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A aatfaod ha* b**n «nrolvdd for tfc« study of th« kinatios 
of th* dahjrdnttion Of oorfcouyl oonpousda* ?!» baai* of this aathod 
ia shown in the re metier, sohopitt ^Lvac balcwi

xC

X CH

* 0

d
«sd sftilphiU. Sag^riwmto vi^h sulphite us jo^won^r irere followed 
tltration on an aatoimtio pTT stat titrator*

Cll :&*

pro^r«sa of ths i*eaotioR with other aoerenjfars was followed 
ultrsi-violet m>«otrcphotoBi©1:ria toahrjiquoa*

toother reaction aohcrac augg«atsd ^ oarliar ^ork*ra 
as a poaai'ble s»thod of fttudyine tha kinatica of th» dalyrdration of 
fora&ldab^^a waa inre*ti,sRt«d and sbown both on theoarotical and 
practical grrowfids to b« of no valut in providing kinetio det«*

waa as

x OH alow 
BUC  ^__:rx H3HD 4

^ ^CH 

imrolatilo volatile

fast 
to say atreaa

i.

flan somr«nf-?tjr taor ^« imr® uaed to stud? %h« kin«tica 
of the doh^dratior/ cf foraaideh;.'d« and ao®tald*hjd«« l^heae reaction a 

su'bjeot to £*n0Fal aoid-^a^ oatal^sia* Fomaldo^rd* «-ae studied
in details a Iftrgft mun'^r of _oatai$;*te ©f vmr/.inr structure 6_ 

*to# toin# i»T»stigat»<r *  * ****1 ' Aoe taldahydi had
previous -woirfcisn. '^m i^j^saont work gave



11.

*»atilt« In gpod agmttttnt with the earlier ^rork. Thie work waa

of apodal intonwrt in that rao$»t *ork ^ druan a»A Voflfat

bad raised doubts ao to ti* ralility of th* niMmaai maziismtt* 

wlii oh had beam aagOayftd In obtaining «» wa^orlty of tha pr®Tiou»

r« suite,
roault* obtaintd for a wid* r«ng» of aatalyat« for 

f ormaldeh:. d« ccnforraftd with on« exception > G«id« f to t-x* single 

B*8xift1»d retlationahipa to within log ±Q.~ CTsr sixtttte pK units. 

The so relation «hipa ^rei
(12 oatalyata studied)

.*

Base catalysis i (29

kB 10.40
2*0

are the aatalytio constant a IB I, 9 

^ and ^ th* ataiistiaal factors and k: 1dm tjonventional ^Id-baae 

of tks oatelyat* ?h© 1^p<»8 of oatalyats studied

In tit* li^ht of thas*a oatftl^'tic rfcsailtsi the gginoral 

of valid! tjr of tho Bv0B0t«d relationships ia disousaad. Tha ©ff^oto of 

statistical factors st«ario aM ohar.^a offsets aro alsc r^Tiswad* 

formal d@h.yd® r@ailts are ooBpai-^d with thc»o fros othsr car^onyl

h^/ drat ion stuuios. The aoswwhat aco^aloua oarbon dioxidd 

result a of Sharrm ?snd

results art also or iat^r@at in that th<sj
7*8 earlisr polarogjraphio rtaiilt^** giTing or*»dano« to th» i«liaT:lli^ of

»atJ ot»Atisal approrimaticKa »ade ia obt&laiiig tha polaro graphic 

data*
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tat*
K tlioao r*ault* at* not dirootly oo*par»bie ulna* H* iata la 
f«r*«»ttoo (a) «*f* ofctaiaad in anuoeuo qyolotoo** aolation* a*A
tfeat in (3) iik wean* «alt solution a*

lUtlo 
Tltt fov ftftilte

aabjoot to 
of

vatfe ha» oo f ir
that those reaction* 

aold-bww <» tarsia, l.a* «»y lutre v*t*
fowat

to
firat-

in
in

«a» to axtand

onljr
aufwal wwrttewwi ttava

fba aain object of thig 
th» kin* tic data on thia

aosk

*

(19>f')a usdnfj O18 ahowd that
a vapid tut not i,natant^i»ou8 *mfom§* ®t o«^g»n ^tweon 

vator and aoatalM^da at wo* tm^amitisvo* HMT poaisulated that this 
took plaoo via tho ligrdvato*

Boll and Ha^nfttm (1949)9 etodied the dohydmticn reaction 
in aquootts aootono at 25*- dilatewititoalljrt It «ra« found to feo a 
f irst-oj-<S*r poaotiou ohovinir fmoral »cid-45A»^ eatalr^a* 6.3 oataljoto 
wr© iirrft«ti^atod of vhioh 4? oa«%o^rlie aoid ans i^enols oonfo»«»d to 
a oin&lo Brtteiatod i^lmtiG»^iip. Tho rtttalnlng 16 aoida of othor typoo

deviation a fw>« tbia rolation«!iip. H»at de^i&tlono 
9olato4 to ait oxtoa ohwigo in anenpy during ioniaatiott daa to 

aiK in oith«r th« aa&d or ita onion*



Ban aod Sarwont (3^0)*° i»f**tiiptad tat 
n aqttaoua oolutioa at (f C « *** *, dU*to«**«ift 

Ha? *ia» f«w* OHMM! aoid~b«» **ta3yat* but tfeo Mgfet 
of tho reaction f*«*9fte*ad tha tang* of outlasts that «mld 1*

This difficulV w» «MHNNN» *jr «aa of *&» thoroal 
nttkod d*viwd t^ B©u m* oo-vortaarft11 »1?» This method dojwnda on

the boat of roaotion.

oh«tMp» in t!^ reaotlon v*®ml item & %% transfer to
ohaa^ ti 
in «liiofe tisaro

«o haat of ^tsiar- it was fottnd

1 * k^/k^* 
10 tte oooUng o«tiet«nt ^wostii&g t^ rato of

traitsf «r and k^ t^@ f t#»t«a#d»# tsta oooataut for tao reaction*
ffciss te^ni^Htt ^avo roattlte of »otep»ta aoouppa^r «tt& evuid 

b» lUMd with 3poa«stioa« b«via^ half-H-roo iwgNl I^NMi 30tt« thaa a

Thio tt»HMl vao uood Igr Boll and COunio (19 (3l)13
tfeo l«rdratio» of «oat«3UMgraia at Cfa in solution* of 

aoid ead in e«»tato bufford* fl^ea x^saltd mm uatd 
dlsoount «a^ftftiaaM imtslvin^ tho aimati»noou» aotio?) of aoidio and

l»Uf land and ^yroio-JoJios (l?^^)1' a«tanda4 tbo date, on tho 
waotion, workin- at

for ft «»3rto« of oarboj^lics acido and &r*&&ia»«« aa naU ao for atar and
ions* Thoir aoid catal^-tio conatanta w»re oimpl^r

to aoidio disaooiatioia
to atario hindrance wro found* e»#, 2:6 lutidiuiiio ion 

bad   Io«^ o*taajrtio oonataDt an oo«$a*»& wit^ tb« 2s4 m& 2i5 lutidiniim 
fhtt bmsio oatal^sta ^bonod no simple rolatio»ship to



**  authors ocmol»d*d that IB b&aic ***ft*r«ts ****** effects
dm** and %#n&» (l$$3)U howrer «Jtpi*in*d thia 

1st ton* of tit* formttoft of «j*p*eoiabl« <iu*tfstiti«s of addition

*«»e&«*v*tai «MI «ad»*»BO« of tt»«i addition oo«s>o\md« %r
s»ftsair»P>»ti3» 1%« aotaal quantities of addition 

fon»« Mtw^ propionaldai^a* and phosphate a**

if  

Kx « 0.10 for

Bookar (19<50) ' bae roportaa ^lativa ratea of 
forraatioc Msd d«oc«R|»oitio!i of aootal4ftlgra« |ft»»tt in

ozido* Be imiio^tion of th» teohniqjoe uaed ime

All kindtio 3tudi*a of thia oo^tnmd hav« roii«d on
Of tbo t*» «|«ioi*a ^rodant in solution

and 2 c ( r ) ^^ ^* £&*«**? ^« aro(iuoibl« at
of dxt>p 
»iv©a « 4ij«ot st»aouv« of

»tu/lio0 of t. ia x*w*lm ar« rwiawd below* 
the fiwit work on thie

tho 
ratacf At^dyatiofi of



MiteloM MlJiiol wfeoa tho foiiiMliiiilii oonoontraticm at tfao olootrodom^^P1 VMH^^f^^mPV^P ^pH^^^n^M* I^Nimp^p ^pM^^V ^^^^Hp^lPtBBBI^^^B^^B^ ^«^P- ^ -^ —^ — — —— •- —

ourront m* found to bo hi^bly dopeudoat o» pH aod
I» teffowd wlution* tho wlmticnifcip betwooa limiting <m*nt and

oono«trft%l0B wao fw»d io bo iliwar, in unbufforod
T%J%

tblo m§ not the MM»* rooely «id Batiokft (1947)
teat the dofayAraUon t«aotiott «u aob^oot to 
flMKT  v*lu»to4 rat* ceaotttot* ttoisg a *l*plif iod matbowtUoal 
Taadouo w&iteore h«vo «tooo jtf»&i0*& aoagr rofJlaoaenta In 
 athoottloot wHioh kaevo boon roriowd IB t^o litottttam Igr

(l^tSO)22.
and Vaiont* (i960)23 h«y« oleo abo«u that it i» 

to obtain a wlti* for tJ*» o^uUibilttiii oonota&t of tho roaotion
ouwwato in ^obwu^Qrod solutions* A knowlod^t 

of Hdti constimt ia voiy Ij^ortaat a* woy intorprotation of tbo 
pola*o&i«$feio kinotio dAt» dopo«de dirootly on its nOao, tuofertimately 
it la a poorly d«fir:od qiiawtl^ (ooo ?ablo f)» 3pootvo|»hotoa»t^io 

«p» hoiQ»ore& IQT tho low oonootitjutiois of tb« Oflor^oagrl

M i^yf^, ^i^mi __
20 89»ootarophoter»tno Biobor and f*fe*lo*?* A
23 ^ CfaMWI flOdt Ifa^ijBBi B^F^ ^"^^ ̂ ^^^^^^ ^MM^^^ ^" TP 1 w ̂ •P^^npm^ <Br

3 x IflT* 20 yolovogm^Mo Iinanula

_ji
30 pavtioJl pfooottfoo XHooto

70 oa* ailioa oollft uaod« Tbo fovaaldoliardo aoltttlono uaod «ovo

oonoo»tttttioii of foroaldohydo > §1 in uliiom oolutiono
is voify iiKpoirtaBit*
0. So MMMUPOd fonmldol^do jwrUml proaourwa oM tieilllit idoal

thio oqollibriua oonotant.



fka 2»I«x»<ffo*feio r»«ulta *** gtaftft in Tablo 3, the 
ooaataet tola* ioooxfoimtod with to* t*to oof»»tw*t

UO * 101"5 1,8 x 1ST* 1*1S 7*4*1? MA
1*3 *KT3 0*58

Id*6

411 at

Coba and Ci^y (J^JS)88
klnoUoa of bydmUon of aootato %QT oboorrti^j I9M» f**o of ojceliaft^i of 

totvoaa aootono aad imtor »t lOcPc. 1%ol
% HULA AJU^UHMHi 1MA OA-iAlSTAMl. Ifif AffiULtt'MT WW^WPI^w VF^VI'^mMIWIVIlaKH^' •WWPI^^ir ^P^BBF iWMWIIBBp ^^^^P> ^4v ^PiWIP!»^^>TBP

xHuik

Boll a»d Jtnwft (1960)^ stodiod «BO klnotioa 
of o-dlohlej»»ootono «^ootropftoto«ot7io«lly la a 5* (v/y) wftter * dloxan

lio^iooa ooid oetol^tio ooooiattte and «01d»bAO»
found* 3* %*ttto OAt«1^01» wiloa t»a0e» not* rtwut a 1000

t«oo» of tfee OMBH o«Nmt%» twit *tHk*a »«oh olaos
oatAlytlo o natant ma xolAtod to

16««d Ifongot (1963) aoAowod tha oatAlytio oonatants 
for too iQNteiMi ion for aoot adal^4», j»YQpi<mal4Aa?6A, and

ualr.g » ^i0z«al doviee*
to IMI *ln»at <x»tt«tont for tha hoaolo^ptte aavlaa« 
Ul«aaf Euatln and attttO** (If62)30 iur«atl^* 

of pcrovio moid ualne poloxo^ri^ldo oM relaxatlcai nA^odA* T1» 
la ooaplioato*! % lonieatlott of
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Th*.v fciir* ihs rats d«T)orid«r*a« and raatrjurad th* individual

lev (

ko --
.,rli@r work. -•• 
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qualltativ® r©milts aara ol'talnocl *ui*
v..;. ...

a o :<d with, a '"

?hia 
propowid for

t, to 
c tion

.-jd the

0

or auy u

"J

.atod
.'.'.-ioxi<t

of
and

^'ojv .^ork®rs i-tave studied the 
:xid®. ^nhs • ': has 

and will, not b® c.i . .sad in
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> 61 ) th«

pointing out that the classical formulations

ZC 9 + HLO ^=^ H,, . ^ rr * + :••.:';•"" 
2 2 *: j 3

was baaad on an aaausiod n«oh«Rlsa for rfhioh tboro was no 
aupport.

ffe® r^'ur: . ' / , --' •• .-'. t

a»amtr©
with

and

ju;:,-
&* lat«r v/ork of Ko

- 36
.) both of wh..m

**-.f ..iisre k 1 ,,, » k_- -t k

^-tair results ar« in
"its

-tovrsRt (1953)" ' I

~
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also t--
„>

plaoe 1^- the roaotior^i
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" aiothod

of k 1
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k»
.,-.,various we- rice rs "a * /;'* -l '' 

ar «f ir>r-.n r*f
Kioao and

to a^ 
s (1940)

correlation l»t 
tic pow»r w-. . .r-sa and

r-ts (I
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at least one h^droxyl ^ **.+.* ***** to tha same central atom and i» 

i not uAlocaii- •• single

for
i* '':..)j also fcunc. r ' ' n o* 
t with p!I for acias of the ions £

tio 
4 b®iows

6.9

11.3
chic id ta 7« 43 

. .. 2680

7*35 9.0 
k;B valuta

2.3 2.57 
15*1 2*63 
10.3 13.5 
2020 720

10.0

0.52

190

accounted for this offset ir= t£3ns cf ths

rato con st^,ts for the

T? :

\\

14Kuatin and Maaaa"**

nf th^ ion

all the

"by a
hydration vaaotiona

ti. that the {*

/JLi thaat
,-r® 

olaasloal ir. are:



IO

-E_LGURE I

; "" log.k, • 8

B-rO
2--

• 5,

CIO
- D4

03
• 3

Dl

D5
> D6 

D7

-2 >D2

1. telluric acid
2. germanic acid

3. arsenious acid
4* silic acid
5. chloral hydrate
6. butyl chloral hydrate
7. glyoxal hydrate
8. formaldehyde hydrate

9. acetaldehyde hydrate

10. diacetyl hydrate

II

Dl sulphite
D2 hydrogen phosphate
D3 selenite
D4 tellurite

D5 phenylarsonate
D6 phenolate
D7 carbonate

also hypobromous and 
hypochlorous acids shown 
on figure.
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alao MMttoaa a speoial gxoup of cautions vbioh 
batter trdnstad plot a t&ajj *jc$odt*d «•$• t&* ajatarotation of

fe/dr&ttou of ao»lMkU*fcjyd» *ta. He pro rd sod to 
raaotions in a fututar® pap^r, so far not

of
o produos a direct »«thcd umablin^ tha kinetioa of tlt»

of formald«fe^d» to b* lnv«aU»^at«d tlsua providing a 
on tke i>olarogr^>!ilo data*
fo oarry cut with forraaldaV^® a olannloal Br^natsd catalyais 

uaing: th« tratLitional osjrboiylio aaida dto*
tli« aV,ve to soimjr aatalysta of the type used 

In tb« ^iiratioii of oorbon 
to

of th<t Pr6u»t*d relation ahip a.
5. ?o i?iv©sti^at« an7 othar aldehydes and k« tones irhich might

with any of the l^ofcuiqu^s *rolv4>d in the ®ai«



14*

Biefcer and *£vftapier ^ in eon^motion with their
atudioa on formaldehyde also carried out a "dlrsmt defUBnetratloi*** of 
the influenoe of pH on tto dehydration rats of ssithylene 
7hi» was done Isj onplo/i»i the dynaaic procedure deireloped 
ami Blair (1923)^ for MMMurlag fonMOd^hyd* ^aartlal 
inrolved fl»»sarement of th« fevnaldfttigrd* content of an Inert ga» 
paasa^o thrcurh a sorubber filled with fonaaldah^de solution* 71^ rate 
at -rfiiich formaldebcrde ia TOfioved ^ the ^?aa stxeam "belne pro^rtional 
to th« fcTroaldeh^dja partial pro'ssur* finder equilibrium oouditiona.

found that ®s the rate of e*« flow was inoreaaad solutions of 
identical ootioantration but vaxyittg pi eboired different value* for
imte of Ci^O reiaoTal find these i*e'r«> proportional to the variation of
the limiting current® with pi as neadored
photostat of thoir rosulto, ||
the grapk, ia
opposite*

25 / /V; /5/rf

!5lN2 lStd.

8 I N^Std.

8 JO 12

cbaorvaticna nere interpreted in terns of a 
of equilibrium condition a at fcif-h scrubbing rates, tbc formaldehyde 

then beir.r determined ^ t^e rate of defa^&raticm of the

OE
1*0. -I- Hg 

volatile



3.5-

Their results found support iis the ©rifinal work of 
and Blair who mv* unable to get eatisfaatory partial 

ralus s for fcrmaldel^de solutions at low temperatures with 
rates that had proved satisfactory at ordinary taiapeimtiiape 
Loe*» (1945)^ i» their rfork OK tto •atiaatloa of fr@e f©r«ald»3^d* in 
biologieal saraplaa by diffusion from tha nas^l« to a nxjiabrana 
containing uhe^lhydrassine solution alao found ooa» variation of tha 
rate of diffusion with the plf of the oaaple. Th@y, horfever, interpreted 
thoir remits in t@rma of the rat® of oh an go of the ddpolysaerisaticn 
rate of formaldehyde ^ith pH*

In tJie li-^fct of the abow irork it va« toped to develop one 
of tbeise ^a«~flo* methods for a qu^i ti tati va atiid; of the kinotioo of 
the formaldehyde debydratior; r^aation* ^o thia end the following 
aathematioal anal;/ si a was carried out*

trsataaer. t.
tl:.a ai^ploet oaeto, the following equations may 

sat up:

c(cson»t*)

K 
CH2D(a<i.) ^=^ ciigOCrapour) — > Lout to Gas

How If r * rate of fras etream in litros/aeo. 
V » volume of siolutioB in

it
••king tto vto«dy state aasoinption md
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For a i-

fc,®

0

oo

k

-> k

0

'ion giving eo&ditieas suita&l* for klnatio
to K-

k

One oan alao tx«at tlio s^staia in wiaieh the 'bubbles
aoluticn with ssaro forwaidt 

«aor® conoontrat^d aa tfee^ . 
attaining ocsjplata «<|uili>)riua befor® Ic

th« 
b©o 
aolntion

GAS

HCHO 
SOLUTION

• o

GAS

"roaa motional
e
at :.

