *r=d O17H **onåneÊs r,¡ith the Aargee eontribu-

tion ari,sing from the latter rösonanee (5)" The 017 isotope has a spin

^ - t^oî J/2 ¡rhieh may lead to a quadrupole relgx¿.t,íoä proeess (J)" A een-

tríbut,ian ts the OH resonanee byoadenj'-Tlg may also arise f¡.om moleetrles

*x{sÈing in salution ln the f*rm F"

F.

H¡r.ç.-O:.¡1.

W
If the CH shi-ft in F is slightly rc¡*&o.rËde Bven by 0"J eps, f:om ttraà

obsesïred in the speeíes B, thL; xi:l- lead t,o resonenee -b¡"oadening, 
Hew-

ever tite eanean*:xatàon ef F in i:he sclutions 1s e-peeted ip be saall

pínee the l{tCû proton resonan*@ r':as always sharp and net¡er brçEù*n*d, A

eoupltng eenstant J* was nevsr obs**rved" This may be eempared wlth the

c'tudy çf keto*enol equ{libria of p-keto aLd.eþdes (131) im ,n¡hi.e}r t}:e eoup*

}1ng eonste-nt, j'r^* in the hSdrox¡¡nethyl"ene keto¡re t,autonsr G ranged
'^ -B

fr*m i t,o L2 cpso
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t'he magnituda dcpendLng en th.e system a¡*d ssr the equil"lbrium beÈwee¡s G

and H tautemærs in solution (¡i is the aLdo*ensl_ tauto:ær),

Fånally' phenoJ.ie lmptlrit,lesu dlmer, tri:rrer ete" fo¡matiocls in

very law eoneentn¿tie¡rs ln solution, in whteh the 0H prot,on resopånees

vary sLightly from the main phenolie Fssonaneeç måg eausÐ add"it,iona].

broadenj-ng (69),

At* The Uiagnitude o{ thg Etuïig}e_cËlar F:lq ,ejnËt,ant k*

?ho data ín TabLe 3-XWII and Flgure J-6 !.ndleate that the pro-

ton exchange reaetfon is seeond order and bi-met*'cuf¿r (132) r¡¡i{þ ¡sspssr-

to 3"5-dieh¡lorosatrieyX"aldeh5rde" Ths seeond erder rate eonstant, kU (equations

3-60 to 3-62¡ ls 1ó"8+4"8 l-iters *çl*-1 ,*",-1 (equat5.on 1,-64)o The errer

1s the etandard devl¿tlon frorn the me&no

Veqr fer+ studies have l:een earrled. out, on proton exehange rëå.o-

tions lnvetrtring i.ntramolee'u1"erly hydrogen-be¡ded protons, A eoncent,retion

study of the poÌTroro speetra of saLieyì-aldehSnfe ln utetkansl solut,i.ons (69)

has sho¡¡:: that protnns exehangs betrreen the CIIi group cf the aleohsl and

+"hat of salicylaldeh¡rdqe" The upper ij-Fr:ít, for the exehange rate r{as es-

tl¡ns.tad at 13G see"-I front the separation betr¡een the tr¡o phenoS*ie re-

çons,nees when they rqere both presssf" tonsequently a pret,on eontribut,ing

H. ..O
/\oc
\/

/ta,
H.

r---Ð

\
/

-\

G.

H

o
\
c

/
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to a stvong intratnol-ec',Ë"ar h3"d:"ogøn bond is capable of exeheng{ng" F\rrthan

stud.åes r+e::e not caried out ryn this system.

Forsen and Hoffman (101, 133) heve applåed the r:ueLea:'magnetle

cisub3.e pesoñancÊ teehnique to the study of exehang€ proeesì:res' They

mes.su},e'd the lifetir¿es of the OH protons 1rr a rnixtuye of t-butyleleehol

and 2-Ïtydrorqraeetophenone ln CSn (133) and in the system salieylald.ehyde

and 2-hydrotT¿6E¿.phenone vrith a à*aee of acet,ie aeid írr CSZ (i"01) " Ha,rr-

ever these ra'ere en}-y expJ.erat,ory studies, sonsltlva to the eôheentrations

of the eatalystu whleh only serrred ts j-l-lustnate the prineipLes of the

methoC"

