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Kinetics & Mechanism of Reaction of 4;'l-Blllylphenol with 
Formaldehyde Using Alkali Catalysts 

I:. '"1\.\ Ii \\11 H1-: .. II". :-;. 1<.\IAIHiHAI ,\ ~1. :-; .. \:\T·\I·I·\ 
t j·nll;" I '·:1111",. 1~"''''';lIdl 11I~lil1l11.". :\d~·ar . .:\Iadra ... (,0""20 

Thl' r:1h~s of 111" incli,"i"":!1 reactions f)1" -I .. lerllnrybnlylrh(~nnl (.j.TBP)-funnahlehyde usil1~ 
nlriq" ... ;,lk,,1f nllaly,-Is ha\"t~ hl!I,~11 t1Ilc~ilslln~d IJluic!r v;.ryfnJt COlulilinns of rnlu'f! ratios of n':1(:~' 
fall'o.: wi,lt ,":! .. .'"flll! :lfl1Hunls o( clith~rclll l'alaly~ls n. d.lTere .. ' tcnlJl(·raturcs. In nil Ihl~ c"JlC!ri­
lIu'nfs, tltl' .·~·a("lit)i,s WI"'(' found tu niH,!)' 4,wcnn<i nnlur rate law. The t~xpcrirucntlll ntHI the 

f'akulalc'd \':11111' of I,'" itt 'Iu' C'a~f' fir v;II'iuuo.., nllul,llst'i :1. HO':'C ha\'t! hf~t!n fOU'HI .n nS:!nm \\'ull \\rffhln 

1h1~ C''(I'(~I ill"'tl1:.! f'I'!·H' ..... '.lIfl·uPY flf ac-lhfal;fI" ; ..... Iht, IIwrJlluclynanl'c 11nruillulHrs for the 
rcacllolls were c:alclllaw.1. The relative ClnclCllcics of the alkali catlllysts followed tho order: 

Gn (011). < nn(OH), < NoOH < LlOH 

E:-\TENSI\'E ,11Idi,.·, I",,'" )."'('11 .. arricdl-,n "II 

I h',· killelic, (If 1111.' l(';,.-li"l1 pf difTnl'lIl 1'11f.'II(.I~ 
with formaldehyde. A variety of products 

arc obtained, e.g., with ~imple phenol alone, tll'O· 
IIIOIHlllH'thylols, t\\'o dil11d h"lols amI 011(' tri-
111"111."1111 'and fnrl h.'r cllnd.:nsal ion 1'1'1)<.111.-1, of 
th,' il1l(~ra<lioll IIr IlH'lh,'I"I, anillng thcl11~l''''',"s or 
'.,·it h f'."{Cl'''; ph('nol ;Ir<~ I',,;;sihle. Yc:dd;1I1aI'aIIi 
d "I'" Inad(' " "'"III"('III'I1,il'(, ,tll,h' nn the 1'111'11,,1 .. 
(;""1:11",·1,,·'),· "';I<li,," ill II", ;"";dill" 1II"d i 1111 I ",,,I 
"·1".,1,',) I"''' II,,· "'''''Ii,," f"I1 .. ,\,·,( n,·ill", .. lil·.1 "'" 
.f.:,',·, ill' I flrdl", 

III · .. i.·\\, III II ... "1,,.\·,· ··"\,, .. ,,1 "i'-:I"v;II"a~,·." \l'ith 
-';"'1·1" "h'·I1'",,,. ii"';'" 1 I,,,,,.!·), I .. r illl(·, .. ,1 \1) n",I;,' ". 
,1,·I·,il,,) ,1",)\ .. I II,,· ":0' I i,," 1 ... 11'."1'11 ·;1 I ).'11 \·1 .. 
1,1,. IInl .111,1 !'illlI:tldl"I,,··k '" :dl::dllH' tllc·"il!!lt. 

M [lled"ls and Methods 
4-1- Ultl.dphcnol (-I-T IH') was ~\'J1t h!'sile<1 a, df.'­

~,·.rill('" hy liS ('~r1icr~". Fnrllli1'id"hydc (,\7-41"" 
~f1ll1lion, HDli) f..'(llllainill~ I,.·~' than 2'\, 1lI(,tl""10l 
and dioxan(, art!'r I'nrilic;"i"l1 ,,~ ",,' Ill!' pro,·,·,.I,,,,· 
of Vogel was used 21 . The calaly!'ls LiVH, i\a()U. 
Ba(OH)z and Ca(OH)2 and NaCI. hydrated 1'('C13 

and hydroxylamine-hydrochloride were of EDH 
(AR) grade. Doubly distilled water was uscd for 
preparing the soilltion. 

The reaction was carried out ill a three-necl<ed 
flask fitted with a mercury !'eal stirrer and a reflux 
condenser in the temperature range 60-80° + . .0.1 0 • 

In view of the insolubility of 4-TBP in water, :.lhe 
mixture of 4-TBl'-rorl11aldehyde was tal<en ill 
50% dioxane. Even in 50':<, dioxane, higher concen­
trations of 4-TEP were not soluble conlj)letcly. 
Aliquots of the reaction mixture were taken .at 
regl1lar intervals and placed in an ice-bath to arrest 
the renctioll. 5 Illl of the aliquot 111ixture was used 
for the estimation of formaldehyde following the 
hydroxylamine-hydrochloride metltod22 (Dioxane did 
not interfere in the estimation of formaldehyde). 
The product of the reaction, 2-methylol-4-T1lP was 
estimated colorimetrically23 using acid ferric chlo-
ri&. . 
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\\"ith an alludi calalyst strcngth ((}·005 to (J.(12N) 
and 4-TH!' concentration (0·04 to (J·06ft1). it was 
found that the reaction was free from side reactions 
until 60% cOllversion. The effect- of varying 
temperature, [catalyst] and the mole ratios of 
the reacta nl ~ on course of lhe reacl iOJl was 
studied. 