A

y froa *attgr point

F hydrate
C.

in. -4- ii^

I*
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18.

Ed raluao repraamt tha extr«s» ralu«a gtam ia th« literature 
(*»• ?abl* 2, paga 5>,

falda* valuta of k. - k^ 1.9. th* *»st favourable condition* 
for a kinatio perturbation , o»e oan calculate values of k^/fc« 
fhi« ia don« in ?*bl« 5 in which th» Kiko radiw ia froa T i\liak*f » 
polaro«r«jphic work and tb» othar value is that obtained la tor in this 
proaent

Kd » 10*4 Kd • 10"3

1000 10f OOO 10 1000 

50 500 5 50)

If on« t*k*a th* raluofl in tho bottom lin®, for a roaaonable 
perturbation * ^ $00. Thus if th« voluae of solution ¥ its 1 oc 
itguirea 1800 litros/ho\ar of saa »tr»a«in^ through it to prorid*

kir.atio ro milts* Ia tha li^it oi th*a« calculations 
oarrisd out to ropaat Bi«b«r and TrUsxpldr** work*

1. OfctfHlMil^ «ntl : a ^ic 'liaX, tioal
ftoi Mlrti|)|ff|f i B.I;>H. ..:,:;:., f onsaldch^d* aolution , containing- 
W/T» f or«ald*hyd* , was used ifithout further purificati«tt»

oonoantrations ^ntt 3^-u.aauii; ay tba oodiu« 
atthftd^ in vhioh *xoeaa aodium sulphate is added to th* 

and tfc» libarat»d oaaatio aoda titrated with aoid.

Britiah
•• cida jy^ 13a«»»» All imr« AJiAlAt «rad« unleao a re to is added to 

th* contrary,



iu» hydroxide solution* of tfe* required 
prepared ly washing alALAJ* pallets with distilled water. Thft solution* 
were pro-tooted froa th« ataoftpliare irith soda-lisas tubas.

All aoids and bases were standardised agair.st constant 
boiling-point fa^drooliloric acid* Oooasional cross checks of standard 
solution® against potassium b^dro^on pkthalate &ave good concordant 
results.

2. ____
?oluE»trio apparatus was standardised % wolfing the voluasa 

of crater delivered at room t®Eipera-tur«. All tharaaafttars nere 
atarjdar^iiaed a rainat a standard H.P.L. t:-.jr^oTet^r o:vlibratod for th©

3* Oa Flo
fhaae esEperiments were V®Y$ similar to those oarried out 

and Wlsapler i.a. a atresus of nitrogen saturated with water | 
vapour was bubbled through a solution of formaldehyde of known 
concentration and the formaldehyde oomteitt of the emergent gms streara 
determi&ed* The solutions of formaldehyde wer® itada up in buff or o of \ 
Taryitijf pHa, and for oaoh buffer experiments nere carried out at 
several flo^-ratos.

i

A schematic di^-ma^oT the apparatus is abcim in Figure 3* ^ 
The flow of nitrogen free a cylinder was controlled by a needlo-Talv® (l), 
two lar§s 'ressels (2) (total capaciV 25 litres) senmd to huffer
fluctuations in the floef-rat«. A constant flow-rate throughout the ; 
apparatus was ensured % holding the wat^r lev^l st«s4^ in an op«n-ondod 
irater manoo»t«r (3) tsar isea»s of the ne^dlo-^ralva (l)« This mane meter 
ocnaiated of a 10 ft* high outer tub@ filled with water into which was 
plaood a narrow bore inner tube vhiah was oosaeated to the flow systta* ^ 
Aa>. open««iided stsraury U-tube manoeieter (4) wms also included in the 
apparatus.
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main-part of the apparatus was tootised in a tl»*»o»tat 
held at 2%0£ 0.05°C by a weroury tolue&s regulator. A series 

of wasb-bottles (6} filled with water served to saturate tb* g*« 
streaia with water vapour, foe weight of *ater/litre of gas, d*to*ial»*d 
I* ftftMiriitf the inovsase in weight on pasafe tfce g»s through ooloiua 
ohlorido tuban, uo^patod favourably rfith tkat calculated froa tha kncim 
aattiratod vapour prasaurs of wator.

Varicua types of Imbblin^: ^ a terns were tried. 1%» flMlttt 
•atiafaotorj eastern «ras foujad to bo the simple at, ^ita the «a« »trea0 
entering tho oolution of formaldehyde held in a teat-tuba froa a 
narrow bore tube.

3 in ta rod ^Laaa bubbling ^ateaa gave different flow patterns 
of the gas through tho liquid from one ejcporine&t to the next, even 
though the flow rate vaa imint&ined at a oonetant level. This oould be 
observed visually end van probably due to surface tension effeots in 
the ainters* The reault of theeo change a in flow pattern was to ^ive 
ooaplet«ly unreproduolbla re milts for the apparatus*

flie gas fron the bubbler paas®a through two vessels filled 
with glass wool (6) to reiacve fcr^aldel^rde sprn/. Three absorption 
to tiles (10) each oont&inin^ a 1 solution of Msulphita reiaoved any 
foraaldel^de present in the gas stream* The gas leaving the last vessel 
was oolleoted over crater in a roaarvolr (25 litres oapaoil^r) (11). 
outlet from this reservoir incorporated a constant head devioa, the 
levels in the reservoir and outlet being kept at the amaaa level
Th* liquid displaced t>y the gms was oolleoted sad it* voluas aeaaured.

of a ?'lmi 5 OG* of buffer solution, 1 is is f ormldefcjrda f
were put in the bubbler. The barcfaetrlo preosare was read. ?he values 
on the nitrogen oylinder were opened and the level of gas in the water 
aaacaieter takon down tc a calculated level to give a flow-rate in the 
required rsjMp. The run was tiaed from the first appearance of bubbles 

the final reservoir. During the run the flow-rate was aaintslned
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Qenstaat with the needle valve and oonstaBt-A«iid device 
to elininate baok preaaurea,
After a suitable Ua» integral (3-20 win*.) tfc* am v»» 

teradnated by outtin^ off the gas supply at the "eagr^m fcead" on th*
qy Under. Ar* als&st instantaneous out-cff of Hie fft* stream 

obtained by taking off all the bottle tops in aeftt&soe starting 
from the one nearest the reservoir an^ ending with the last water 
saturation bottla* fhis procedure eliminated any posaible ouok-4»»okB 
betneen v«»»ala. Tk& anti-suck baok yeasela y«r© oheoked for ab0ono« 
of liquid, Hie average flow-rate during tho run rae oo»jwt«d from the 
volu&e of liquid diaplaood fro^ the final reservoir and th^ tisa© of 
the

1 > eodiuffi bisulphite aolutiono froa the aorubbers nere 
for their formaldehyde co«t«nt uaing the :«thod of Ooldman and 

Ts&eda (1943)'^. In triia netted the trareaoted bisulphite la daatroyod 
with iodine* the reaultinc solution is siade raildly alkaline and the 
bisulphite oompovind ia than titrated with iodine* The,y olaim that this 
»dthod will estitmte 1 9t&* of forsialdo^de in 10 ml. of solution with 
an aaouraoy of !;'• This method was oheoked with standard solutions of 
formaldehyde before use and ahouit to five satisfaatoiy results* In all 
aj^srioenta the last absorption bottle contained BC t onsald«byd« f 
virtually all the formaldehyde oontent of the gas stress beiag 
absorbed by tho first absorption

^H. |.t made up by diluting j^droohlorio aoid solution
Flow Hate (litres/hour) 8«0 26*0 2?»4 29.9 40.6
•$» SDlO/hour 28*5 77*5 83*4 8$.2 123
oil 2t nade Up % diluting h^-droohlorlo aoid aolutio»

late 7.6 15*1 X6.3 22.8 2M 45*6 
a30/hour X9*4 40*9 49*6 69.3 93.8 138
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tartrats solution 
32.0 42*8 
90.3 126

3$!, B.jt sodium carbonats buffer as uaea in aoaZ/tioal
14.0 26.0 31»0 37*2 40.6

saturated potassium 
Flow Eat* 11.8 24*1 
*£. HCHC/boup 34.7 63.2

Flow Eat«
cur

\6O

37.5 7^*7 100 114 127
49*0 
142

results for pH 2 ars akoim in F1&.4 b«l««r

20 40

» 180 &» ligOCjto 500 ml wattr + 20 si glacial acetic aoid. 
This vas dilutsd by a faster of 10*
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Djgquaaioru
Vb* raaulta of tfea pTtwwst work am gn$>h«A out In tfc» oaraa 

form as those of Bieber and Trtiwplar in Figure $•

FIGURE S

mg, KCHO /
120

I

i

80 

40 '

* •

O O O 3O
O

• ——— • ————— ̂  ——————————————————— • 20

0 —— 0 ————— O —————————————————— 0 10

.P 
——————— i ——————— i ——————— | ——————— i—

In direct contrast to th« «arlior v?ork virtually no 
variation of th« rate of fonaAlclohyda loss nith pHis dotootabl** 
Thio is in aoccrd with tha EBathematioal prodiotions. It mould ***» 
fron those re milt a that Biebor and. TrOrapler ar« oitb«r ineasurin/r 
aond dirfoaion effect or th© affect of th« dspoljiaorisaUon reaotion* 
A oor« objective appraisal of thsir work iroxtld h^ana be«n possible had 

ralueo for tfe®ir oc&oe»tratioB«f Toltuaaa tto. The 
for the prt«»fit rrforfc was that no siapla gas~flow 

oould prvvido kinotio data for th* foraald»hyd« dehydration reaction.
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Aftt* tfa* failure of tfc* &ft« flow «xparit»ot« to provide 
dUta alternative ntthod* *•** investigated. 4 aoaw»ogiJX£ 
* i» vhiah th* re act ion •oh*a» **t out b*low mw produced 

appeared to glv» a ainpla s*thcd of atud^in^ th« desired kinttiost

^ OK slow_._.__ sc^ ^
rf ^ OH *

fast
ECHO + »oa»*B«r —— > adduot

and Mmloarl^uBida hydrochloric.© alKcwod that all thess 
r*acttd with formaldoh^dt aooording to the abova

adduots ¥hr.; »a formation oculd bo oaail^ d® tea tad and follc--r«d
the aj^p«aranca of th^ir ultra-violot ab^rption band a. ?ha roaotion

of forrsaldchyd* with sulphite alao eotifonadd to ib*

3^30- 4- HgO ^ FaOH * 

pro<iuo«d "being followed b^ titraticn on an autooatio
titrator*

i*\rrth«r -. . to tho proposed svu3»a8 was givan c^ t^e woxk 
of Crone and Vnoh (1949)^ on the kinatioa of the urea-formldafayda 
rtaotion. They found that the rate of thie roaoticr -,ms partially 
oontivllad ^ th« del^ydraticn rate of aiathylena ^ucxi tfaa rato of 

on fonmtion of up«a boint th© other rate-d*tarminin£ parooeaa,
A very alcdlar ro action aaboae to tha prosaist one waa evoked

c»
Haa« and Kadurcso (1962)^^ in tiielr work on tha formation of aldos«

a and hydrazone. Ur.dar certain oonditiona tho rat« of 
cf tfaa oax. ,1 Qoqpomd

m H H o H \ x°H
c—I ;==^ c x ^=^ c—i

1 0 ' I 0
. ' H
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workers have invaotlgatad tha fors&tion of oompound* 
of tho h^drasone and oxim^ tvpo». The relevant paper* to this 
work aro saurafsarised below:

Con ant and Bartlett (1932) ©vmluatad equilibrium 
rat* s of formation aad rates of h, drol/gjis for a musl^r of

found tfest ^» ralu® of tfe® n^uilibri'WB oon«taiit im«
af footed b>- »oldllgr aince tb» a®micarbauic:« mid »wios.Fba»on 

ir*r* both bases. If its* acidi^ ooB«t«nts of ns?niaar^azid« BSH^ and
tho

ian+] • [ASBE*]'3
act* the trua equilibrium o«KBt«n<t for the eesdoarfcaione fornationi

tha »pparent constant K was giT*o tgr

K1"

Urns At lo^ aciditiatj K « K and at bdgii oaes it roaohadi>
th« sswai®r Talue of ^'r /K* 1^1 r*4u*« ©1>^ia*d for

arc

JL ,5^)

rf the raactlou in *^os aftftn to b« fairly I«r0t 9TOU in acid
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•elutioii, Unforfcuaat$Ij no remits w*zw obtained for forssald*Iigr£*
•esdoai^bazono «

fheir kinetic etudiee of tha*» yaaottoita rtiewad that tfce 
wero aub^ot to ipeaerai sold eatatysis, tfce rate equations for t&*

. - reaoticn bo ing of the forat

Hat* - k M [mEgl Z % [Hi]

rate data thua fexMMtad ft striking :r,ajtiaia IB their 
profile, attributabld to tiio cppoaing eff^ots of s«n*ral aoid 
and tha deoreaa* in ocnooniyatlOB of the att&oking f*e* nitrogen
due to ita oonvtradoi! tc tho --cnfu^t« acid at low pH*

3t»rap*l <ui.. io&affel (1944) compared tba kiii«tio3 and 
atahaniam of the formatioTi of th« pJiot^v 1^, dr aaoiso » oebTioarbazoi^ and 
oxim® of d-o irvona an«I ooncludad that tka thro* raaotiona prcoaedcd

Jaiicks (: 5 she wo d that at rjoutral pH» 
and aoalaarbaaida roact rapidly- with a neater c£ ald»l»yd»» and
to fcr® addition uoi5poia»d» whioh laok th* ultara^rlolat abaorption of 
the original sirbonjrl coapou . 1^ie;» oompoiinaa than u»d«rgo alow

to fcm the oalm or

0 + UGft v— / C \ «_» s— 0 • IE * 1DI

Bo oon0Iud«d th*t the decap&a^a in tha rat* of oxicw 
at aoii pH was du« to a tranr,itiorj to a ratt^liBiitinc attaok of 
nitr0*?»n la^ on tlia o-jrbonyl oompouad and tra-® not dflpsudoat on 
aoid oatal^aia* Bebydrationof tha addition aon^l«x9 addition of watar 
to the caci?^ or s$mionr&a*0i»o and addition of seraicar^a^ide to the

to lx>tb spouiriu and f*noral aold
while th« addition of tfc& atron^r ban®, h^-dro^lasijae, to tho s 
group i© specif io and omtaljaed to only a aiaall extent*
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paptrs by Jsnoks and **-**&&»** inoluda
following* Audarson and Janoks (I9^u}^% Itoay iwr«stif*1»d 
of structure, in a sorlo* of anbstitutad betasaldsfeiydast on 
in senloartaxons formation* la a di omission of aae oatalysis la 
sonioarbaaons formation, they conoludad that this would only be of 

ith carbonyl ooiapoiaida oontalnin^ atron^l^r «l«o-feron- 
groups* ^r= rri«« roactlon would b* sore auaot>ptlble to 

but tho r^^ulto so far obtained ir. Uoated a higher 
to a;ia-ORt djaia.

egCordaa and J«nok» (lf^3) should nuoloophilic catalysis 
in s«isio4rbajBon« formation, AniliiM and srrsral of its d«riva.tlroa 
wtrs ali0im to ba tatoh bettor catalysis than pr^ioted fyom thsir 
Taluss* " i follovri/ir- reaction aafttsnos was pc»tulat.sd»

C * 0 + Axl ^£ : C . V • Ay •

C»B-Ar -f

Th« sans authors (19^) iixrsstig^t^u s»n«ral acid
ostal^sio in th« first stapi of aamicarbaasone formation* For 
p-cJilorobansaldtfhyda th* Bydnatad plot was sxtsndad to oovsr 30 
of raiytw^ atrustijups and oa&ri» typs*

In ths li#?fet of tk.^ aboira rovid^ tlis full reaotion 
for th* fonaation of for»ild«l3jy<4a oximo, l^rdraaona sto» is as 

the formation of tha oxim beirre ^-iron in the exsuaplo.



(2)

* * gene <*• waLOE ^ c (3)

-4
(4)

For •fttiofaotoigr kinetic results for th* 
« atop (X) th« final two »ta$08 of tfaia aohoao (3) and 

saiet go tc uowpl«tic» at a rate fast in oompariaoa to tha rate of
d«bydratiw-n reaction* Tlio work of Conaat rmd Bartiott 

sho«a th^t tho poaiticn of wquilibriuia is likely to fe* vary mi oh 
favour of tha fi»al product. %o last two «tag»a of tb« achaaae

to daflft* m app^jciaat© •ucefui kino tic* uppor and lower pu 
liait for any saarengQir* Within th* i»ter»»diato rau^o ouo Bi ;̂ ;t 
•xpoot «t*ps (3) and (4) to "bo fast enough to play BO part in the 
obiiorvsd kinetiaa* 4t a^l,! pH'a atop (3) l>*oo?o^s rata determining 
du« to tho dacsroaaing ocincxjntr-.iU. n of th^ roaativo spooisia aisd at 

neutral pH» tho final stop (4) vould bo tha rato 
t of tlio oarly «xp-^rij?«ontal work iraa to inveati.^ato

availabl<j dotormining tb« rans« of pH cvor 
oould ^« ; -aed and any oth^r factors pe-tiaant to tlseir 
fo? use in a nox* detailed otudj of tho raaction u^dar oatalyaia
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A Parkin la»r Spaotraoerd waa used *ha» a ccsjplate absorption cairv*
of a fttt$la waa raquirod* IMa io an mrtonatio
a»ta* Mvi»€ * traoa of paroanta^t abaorbanoa in to* **»!* 200 -

111 quantitative paotropitotcraetria aaasuracwntg «»#» nog* 
en a tJnloaia S*F» 300 apeotrophotorae-tor, ^ii» glw« a diz^eot reading 
of the aaapl«*3 optioal dansitj (D) at mxy particular WKml*n®*& in 
the ran/a* 300 - 1000 ntu f&a aakar's claim an aeourscy of jf 2 for 
individual xaadln^* r^i kinatio runs, la which tha lncr«ao* in optical 
dansit/ at a »et vavalength wao r«o©rdad, eloctronic drifts In tha 
apparatua n»re mlflisd«»4 and in any set of mmmxmmn** «tbotanti*ll,y

accuracy wa,a aohievo-. A oopper blo<3fc thermostat waa 
in tb» apparatiiB giving toaporatura oontrol to *, 0»05°C. 