The deprotsnatåon nate of the 0H pnoton in saLieyreldehyde'by

tire OH- ion Ín ¡,yater is

fast, rate ef pnoton ex*hange fira.y be eNptraS.ned by the foymetJ-on of h¡rdrogen

bsnds to weter solvsnt mol-eeuLes, Furtheru it hac been peinted ox¡s, il3t+)

thc-t trhøn an intremoleeuier hydrogen boæd is p*nosslrt, at, th.e reaetion s.Lte"

the proton in"'"ol.ved is not, etreiLabLe for reaetlon unlese thLs bonrì is
broken"

The ræ"teg of exehange of e@gþffiF}-- and hydroxyl- prot,ons of
saLierylåe e.cid uith the 0H protons e¡f. methanol hase boen mee.sured (I30).

fn thls system the nethanoJ- solvent ni,oleeuf.es also teke par.t, in the pno-

ton exehange rieehanismse

Fina115 Garbiseh (131' 135) has pointed out tl:et, nuelear spin

stat'e averaglng resultixg from repid proton exehange should. only eeeur for
the írrt,emroleeu.trer ptrGc@ss sinee tha spi_n stete af a rapidþ exchengrng

prøton ls pneserrred during an intramoLeeu-lar exehange (keto-enol equi.libría),

This is fu:ther eryiddneç in suppont of the bl¡roleeular meehanism nnder
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coyrsides.etion o

The system under eonsideration is novel" sinee ít appears to

be the first studied mth the proton exchange reaetion oeeurri:rg betr,¡een

two msJ.eeuleso both vrith thelr exehangeable protons intramolecularly

hydrogen-bsndedu k, 1s about, ten oirders of magnitude sroaller than the

deprotonation rate of salicyì*,ldehyd.e by the 0H- ions in r^¡ater.

The exaet meelrar¡isn for proton transfer i,s not }cnomr but the

intranrolecular h¡nlrogen bond rnust first be bs.okenn The nalure of the

transit,ion state is alse not Ìaeor¡n but ti,¡o solute molecules must reaet i-n

the rate detemiini¡rg step" consequentþ the exehange pþoeess probably

oecu}.s via dimer formation in the transition state, Due to the weak

solute-solvent intepaetior: the solubiJ-ity of JrþdiehlonosalicyS-aldehSe

in c6D6 is greater than i:t c6H12e cs, or ccL4" ihe exeharlge proeess lrås

too slor'¡ to be obsorved in the Latter solr¿entsu In acetone solutions

the rates of proton exehai:ge ln¡efe too fast to be measused. Henee the

solvent does har¡e en effeet on the råtôs and the exehange process in

C6D5 solutions is soLr¡ent-assisted"

.4. rather Large standard deviatíon ( "-, JAf") ís assoeiated r¡¡ith

tire magnitude of kr. The exact re&son Ís not knov¡n for thisu Hor,revern

traees of impurlties prob*'oly affect, the tra*-es a'r:d hence råuse the scatter

of the points as seen in Figure J-6, Consequently the rate expression

probably shoruld i:rclude a terrn for cataS-yst (impurlty) eoneentrations,

Even sô, the data lndieate that a proton exehange proeess in a systen sueh

as thls may oceu.rn dhat this peoeess is birnoleeular anci that it nray be

¡roasured by p"m,r" teehni-ques"

The pr"oton exehango r,reehani$ìl 1s discussed. fwther in the next

seetion together with the a.ssoei.ated actt'latlen pa::ameters,
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5, II!e_ !@e.qåtud_e_s. gf--the P-roton Þ:eehange A.eti','etiôn Rayeneteys

The rnagnitucies of the aetir¡etion par*netere of protor: exeltange

Ln C6D6 solutf.ons of 3rJ-dichlorosallcylaldehyde at BOÐC are givon ín

Tabl-e 3-XVIIÏ" For a refereneeu the heat af fonnation A H6 ef the 3-ntra-

moLeeaLar hydrogen bor:d in ealLeylaldehyde was estj¡nated by applying the

llnear relatisnshS.p between A HÐ and the 0H stretehtng fneqi.reney shift

,¿YOU in the i-nfrared on internroleeúer phenoi*b*se agsoeiatlor¡ (,55) 
"