The tara^eraturQ of tha blook waa ohaofead t>afore aaoh aot of 
aaaapuraaotnta* All «®J& in thi» wotioa waa at 25*0 ^ 0»C^°C. 1 cm. 
ailioa oalla with glaaa »topp«ra

t BuTf^r soiutiona of the aoaveKj^rs wtra fflado up 
%idin«r ft oaloulatod ft&imtitsr of acid or alkali to t&a agant 

itaalf , or %gr titrating to a knom pH on tha automatia titrate r (aaa 
atotioiiy paga 46 }« 1%a spectra of tha soaTemgorss and thai^

ad duct a wsrs investigatad on tb« Uniaara and Spaotraoord, 
Proa tbe^o obearvatior.3 ;jui table ^avol»ngth» apd 
chosen for trial kinetio run a,

-Tha ewtfeod uaed tiarou^out for Unlearn kinaUo 
was to allov (2 oo) ma®l»n of tiio soairdngwr buffer aolutiona 
ooopariaon oall and tha reaoticii oall roth oontainin^ th« aajsa asoluii 
to tbajraallj o^uiiibra-te in tho call blooic. T!m reaction was tlisn ini­ 
tiated % tb» addition of a mil tunnti% of ta* aldahyda (0#1 * 0»2 
fawra a oalibratad Itormi^ft^lalooia® %la miaro-^rring®* After 
in the bio ok n»a ... - ^r® ao%i®no«d after 13 - 20 3903, taken 
20 wsoa and Cxcntirruad for about 3 half-livoa, Tne rsastion



oonaidarad complete af ta* 6 half~H*««. *h» withod* of
ocnatant* f*o« tfcw e :

3* fh* normal "infinity raliia" e*thod* 
2. ft* Ooggaiilsaitt ftfttbod,

In oaaaa whara tio^i i?»U^4» n«r0 triad 
ofctainad. Bxae^plaa ef typical f irst-ortl»r rate plots aro givvm 
in thia aaotion*

Bagulta of
out *ith pc-asi"ble

A aoloction of th« raoults ao obtmiaod nill bo given wil^ th« 
of aicb roa^arit la tar in this aet? "felon.

Aa envisa^ftd eftdfe ao«t^ngar waa of use over a 
©f $1* 1%ta limit at low pHa ooxtld ^ ajit^ndad "h^ inor«aaijigr the

of ooansn^er* At theaa pile balow their aoid liait 
lowar obs«rv»d rirst-ordar raid oonatanta than

1,0, if the rat* elation was of tfca fora k» » k + kg* [l! j 
& plct of k^ a&ai»st JH*] tandiad to fall off a* [l*] waa 
bayonet th» limitlnf? pH. jyi extrQiaw aot of valueo are shown i» 
Table 6 illuatratinr: tha pcint*

5.0 0,5

1QQ 8*5 0.75
At i»«3p neutral p!!s curved f ir©t-or.l«r rata plots tmra produo«d dua to 
the final V~ . - : : atop plajia^ a part in tfca o"baorv@d kinetics,
Figuro 6. Curved f i rat-ore® r rat« plota were alao oanaad % 
iona prouuoad during the reaotioa, tha addaot apaoiaa beic^ la as
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F 1 G tIP E 6

First-Order Rate Plot shoving ouxvs. 
Semioarbazid* soavengtr Phosphate oatalyst.

O»6-
[s«Bloarb| • 0.0016

[Phosphate] - 0.021

O-4--

0-2 ••



this cxmld th* naturo of ap«oi*ft

of th» or

prctonaUd than th« 
pra«*nt in tb» 
by wo*k.i fitUtt tfe« 
*xt»nrnl lauffor.

J^rididi<w wan also obtainad that th« final two ftta&t* of tto 
rvaotien »ol*ai»t

i*«* H^HC -i- 9oavon^«r f=^ final adduot 
naat & alnoat to ooi^piation. Baaotion infinite ralu«« z»aaii»ad 
oonatzmt on raiding tha acTvongor oonoantration wiiioh wotild not b« ao 
if ths TO action Kas fax* frow coopl«tion. oosao axagplaa of infinlV 
Taliaaa «x« gtirtn in fata* 7, In any aari«« of *zporls»nta a« for aa 
pooBi"bl« azaotly the «aae asaount of fcrnaldalyd* waa atldod in aarih nm f 
oaall variation a in tb* ol?»rV9d infiniV valua* art» almost oar t airily 
dua- to experiawital •rror« inTolv«d in dolivorins apall snap lea of 
forsald»byd« fro» tha

30*2
60.4
90.6

11
151

0.467
0.490
0,516
0.499
0,465

0»503
0,530
0.467
0.557
0.516

0.527
rf^k £*" ^5 JL
^wMi IrfL^t^L

0.516
0,47^:
0.495

Otbtar oridanoa for of r«aotion and th« validity
of tha r^aotion aoh«fl>d vas that tmd«r ?3Bii table conditions all
triad aeune value for the water rate k
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^ey of Reaon tg»

3.D.E. AffAL&B aemicarbazide hydrochloride 
K - 2.24 x 10"4 (59)

Sketches of the spectra of the pure substance and its 
formaldehyde sQmioarbaaone o.f, 61 are shonn in Figure 7* 1* 
eemicarbasoTiG spectrum ia taken from the final spectrum of a ro act ion 
mixture* Kinetic runs ««re followed either at 230 raji with a fonaaldah^da 
concentration of oa* 5 x 10""^a, or at 245 m*i with |j30Eo] ~ 5 x 10 , 
Unleoe othorwiae stated it may be aaatuaed that the work was at 230 t&tu 
Infinity value a remained constant over several hundred half-livoa«

A series of fairly low oonoentraticn acraioaxb aside runs were 
oarxied out, the hydrogen ion ooisoontrations in the solution bein^ 
oalculatod from the aamicarbaaida pK. ?hoae results are given in 
Table 8 and shown graphically in Figure 8. In t; e final colusu the 
observed first-order rate constants hava been corrected for the 
snail contribution froza semioarbasside catalysis (see later results 
saotion» page 74 ).

TABI^ § 
103 Qki.rtl.

0,57 2,0 6.7 6,6
0,84 4tO 7.7 7.5
0,95 4.9 $.1 7,8
1.38 9*6 9*4 6,8
1.55 10,0 1Q»3 9*6 i
L96 10.0 11.6 11.0 !
2.65 9*7 13*0 12.4 !
3*04 9*7 14.4 13.8 !

* Throughout the rest of this work formulae in brackets denote ! 
tho concentration of acidic or basic specie s giv&n, naraea of 
suT-stance a however include both acidic and basic forms f



Pi.juxa 8

0 - 5*2 x NT3 

» 2.8

am thoo* r*«ults and later vorfc with external buTforc it #aa
that aftaioarfeftftl&a &av* good ronulta as a aoaveagar for tha 

pH *«»#• 2.5 - %5. Its only diaadvanta®* va* that tbo position 
of tfeft WKdoarbaaon* bacd vao ratter low in the ultra-violet rn^. 
Mangr other ooHpoundft «*$• turomatic oca^ounda, absorb atron^ in 
this region of the ag^otnua «fa«j>io« out th« wmaitivity of 

and making n*anu£OBMiiit*

B«I>«H« A: aydroi^Iaalno ajdrochiorido 
K - 1.07 x 1CT6 (62)

hjdroohlorice itself ban virtually no abaci 
la too no«r ulti^w^iolet. A -tra-j of tho adduot apootvua ia ahoim in 
Figure 9* UiOo*« otlMTiiBo »-tata4 o^orintnta vsro followtd at 225 ***
itb initial formaidatyd* ooxioontrationta of oa 2 x lOT^m, All i. 

raluoa romaiaod oonatant ov»r v«rj 10n« porioda. Tbt r« suits of t*o 
oat a of titrate r pE **m« ar» giTan in Tabla 9«

\mw\
4»41 6.06

13,3 6*12 :>hotm graphica
24.1 *•*& in Pigi»« UA.
>6.5 12. 5 Intoroopt • 5.3
48.7 14*C

> QQ
l.MJ 5.^0
2*39 6*55 riottod io figure 11B
5.90 7.BO I»toro«pt m 5.2 x 10*3
6.60 9*16

13.3 11*4
&a* boon oaloulatod from th« Jjydrojqrlaadao

and
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These intercept valuta oerrespond to k., raluta an any contribution
fros hj^Kjflwrj Ion e^tal^als -srill to r£?li£ibl« at th* pHa u**d*
ko ramies or* in good «gvea£aa&t u-xta iraa* out^ufMd for «aiatcarba»id«»

Ifydroagrlaain* bad a uaeful rang* a« & aoavangar from pH 
4*5 - 6*5. Its diaadYa&ta&®a v*a* that tha oxlna band va0 •r«n loimr 
^c»c in - aj.tra-violet 10un tint wiftlo«pba»oi» owad amd ita inton&iiv 
was rather low waking1 swah hl^hor cxsnoentrationa of eoaman^er n*o«aa*ry 
tfear in th& tscimidarbafflda 8^3 ten.

(63)

itaelf absorbs v»iy stronTl^- in the 
a tr^oa of tb* op^ctrura of its cation ia afeoim ia 

10 o,f. 67 f aa ia th* ad duct tand forswd on adding a amall 
of ph«nylhydrasin« hydro ohlori«l« to a lar^o «xe««e of

ab«orption wrtraly raduo«d th« ••nsiti-rily of 
Unioaaif making aoourato readings difficult* Th«r« appaarad to 

oT«rlfti> and toe mail a ohaai?* of iatanaiV in going from the 
original phanylfcardrmsin* to th« bydraa«»t iMttd to prorlda a suitable 

for atudj, !*«« a w«v»lon7tb at which the hydramoaa
atpongl/ ar^ tltft pbanyll^ydraaino little. Phenylhydrazlne 

waa tJKua rajootad as a aoaewigwr for late^ work*
?he result a of aoae of the low oonoantration 

ruaa are ^iv^n in Tahla 10.

IQ3^

1»2 U44
I.8 1.93 5*39
3.9 1*93 5.30
3*9 3.78 5.51
9,7 1.44 5.86

II.0 1.93 5.57
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FIGURE 9

Sketch of the Spectrum of 
Formaldehyde Oxiae.

I

WAVELEUOTH IN nu

1220 230 24 O 250

5+
FIGURE 10

Sketches of speotra of
I. Phenylhydrazine 

II. Formaldehyde hydrazone 
both in aoid solution

22O 26O 3OO 340
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initisa
^^^K_ C C A» \ * C O'Vof a&* ICP'iu 4̂ er r@ milts A that a*> catalytic ©oistrlfctttlon to tht
rate fye« tha prhfit^|||^d3^Biiia itaolf ^ould ba axpaotod at tlta

4ta tba aaooaption of tba laot two raaulte, th,@ 
ion oonoontratioRs aa^loyad ana maoh tliat tit© k- valuaa

aquel to k0*
nn&

Bo tii tfeana aubataaioos ap»«rad to miffar fro» t&a aaia®
OM phan^-lh^draaino* Sosw data on tii« B»E«F« apaotra of 

obtaiaad fr«e a pas*>«r ^r l rouda and Jones (1945)
in Tabla 11 illuatrd^ing tfcia point* & further diaadvanta^ wan tha low 

of thaa* oo^oimds« Ho serious iroxk ima imd»rt«k«n with

Spectra in al ~$

foraalda^da B«IT»P» !.»•!»* itaalf
\ ma 10"*"2 \ 1CT2Mferilk4B» ^i1^ ** C^ v?*,M,'<W> /\ MM «*.<••» A1 **

120 
348 2S30

219
258
350
415

120

$5
145
€0

B*D»!« A- • ' hydraslnc sulphate 
Kg « 1.18 * 10"^ ((?«?> 
^rdzmaiBa itaalf haa little aescrption in ttia 

It reacts idtli fonsa.' 1« to &tre m band starting at about 250 
and shoirin^ no mayiaiuB witliin the Uxiiaass r*n$e, tuns tiaxa f oi i^nad at 
233 %t ^~tfo initial femtaldalxyda oocoaatrationa of uo* 10"^ r«. 
eatijsfactcry results could fea obtal^ad vitJi tMa ooapound ainea tha
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obatrvod inTinit^ valuaa aloirly d*ox**8«d with tlatf 00*32® of the 
ooftplot* adduot cpeotrua shoving this ddorease to occur for the vfccle 
bond. A Mil* a of ''infinity valu*'1 reading* axe ahoim in ?afcle 12.

JIB Kotg* Ctc.ii.<tsr. .25
0*5 0.3^3
6 0*346

18 0.322
24 0. 300
40 0.253

In vi«v of tho abova ooopli cations no $uantitatlv« %ro2k irat 
with this compound, tswt qmUlt«tlT»l^ tb* results imre of th« 

correct ortler of m«^nitudo f «*^« bc'drasina oulph&te solution ?aad« up 
6*20 on tlie titrator, «a«pl«Q run on tho

0.041 5.00
0,081 5.44

a plot 3 taken from th@ firat tiro half«*liTd® of th» reaction, 
thus rd.ni5d.sing the effect of. an/ slow do-^vard drift of th$ 
valua.

B*i)«H«
X » 2.82 x

ioniaaticri oonat.tuit wa& determined by po tsn tic ss trio 
titration o« th» autoaiatio titrator* ?be Introduotioa of tha sulphur 
atom B»ad« tha oo-apottnd ncrs aoidio aa «oula b« «xpeotod from a comparison 
with ether airailar auli)hur oj^f^&n analo0uo@ y me Tabla 13.
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13

s*Bioart}a*i4» 5*65 uraa 0*1
2*55 tkimaroa -0,96

absorbs vary atrongly in th« ultrgfc~viol*t« 
\*aau 235 o»f lo& £ - 4.08. ^ This !aad« Unioam work dlffioult, Imt
It w«« found possible to oa^ry out dxporir^onts at 290 sji with Initial

««4 
for!3ald«V^« oonoantrations of ca, 10 ra ana tbloa«raioartaaid«
oono^ntrations of up to 0*05^* litkls the pn-ransa studied y pH >»5t 
th« final d«b F̂ dration ataf?a of the reaction sab^mo WSMS too slow to lit 
excluded from tho o^oeiTnsd fcin«tica. It pHo l«sn than 3 g&KQrai aoid 
oatal^sia /ould almost ocrtalnly have ;md« ttxls sta^e faat but tlia on get 
of h^-iroj^on ion oatalj'sia in th« formaldehyda d^hydrntlor, reaotlor, would 
&«v* sacie thla reaction too fast to stucty- on tlie Unioara. 
vaa thus rej$st«& aa a aaarsnfdr for future
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little rfork haa b**n und»rtflk«& on 
reactions, previous work 1® r«rrl&i*f»d bslo*/.

j£_ IP

Stevart and JDotmally (1932) oarri«d out a asslas of 
*x$@riz3ftnts on the rat* of dissociation of b«n£Ald*fcQrd» sodium 
Maul phi t®» Th*y found that tb* rat® of this pvoo0e« ohtngtd

ion corso^ntratiorj r© aching a siniisaijs at

of sulphite and M sulphite ior^s
was concluded that th<a Edition 2*0 action
via tfea mlphito ion#

and SfcrmfeoZ

tliat t3io valua of 
Sptoifio roaation 

wftr* avsluated and it
alcK?at

tH«
biaulphito reaction. the following kinetio

-f H

the rat« equations

dt

Thus h*ro a^min

OH

sulpMts Ion th« nsost iraportant specie a

aloo
4- 30

ths equilibrium acnstant of tho reaction 
^^ C^(OK)30* *

imd
of a@c0sip0aiti©n ©f addition

(19'^) s»asw?»d the kinotioa
7h»i* kin«tio
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waa as follows;

/30~ ic ~0 V ./so*
0 * 7-^ C J + E
\ v i/ \

SO*

that th$ rata of daooaposition of the bisulphite ad<*uot f
awall atatior.ar^' value la tb» doubl-, c&mr^ttd ap»ciea (%. *"), is

that the r&acticn prooooda oo^pletel^ throu^
sobesss i^£r b« oat up for th© preaant woxlt«

CHgO

.
4- E

E.O 4 ^
-3

fh» data of 3kral>«uL and :;krabal sn^pis'tod that
oocditiona could b* found tmd^r trlaloh the rate of formation of the 
bigulphita •ddoot ^ould b« fa^t in ^xsmpaariison to tb» rat« of 
of formalde^Td* and tha .TO action w^uld al«o go »la»at to cx>iapletion«

ttM«N&f0*® imd«rtak«B usiH^r aa automatia titrate r to elucidate
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tha scat favourable condition a for furt&ar voxk« 3©m* work on tb» 
oxidatios of sulphite i» a^u*©ua solutions la r« via wed in t&* 
section.

2 30 * + Ou — > 2 iX?/* 3 * 4
The moat important papers on thia i^aotion 
^ Atel (1951 )^t (1955)74 aM (1956)^ B» i&owtd 

the oxidation took plno* ^ a rsu loal rrs^haniocj, fitting into th» 
aputoxidatior,

-fl —— > t <T * X* * 4
A 4 X —— > I4 * A"

For tb$ bisulphit^-isulphit© oxidation ro act lor, tho 
ion r*raa the prerornsd eleotron doncr t /v~, and X represented th«

* » 
Abal trwato^i th« kinotios of the

deriving nn ejqir^s saio^ rolatin£ tfca «fr«ot of ^droi^en ion ooncontration 
to th« rata of sulphite oxidation «

dt - a
catalytic oonata^t % ooritaina all to* f*&« radical ter®» «to«

This oxpr»ac.sion wan shcun to fit the e;^lidr data of '"ullor and Crlat

Cne result of intor^at for the pr^aiant ^»ork was that 
^tuation pi*® diet 9 & ^axiiau^ rate of oxidation at a pE 

to th» pK of sulphite-bi sulphite.
Later noxk 013 the ro motion has b*«n oarrisd out msd

(196l)^i ®»^ (19^3)^» Si« r»«li» ax* ic aood 
of Abel. He llsta oospoumlgt whiah have b«o» ahoim to aot as
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inhibitor o in the reaction 9 the oonoentrationa used fcaifcg in the rang*
*»6 —d 10 - KJ'BU Theaa v»*» aoida, aloohola, aainee, wsidea, aldehydes,

alkaloid si, katotte8» indoles, phonolo, inorgjwiio aniona suoh aa araefiit® f 
antinocite, phosphite and qyanitia, and finally th« aanoniud cation* 

concludes? that 'possibly «angr other classes of organic com;>oun:.3
rablv inhibit the rate of oxidation in very low ooncontration. f 

In contrast , heavy jsttal ions in parta par million oan ba dateotad by
th©ir catalytic effect on the rate of ozldation* 
?hes« specie o irhioh inhiMt»d tUs reaction s<ara tha ty «a of

aisriaa^ad aa oatal/ata for th« formaldohyda da^dration 
re action. Thla obriously au^rod wall for inv^atinationa with sulphite 
aa

and aontrol of $E imr» porforswd with a*jttipmt«t 
by tbd nadioa»ter Coinpaay of Coi^nha^an oonaieting *sa«ntially 

oft
A titrator (trp«
Sjringa Buretto
Titri graph (Syrin^t Burette Eaooi^ar %-pd 3BE2o) 

Tb« titrator aotod aa a direct reading pH-a*ter wMoli could 
ba x«ad to ^ 0.02 units* JCinetio runs 021 tha aulphit« reaction vmr« 
followod at constant pH b^ no ana of thd titrit«rraph and a^rin^ft l/urotte. 
Aoid vaa addad froa tba qyringa fluff ioio»t to kaap tb« reaotant nixtura 
at th« daair»d pEt and tha ^un&tt% addad par unit tia« iras plotted out 
on a ohart V/ th« titrigraph. Th& oki&rt speads %fora checked with a 
^adth^a tiaor atop olook and sbo««d no significant deviations fron tha 
rates spooif iod ^y th« auppliers. flia reaction w%@ oarHod out in a 
doublo-yrall p^rex vaaaal nith a oloao-Hfittin,?? lid* I'hia iras awiixttainad 
at a oonatant tamparatur« tagr pumping water from a thermostat tank through 
tike outer Jaoket. Airther da tail a oonoernii)^ y^a fctMMfely and operation 
of tha automatic titrator uaed in tbia work tiaj be obtained fro a the 
"book t>y Batea (1964)'^ ^titled "Betsrsaination of pi*1 .
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B.D.H. AHAMR soditt* sulphite arrf ratassiuB as 
were used throughout* 

Kt - 1.72 x 1CT2 (80) 
E2 - 6.24 x 10""6

Beoauoe of the tondenoy of sulphite solutions to oxidise all 
solutions were made up with wboiled-<mt" water. Fresh solutions were 

up before eaoh series of runs*
In all exospt the earliest runs the acid used to start 

hydroxide produoed in the reaction v&s tietaoisulphitet stattiir* 
with this had tine adTantage of keeping fcoth the pH and the oonoentration 
of sulphite in tho reaotion nixture constant.
Reaotioisj CEUQ * H^O -f 30^"* ^ GH^fsf •" V>t? * rr

3tatti»€ Solution t

fkis atn(plifi«d the c^serred kinetios sinoe Hie aulphite 
term in 1^ie rate e^ufttiono, waiua van a fairly large tena, vaa kept 
cone twit throufThout any experinent*

The ttfstial renditions for ai^r

7.5 - 8.5 ^ *
•ulphite oouaontration 5 x 10 - 10 ^a ~ 
initial forealdelQrte concentration oa* ? x 10* m«

Ubder thia raa«w of oonditione Skrabal and okrabal'o wcrk predicts 
alaoot oompletc react! r,. Biis was oonfinaed in two irayet 
1* fho ooneutMpticr ef the etatting wetabiesulphit* in any run 
oorr«aipewied alroa* 9^aotl> to the aaount of forraaldahyde added to 
initiate the reaction «
2* l^e "infinity raliaee" in any aeries of experizaenta nere oonatant 
ajM iD&dp^ndent of the aaownt of sulphite added.

4 typioal aet of infinity values are given JU* *&dle 14 aa 

an exaople.
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U 
Itir \3C: *J ,4 of syringe used in stat.

7.92 62 
15*$ 62 pg of »«*>?* • 1.62
23,8 6*0 For further details

38 of tfeaee runs, a** 
5$»5 results section, p, 81

fhe pH "limits** (7,5 - 6,5) ^re defied aa follows t 
vas cnl^ attested at alkaline pHs since the ultra-violet 

techniques appeared to cover t&e aoid p)! ran^ fairly adeq.uatoly. 
Runs in atron -ly aoid laedia -rf«ro in c^j oaao precluded V tha naoesaity 
of keeping the final sta^e of the r«action aobene fast.

IB the alkaline ra»p> the lover linit of pH oa 7*5 vaa 
eat IQT eulphi-te oxidation problems. All sulphite aolutiona 
beoA»d raoro aoidio on standing* Qualitative osp^riraents appeared to 
give results in a^reeaeiit wit& Abel 9 a prediction a l.o. a maximum rate 
of oxidation in the region of the sulphite pE* This rate of oxidation 
was dependent on the oare taken in staking up the "boiled-out" solutions 
and the rate and type of stirring in the reaction vessel. Jeveral 
experiaents were oarria out liu'b^ling nitro^n throti-h the ro action 
mixturaj unfortunately this procedure a&do the titrator*s reading 
sonevhat unstable and so was not oontinued* ?he effect of this slow 
oxidation on the observed readings was to produce Infinity value a 
whiofc w«ro too lov t the hydrogen ion produoed %QT the oxidation

Hie reaction, the rate plots obtained in these experiments 
distinot imrrature, Tlie envisaged difficult tasks of cospletoly

all solution e, exoluding light eto, ^sre found to be unneoessaxy 
as at higher pis oxidatiire problem* beoasw less severe. Thus above 
pH 7,5 Mboildd-out41 solutions of sulphite buffers ressai&ed at constant 
pH for relatively longr periods, 1%e exoollent results obtained using
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the titrator indicated taat within the pH ran^e pacified oxidation 
of the sulphite during an experliMmt *ma ae alow that it in no *ar 
eoflplioated the obaanred kinatica. The ata'biliV of the aalphite 
during a run might *ell bo due to the inhibiting effect of the 
formaldehyde added on the oxidation reaction. The addition of other 
buff era to the et ate®, e.g. phosphate, tellurate etc., in tb© later 
work appeared to ennanoa the sulphlt* ataMliV oonaidorably waking

upper limit of pif B»5 was e»t by the aaipaitwie of 
hydroxide ion oatal/aia in the foroaldalqrdo dehydratica rftaotion? 
reaction beoominf too fast for the titrator* If the titrator lost 
control of a pll-etmt it had little ohsziae of repdnin^ it for a chain 
reaction vaa oat up with the hydraxida ion produoed producing1 aore 
reaction ^hich produoed store hydroxide otc;., eto. A buffer, be it 
the sulphite within It3 buffer m&fe or another specie a, helped to 
the reaotion under control, the buffer ca&aai% darapin^ down snringra in 
pK time eakifiK it easier for the titrator to folio* the re action.

wtlphit» buffor (25 nl) was allowed to tharmally 
equilibrate in thd rs» action ve»ael« fh* titrator waa adjuatad to atat 
at the da sired pi!, la th« oaaa of an accurately aad» up buff or this wm» 
at tha ojuiat pH of the buffer. "*h* roaotion was initiated bgr 
ft aaall aootint (oa 0.5 oo) of forcsald«hyd« solution from an tAglat 
into tli« maotion v«0o®l.

4 aanple titrator trac« i« ahoim on tho naxt pag»« Figtura 12* 
Bo tail a of the buffer concentrations uaad are firen in tha main results 
eeotion, paae 67 . The hoyi^ntal eoale sReaaiaros tim, the gap between 
eaoh vertical line repreaentin^ a 15 @eo. unit. 1*h« vertical soalo givo 
t^« aaount of a tatting noluticn fl4dod| th« aoale denoting peroexttaai of 
tbe *y*i*8* «ddod. Hxaagile® of firat-order ra^e plots obtained are 

Pimre 13. Tiie remits obtained with sulplxite buffer eolutiona are 
in the aain reeulte aeotion v pa^o 81 .
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FIGUPE 13

Sample first order rate plots 
from Titrator.
Sulphite pH - 7.65
For further details see Results
Section, page 81.

Lines have "been ahifted
relative to the y axis
for convenience in plotting
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: \if for solution >
A» has already o*«m t»ntionad tfc* 'rate constant for tfc* 

of formal dahyd* ia of the forat

ejcprsaelon magr be simplified for the specific oa^e of 
<5*talyaiii % a buffer solution oonaioting of a sini?!* »«ak acid HA and 
it» aodiusi BAlt A"" and putting ins

X I

are tha thars»<^najnic ©quilibrius ooitatants and tha
f*s

low

and

• rx

* R+ fOO"

IT*]^"; >>j^ r th« buffer ratio of tka weak,

Thus if a a»ri«s of runs aro carried out at constant icnio 
in ^hioh tba aoid oonaontr^tion ia varied but the buffer ratio

kupt oonatant, on plottiiv^ th« rate oonatafit a^pin&t the acidk\*» 
$o&®*f}trmtion f a. atr&i^iit li»0 with slope k^ ^ ~- and izsteroapt k



should b* obtained | and if a mimbar of auoh oorias are carried out a 
plot of the slopes of tbft®* graphs againat * ahould bo linaar of slop* 
k^. and intercept k^.

fawi tbft polsurographio data in any solution either 
or kfcHj may mak« a atgnlfiount contribution to tfc* observed

not both* Thus in aoid solution:

A plot of th»e« intoroapta against Jjt^J ahould givo a
lino plot of slope k^/f^ and interoopl; ko> tiius to evaluate

on« only n*«ds to know f,.

1*o enable a sufficient rang* of aoid concentration* to 
the ionic utren^th of th© buffer aolutione van kept fixed at 0*2 

th* addition of eoloulat*d osiounta of sodium ohloride.
possible t&» wethoda used in 0valuatin& activity 

eane aa th a« employed by Boll, Rand and
in their work on the catalysed h^dration of aoataldehyda*

f 4«1 Kr for oarboiylic aoid bufferis in wbloh !_H J » 7^- eoae re milt a of
ft "I T l[

Laraaon and Mell (1931) ^av© been used* They at owed that <*— ha« a 
value olo0e to 1*75 for a nuaber of oarboxylic acids in Tarioua chloride
solutions of I m 0*2 and this Y?il\» ha« been ueed throughout thio_

li present «mrk* In buffar solutions of nitre^en bases, where r •
tha oorreapondin^ expression ie LH J » ^—KL , Her® Bell, Hand

*H+ rB
and v>yntte-Jon08 oonaid«r it a food appro^iraation to put tha activity- 
faotor OO.U-JL to unity f m that [l j * Kr*

For inor^iKio spaoioa* wfeioh v»ra not included in tb» 
aootald«lty(i» wosk» ono of tho normal Del^a-tMoJoil aq^ationtt*^ v&as used 
in oraluatin^ l*ydro«»n ion oonoenteationa

ag /I
'« « «Mm

1.5 Si
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Thua for the QQTstems

- log[E*j - PK - log r + Of?1 [a2 - (n + l)2 - l]
1 t 1.5/1

It should bo noted that the titrator roads IK
Hydroxide Ion cofloantrationa wane calculated in tho usual 

way from the expression*

[or]

3 to ok aolutions ware jaade up % w«ight and the atandarii cation 
cheokod by titratlon, T"wo prooeduroa wero folloved in making up reaction

l^i In this the catalysing acid or base was uood irithin
its bulT&r raagQ, a solution of knovni l-uffer ratio "beinjj 
acavans^r was mad.<» up in a solution of exactly tho saas pH f by diluting 
witii a calculated aiaount of acid or alkali* '1^9 pHs of th« two 
solution 3 were cheokod using the titrator as a pH raatsr. Tb.9 titrator 
was standardised with Offers of knoim pH before thao© ia»amir@mont3« 
Known amounts of tho cntalyat a took solution ware added to a fixed 
volu!80 of ttid suav^n^ej: and. the reaction mixture brought to constant 
ionic strength (I « 0*2) by th® addition of a caloulat&d aiaount of salt 
solution.

Tb» obaervoa rate oonstants oontain^d tdrms in 
for faydroaylaHdne hydroohloridd

terms in the aoavungar remained eff actively constant



thrcugtwmt «ngr series of txperloftiitft, and mve usually ttftg&i&ibly Moll 
ooapaxed t* ^- "ttor tenm in to* « %v,t tiotu Ba may O*B* t&oy oould b* 
coasted £TL --ns wilfo *&a m&rm®»r* tlHWMfclwa and subtracted out. 
7h* val, . of k^» k^, fc^ wad k^ ***% obtain** V the ssfttltoda givwa in 
the thaero tioal ®»otio».

r rco0;<ffiBft 2t In t: i,3 .jubst^ooa ,iere used w«ll cnitai'le t'.eir 
buffer rang® 30 that they oould bo treated as boi^ oors3>l«tGly in @i 
thsir ^oidio or basio fora. So^Vdnipr and oatal,y ,jt solutions were made 
up and titrated to appro xismtel^r tho flaaK» f H OR tha titrator. In thssa 
runs the r»t« »xpro£S3ior» , ••<% fox* a biww with a aulphito acaven-^r, 
of the form

_
A value of k^ w^r b» ^ta&iMwl dirveti^ froa a plot of k^ against [lj .

Jij js»at s^ta of rums with bo ̂  proooduros in « toad of Lnc^o-: ' 
tho aatsd^-at ocriiwiatrmUon in auaooasiv« s^p»4Ti»*nt* t an e^porietant at 
omtal-rat »-f2o*ntratlQ:a xaa ^oiloiwwi V «**® •* lo^ ooa«*atrntlon aad that

;3»»-u^ jv^o«tttr*tiQ*i and ao on* -nhus a»y orror intTOdu 
of tha aolutionts wsvs wor^ or lo^» can o« lied out vbon the

lino v&s dram tkroia^i 4ll tte point® es a plot of ofecMirtA r»tn 
a^ainat oatai^st oouoontr&tion.

Be til of iia*«» proaadiuma will bo illustrated, in th* acetic 
moid i a cults, p«§» 57.

TIM following factors ^ra tak«n into aaoouni in tbo 
of oatali ate and tha ocnditione used to stud^' thorns
1. Tu« pK of th* oat^at, 1*ho ran^ suitable for ®tudj vas 

2-9*5* At pl!^ wuLaid* this ran&» thd reaotion was too fast
amd the oatalytio oonatan*.s of sp«oios with pK 2 - 9*5 

oould be studied within t&o pH rani** 2-9.5 w«r« too snail to 
njiiiwran wi th atngr aoouroogr*
2. m* aolubility of to* aatalyat. X«Qr sub«taao»« o*g* 
b^isaoic acids and phonols oould onl/ bo studied in too baaio 
foreu

'



tli* fefttalyst** stability and r« activity witli the
4« Th» position and i»t»Bat% of t&* catalyst's ultraviolet akaorptios
fesa&s*
5* Ionics otrangtk oon aid* rations in mxs& *m$m® liadtod the rang**
eatalyst con eviration a a*railabl* for study*

for dteNt,
If the folloiflu^ conditions n»3» ofeaysd it 

that no 0idA~r*aQtion» ^er« taking place.
1« Cteo^t fir»t-0rd0T xm%t plots » *> f®¥ %^ioal plots obtaii»-d tdttii
tollurate l^uffora ar« s^ wn on pa^ws 85 awt, 86 «
2* Ougsgenfeeis and JUfiiii% vmlue plots giving tha sami a?atiM«oo» «tan •*•«
3* fhe Irfini1$r ralu« rotmiriin^ ocnstant for sauy hair-live o after
oon(plotion of t^» raaotian.
4* 1^« infinity ralu® boing- of Uta exp*et«d ralue in th« li^t of
earlier work.
5* Cbod atrad/iit line plots for (1) obaenred first-order rato
constant a a^ainat aatalyst oono«>ntr£i:ion, (2) slopes of t&»a* plots
against rsoiprocal of buffer ratio*
6. Wo ohan^fc IK pF on wixine the catalyst and aoamanger and
to atafid.

o. « cionoontration of aoldio oonatitu»nt of buffer, jaole/1.
of 

r * l)uff*r ratio aoic / %*m *
oaltgr oouataat,

* coaatants In 1. eaole soc %
acid diaaociation

2* Hoot velooit^- 'oonetanta glv*m aro the man of two dstorstin&tiona* 
3* If BO mfoatfio* io glTea vith dimaooiation oocatonts tlioy h«v« 
taken fro® wBi»£iooiatioii Constanta of ©*$wiio Aolda iu ^uoous 
4, Msltinff-poiftts ^«r« mssj«r»d on a ICoflsr ^blook. Literature 
points h«va bs«B t«fc«n fro» th* "Handbook of ChSHistzy aiid
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r - 1*00 
<*]• 3.06 x 10~5 

J9M*«Nrt>.] - 0*96 x 10~*

8*18 
16*4 
24*5 
32.7 
40*9

5*70 
6*26 
6.80
7.27
7.70

Plotted In 
alope «< 0,0607

14B*

« 5*17 x 10r3

- 1*41 X 10
***

14C* 
0.0927 

- 5.14 x 10"

The x«8iili» for ti» oth«r ttfo bujffor ratios atmlUd 

in t£i« for® wMoh irill be uswd throu^out t&e rsst of this

* - 0.333 
[H+] . 1*02 x

[Seaicarb. » 2*34
O 
5.18

oalo. ; 
alop* * 0.1115

103o, 4.0$
5.68
5.64

8*18
6,17
6*08

12*3
6*51
6*54

16*4
6.97
6.99

20*4
7.52
7.44



first OBservsa vaj.ua («Bc,LeriA«eu} rsprsaente tfa* 
intercept of tfc* *«A vs. kj* £F*j>h. fh» calculated value I* low tbl* is

Ma oaa* « 5*11 x 10""3 other tcr»a
- %11 x 10"3

fit* oth*r oaloulatod raduea «PPO obtained by adding to 
intercept raltw the incramttrstB dua to th© oatalytio •ffeots cf

«p«oi»a pr®«»nt. ?h» k^ and ^ uae>' in thftsa ealsulatione 
fleal raluaa obtained for tfee speoies cocoon-sad*

oalo, » int»a?<i*pt * k, [CH*OCCH] ^ kg [

'f [0,043 x 4.0^] * [0*0224 x 12*3]

In all 0*9* » tha a$r»«H*nt b«tw«en obatrvM and caloulated 
values is

9 * 0*250

aapWi - 1.95 *
0 3*2f 6.^8 ^*8^ 13.2 16*4 
^JA %5t 6*04 6*3f 6*72 ?*37 

* 5*11 %^ 6.CE S.45 6*89 7*32
elope « 0*1339

15 shows * plot of thffi 3lo;.^^ obtained for theao five buffer
ratio • arainat tlie reelpTooal of tfe»ir laiffer ratio a*

0,0234 
m k •» 0*043



tbaa* rune ar* tabulated in an analogous tray to thoee from 
tfca tiltrm-triri«t wrvrte. It** pH giwst is that x*ad off *h» titrate*

vauuas;

klx - k. *
are evaluated for aoetftt* tet not th» otbor "Tarooe^iur* 2" 00 is of runs*
Tbla i« for ti» follovin^ r»«M^attt
1* In aaoor oaa*» th» titrator pF was not aoourat«Xy standaxdiatd 
bofort th« runs. £n error in the obaanrad pH would alt^r all the terms 
except k aagnifyiiiisr tfet error in the oalcttlate<i k'

9 is not a null defined ocnstant, 0e«

- 0,0031 pH
0 40.0 BO.O 120 
^.48 7»33 8,19 9*06 9*®3 

oalo. ^.70 7*3i 8*27 *»1T 10*1 
Plotted in Fi,«ur« 16\. 
alope

- 0*0034 
0
7.39 

oala* 7*lB 
in figure 163.