Using magnitudes of 361-1 o*-1 fo* Yo" r* phenol- {66u "ÌL+, pt) atrd
I

3150 em-¿ in salieylaldehyde (70,80), AHo is -8 keal,/mCILe, An a]-

ternate lineay reLatÍonship (refereflee 53, equation 4) gLves z\ Hs as

*i kea1",/rnole" These vaLues âra apppa:{lmete slr:ee the llrrear rel-ation-

ships rrvere d.eritred fer lntemroleeuLatr hydrogen bond far*iatl-ono the YO,

shlft in sal-{sy}aldehyde ls Ðot, deflnLte (?0, 80e Ç0), the effeet CIf t}re

trçs ehlorine atorns i-s negleeted as ls the eonjug+t,ion arisång froni the

fo:matåsn of tlte 6*membered ri:rg, The Lat^ter effeet -u'o"¿}d tend to in-

*:Ìeasê the ragititude sf 7\ Ho. Howerver these vslues rr,lLl eerrqe as e

guide in. t,he i-nterpretatio$ of the kXnetie data"

The activatS,en energy E* 1s eonsådered to be the mi¡rimun ënergy

differev:ee betL¡eesr the neactei:rtç and Èhø transit,j-on state ar the Ïreight

of the €nerry bayríee oppost*g the reaeÈtoa (136)" The E* values were

obÈai.ned fsom the lntegrated f+rtn of tha i.nrheni.r¿s equnt,lon in r.qhl"eh 1-t

{s assÌ¡ned t,hat E* 5.s t,emporature inCspendønt" A.}1 ef the *x;reri¡lental

é.rrhenLus pJ-ots are Låneer and de¡¡iations frçm t-his eguation a¡e ex¡:eeted

te be *na}]- {136),
¿

Itone of thc activat,ion paråmet,ers r,¡ith the exeeption of .A Gr
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shew a defj-níte tres:Éi r¡åth eoncentration. The :nagni'--."de of A çÉ C***uu**u

as the rates i::cveasso with the exeept,isn of 'rhe L0 rnole fi solut,ion, in
J

agreemenÈ nrlth equatlon {3 * Sg) " The magnttr:.des of B* a 6ftr and.

I
ÁSr of the 2"J ma].,e f" soLutlqn fell outsi-de the Ç874" canfidenee linj"ts

of all i:Þre other sslutions,

The activetion energies are eonsidefed flrst, of ¿11" The j-ntra-

moleeular* hydr.ogen bond must be br*ken and foy this t,o @eeur tha nlrc¡rol1c

gpûup must overcome the barni-er hindering i-t,s internal rota.t,ion about tha

C*O bond., The baryier height, for phenol vapor ín 3.4t keaUmol-e (iû+, 105) "

Tt i"s easier for the phenolíc gloupe :"athe:: t,han for tlte tilt group to

byeak the intramoLeeular hydrogen bond by tr'rist,lng out of thæ plaite of

Èhe ning" Fcr bonzaldehyden based on far Ínfsâred stuciies" th.e ba:'rier

t.e rçte,èion abeut åhe C-CH0 bsnd is 4,? keaLo/rnol-e in the gas phase and.

6"? kealo/meLe *.n thc¡ i-iquid phaøe (ttre tatter :,'alue raay be in error)

(137) " other vêluæs have been shtained for licluid bevrzaldehsrde ranging

fren J"90 to 6"3? keaÏ./nroLe and. årë s'u$¡mavized i-n refersr:ee {}3?).

These n'iagnitud*s âye i-n agreeme*t with the barrl-ers to ir'ternal rotati"o:t

obtai-ned in other aliphat,J-e and åromat,ie aI-deþ7de"ç {L38* 139}"

The barriors to j-nternal yotation arc diff,ørast in the Liquid

enC gas phases beeause of the effect of nei-ghrbotr:.ing ;aeLe*'¿i-¿s, refleeted

by the J-owe:: torsiçiraL barriers 1n gases ê.s eçÍÌTlered r.ri.th ttre iLqu.1"ds {140) "
J

Thiç is supported by tile freo energy Õf aet.iv'ation A Gr' fon thie híndered

inte:.nei rotat,icn in dimethyLnitrosamine cbt-eLvred í¡¡øm poT{opo ega}eseenee

ter,rpere.tuee neasugements. This ¡;altre is s,bolrt 2 keaL*fmo]-e greater ån tlre

3.iquid tha.r¡ in tieç *¡apçr pÌ:ase {1+}},



230

,{ eonparÍsor¡ af thris data with t}¡e ex3:eri:nentaL aetj-vatioci

energies i-n Table 3-X\trII índleatæs thst the aetir"atisn eneegies may be

reasona'oly eeeai:nied îor by the enerry requíred to break the intra¡irole-

cuJ.av hydrogen bond ( ) I keaL./mole) ar¡C to trçj-st, the phenoJ.ie proton

otrt of the plene of the ring ( ) 3"4 keatrn/mtrle), The 1atter val_ue j-s

also probaì:Iy S.arger than thst measured fon t}:e vapor by analegy vrith the

aþone dissusslon and resultso A similar approaeh. i*r aeeou¡rting for the

magnitude of the eetåvatlen @nergy was used by Meakins (l4z) in his

dleleetrle absorptlon st,udles of ortbo disubstituted phenols.

Ànother pcssibì-e erplanat,ion of t,he magnitudes ef the aetivet,ion
eneegios i-s to assume that the hydrogen band is broken by a partial tr"yist*

5.ng of both groups cut of the plane ef the ring" slnee. e protcn exeha.nge

process i"s measu.redo the corz'eet hydrogen bonû*breaking mwehanlsm rrust,

give the pheneiic Sroup enough freedom of rotation so that, the pnoton may

asçeeiate ltself r.¡ith ançther solute rnolee-¿l"e ån the transit,lo¡ state and

thus exehangeo

Ðue to the Large stabilluation eneegy assoeiated r,'ith ihe CHC

group in the plane of the *trg, the experinent¿I data suggest, that this
group retarns its hydrogen-bonded orientation ¡+hile proton exehange takas

plaee" The plenar aonfiguratåon of the CHO gnoup is supported by the p"a.ro

temperature studies of 5-chl,orose].iey.lal-dehyde in C5Ð5 (table 3_V) " At

95'Cn whe¡r the proten exehenge p:roeess is neasureable and the splitting
Jo**lt_ has ;:early dåseppeared, the split¿ing Jçgn ir remains unehanged--^ 'B nuÞn.
frorn thgt ebsefl¡ed s,t 30oC. Hsnca the aldehydic 1-ong-renge esupJ-fng sttS-I

follov¡s the alg-zag path, Thís splÍtti-ng was also sbserved at lL5oc"
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The effect +f the solvent on the ¿ctir¡ation erre:"glee and hencs

çn the trarrsitior¡ state is not kno-rnm.

Conside¡ing the free energles of actirrat-ion AG# for the pro-

t*n exehange proe@ss, the measuved values cannot, be ecmpared with literature
veLuos since so few studies heve been eanried eut on a system sueh as this"

J
AG" valrles for many other exehange p"oeëssesu h{ndered internal rotatien

and ring ir:version studies âl:e surÊnari¿ed i¡: the r*erriew artieles (5u iO)"

Anet ¿r:d Ai'rrnad |.laÌ have detertnined ac# = 7"9 keal,/mole for" the lntern:¿I

rætatian of benzaldehyde in vlnyl. ehloride sol-utiern at -aZ3ëC fram the

'i;emperature d.eper:denee of the porn.r" speetrum, This esntributes in par-t

tc the measuyed AcÉ"

Tlre rnost interestíng resuJ-t.s in Tsb1e 3-XVIII are the entropie"s

cf aelfvatj-en asl ¡er Èhe protnn exehenge pror€ss sinee tlrese val-ues are

la::ge and:"regatlve, At first sight, this is unexpected sirrce a ¡tydrogen

bond-breakÍrrg proeees ís ínvelved r.¡hieh leeds to greator dísorder, assoeiated

with an inerease i.n entrop¡i,

Hr:wever the ent,ropy of aetivation refl-eets rrtlre cliffeye¡ree in
the nirlrrber and eharaeter of ths tra-eslati-onaLu retetional and v^ibnationaL

degreæs of frsedcm Ì:etween 'r.r"ansition -qiat,e and reaetantstr (it+3¡, Henes

the negative entropf of ae'uive*-ion is an ìnd-ieat,er of the y:ature of the

transitlen state and mey be r¡ie'*red j-n tsnns of the shapei of the pctentiai

ãneFgy surf¿ce of the reaeti-or¡ {144) "