0.0222

47.3
8.26
8*45

94«5
9.45
9.51

142
10.6
10.6

189
11.6
11.6

kA » 0.043 kg * 0.0234
kB -ralii^ i» obtained ty ayara^tn^ the thr«e kB values. 

With aone of the other buffer ay»tea« the k^ ia ooraiJuted solelv froni the 
titrator runs ae thie appears to be the acre reliable technique.



61

FIGURE 14

Plot of observed first order rate constant k^, 
against oonoentration of aoidio constituent 
of catalyst solution o. for several aoetic aoid 
buffer ratios.

r*o.soo

line shifted relative 
axif by

+ 0.5"

C shifted bv
+ 1 i lO4^ units.



Plot of slope of "OA re k" plot.
against reciprocal of buffer ratio 
for aoetio aoid.

- 0.043
- 0.0234



10- ifilk,

FIGURE I 6

Graphs of Acetate Titrator runs 
first order rate constants against 
conoentration of "basic buffer species,

90 160
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$$
8.3
7.34
7.36

» 7.90
117
7*63
7.65

173
7.88
7.

233
3.06
6.20

kB m

« Q.oaa 
o

oba. 6,86 
oalo. 

0.0040
- 0.0047

50.5
7.10
7.10

101
t.39
7.34

152
7.53
7.37

final 0*116 ,

formic acid

0.0047

r » 2*00

10%- ofes.
oalo.

7.B1

1.09 x 10
0

&tt
6.22

"•«*

4*14
6.33
6.39

8.28
6.00
6.75

12*4
7.16
7.10

16.6
7.42
7*46

20.7
7.S6
7.61

r * 1.00 
- 3.10

0

oalo. 5.67

6.2S.
5.94
6,04

12.4
6.64
6.61

18.6
7*15
t.lf

- 24.9
7.36
7.76

31*1
8.26
S. 34

27*3
8.70
8.91
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09*1 96*9 I£*9 19*5 TT*< *
33*1 31*9 9T*9 09*5 153*3"

9 0

J«5

20^ira jaoaj

* 9i*9 - |>J 
tit* 0 - *

02*9

55*9 01*9 16*5 K*5 12*5 
1*12 €

T0*8 82*1 K*9 ta*5 tt*S It*5
€5*9 08*5 £**5 IS^1?

C*08 2*99 £*tt 1*22 0*IT 0i,
CIDO*0 * [*q4»opsi»£j

•w
9*01 g5*6 lC*g 9t*l
«*0t 09 *£ Ot*i 50*1 56*'

B)tO»0 *

0*ot * *
•cutu

or



0,0058

ob0. 
oalo.
0*022

0,0222

pH » 7*73

7*n
7*71

7.47

8*82
6.83

I*S - 7*59

0.45
a, 51

149 c 
9*70
9*94

120
9*42
9*45

11*1 
11*0

170
10,4
10,4

Final - 0,025t 0.0222,



19*8

t9tlot CHS
jL£*i • B*

o
£300*0

ICIfi*t6

09*9 
16 '9
S*fit

• H*

9900*0

0
6800*0 " 
t9*C • I

912

Ot'l 
90*1

t9t

oo

^9t

9Ct

801

€9*9

29*9

Ot*9

09*1 *

1^00*0

0

91*9 
0

C£00*0 - 

$0*1 • JL



[Sulphite] m 0.0064 pH - 7.80

obo. 7.28
49,3
7.68 8.59

8.51
9*12 
9.13

0.0125

B.D.H. Laboratory 
K . 1.24 x 1CT4

lita^wjt, M.I>. 104.5 - 105.5*- Lit, 104"<

ofc*. 6.75
*****
o.oioo

197
9.74
9.74

iO

1
4i.s
7.20
7.17

PH « 7.75
83.5
7.®
7.59

125
7.98
8.00

167
6*35
8.42

B. i*. !£« 
K - 8.06 x 

» 0.0079

oba. 7.24 
oalo.

- 0.0153

^^H^^S^^^^^B^^^fcJ^^^P

r - 6.30 x io~5
[3ltlpUW) « 0.0019

0 55.3 
oba* 6.23 7*00 

oala. 4.93
« 0.0127

. K.F*

i»

- 103°C

1UP« 121,5 -

pH « 7.71

7.63 
7.^4

166
8.21
8.34

4Q.8
7.71
7.36

81.5
6.59
8.49

132
9.12
9.11

163
9.79
9.73

Ut.

221
9.03
9.04



9*0t

9*Qt £1*6 S6*f 90*9
891 STt ©*f£ 0

6JLOO*0

: nn:

*£ fg*t t€*l *©t*o 
9^*€ 11*6 9t*9 

€91 Oil 
Of*i *

19 *t 69*1
69*$ €1*1, 01*1 ***!«

f'f'V •IMIk'V l^.U'^/' Jfe
Xal <%Jt M fcw V

06*t * ^E TCOO*0
r gg*t »

1920*0 
26*1 f£*l ^0*i
^)*0 8S*l St*l 19*9

0*9t 0

09*1
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74,

*Mv,if , u_* fliTCogisn QQiqpouRaB. 
trt?lTftllild« Hydro ohlo ride. 

B.D.H. A . wimloarbazid* hydi
r - 2.?4 x 10"4 (59)
iavelengih - 245*041 [HCHC] » 5
r * 1.00

[H*]» 2.24 x lo"4
1Q\ 0 15.8 31.5
lO3*^ oba. 5.30 6.50 7.15

oalo. 5.51 6.30 7.29

p « 0.50
[H+]» 1.12 x lo*4

lO3!^ obs« 5. 20 5.59 5.95 6.
oalo. 5.31 5.54 5.^7 6.

r « 0.333
[& J * 7* 5 x 10

10\ 0 9.20 18.4 27.
ICrkj oc. -.'. 3.10 5.76 6.4o 7.

oalo. 5,25 5.77 6.44 7.
k^ • 0.0585t kg m 0.0048

Bfrfo*
B. : *H. Laboratory Rea^ont
K » 2.8 x 10~5 (85)

[Sulpliitdl « 0.0031 pH • 7.94
lO3©^ 0 113 225
10\x obs. 7.68 8.01 8.16 

oalo. 7.91 8.13

[bulphltt] « 0.0032 pH - 7.89
10^ o 50.0 100
lO3!^ oba. 7.33 7-63 7.57

oalo. 7.43 7.53
fc - 0.002

X)OiLlOPld«

x 10*4

47.3 63*0 7S.8
8.34 9.27 10.3
8.29 9.26 10.3

1 2M »»4 49.3
62 7.15 8.06 8.38
54 7.21 7.B8 8.55

6 36.8 46.0
08 7.71 8.45
11 7.78 8.45

150 3
7.^2 7.77
7.63 7.73

L« aaid« ion has such a low oatalytio power that its oatalytic oonataot 
,«n/>t ba fM&3UT«d with any accuracy.
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St Xn0ri»wiio

B.D.I. AHALAR
*2 • 0.0103 (87) 

» 0.0046 pH « 7.70 
0 39.6 79.2 

6*4B 6.72 7.05 
oaio. 6.74 7*00

[Sult'hiteJ » 0.0101 pH « 7.50
loV o 43.1 £6.1 
Krk. oba. 7.92 8.16 8*54

calo. 8.20
^= 0.0066

This value is of limited aoouracv is vi*w of th« low catalytic
cx>nooi3traUons of sulphate afhlch yotild I>Q used w*re» lisdt«d b^ icni

Flue ride.
fluorids B*B.E* Laboratory Bfttt^tt&t extra 
1^ 4 3T «• 6.71 x 10"4

to 
exiont.

0.0046 jit » 7. 
0 

©ba* 8*25

0.004S 
0

eidc.

57.3
9*10
9.26

p!
33.5
7.40
7.36

115
10,1
10.3

r * 7.70
67.0
7.90
7*96

172
11.3
11.3

101
8.45
8.55

229
1^*3
12.3

134
9.U
9.14



0*€T 
t*€t

9*€T

ft!

09*5 
lit

9*tt 
9*tt 
t*t€

9*TT 
I'TT

80t 
i

19*9

0*10

9*01 
9*02

09*5 
fr*OT

T'CI
Ot*8

t*0€ 
08*1

65*1
98*9

©€**

98*9
08*1

€*&
00 *£

l-

CTT'C

0
9tOO*0

0
9€00*0

9i*£ 
0

€100*0

^5*^ 
0

5900*0

x

[jDOW8(£Ho)] [XE]

*H*CI*

1*01 
0*tt

0*01 92*5 
€6*5

36*8
Uto*o

*»*«

0
6010 *o



i*tt 
0*21

tt*9

9*

rtt 
e*tt 
i*ot

9*^I

99*1

c*ot

9*01 
JL*Ot 
6*Ll

16*9

99*1

S'll

U*9

*8
o

0

ttO*0 -

*0 - TCO'O »
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B.B.H. fljr/.iAB sodium arwnat*

[3«ftioarb.j

oba. 
oalo.

ob*. 
oalo. 

kA - 0.079

[SulphiW i

oba. 
oalo.

oalo. 
0.293

• 5.62 x
• 1.70 x
• 2.95 *

0.0101
0

5.95

0.0051
0

5.34

U0030
0

6.72

1.0048
0

£.74

10~3
10~7

lo-1*

PH
11.3
6.S6
6.83

pH
12.6
6.43
6.35

pH
4.^
7.83
e.oi

pH

3.70
9.9©
9.B3

- 4.00
22.7
7.53
7.74

m 4.50

25.5
7.29
7.36

- 7*90
8.80
9.29
9.30

» 8.04
,7.40
10.7
10.9

(91)

243*t
34.0
8.64
8.64

24 5 m^
38.3
6.40
8.36

13.2
10.5
10.6

11.1
12.0
12.0

45.3
9.60
9.53

51.0
9.60
9.37

17.*
12.1
11.9

14.8
12.6
13.1
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82.

poor agr**!Mmt b*t***n the ob0*nr»d int«roopt values and the 
calculated valuoo is probably du« to tfa* additive effect of orrors 
introauood (1) in the extrapolation of th® observed intercept valuas 
and (2) b^- ths kc}r. value teed in th« calculation, so* pag* 88 • 
1"h« other ol'sorr«d and. oAXoolatod valuae sli^w good internal oonaistency.

B.in.H. ASHLAR aono- 

*2 « 6.2 * 1CT8
K3 - 2 at 1

(swdcarb*] « 0.006s 
103oA 0 
103k1 o%», 5.95

oalo*

Isemioarb,] - 0.0103 
103oA 0
ICrk- obs* $.86

oala.

r * 10.0
Ij^U 2.14 x

[B^drojylaadae] - 0,
103o. 0
ICrfc^ obs. 5.60

oalo* 5.82

r * 5.00
[H*]- 1*07 *

<r**
p

S*80 
6*84
6*73

P
a.ao
6*53
6*64

ICT*

0303
8.90
6.88
6*90

10"^

and disodiua 1

H • 4.00 
17.6 
7.53
7.50

H * 4*50 
17.6
7.42
7.41

17.8
7.68
8*00

agrdro#*tt phosphates

245sHi 
26*4 
8*37
8.28

26.4
8*25
8*19

26.7
B.75
9.09

35*2 
9.15
9.05

35.2
8.60
8.96

B5.6
9.B3

10,2

[i^ydroaylaaiiis 1 «• 0*0223
103o, 0

*. v nntt. T«TA 1O^C« vw». J»Jj
•^oalo* 5.68

7.23 
6.53
6.73

14.5
7.59
7.93

21.7

9.15

28*9
9.86 

10.3
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r - 0,169 
[plT] - 5.13 x 10~7 

[Sulphite] - 0.0033
0 7,9* 

obs. 6,16 8.93 
ealo. 6.39 9.38

r « O.C'".
« 10.0 x lO"*7
- 0.0056

0 3.09
7*35 S«59
7.89 6.58

103o

obs. 
ealo.

pH ealo. - 7*57
pH oba, - 7.58

16.0 23.9
12.0 15*3
12,6 15*8

pH calc. * 7*^6
pH oba. * 7

6.17 9.25
9.96 11*0
9.60 11*0

31.9
19.0
19.0

12.3
12.2
12.3

15.4
13.7
13.5

- 0.068,



at*

B.
F^
Kg

[^micarb;
10*°A

10\j oba.
oala*

[^oicarb.j
lO^o

ICri^ oba.
oalo.

kA - 0,030

r
[P^"*l

[ittlpbite] •
103c4
10\- oba.

eftlo.

y -
[o*1,

[Sulphite]
lcPoA
10\- ot>».

oalo.
lu » 0.45

D.H. A1T4UR tellturi
. 2.0 x
« 1.1 x

« o. r:
0

5.76

- 0.0162
0

5.39

- 0.826
- 6.05 x
0.0026

0
6.20
6.61

m 0.500

« 10.0 x
. 0.0053

o»
8.01
7.77

ICT8
10-11

fB
36.0
6.90
6.S4

pi
39. 3*
6.57
6.57

10~?

2.16
7.34
7.44

10~7

1.7^

9.93
9.60

Lo aoid.

(93)

• 4.30
72*0
T.97
7.92

- 4.50
73.5*

7*43
I.T5

pH *»io. -
98 oba. -

4.31
8.45
8.68

pH oalo. m
pH oba. *

3.44
11.8
11.2

245fl^
108
9.21
9.00

24***
118
9.02
S.93

7.64
7.60

6.47
9.72
9.92

7.86
7.90

5.16
13.0
12.8

144
10.1
10.1

157*
9.96

10.1

8.62
10.7
11.2

6,88*
U.9
14.4

* The fir9t~oTd*r rat« plots ua*d in obtaining thoso ralu«s are 
shown in ^i'-ur«8 17 Mid IS. ?h»se plots are Vpioal «xamplos of tho 

of plot obtained throug&cut this
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p i ft II P E 17

First-Order Rate Plots for Tellurate 
r _ 0.50 Titrator Runs

0-8

O6-

O-4-

0-2-

103C A = 6-88 

«03kN

lQq.,n[X--Xt]

Lines have tie en 
shifted relative to the 
y axis for convenience 
in plotting

T m E IN

20 80 I4O 2OO
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FIGURE Ifl

First-Order Rate Plots for Tellurate. 
pH 4*50 scavenger Semioarbazide.

If

04

94

74

64

6-57

Lines have been 
shifted relative to the 
y axis for convenience 
in plotting.

TIME IN SECS

80 140 2OO 26O 320



at,

B.D.H, AJTAUS berio aoid.
"40• 6.2 x 10 

X2 « 1.8 x
[3e»io*rb.J m 0.0094 
103c 0 

oba. 5.95 
oalo.

3a«ioejrb*] - 0*0162
0

oba. 5.39 
oalo.

kA - 0*0048

?hia valua ia of lladtod

103o
A

(94)

pH • 4*00
U8 237
6*62 7*20
6*52 7*09

pH - 4.30 
122 244 
5.90 6.53 
5.96 £.57

245ran
355
7.82
7.65

245«p 
367
6.96
7.15

du« to uncertainties regarding the
apeoiea present in the oonoantratsd solution required to obtain a 

effect*

r »

[sulphite] -
IcPo^
ItfTc. oba*

oalo.

r »
[<O-

r9HlpkiteJ *
10?°A
lOTu oba*

oalo.

10.0 
1.61 x 1
0.0023

0
7. 67
8.23

4.45
3.62 x 1
0*0020

0
11.2
11.4

CT«

5.75
9.50
9.65

Q*6

3.00
13.2
13*3

pH oalo*
pH oba.

11.5
11.5
11.4

pH oalo*
pH oba.

6.00
15.0
15.4

. 8*07
» 8.09

17.3
13.4
13.2

- 8.42
- 8.44

9.00
17.6
17.5

23.0
15.2
15.0

ti

12.0
19.5
19.5

lO-
ob».

2.77
5*61 x 10*"6
0.0015
0 8.88

15*5 IB. 6 
147? 18.7

pH oalo. 
oba. 
5.76

21.2
21.8

8*63 
8.63 

8.64
24.2
25.0



$8.

1« ^alu'itlcn of k _____ o
k K •"• s, th-o intareapta of

plots of *a% c- mlrat c* hava th* valuai

from aootio aoid, triiacth^laostlc aoid arid 
hydro chlorida art offeotiiral/ k values aa voi^- little

cat&lvtic ocntril<uticn would ba ex^aetad fxoa hydro^n Ion at iha 
ua»d, Thasaa ititairoapia vhcn oollaotad and airara^ad gives

ke « 5.1, at 10""3 aao"1 
All raluaa acrara^ad «-«ro within ^ 2." of thia s»au iralua*

wats ©imlwatad fro« ayatawa la utiiah bydzo^an Ion 
vas important* IB Pigttra 19 the intaroapts frora 

aoid, fcrrdo aold and aasuoarljftzida fc^dxoohlorldo ar« g9a^»d out 
a^aiiiat tho corresponding h r̂dro^n ion conoontraUonej tha alopa 
tho k-f value:

oatalytio agratam atudiacl in whioli oatal^ais from 
OH** nakos & roe,.,^ jsif^lfioiuit contributioK to thd obaer^d mta la 
be r a to. In cthor a^ataaa tba fe^'droxide contribution la sr^kll and of tho 
a«fi)a o^er -f eia^ltuda as tha sulphite value isakiag an axaot 
of ^*a «..t;wn»tloji ulffloalt. 2Ji Hfaa?« 20 tha txjj^ta-twffaa 
siinus tl-.vir oulphite ion ooxitributl&iia are ^ra^&iad out arainst tha 
calculate* fcydreadda icn oonoontrationa* H*aaa interocpta hasr®

K f
t — •£ —»- — V 4*ctr K r • f - o

&o « 1620 l
ia probably not a Tery aoour^ta value but ia alaoat 

of tho ri^nt order of niagnltude. 1%n oaloulatod 
would miggast that thia value ia aofaantiat too high.