Consider a three-dfuaensic¡nal potentiai errergy diagram 'o¡ith the

f, *direction represettt,S::g tlré energ;rn the Y *dir.eetion representing merlicn

a3nng tiie reaeÈion eoordinete and tl¿e X *dlrectlorr represent,ing ali other
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degr"ees af freedom" This three*di¡rensional suyfaee h&s a valley ee*

presentlng the reaetants and ts separateci fron a valley representing Èhe

produets by a rldge of high ênerg3zo This ridge nåy be viewad ås ern energy

b¿rrier" It is not cf uniferrn hei-ght but eontains a saddle polnt in ito

the treneitlon stete. For any glven raaeting t¡ro]-eeul-e thie ie tho hi-ghest

Ênergy that it, must surmount in order to forn a produet,. fn teyrns of

the potentÍ-a.l energy surfaeee the seddle point i s broad when a l-ange ntrri-

ber of t¡rpieal reaeiion paths are posslble and the entropy 6f aetirnation

is posltive. Howevero lf unusual eonstraints ari-se in the transj.t,íon

state, the seddle point is censtrainad by steep side l,¡all.s and l1es in

å. YteptroÉr defile. The:r ther"e are rel*ttçel-y fewor p*ths sver the êriergy

barrier' This represcnts a transítion state fon a reaet,lÒn assoelated. with

a r¡egatÍve aetivatlon øntrepyn Sueh a transitlon staêe 'ris one fsy r,¡hieh

very ferc motions çther thaa that, al-ong the reec'Lion eoordin¿te are posslble

'nrithout a large inerease in anergy" (14&),

The obserr¡ad A SÉ rralues i¡rp1y thet the transitlon stateê u"hi.ch

is thought tç i-:rvoive the formation of a dtnrer bø{rnreen two solute mole-

eulos fer proten exehange to take plaeeo fonns with diffletrlty. Fon ex*

amp}eo sne selute moleeuì.e mÊJ¡ ha¡re to be in the earreet sterie eonfigura-

tíon r+ith respoet to another solute noleeuLe fcr dimer foymetion to t,ake

p1aee, Soluts - soLvent, l-ñteraetions nay eontribute to or hindey the

fomrratlon of the transi"uion state" Á.s wellu both intramol-eer¡lar h¡nCregen

bonds interfere with prot,on exehange arrd ape eonst,reint,s w-hieh rnust, be

Çtrrø3:*omse The exa*t aêtu-re of the teansit,ion state and henee the nreehanl-sm

of proto* exehange ås not k¡loncn except, thåt, it, lnt¡olveç the fo¡rnat,lopr of

s. stereospeeifle di-mer 'øetr.reerr Èrqs solute moleeules.
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Laege and. negati.ve A, -st' lelues ha're also been obtained i-n the

stu:.dy of thc yaeertiza"r.ion of ç!er-1e.aI].y_ iii4dçrqÈ biphenyts (I45), Thçse

activaticn e:itropies rangocl frcn *l-'ó 3,üo to ^26,9 ãouoE zurith Èhe Eveyê"ge

about -10 e'u" They çst* i"::terpreted i¡ terms ø1 ¿n ?ru-nlikel;rr arrangenønt,e

the.t rßu-st be fcnned L,r the ncleeul"e s* thet d¿he Í'orra**"ion cf the t,z"a.nsi-

tåm state eculd be possi'c1-e (i-4J),

In Table 3-XffiII ernphasis is net pl-aeed orn the actuel mag-
J

nitucies of A Sru since large u¡eeri,einties ars ase*s!"aèed r.ritþ i,hem, but

only on the signs r.¡laich definiteiy ar.e negatil.e, The uneey'i:ainli,y in aSÉ

is naÌnJ-y pr*portiona.l t,* 'the eg.:'or in A H* (143, 14ó) sinee the eyrsr in
"t,AGt is s:naIl' A 'L.r-ansraåss1-cn ucefficieirt {. of unit3r 1{a$ g.ssr-ü-rie<i ín