FIGURE 19 

Evaluation of k

J-O——LNTERrFPT

6 •
•CICH COOH 

OHCOOH

xsemicarb.

8

F I G U R E 2 Q

Evaluation of k^.-.. from th«
Un

"borate "buffer intercepts

13 |Q INTERCEPT

II-

9

12



th« ootx*a» of tkiw prooaat woifc «oa» 
was jmbliahed i» Ooaptoa H«ndu« ^ Hoiiaff (19&3)

dotatla v»*o *lir«n in th« papor, Iwt alaost oortainly ho 
**»& -feoo^fliquftv id*ntio%l ir.> t^ow alr«»^y d^iwri'bed In this nozk* His 

given for 20^% f^r«i 
.<? * 4.5 x

* 2.0

mist aaauao that tlMi«fli re suit 3 aur« at approjcis»at«l^ 2»ro ionio 
p^«r giving no guid«co« on ihi« point* 
also i?«r» on aotiraticm onargy for ^» xnsoatalysad

of 14*6 koal* If this ralu^ is uaad to oorreot H«n*ff»8 k vsau« to
o 25

work froa tha ®aurl:
with th* ralu« obtained is 

oon centra tier, runs: 
• 5,3 x

The discrepaziGy of oa» 25, tho two reaulta to

l) 3 wall inaoc^raoios in th« t«ap«ratur« oontarol in Isoth aets ©f
B-? •-'• '• coRtritsut* fta •nor* 

t) aotiration 
ori . ' pap 
ol-tain it i« 
thie aotiration 

20°C and 1°C

tsy Boitaff d^ht T-a in»acmrato* In 
tto indication of th» tdaporatui^ rang* ewplcyod to

jf\*JIT *
n. In a private ooaERmication Hennff «tat«a that 

va« •valxiatod from two aete of «oa»ur0i»srits 
dro^lasdfio at pH 4*?* 

3) Henaff found that ojqpoiriaMmts with hydrox^lmain© , «ie udoarbaside oto* 
gwve firat-ordor rato oonatants about 6 f low«r then tfeoao obtained 
from tho aulphito reaction* Ho attributed tbfa to iitvolvwBant of 
th« final do^fdration stop of the roadtion scheme, T"hia «igt,t >«sll 
bo 00 y at aofflo pHa, but the pro son t work haa «ibonn that oT«r a 
fairly largo rang* of pH tii» ultWMriolot ©oat^n^rs T!VB Id no tic



ro,::ulta ind*iM»n<i*nt of tUa final ataga* iwd In the pH *w*g» u«ad 

V Baaaff (pw 2 - 9)** b» wtild hsrft fmawl eonditioaa ia which tfa* 
final atap ««• fast in ooismwison to ti>* for*aldafayd« dehydration atap» 
A taor* pjpofcaola raason for hia rwn-agrastiant omalA t» & failur« to alloir 

cwtaiytio ocn^iticnsi fj^ii tfco 9Otrr*n&r* thomselvas. la Ma
^ 00ao*Btratio»« of t^

- 45 *
<M»«sai»i«5Etlon he 

usad nat

to tfc* o^awrrod rate «miia 1* expected fi^n oatalyais by 
th*aa«lvoD. It ia thud not s«3?pj?iate® tfeat

«r« aossw^hat hig^ar than tiioaa ebt«im4 in

point of intaveat in toi Fr«noh waufe was that 1** 
a tfc*0**tioia **&& i for the rata of ailpklta a?aaotion« 

tl&a oahanat

H-CfCH) HC3C 0- CH--30
«

he

imta of

.jolt*
l&ua i 
t«rs» li

^
* ^^^ of 1,3 x 10"^ molo 

c-, ,ia ua«d ia this pro swat *»xfc tto 
amall and tha equation:

rata

wara
rasult» ci poxjuppgggipnaife tfori: on tkia ire act! en 

in Tail* 3» paga 6* B»a final two linaa of txiis taal« ara



•»*•

1.5 * 10"6
1.3 x 10~5 1.3 x 10~3 0.57 

All at

fh* wo at accurate valu* df K* appsarss tc b« that obtained
!••. Kd « 4.37 x K2T4 at 2d°c« Biis, tfa® obtained 

polarc^raphioally using short triangular pula@«t thus minimising- furthar 
fonaaldwhj'dc tc/drate dia»ooi*tion. It alao M^MI rea^nabl* In that it 
Is faid-^ray t*twa«m tho t*/o extyeao apectrophotosietriG valud*. If this 
C^ ralu« is put into tli* polaro&?aphi0 data th* romilta in ?abl« 15 
obtained.

1<T*
3.0 x 10*"2 3.0 1300 Jrdioka 
4.5 * lo"3 - 770 Iftnaff 
3.3 at 10*"3 2.0 1060 Author

f&» «athor*s oatal^tio constant a havs b««n oorraot^d with 
actiratien sii«r^. This aotiration ^ner^- was obtained for tha water 
rate, but in ap,^in??at to the other oonstanta no substantial

likely to
4part froa tfe« kQ ralu* of Brdicka the soaven^r emd

polarographic re suit 3 ais in g^od a^ra«e»nt* 1*hi& anomalous k^ value
du* to errora in extrapolation. In tho buffer Tolutions ua*d th« 

contribution wae only a saall proportion of tho cbaarrod
thus aakinc* an aociuratd deterninatio^ of kQ difficult. anquiftt'o k
vslxis ^aa obtained from a aorios of low ooncertration phosphate buffers 
ast.de up to i> 7. osw other re rail t a of Lanquiat'a, Table 16, also show 
rsaaonabls



TJLBLS 16

o.oim tajCo. $ 9.54 0.069 0*046
10.44 0.41 0,31
10.8S 0,64 0.05

value of k,r w used in svalufttijif &, ea!0 was*->"U » X

estimated fro* the Bronsted plot Figure 21 pa-*© 97 » It was
oorveoted to 20C mlth W®Kaff*0 aotlvEtitm

tha Zi^ht of th@ ^rea^nt ^ork it is
that many other reactions of *ld*hydo and kctono* nill 

via tLo frea aarbci^rl -roup, Sosse other reaoUona in ^hioh rate*
aldohyd* dab^drations aii^i 1» enoount^red ar«

1. Cyaaokydrln fcrtmtioru no Icindtio expari^nts »lth• ••- 
hav* t^en iuid®rtak.«» so far. -^ork *-ith aoetaldeliydc^ shows th«
reaction to ba raeohaiiistioally v«ry similar to aemioarbasone 
formation etc.

2. Borokrdridii reduotlor^ w
: T - 1 - \ . x /«

£ m Q + I.B v — C v 4 ' N

Brr ,m and Tchikawa (195?) fonad a good linear 
relationship botw««n tlie equilibrium constant a for th* di»scci--»;ir; r 
of qyajQc^driue and tfeft rat* constants for tfe* roaotiono of 
cy clansman vltii aodiua bo ro bedrid*, 'Hais i» obvious!/ attributatlo 
to the sitailarit;/ of the two reactions. It ^ould I* T»ry 
in tore stiii^ if a future wrker coxtld inrastigate tlia 1/cro hydride 
reduction of ae&t hydratod carboi^rl ooispo-undg. 

3* -''iaedeaa* Ita reaction with formal do i r̂d* was ijavostipitod Tsgr 
Siwwaoer and Henshall (1955) * ^9 pl!-rat« profile was ahoim to 
be vory eirilar to that for o«BBioarbasid« formation. Undor 
conditions usftd the forn&lde^"^» dehydration was fast in 
to the diK»t!oae re action,



94*

4* A«U»at Many wopkcra** have iareatlimteA thoir reaction4^pWflMMMW|MWMh ^^^r

with forsaaUelijra*, . • . . • - . .; for both poaolttU 
alow in >3octparison n

to thin jQia^un^.* ^h© r^ic^iw- ^ ' r@ ooraplioat«d 
|K>®ai"biliti«s for fiurtfcuur reaction*

Oatalytic oonstanta*
Th» oatal;/ tia constants ^.Ten in the romilts noation am 

ooll«otod in the following table o. Tarious t^pftt of Bpon»t»d plot 
obtained fro» thoa &2* sSiown ia Ftgnxt»A 21-26.

At
acidat

isli Jt_
0*11(5 O.CX347

foi-aio 1.7T x 10T4 0*OT$ 0.0134
aoetio l»T3 x 10 Ot043 0,0224
*riwi«sgriafi»tio 8*91 x iO*^ 0.025 0.0222

For theae oompounda • « 1, « 2



on 4.V

aaliagrlio

o-toluio
O-HM tho^ ban so i a

oxalic (K2 ) 
ph«aylao«ti 
p-tolulo

Per 1, $ * 4f for f>

A phenol on titrator

pwataohlorophanol 
- It « U

5»5 x 10

1,05 x
6.75x
3.61 x
1*46 x
1.24 x
6.06 *
6,30x
5.41 x
4.8£ x
4.24x
3.65 x

10 J
10-*
1Q""4
1Q-4
10-*
1Q-5
io~5
10^
10-5

cio-5
10-5

0,0052
o.oor>7
0.0068
0,0125
0.0100
0.01^3
0,0127
0.0261
0.0154
0.0152
0,0167

2*

k. 

0.0219

litvogezt oo.-apound«
•old

Mad o&rb&sid*V^^WHP ^i**BP»>» *^^>P^»-«»*^^^

hydraaoio
p^rrindiniusi
hydroiylaggionitm

p
1
1
1
1

H
«M»

1

2
1
1

It

2,24 x 10"4
2.8 x ID*5
6,0 x 10-6
1.07 x 10""*

k* k.
0,0585 0,0048

(0.002)
0.0149

0.0195 0.0316
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roia
solvents, an 
Hfcia
my baat, 
ix^nrfeaat1*, 1%is 
Brbnsted plot,

^ and OH".

tno olasaes9 those whioh ws*a »s«o«latsd» and 

thoae wfcioh ware fr*»» If the oono»uti\.Ucn of the latter was [H^O J 

than the pro-Vaot f* [HgO*] would be BOOM suitable for tho strength of

and fr**ainir point data for -^ator in various 
figure of 0.1 was aug®»»t«d for this product*

a*av«? th« H trW aoid rtr«n«rth of H^O* 
ba ra carded aa tha lo^sr Unit of this MiaioaiaUe 

of diasooiation oonata&ta Is shown on tb« 
26 f which has ba*n extwidad to <xnrar oatal: sis

The Sronated Pflojf*
'?he formaldehyde dehydration reaction Kives ^ood acidio 

and basic l;ronated plots orer large f£ ranges* Water falls near the 

line ao that no differentiation between it noting as either a base or 

an aoid, or both§ omn be made* *?he plots will be discussed in relation 

to the following headingsi 
1, ^naral ran^o of validity of the Bronsted relationships*

3* Charge affeots.
4. Gtatistieal faators*

6.
7*

/roa the plots* 
Joctpariaon with (&) other organio oarbongrl hydration reaations

Cordas and Janoks' 5^ work*
41of ^harsm and Deuok.<ert0 oarbon dioxide

Studies

f

Tha cririool atafUaent of Epoa»t»d rsXaUono mm that



104,

i a sad 6 uere oo&stsnts for a sisdlar serlos of catalysts (sea
i.J •

11 >. "^« -perattve wrdt IB this *^~«wlati«n is "sijdlar", 
rojrfc s&oir* tfeat for tae formlcuiijgrde decoration re&otlcn 
n oovers oatalysrta of s^roral difforont types; «T«n oo«s«>\md«

diff®r©nt typee of atom bonddd to tha ^T*tf?n i t«0 H*«Hf 0-fl 

•ad E-?f «hov only aroall ioviationc front th« a»an JL^J@^« %arl from 
the oxiaaa, e«sol» and ni troparaf f ins which prewrit notabla exceptions, 
Hals $»Baral vali<Uty of th* Bronat«d r«latl^rn in «^alV apparent in 
th* othsr or,^anio o«rt>onyl hydration r«aotior,a a*aul*d* ^i^m ouunratur© 
p«r«lttin^9 thia gtnftvml applioabiliV of the expression 3 to a irld« 
variety of «p«ci«a «,^« oarfeoxylio aoids, inorgania aoidtt, a»in*3, otc, , 
is fo\»d la many inactions* Th* only aystea atudied 90 far will oh shows 
largo deviation 3 with a vide TSD^I of ooapounde i^» the aarbon dioxide 
hydration r»;iotion. In other reactions lar^e deriationo froa the 
illations are rcrj satoh the exooptlon. Thia la fairly surprising ,rhen 
one eots alders that the Bronattd rclationahipa are alaoat entirely 
empirical **** *^.r-. in 2:1 gen »s tona» saw only M orud>e first approximations". 
3*ae of ta<i ocr® n*o«at general aaid-baiw oAtalyois studios are 
tabulated out "bo low showing the eaallasag of deviations aed the TO^ good 
general applicability of the Brbnsted rolationshipa*

101? aoid-oatal78»d b/drogon exohan^e la 
V^nsene-2-t. Their rs emits ars listed be loir t a * 0.52.

* 0.03
* 0.20

acooR -» 0.15
^ + 0.11

4 0.03
* 0.40
* 0*23



105.

and JyaoaT f J_* baas-catalyaed broeination of othyl 
ni tnc aca tate .
p - 0.66, 6 aarbo^late unions, pjridir, -tr ^ -pioolino obey A 
B*bn«ted relationship to within log. deviation £ 0.2.
Jenoke i»d Caryiuolo fl^6|} ; 'bawH-oatalyatd IgrdnoiareiB of ethyl 
diohloroaoatate. p « 0,47, H«0, 1SOQ*% CH*COO*f psrHditsOf «uooinato, 

f HFC^* and i«ddaaol« girw a good plot, 
Wo ntatinticol factors wra ua»d* Anilin« th« only other

atudi*a ahcva a orvlationd1 - 0.5*
104

BDC1 + Cl"* ^ H P - 0.54, CHjClCOO'f 1COO*»

30-*, CHOl^COO^t EPO-* «nd K^O ob«y a ain^l* rolationaiiip to within 
lo> i 0,2.

oitrratmy: ^ ^ foramldttljQrdo do^dratiow ^action give a a good
Broaatad plot on&r "too lax^»w a pK ra»®t| it falls in lii^ta 1 a

2 (0«ie pa^» 13). HM otfe»r r»Rotlona in ti^is ^roup are th« l^dratior, 
of acetaldalsjdo and a-diohloxoaoetoia* and the M^tarotatioii of gluooaa. 
Tb« position of krsg- OD th» baao-cataVaod "Brbnet^d plot is specially 
si gni flaunt for if curra^uro oooure thia ahould fall well balow tb* 
calculated value . Th« only oaat before the proaent ^ork vhere thi» was 
not ao «ra« in tha baoo-oatal/sod mitarotatioc of gluoo»e t »oe Paldo 17,

oalo.

' n of I^OTJaaldehyA* 1,6 x 103 2,2 x 10 *
Itttarotation of Oluoowi10^ 3.8 x 10^ 7,4 x 1<3?
^, Dooo^oaition of ^i*v*Kl&i® 1.0 at 106 1.0 ae 10?
Indication of Aodtwio1^ 1.5 x 101 5.2 x 1C*

* fhi« value x» taken from plot with etatiotioal factors,
7h* explanation of the "etrnd-htneae" of the speoial 

BroKstad plots probably lies in their invclvenont of the solvent in th» 
state* aee aeokaniwa pa^» 120 . !$& reaction



proposed for the oubenyl hydration reactions involve a fomal 
terfiolesttl^tr ete^e. This f»irl" wflwli*«ited transition etate requiring 
orientation of three »pvv±w sa*aEK ; ciffusloo oonditlone 
axe never approached w ? elope o l maintains a
constant v&lxid.

3* "-fi9rm..<fpp£$fa* Th« results of the early general acid-ban© oat si 
showed! a nArked dep&ndejsee o» the ohmrfe carried V the

"1 fV"t
c:. i for the deoenpeel tiers of ci tramid* ^ axe

below
-arlth 10" *

baeeei « 1,70 £ 10*
0.75

Bases irith two poaltive ohargesi » 7.6 x 10"
0.82

These ejnd meny other earl/ results wire in aocsord with tha
44of the Pedersen charge ^7

?he formaldehyde de^dratloa reaction appears to be fairly
to charge effeate* 1%e eaall deviatione which oould 

oonoeirabl/ ^e attributed to oharge effecte are tanfortunatelj not in 
agreement with the Padersan charts rulos. 13 In baalc oatal^sis, 
p « 0.- .. Thus it is A i -,ult igretem to ola^sif^ since it falls on 
P«d-e ' border-line. Hiie border-line le defined b;/ tho phrar^i
• if p ia au/fioiontly lar^e and always if p > &'* If p is taken as
•aall the >ohaviour of the imoharged nitrogen boees relative to 
aaid anions oan be attributed to a 'Pederson 1 charge ©ffoot. 1%ia

oan hardly be counted a smtiefaatory application of the 
Wo other data on ohar$e eff@ota IB baao-catalyced

available for oo^arleon.
aoid eataS^reiSf « * 0.23. Here in appl^in^r tho 

rules ^ jaust ctvicuftly be taken a« email. a high value a of



* ««4 HjjJiaO^ and th* aUsfctly low raluea of tt*
positively charged nitsogen ooapoundo are definitely against the 
predictions of the oharfi rules*

This ineenaitivity to ohar^e effeots was alao ehcwrj in the 
wsfc «f iv 11, Band ant WjrnRs-Jrofiae*' pr the liydrmtiei* of agetaldeigr&u 

Ibair aoidio BrSnated pic v iniua ions and carbox^lio aoido 

falling on the aaae line* ' ah&rge effeote IB equally 
recant «aaeral aoi^- -~ .... ..Oyaia s , #• tabulated on

104* ami in the aealoarfcaAGne formation w>»fc of Coxdea and 
aee pa^e 117.