¿
calc¡:3a'ci-ng 4\ G' usi-ng eqr.:.ati-on (3 - 58) and '¿hi-s r:nay be done r¡rithor:t

introdi:eing appreeiabl-e erro:: (143) " *.s well-u d{ ent¡:c.s ee'iation (} - 5S)

as a tr*g { f"¿ncti.on whieh. wi.s:å¡iizes the uneertainty.rf * ün ACF,

The above díse::ssi*n a&y be surr,rûariøad by a graphieal represent*

atiorr sf the free energy change ess*eiated ""rith the proton exehenge :-aac1;l-or:

ln CaDa solutians of 3rJ-d.ieliiorosaS"íey3-aLdehyde (Rigure 3-7), Du¡: '¿o theoo
uaeerts"inty in the exaet nature of the transitj-on stat,eu it, is repreñÊrited

by a dotted -l-ine, The ccnfiguration in'ihe r.egion of th.e t::ensition s'Late

is unkncr^rn but ma¡' irrcLude a itstaÌ¡}e lntermedin'.*'t (L47)u a possible

ste:'eospeeific Ci¡ner formeticn sueh as j-s sh*rwn 1n Figu-re þf.

ïn eoneluçíæn en esti-rì.-é.åe cai: be r¿ade +f Èhe 2\ çt ta-r 1,r5*

dfehlorosalieyialdehyrle solut,ipns in CtlU in :';hieh proton *xehenge eouLd
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A graphieal representation of the free onergy ehango for
the pneton exehange reaction in C6D6 solutions af )u5-
dichlorosalícyl-aldehJ¡1,e. A possible st,ereospoeifie dj¡ner

lnvoived 1n the forrn¿ti.on of the transition state is shorn¡n"
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flo¿,- be neåsureCo Howeven, assum'ing that, a eoaleseenee of the spLitt,ing

J-.,, ,, sceüïz"ed aÈ the híghes't tenperature studied (-LL4ÕC) e th* pseucit
ul-r_t_rB

firs.L erder rate eûnstant k îr¡ås avaluated by appiying eqrl,atltn (3 - 47)

et, this temperature, Bringlng in e factsr of 2 far intevrnoleeular pl'oton

exchange anC- essuriling Jns-s * t,5? cps (Table 3*XIÏ), k = 2o5 see'-L
t -^..8 |

and ¿\ GÊ = ZZ.Z keal,/rnotr-e (equaiicn (3-5S))" This /SGF is higher than

all the values in Table 3-XVfff and is the lower l-1rnit for CCl¿, solutions"
"L

If the coalesesnee åi,emperature is highern a,^Gr r.¡ill be stil*} larger' Un-

for*uunatety, the aetivatien ener-gy f*v i:his soluJ:ion ea'rna*' bc eçtj:ttstçcÌ."
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A study has been ear:"ied out on +-he prcton exehange reaetieng

and 'Lhe int.re-fü*leeular irydrogen bond i-n benzeRe solut,ions of 3u5*dieh-

ln¡rasalj-cylaåd*hyCe using prcr*n n'egnètíc resonånte teehniaueso

Ey increasång the tempereture of the above solutlcns the mag-

nítude of tho iong*ys"¡1ge split'cing Jnu*¡+ deereased r:ntil- at temper.a'Lures-" ^R

neez' the boil.ing pcint, ef benzene this spJ-i-tt,ing co'alld be nearly elj:ninated

Therefone the pseudo finst order eate constants far proton exehange fen

eaeh soLuti-on t¡ere obta'ï.ned by measuring the relstíve helgLrts of t,he

r"Í.ng pro'L,on peaks (Un) associeted- wit.h lhe e,tehanging Oii prot$n r¡Iåth

r*spaet to the heights ef the :'i:rg prota$"peaks unaffeeted b;r protÕir eri-

cltange (H¿): The rsletive peak heigirts and the rats e*nstants ave related

by equation (3 - 5f)" Îìre eeo"ir¡a¡"ion pararneters x^reee obtained by app1-ying

tlra Ärrhenius equation (J * 54) ¿n,C ihe theory of absolu+-e reaetion yâtes@

The pseudo first ûrder" pr*Èo,-r exehange rate corastants -clere f<:ûld.