4. iaauL Factors* In 'M -^r^j 21 * 26 Bitnated plots axe 
. ..out statiatioal faotona ir . v-^. :r tlie T3.a®io

plot little laarproTegier.t in the 30 utter 10 produced by the introduction 
of thece fftctors. Soir« juetifioatior for atatiatloal factor* aa§ t>a 
fotnui in the position of peistaohloropfeBaiiolj it» position relati*^ to 
tht oar oiylio acids being definitely iopxorett %«r tha inclusion of a 
atatistical correction, Ozalate in ifhioh the t%rc ^rotjpe are fairly

otaricualy justif i«a at least half of its factor of ^ * 4. 
alope of tha tiaaio plot is eli^xtly ateeper iti the plot ¥ith no 

atatiatioal oorrootiono.
. 0.40 *ith Btatiotioal factors irsoludsd. 
• Q»45 without*

This ia <&* to the hifiher pK inorgaoio apeoiaa hanrixtf the 
atatietioal ooyreotiona e»g« telluric acid £ * 6» ^ » X§ 

aulphite c * 1> & * 3 MI againet the oatfboagriio acids ^ * 1, a^ « 2» 
C?ne point of Irstoroat is that the V^. value falls such nearer the Him 

tba plot without otatiatioal faotora, aee Figure 26 . Tbo noi^io 
plot is ali^itly iapxcnrad Iqr the inoluaion of statiatioal

factors, the inorganic specie a grouping ^li.fh^Ly nearer t]ie line*
A'S 

The uae of Benaottf a atatiatiaal factors ^ nrmld make little
to the plot* as in nearlT «w?y oaw ^i«gr «*• identical wltli 

H olassioalM atatistical fautc-ru UBK.^, Bse main oonoluaion fro® the
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In that the errors intzxxiuQdd V *&* oml salon of 
factors ax* ataall ia ooqpariMB to ths deviations

statistical
appaars A ooiu. . . ,_ .ia& several distinct . . nal

of f Q . o Ltg : '"Has existence of atari a effects In the 
roaotion is not wsy ^^ Atflii»d» PonsilfeXe stsria •ffs 

are of ttmna trp*»*
^ds bio via? off lines of Appro acr • 

foansation of the transiticis state difficult* This 
for -tfe« low oatal^'tie oonatant of e~fdaolim as oosspared to 
in ti» iaydration of aoetftldsisyd**1''

lltt lov Talue for trip>sti$ lacet&t* sdgtt bi due to this 
of stsric hindr«no«» A direst asasurs of thft felfttiklttff sffaot of 

-&-vU<vj. ,^xcup ia givsa by a cQ^iO-iaori of the proton i^oospos 
re ^ -n rat^s of aoetic and triiSQtb^laootio a&ida* 1ti»m

TOobaet _„,.._ "Hr Albaiy «ad Bsll (1^61) » fbsir valuoa are sh^vm in

*
fe^ ,^--- L

a«»tio acid 9.1 « 10? 5*2 x 1010
acid 1*42 x 105 1*53 at 1010

typ« of prcton jttrap roacticn is boneiNiv not quit* 
o*qparablo to the pr«s^nt oa«»« ^ arstuaout basad on lin«» of approach 
is at l*a, t partiali/ l^ralidatsd lg tha aolrant oags sff^»t* This 
prebal^lr ^saas t&at or. as ths ?aolQoul0e pit together they stay 
for -.ci.-A^-^rabl* psriods oollidine asimral tistos until th«gr 

the correct orientation for raaotion*
Otllsa «HM£ Wllsr (1949)

i» «h«ir writ o» tl»» iuklo^sttation of kstc^KWis and »aUrs, abowd that
tb* proximity of tio larg« groups eould giv» j^sitivs deviaUons*
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lot**; of tha trim ad ti or, atato as 1&ft swactaH't

vbaa
•tftbil. ., tw»«i 
Van dor tfaala forooa
•ftidl^ mooount for 
r«latioisa f lait could

u a would toad to

th* grc-->,. 
of tha

o 
tlona f

B«for« dlaaissdr>§ ila» «or« no tell, ; a-riaUons from 
plots it must bo stated that tfe*re is rar«ly ft ai^la aatpla 

for any deviation. 0*0 u^ or_w to Qos^aro tfe« afficie»Ggr of ft 0ataLw 
in a^rsrml similar x«aa%ioBs to be oonvirjo^d of this* fit* ra&doia 
o»oim«no4» of th«a» omall deviation* im net aurprloin^ in view of the 
considerable mmb0r of factors upon vhiah oatml^st «ffioi®nqy
(») th* ©quillbriua constant for tli* forma UOR of the 
oo^lox bot%^®» the ostaljat and fim^9tx«to y (b) tho aaewii of polarisation 
of ths carbonjl ,'^roup by tha catalyst ^rhioh faoilitatdB ftttaak \& the 
mioleophilio »oa/»ntf (e) the rata of ^»otoB twmsfor bo-tnoon the 
and auostrftto* ^hua whilo thooo prcparti«e raajr bo individually 
with tho ftoidiV ^f tlae oatalyat, th* omtrtai ofttftlytl® effioiouoy 

different for diffareisi types of aoids*

'^hia plot i»o&a t& -*uw* a dapOBdnaee em i!s® 1grpo of 
is "bonded to f Hgurea 21 - 23. ftm* flu.- : falls

t-a

ato© t! at tho
24 oatBBcuRde ooatalni&g oxgr^wa bends

- 23. ft
ilai relation «

S^Kf4

to

0.40

j; 0,4 log unite. 3 nitrogen "banes fall within tha ras^o Just 
cjojnoletentljr lo/ obeyin** the relation i

• 2*24 x

Finally ftsid* falls vaa?y low and is elnrioual^ *« » apooxal
Claaaloal 0&ar£® offfoo^ Iiftvli!^ beeys nilad out it appoaaps ilia*

ralation is ^uat rsot adoem^to to oopo aoouratel^ with th*
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changes in the shapes of the energy curves fop the JMI, 0-H and F-H 
bonds.

The following deviations will be discussed individually*

species lo£. deviation* 

ff" oa. -1

+ 0.63

+ 0.33

- 0.17
HCQO~ + 0.15

* all log. deviations are taken from the plots including statistical 
factors.

Aside : This showed such a large negative deviation that it was 
impossible to measure its catalytic constant with any accuracy. The 
H~"" ion is somewhat analogous to a nitro-coiapound. in that it has 
several resonance format

If » H » ir < — > F - H = H < — > H =!T - H
and reguiroo nmoh electronic rearrangement in going to hydraaoic aoid* 

Unfortunately no other studies of azide catalysis have been
undertaken, I^ydraaoio acid was one of the catalysts investigated in the

59 reaction of ••mioarbaaide with p~chlorobenBaldebyde • In this work
hydrazoic acid fell on the line with the carboxylio acids*

Fluo rides This shows a fairly lar^ positive deviation. Catalysis 
lay the fluoride ion has been discussed by Bell and I'cCoubrey (1956) . 
They point out that since no electronic rearrangement ia involved in 
ionisation it rni&fct be expected to resemble acids such as oximea which are 
mare powerful catalysts than carbosylio acids of the same pK. This 
fcowevor is not a legitimate comparison since the proton is attached to 
a different kind of atom. Baaing their arguments on the bond energies 
of the H-F and JT-0 bonds and the electron affinities of fluorine and

they concluded that the fluorine aoid will usually have a lower



catalytic power than the corresponding oarboaylio aoid. 
results for five different ro actions are shown in Table 19 •

19
Reaction t^ lo^. deviation* ••"••^fcwiBBJHi A^"* Miii > i~i»tiSiSmUmSUS8Slifmf» •»

Decomposition of nitraaide 4- 0,17 ® 
Broftlnation of ethyl ace to acetate - 0,^3 0.59
Brocdjaaticn of ethyl oyclopontanone

2««ft7bo2^1ate -0.29 0«58
lo din at ion of aoeton/laoetooe + 0*16 0.89 
lodinaticn of acetone - 0.13 0*88 

* Wo statistical corrections were made*

Proa tb.o above Table 19 it 1@ clear that an 
prodiotiondT flxioride^ oatal^'tic effioienoy ^e it b.igh or loir la quite 
lepossltle*

IB the pros-ant **®rk It aould oonoeiva-bl;/ be the fluoride 
100*3 lack of aterlo reqizireisenta vMch ^ivea it some of its high 
catalytic effoot («^« trlaet^laoetata falling low, for«at»

This shova a asall poeitire deviation. I'hia deviatioii may
in ri@^ of the very eeall oatal^'tio off a at taeaaurod. 4 :̂ ain thia 
ha® KO atsrio ra^uiresionto.

and Forrsates fbeew two epeoiea are the jaost and least
aterioally hiaidcred of the oarbojQ'lio aoids etudied. ?h®ir deviations 
oould "be due to a * lines of approach* effect or a difference in solvent 
structure round the t»o groups. A comparison of the deviations shewn 
tri^tt^ylaoetate and formate in the other aarf>onyl V drat ion reactions 
studied i» ^iv«a on pa®e 116.

the 12 0*'feal-' s>ts studied all except throe obey
relation'

_*
to within i 0.2 log unite.

0*23



*-»

fhs following sub stars oo B showing si^aificaaat dsviationa will 
&is<m&aod individually.

lo...g» deviation 
t + 0,20

V°3~ * 0,44
+ 0.56

aoidi This small posdtivs deviation may b* du* to sor» fona
of ssaii -polar bond partioipatioat

'This ali^t ohan^t of bond. tn>® in too bi,^ a ohan?& in structuro for tho
relation to hold* A aimiiar small positive deviation, -f 0»4» 

shown in the B«ll and. Darwent work on th© fa^dration of
0&* othar poasibl® explanation of thig higb oatalytic «ff0ot oould be 
that this ooapounJ is oatalysin^r via siswltanooua opontlon of "both its 
acidic and basic functions. It is difficult to postulate a satisfaatoxy 
•sohajilsa on this interpretation. 4 ohsok on tha baaio ''r6nsted plot 
shovs that it *« not poasibl» to explain thia ragii oatal^ tio sffsot in 
terras of thd sp^oi^s acting as a base for its first ionisatioa oonatant.

and iy?0.**i fhs os)0o49rlio aoid rsaazlcs mpplj squally

to tbsss oofflipouisds* BgAsO^ sM HgPC^ also afeov poaitivs 
deviations of ths samo orc,©r of '.m^nituua in tba roaoticn of ssaicarbasids 
with p-daorob®Bwad@Jrfd«, s«« nsxt ssstion,

Boratttt ?hia falls nsar tho raean lines in both tho acl'ia and basic
MHMPMSMMwSS

plots. In ssvsral othar ^actions ••*• bromination of ethyl jsalouat 
borats has a vszy low oatalytio sffaot» Usis 1ms bssa attribntsd to 
atruoturo of ths borats ion in aquooua solution. HSJI^B apeotra shovs it 
to sxist as B(OH)-*" ratfesr than B(OH) 20"". Thus If borio aoid exists in 
aqueous solution as HBO» BCOH)"" oan onlj aot as a photon aoosptor bgr
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eiaultaaaeiis low of a water aoleoulo. Bis praaant /ozk au«0eata tfeftt
tha aold exist a ia solution in tha followis* formi

OHi
8gO - B ~ OH , Raaaa spectra, invsatigations alufet Tariff this

OH 
point.

da this basic Breasted plot including statiatioal factors, 
21, two apaoiaa ara ahc^m:

vith ^ « 3t ^ * 1 

~ |L - It ^ - 4 

ill apita of tha vaiy diffarsnt statistioal faotora both points fall
oloae to tha ssaan liaa,B(OH)/* baia^ tho clooar poi»t» 033 tba aoidio
plot tha two poaaitla spaoiaa ax<a aptta ahovn '1~ (CH) . again falling 
aowavhat olooer to the ;»an lisa than H

?ba following ainilaritias have *ln»ad^ 'beam no tad i
a) good plots over larfa pK rangas
t) laok of "igen cturratur«
o) inaaaaitivii^ to oatal^st oharga t^po.

Dariationa fron the maan lines and th« alcpaa . .' theae linas #ili nov 
ba discussad*
Aviation g frog ^h@ Flo tat *%aaa a/staas olaow faw largw dariations 
tha BrtSnstod pic .-j* Thaaa ara produoed V "xinu3\ial" oatel^ tic spacioo. 
Coa^arlBon and diaouaaion of tha minor deviation a found with diffarant 
oarbonyl ooapounda ara not very valuable in view of tha range of solvent a 
used, aaa Table 20.

Solvent offoottt have baan disouaaad ly 'ell in hi a book,
10*5 "aeidWBasa Catania", J Chants in solvent alter both oatalytio

oonstanta and i on i sat ion oonatanta* Sana examples of tha affeet of 
solvent on oatalytic on at an to obtained froa work on the decomposition 
of nitrasdda ara givan in Table 21.



n f *»•#»

Aold oatal^aed dehydration of

catalysis of h^dration ™

92.5
7.5

aoetone
water

22.8

of a~di chlo ro acetone.
95 dioxaa
5' water

5.6

Aoid~ba*e oatalyala of l^dration 
of aaetaldehyde.*5

aniline
dicaloraoetate ion
benzoate ion

^ - 7e.5
0.97
0.0010
.0.*

e* 13
0.146
0.0118
5.4

£• 5.7
0.033
0.063

17.0

Bell states that in any sorieo of aoid« of th« MUM oharg* 
typo, 'the relative strencth is appro.xitsatsly independent of aolrent.•

ga*aaur«d in water hav« been uaad ^f Bell and Higitnaofi'7 In their
JJQ

en aoetaldefeyd* and by Bell and Janaen ^ with s-diohloroaoetone. 
5ia^ be tbe oauae of sone of the minor deviatione and diaorepancias

between plots*
Ooe oom?enaatii5«: factor in the proaant comparison is that the 

nlooalft nediua of the oatal^ at or aldohyda in the dicxan-water and 
aqueous aoetone volrent^ used oight well be analogous to that in a%u?oue 
solution f the apeciea hydro^eB bonding preferentially to the vater* 
longer range effeota wuld hoirever be very different ia the different 
oolventa*



fi* aediuBs also has a mall effeot on the alope of 
Masted plot, also investigated for tha d» 000310 nitlon of nitraadde,

22. 105

..fmter 78.5 0.80
!*-o*oeol 13 0.78
i-ej^/1 alcohol 5.7 0.63 0.92
a»iool« 4.4 -

work l& CalOin 3«fK3 Poaoouk (1955) "' on 
nitraaida dcoomposition oataly«*d by diaet^laailino in a variety of 
eolTenta at oeroral tssjjtoraturea in of interest in that it h*» ahoim 
that ssicapla elootrostaUc thaoiy is quite inadequate to e^cplai« solvent 
effeota.

One of the major deviations in the ao« taldel^de and
e-£iohloroaooton« w«rk ^i-dofe mi^it be attxltmted to a rjadiura offeot and 
gives aoa» aeaaur® of th« poaaible effeot ia -Tlran belovt

Catal^at;
o-diohlorooo«tone - 0.8

and foraio aoids afeeved th<» lariat ainor
deviations ia th* for^ddel^-de -poifc, ^lioir lo.Tarlthndo deriatioBs in 
the rarioua spate** are s^ows in ?abl« 23.
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. d.yri>tion
of gluooa* * 0*2® 

a-diohloroaG^tono* 0 
Fomald^hyd* *. 0.17

»-d.iohloroaa«to»o* 4> 0.2 
' of 3kO«taidai^d«** ^0.3 

of a<3stald«hi'<i« 0
-0.1

log
+ 0*04
+ 0.15
+ 0.15

- 0*1
-0.2
+ 0.03
+ O.Q2

V VHHPHPW

0»5
0.40

®»27
0.5^
0.54
0.23

would e^pcot delations to l»o th« ssiao 9 as the 
constant of ths rs^ctien imflt hanro a oonatant ralua*

fb»«» dovlatioRa ar» all too small to pormlt raluat>ld 
discussion.

*Hb« sl©p^a of ^j« basic Bf0»»ted plots are
tabulated 24.

«-diohl0yoao*ton* 
©f glti«ow

jPi , 
0.40
0*43
0*3
0.40

10

fyom m of
all have almllar

10$

as vould bo 
of th«

hav« ba^n sidasurcd aro formaldobyde 13.27 
11113*57* ^dels ary ocnaistont with thd abov* p value

In Tat Is 25 tha acidic oatal/ais alop«s ar«



0*23
G.56 9
0,54 15

o-dlchlorcftoatcm* 0*27 
titioxs of sluooat 0*3 105

aatdl® oatal^aia alopes with the notable oxoaptior of 
again hasna very alnilar valt^s. It is wzy difficult to

- thaoretioal roaaon for thiss his»h aoetai-de^dQ valu®.

value, as the Boll smd ))^rwent results give &
value than the other voxfe* It is tenptir^ to anggpiH* that the hi^i 
obtained 1§r Boll and Hl^jtnawr «a« in part dn« t© n r4t4iwi *ff*et f

are acadwhat aaiS5p«ot in Tia^ of ^TUQJS mod lofiguHl*® et»J«oti<ms to the 

diaousaed in a later swation.
•*,

aoi , -s in •&• attack of saadoarb aside on 
acids way» iirrs ̂  tlgmtod. of which ten aoida had

to fir. ^;ruat*?r than pr@diottd % the Bz@&ftt*d plot (alope 
Tit* #• «lwQ»»al3v' •ff*otlv* e*tal/ata n»ie» HKs"* (log,

iona an^ th* K^ridiuium ion* "'^e plot was linear ov»r -tbft
mi

»o a^r,^ , sp»oi»» ^3f th* %pa» **» *° aad A^ all
If »t%tl@tionl factor® n«r» not iricludad tfaa 

»o ioa»t «atoraUon in tSa« dd^p»« of
a Br8n«Ud plot -sWcsh is ^ualltatiwl^ ves^ aiailaar to that 

f<nmd for aaldio oatal^raia in the pr»«e»t



of .Carton Moxld* Woi* ?ba *ssk of
t©

d»vlationa fioa t&« Bi6a«tftd plot, (deviations of tip to £ 3 lo-ff units 
I'feoir plot is •hoim it* th* l^troduotion, pa** 10 . ^a m naiv* via* 
would ascp^ot tkla raaotion to gira results oonpajntbl* -idth tfa0a» fro® 
t&a ovgsnio oai :. fegrdration r@aetiosB o specially 90 if oi» aoc^pt* tho 

r@TK)rt l^gr Pooka* «ad lNi«Qr (if 64}** tffeiob states tSmt oarbouio
of

pravi k2M»w» function v&s to aatal^so th« reaction 
carbon diosidd and

and Danok^erts laain finding ima that
-OScontaining tbi x r x growpin,^, where the nsgativ* ohar.^s is not 

dalooaliflft^l ^r rooonnuc«, forced a sirgle Brttn»t«»d group and in general 
ware hotter catalysts than other ir^rpuaio salons* 'i^aial oatal^aia 'by 
ooffltpoimds of this ^nx> ia not apj firent in the noxk ndth al&ehydas and
ketottfta* In the pT&mnt work tellurata falls ixi line with ths

oe th« baeio plot mid eulphit« f another spoclas ©jc-ected tc dir® 
valutt on tbe Shaanft and Xta&ek*ert«v picture, again falls ixi lino 
tha othdr E^ocioa* Al«o in the Ball and Eigtftnooa* work on

oldersd l^drate falls OB tha a* an Bx6i&0te4 licdj and 
the Ball wad J6&&9&* studies oa &-<iicliloro«c«tc . ^ it slicvs &

of oa 0*3 log imit^* '?hus if o»» accepts th« r>h*naa and 
r®^ilts oat zaist ^r.oludo that tfea aaaptwu dioxida Jasfdra 

roaotion pTooead® ^ a veir different oaohaniaa to that jK,,»tulated fox1 
tho orgsnio oarljonyl 1^. iratios2a» i*©» for fcusic omtssljsia arata atapt

* RCBD F^ BH 4 RC c*"

It la oo&oeivafele that ooao aaohaniara involving both of 
dioxid«*» oaqrgais atoraa in tfca traaaition a tat* ai^bt giira tha 

oatal^tio s^sulta tfeaj obtair. It ia kowrer voiy difficult to
In the criminal papora an inaooirata pit valtia for chloral l^rdrata 
u«ed. ttam ia *&* Ball and Sleasiaaoa papar it wa« roportad tbat 
chloral tydrata ahowd a soaitiva dartation -f 0»7» If tb« pg valua 
of Ball and Crwco?! (1962)111 is uasd no deviation ia fourd*



a plaualM* ivaotion »®&oa& for thia reaction* It aigbt
to axplaii* ttesir r^jsulta w*r© th«y appro %ahi»g diffusion 

oon trolled oonditions, r/ietlr plot k&0 a slop* of 0*5$ 
aa«fc&4 t*ttd*noy to ^i^n <mpvatui^.

In th* li^t of th® abor* it i« vtay taa^tiiiff t© 
that tiios* autboxB say awr* to«n awaaxringr &oja» cjasaous diffusion 
phenomenon. 7*h«;, studied the prasaure drop ovar tbo amta^/tio solutions*

following asjstoa to b« sot

faat 
x —— C0

^BBBP^F iw ^^*

firat step oould v*ell b« rato-oositributir.g in the
ItMi sooond st«p iiJ this reaction sohdia0 is 

fast.

[COj

or Ufsostai^swd ro action « 33 se., ;,*

If the first sta^e vaa r»t»*H»wta?llmti^^ on© 
tbo id.de r - -^ ^mt@s found as *b*itig tl»« to «urfao« tonsion offsets, 
specific amrf-. ••• «ff^ rt4r-- witfe «on» of tit® oatal/sts aiaoap^d in tha

alow gaaaouB/liciuid diffu«jion was noted
112 la Rough tof i^4 Booth's work, They studied the oarbon dioxid

* v®^ aifsllar wttfcod to that *^>loy®d by Sharaa and 
In th«ir pap«r th«y state thatt * Diffusion b«tireen th* 

anA li^ei^ phases teij^fc to b»ooa« t&* lisdtiaf factor as th«



fyon the preeent work is that
should not oxp^ot too mioh from the BrBnoted *elationaMp». 

relationship 3 are ainpla and aomi^ea^irioal § it :rculd thus ho very 
ourpriaiag if they exaetir rationalised the nes^lex a^«tea» taoy are
applied to* T*ha present reaction above a remarkable tendency to obey 
these expr«»sdorss« la many wa@ra it waa rather diaaspoiaiinar that tho

of behaviour that waa alio*m in tho h^dratio» of a%rbo« dioxide 
not fount . ?he author finds hlaaelf taking the aosae^hat no^fttlv* 

attitude that ©al^ really lar??e dorlationa, oa 1 loir units, fro» tho90 
plots are worth sousiderin/^ in a«y theoretioal da tail. A^y literature 

of ^zseral aald-hane eatal/ain studies will show that YOT^' few 
oc^relationa exist ^tueea the efflois^oles of oatal, : ts IB 

eereral different reactions.
3terio and charge effeota are similarly not directly 

c. . :;rullu. To a first apfroxiioation one vould exj>eot tbeae effects 
to ho allowed for in tha pK» of tho opooies ooncernQd, but obviot; *3ly 
in some reaction a ttor beoone Tejy iHportmt* Provided theeo limitation a 
are reoogRiseo, %£ia@o r^iationahipa fit the experiiaental data 
well.

proposed l^y Bell and co-work©ro^ f **' for 
the hjdratios of aoetaldah^da appoar to he applicable to the preoant 
tlMsr aJ?e as follows j 
Aoid

HB -f H2C(CH)2 t—— ^^OH^ ^ B

/CH —A E8 ^ 

Baoie oatalyaiai OE

OS
(4)
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Of tfese* four rtopa, (1) and (3) iwrolv* aJjgO* proton transfers
HIM! are aljaoat oar tain ly •xtamly rapid* "ft* rata-d«tar»iflin& ***$*
1ta»« ^*o0*a (2) and (4) wMaH iavalw g**ater
BeH and Darront haara shexii that t&» rovara*
oa»not be split into two mica*>«eiYe binol^oular atepa ^Lile tfc* overall
raaotion oontinuas to ahow ga»*ral aoid-baa* catalysis*. Ho other
ttatiafaotory ff»ohanism® hav« b««n put forward fur o \rbo«^'l hydration

E»ohani«»na ar« exactly analo^oua to thoiw 
atreral othar

1» Tha lautarotation of ^iuoooe.
2. Thft awaloar'baaida reaction.
3. ^

formation of aldeijyde aaaox ia ooapcmnds*
QO 5. He action of formald^byda with a^idea.^7

raeohwiaass and ioa» of tfe® ether
for the* oarbonyl h^'d ration rw act ion a»d the evideno* for aaid agal&at 
thara will now D« diacu »»*<!«

Aoid Catalvais.
Oru^ra and ro?igu« draw attentioK to an additional

for tfco acid-catali aad reaction i

m + r^c(oH)2 ;=± HjgCoi4 * B^O * B** (3)

H?POK4' ^ 1S1D + H^ (6) 

whloh »tap (5) 1* th« alow oatalywd step followed % a raisid proton
transfer (6). fh« rate-detsnairsin^ transition atatoe for this 
(I) *j3d that aag§»»tad ^ Ball et al* (II) are as shown
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C - R H
li tj

• • G * R -*0 - H
. i

0 I-C•H

(n)

«tt& itettjga* pointed out that thoir re awl t a,

tfeat tha fcydro&an Ion catalytic* oon*ta&ts v»re alsaoat constant in the 

ho8»lc,9ouQ fltriaa, CE^C^D k CgH^IJC- C^BLCID (ncnaal and iao), 

oonairtwat with »itiior ra»oha»i«a» Thia v»s bttoauoe both 

requir«d fh* addition of a proton to the oarbonyl-ojsygwi

addition ff ^ratar tc th« ftar"bcnyl-carVH>r! &tos$ 

lan^th of tha faydrtto^^bon chain would inoreaaa tha partial

CD "both %« aarbo«yl-oarboi5 and ths o^-^n and this would affect 

tba ra.ta of tha proton a&diticn and vater addition in 

diraoticns,
Aaothar aaohaBian proposaad l^y fJibert (1934) 

protonatad intoraodiatas of th« typ« H2 ';«C*. Ha raaotion aohao» vast

OfiT

^a aohaiaa will only lead to pmaral ao id-base eatal^raia 

providad that raaotions of tha



mi* rmto-dat©raiaing. Boll, Rand and Wyzme~J*i»i point out tkat 
tbia ia highly uallkelj as work ^ Bell and Peaapsoa (1953) **&
t&at pratot*~trfy&sfera between oay^en a tome are effectively inatantanaoua* 
Thia reaction aaheao alao leads to the verifiable prediction that for 
the observed kinetioa the ttt&nti% ^v/^a ***** h «^« A constant value. 
^he aoetaldel^de result a amoved that this waa not ao> large variation a 
in this ^uartity being fcmnd* T*able 26 shows like aaae to be true for 
formaldehyde.

26
JL 

H.O+ 55.5
** * «*\ohloroacetic 1.36 x 10 J

2.24 x ICT 18
formic 1.77 x

1.75 z
*

Jgrdrozylaaaonium 1.07 x 10 1.7
5.39 at 1Q~7 2.0

-8 2.0 x 10 0.3
borio **2 * 10 0.4

Support for Kb* Bell roeohar-iaEi ia found in the related work
on acid aataljaia of oamioarbaaoiMi foraation in a aeriea of substituted<KO 
bensald«hydes by Cordea and Jeisoka.^ They prociuoad fairly conclusive
evidanoe for the transition atatet

S^ I S-I --- --G '— ' 0 •"• H- " B 
i i
H

wiii oh ia analosoua to (II) in tha del^ydration reaction,
protonat^d aldel^dea aa intenaediatcs

undated in the following »a^. They ovaluateci aeoond-order 
froa th« kno^m basicities of the benoaldehydea for the
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hypothetical seoohmnism involving attack of aomicarbazida on tho
protonatod b»naald«h^d«o. ?or p-ritrobaczaldabyd® th* aaoond-order
rata conatant required was 2,7 x 1012 s~* aac*"1 ifhioti was aa
of ssa^aituda hi^cr than ^if^fuaion oontwills* T»aotion« i«
solution (tha a*«c,«c.-.cx',~*r ratw oottataat fcr reaatiosof
proton *rlt!i lisrdroxido ion ia 1*4 x 1011 a"4 sao^). tfe«
aaoond-^rdar rata oonatanta for tfea otfear swbatituted
all iow«r than that obtained for p-nitrotenaaldehyd** If tha so
constants w*r« plottad again at v "**-subatitu<snt eonatants a gjo^d
lino iraa obtained which would not h«r® >*«n ao if diffusion condition a
wore baliif approaofaad by tha »or* reaotiv» sul>»trat«n.

Baast
transition etat* in th« r&t0<-dot« mining atep for tho

baaa oatal^a^d reaction mgr oa represented aa (IIl) t th© only 
propoaed baing- Boll 9 a*

Oruen aad

0
/ x -. 

1 1,
\ 5 - 

(III)

showed tJki® formation of appreciable quantities ox* 
addition compounds bat%roon the alda^da and th» oatal^ain^ base a 
tha reaction sdxtur^a uaad for "tfcansal maximm* datarmiRationa, 
fcij3t®a out tliat th« transition atatoa for aoldio ana ,a .,*. 
(II and III) diffar by onlj ona proton and found it difficult to explain 
feov such a small diffar**** in atruotura could laad to th® atario ef foots

Hand and tfymio-jroaaa 5 to «ij>lain th^ir baaa oatalyaia
?h« present ^ork proridaa a good baaio Brdnatod plot



jo

jo



Prevloua work on ihis o&a®vm& h*» alr»ady boon raviewad 
in the introduction* It waa thought of intaraat to ofeaok tbi aarliar 
"tharaal madamo* faat reaotor results b one of th* aosvwa^ar tecimiquoa
«volir»d for formaldehyde. This study would be of apaoial rain* in that 
"~*u»a and MR**** woafe,1^ tfhoviog tha foxnation of ipsafcaiab 
of addition compounds in tb«a* $yst*ti3, had oast doubta on th« 
of tha sf thermal maxifflun" aothod's r»«»alta for this r« action. Thia woxk 
would alao sfaov tho appliaat?lli% of the scwrau^sr toohnlciusa to 
aldehyde 3 othar than f ornftldej^do , ae©talde>r^d* posing aoian difficulties 
aino« it waa only 50' hydra tad. Finally % oc-*ork»r in the author* a 
laboratoiy waa onga^ad on a nuolaar isa^n«tia r&aonanoa stu^y of the 
kinatios of tha ao«taldah,yda h^dration ro motion and this proposed 
offerad an c;'x>rtunit;/ of ooaparinf thaea thre« differ«nt 
taohniquaa in tha e»aaur«E»T?t of th« satM

I
Chaaioalai B.D.H. A«»tald®byda waa r*diaUH*d in an ataoaphar* of 
nitro/^n directly )jafor« uaad. Solution* wava analjaad %@r tha aulphita 

thod.

Kinetic
tecliniaue wao exactly' aaalofoua to that uaod for

formaldahyda. KxjM»rifis«nt» w»r» oarried out in aoatata Vaiffeps, tha 
999&9n%*T uaad boin^ aa«ioax%aaida hydro ohlorid«. The aoar^ngor 
ooBoontration iraa aioh that no oatalytio contribution to the obaarvad 
rate oonatant would ha eipootad frots it* In a&wral a^arimaota 

oonoentration waa in faot varied, veri^in^ tha abore
hypothesis. Buna war* folio wo 4 on tho miC\M at 236 OJA, tha aootaldehyda

araployod haljig appyoadnatal^ 5 x W~*m. 4 plot of a
run is shown in Pigura 27* ^® unh^dratad op*oi*s ro acted with 

tha acav-jr.^r bsfora r»adir,«fa could he coiamenoad* Baadin^s etarted at 
15 aooa* and taken owe? 10 wo a for 2-3 half -lire a produced a normal
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FIGURE 27

typical infinity value plot for 
aoetaldehyde.
r - 0.500 

OA - 2.19 x 10-3
|Semioarb] » 0.0020 

- 13.3 i 1C-3

TIME IN SECS
0-9 1

4O I2O
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fir.t-orc*r rat* plot oc^^nding to a rato d**r«ittiiMr
•top* Th* ionio st*tnft«h wa» k»pt constant tfcron^wmt at 0*2* 

Eo suits for
0.500
1.53 x

- O.OC?0 for 1., O.OH9 for 2.

I0 t^ 2*19 3.28 4.38 5.47 

1* 101 12.6 13.3 U.1 14.5

2* XO3^ 12*4 13.7 13*

10.4 10.7 U.4 12.1 
Intoroopt • 9»70 x 10*3
310JNI - 0,706

r - 0*250 
ifl - 7.7 « xo4"6
~3»«lo»rt>.] • 0*0029 for X*» 0.0071 for 2.

" 1.64 3*28 4.93 *.57

X*

2. 10^

. 12,1 x 
lopo » 0*5^5

0*333
1*02 x 10""5

. * 0*0052 

103«. 0.82 1.64 2.46 3.28 4.U
A

8.87
9.04

7.75 * :

10,0

10.8
Itf*

11.7
XX.5

13.2

12.7

13.9

14.4

Slope • 0.792
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r m 0*200 
- 6.1 x

• 0.0052

0.55 1.10 1.64 2.19

7*94 8.30 8.64 9.56 9.50

Intaroapt « 7.30 x 
Slopa « 0.949

Thaoa raaulta az* atom graphically in Pigura 

In Figwro 29 tha intaroapta froa Fi^uro 2(: aro plotted agsdnat 

tha oorr«3ponding hjdrog»n ion concentration a and in ^i^ura 30 tha 

alapaa ar« rraphaa against tha reoiprocalacf th« biiTf«r ratio a* 

Tha raaulta w«ra found to fit tha aquation t

0.0037 * 565

Tha thermal muriami saatfaod givas rata oonatanto k* 

which a?a tha aua of the forward and backward rata-conatanta.

So thatt k* - k»

£all y Band and f̂ ynne-Jonos ^ roxuad that for aoatata touffara 

k* ol»y»d tb« aquationt

k« » 0.0079 ^ 930[E^ * 0*47 [cr- TT] 4. 0.157 [CE^QOO""]

In ^ahla 27 be loir various Tolx»3 of K^ ara takan and 

tha oatal^tio constants for the forward rata alona ara calculated.
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FIGURE 29

Plot of observed first-order rate constants 
against concentration of acidic constituent 
for several "buffer ratios.

10'

144-

12

10

9
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-•*...
flMfc<i dtt ttA^«sisV
JLJA^L^B »»» J^T

0.667
0.509
1*06

J;P_
0.0037
0.0047
0.0044
0,0036

JiL^a-j—^-gXk— .-....- ^^^^^WIWiWBP«*t

565
558
514
447

V
0.35
0*28
0.26
0.23

i.
0.11
0.094
0.087
0.076

0xuan a&a MaTigua's t&sraal siaaaninffl results
« 1400 for I - 0. If their results are oorractad to I * 0.2

El introducing Larsaon and Mail's activity factor k*^ • 800,
Mo nuclear mo^Retia r«Mnat)oe i-yaults hairo 00 far b««n

results obtained fro* th« th«raal mutimn determinatlona 
are in rou^h agre*B»nt with thoa« from th« proavnt vork. ?ha 
iKtro-'uotion of K, into the thernal na^lmtw r«Bults majtota it difficult

A
to assess th* oxaot differenoe between tb» ralua® given by tbe different 
•athoda. Tho oloaaeaaa of tfc*. result a would attgftat that for aoatat* 
at la oat the formation of nuclaophilio addition oompoundo of tha ^rpa 
proposed V Qmait and KoTi^u* pl^a only a oaall part in ti..a therraal 
ataadaaui9 a obaarvsd kin«t:os» With othar catalytic speoi«3 th« 
fonaation of thaae adt'-itior, oostpcuntls ranst ba a&ro important if one 
ia to rationaliaa tha racailta of Ball, Hand and *ynn«-«Jor;es for baa* 
oatalyaia in tha adetaldafeyd* bj-dration raaction. farther sfaidies of 
thia raaotion with a widar aalaotion of oatal^rata would ba of ^raat 
in tare at.

Tha suooaea of th« eoanr»n«er techniq^aa eroivod in thia 
work vith aootaldahyda milD»a it mem lifealy that thay could ba uaad in 
many oth»r oaxlonyl hydration atudlas, a.e* for th» dahydration of 
chloral l^drata. A r*o«nt i^apar ly Chane «ad UlTDrioht (1958 )12° atataa 
that awtttoarbaaida and thioaarai^arbaaida oondanaa in the oold with
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th« elimination of on* aolaoul* of **t*r. 
drawbacks to *h* gulphit* toohnlftift idgfc* \# found in other

(1) in slow reactions oxidation preblaaa would 
ditfioulti«« y (?) OHM of tho halo^m tfubatituted oar^onyl 
at* k*io«m to deeoav^«« fairly rapidly in alkalino aoluticn. Jo 
of thQ other poaai'bl* «o«r«ng»r s. aoi*a oontionad in th®

pror« valuatlo in fU1uj« voik*
hau alr^siay b»«n atoim in th* introdi ctior. ^ thia 

Korfe ha» TNMI« o«rri«d out on t!i®£» c -r^rl h^-dration 
Table 1, pa^je 1, ah ws nany othar ald«hjcijea and kfttenos 

to b@ oonaidoratblj ^drftt«d in iolutior* 1%» rataourosattiit of 
off jts in tha a^rbonyl J^dration reaction ^ould obviously 1«» of

?b.e pre»«nt wrk appears 'to opon the wa^ for thea<i studies*
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