to depend on thç concentratian of 3a5-CichlorosalíeyJ-ald*hyde in sol-ution

ænd. the results indieete tha"" the prÐe@ss is bi.rnoLecul-ar (equation (3-60))

w3-th respeç'c. to the soLute möLeeu].es* The magnft-rrde of the seeond oyder

proton exehange csnstant is 16"8+/t.B l-iters *ol-*-1 seco-l. The orror i.s

the standard devietion fpom the mean" It is rather trarge, possibS-y due

to treees of imprmit,ies ån the solutiÐr:s, How'er¡er the data do indiea*ue

tÞe order cf mag:riiude of the p::ot,on exehange reaction ín a'hieh the ex*

ehangeabJ-e protens are intramoleeularS"y hydrog*n-boruied. A protofl ê]t-

ehange :leaetíon in a similar" systern has nevey before been studieci"

The e*neentration a*d temp*reture effeet,s on the ring proten,

alcehydie and pherrolie proten shi-ft.s indicate the p::asence of a r,teak
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'inÈeraeti-on betr'¡een the soJute and so]vent moleeuLes" I{enee the prot,on

exehange reaetion i s soivent-assisted. Thl-s is further supported by

temperaiure studies earried out on CCL4ø C6HIZ and CS, solutions of

JnJ-dichlorosaltcylald.ehyd.e i:r trhich the proton exehange rates lrere too

sl-ow to be measu:redo In aeetone solutions they were too fast"

The magnltudes of the aetivation paranreters for the r¡arious

solutions are listed ifi Table 3-X\[[fio The aetlvatlon energies â,Pê ox-

plained by the energies requíred to break the lntramolecular hyd.rogen

bond and to tr^rist the phenolic (and peehaps the aldehydic) group out of

the plane of the ring" The entropies of aetínation &re large and negatívo

vrhich suggests thst unusual eoirstraånts musL bo o\¡eveom6 ín fo:ming the

transitlon staten The exaet nature of the transltion state (and irenee

the proton transfer mechani sm) ts not knor.rn except that it rnrst involve

the formation af a stereosrreelflc dj-ner between tr¡o solute tnolecules.

The rate eonstants could not be obtalned. by measuring the phenolie

proton line wldths at h¿lf helgbt as a funetion of temperatwe si-nce these

'¡ere alr,¿eys slightly broader than the eoriîesponding H, r"ing proton line

'r'ridths. The exact reâ.son for this is not laroim but may be due to a

shorter relexation time of the phenolfe proton r.rith røspect to the ring

proton" a sinaE isotopic shlft for the 0l8¡l *nd 017H 
"us.ns.nces 

or traees

of phenolic impurilieso or di:ner, *r mer etc, forrnations in the solutions

j:r ad.dition to the protorl exehânge reaction"

The value of thi.s study is that i-t shor.rs that proton exehange

z.eaetions nay ooeur i¡ a system sueh as thisn that j¡rtrarnaleeularly



ôôÔ

hy-drcgen-bcnded praton$ r,ray exchange and that, this rete of *xchange nay

ire ¡iee. sured.
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]¡'er-y ¡ituch rr¡ov'k remains t,c be done on this system-, Temperature

studj"es should be ea.rried out on CÐc13 and cHrcl, sol"u-tíons of JnJ-dieh*

l"orosal-i-eyialdehyde at, varieu-s côÐc€ntrations" These str:df es uil-l lri-
di*ete 'che solvent effeets on the rate eor¡s+.ayrts and. r*eehenjsns, Both

solute and sol-vents r¿u.st be purified before use, In e onjunetion ç"ith

peûÌoro nreå.Éu?em@nts' Í-nfrared studies should be earried out on the OH

stretehing frequøne1ss of solid 3u5-dichlorosalieyla}-deÌ:y'de and in the

various solutions. This molecule should also be studied in methanol-

r¡irere the solvont, rr¡il-l definitely pLay an i-rnportant role"

Ât least several cf the abov'e studies shoufC be repeated ¡¡ith

l*J*dibromosali-eyLaldehyde as the salute mol-eeu_l_e" The effeet of ring

substi-tuents sn prot,on exchange rates earr thus be studied, These may

'Lhen be ext,ended to riug-su"bsti-tuted 2-hydrox;rae*tophenonês in whíeh ths

åntrarnol-eeu-iar Ìrydrogen bend is strongerbhan ln ilie eorrespcnding

salie]¡ial-cìehyd e s.

Finallyu an X*¡'êJr struetural deterxirinetiôn of phenol sho-tild

eamisd out so that approxjsate bond angles and bond longths neec not

used i-n ealeulatians of the barri"or to i.nternal rotati on in phenol,

be

bo
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