Resu Its and Discussion 
·f-I.):lIlyll'hl'"ol has I"" ,':1,':1,,1 I"lli" I •• ···ili .. "" 

:1I'ai/"IoI.· rnr Ih,· "doliti"" II·".-li"". ThO' ,1. .. ;( ... "d,J 
I ... coll"ckrl fill ll,,~ "H' ~t"g.·, 01 IllI'. "ddili"" I," 

actioll hy till' pr"I"'r rhoir.<: or cal;\I,,"I, 1.\'1'" "I 
phenol ami 11I"le rali, .• s. IlligllPr cOllcentrat.ioll' of 
"1I;,,li "., dll"I,1 1"i!ll~ ah"nl ",,11SI"1""1I1 ,,0,,01"11"'­
Ii .. " "I 2··m,·lh,:\r,I··4.'11;1' iniliallv 1"1'/11"" I ... 11,.: 
dih.n..lruxydil'hcilyhm."lhallt'. Slllr.1~· was ll!erellltc 
limited IIpto O·(J2N ~ollltion of alkali catalyst with 
the initial c(lIl('entratioll of 4-TBP of O'05i\f, 111(·1'('­
bv it was fOllnd possihle to ~tlldy tile .. c1dili')I1 
"."ar,\ion lip to 60'.'" ('Omn:r,i"" lrillllHlt hrin;.:ing 
;,I'oot tll(" ~l1b~';'f'qlll'1l1 1"1I111..·I1 .... ;,fj(111 1"""I'linn. 

l'Jldcr the abon: l:xl'l'rilllelital condilioll, "s" .. it 
was found lIlat only the lirst stage 01 the addil ion 
reaction, namely the formaf.ion of 2-mcthylol-4-THP. 
was noticed. This was supported by thc fact that 
the amount of 2-methylol-4-TBP form cd tallied 
with the amount of formaldehyde consumed. thus 
eliminating the second sta~e of the reaction leading 
to the formation of 2.6-dimcthylol-4-TBP. Sincc 
the rate of the reaction hetweclI 4-1'131' anrl fOrlnal<lc­
hyde was found to increase abovc IL = 0·02. in the 
present study. ionic strength (,...) = 0·02 ,vas there­
fore kept constant throughout the work. 

From the experimental results (Tahles 1-3) it is 
clear that the reaction is of the second order .. H is 
ob\'iolls that the substitntiol;' of I-butyl .group in 
the para-position brings ahout' enhanced reactivity. 
which is in agreement with the theoretical require­

·Jllents that the introduction of an electron repelling 
group would be cxpectcd to increase the rr:ldi"ily 
of the ortho- and para-positions in the substituted 
phenol as compared with phenol itself. 
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FOR'V""ll'U'; TAIILE 4 _ TlllmMoIH'NA~II'::··I.·A·k.ulln·F.r<s 1.SIl FIII(\!'JENCV 

i 
(4,TIlI'=O'05M; iOllic strength 0·02; 1I(:I10=/)-I15M; cata­

lyst ~""C. :.O·006N; ~olvellt. 50'X! clillxallc) 

",.'10' Temp. I k y Ill' TCII'll. 
( C) lil." mole" rq, litre II1l1lc" 

i 
sec" 

r.1T"f{!~1 ItYPf(OXIDE ~ODII:.'~f n\'OROXIUI~· 

~() I' fin 

,n 
7'5 
!Ill 

(il) 

(,5 
7i1 
75 
Sfl 

2·25i 
.l·ons 
4·1120 
5''15') 
8·451 

1·4RIi 
2·01,7 
2")53 
4·42.1 
("')41 

65 
70 

l"iil:\ 
2·231 
.1·.1;1) 

... ·IJfi2 
7·134 7i', I 

C \ I. crt",.. H\·nROXII>E 
i 

(,I) 1,14'/ 
; (,:; 1·5SI 

,.j,!! 2·2111 

" :1·549 
gO 

.1 4·.11:> 

TAU!.'·: 2 '- SECt-'~fI ORUER HATe (.'()~ST:~!\·I~ FOR \"AR10US 

CO~CENTR1\TION'S OF· AI.KALI CAI1'z\LYSTS . • ····1· 
(4. rl1l'".()·t"Uf; illllk .tr"nc:th=0·02; '11."1-10=0·05;11; 

t.'I11I'.--SO·OJ:O'to: ~pl\"f'T1'" ,:.iOO:ljtliClX;\t1C") 

"'111:1'11- , .... , 10 1 (Iilrt' 111"k I o.;q I) 

t1".lti.l[i .,_.- .•.. __ . __ .. _._--- --. 

I(I'.\' LiOI·! ""nit 1·;,,(UIli.. (":0(0111, 

Ifltl 

1," 
!.flll 

'f \1:11·. 

X·II? I 
s ·1,0 

111';·111 

N~.l 
2, 1.1 

~'JCltl 

/·121 
S·I/~~ 

11TH 
!}·XIII 
1 S·2.' 

I' . 
Its/!' 
(,'·"11 
s: "~I ~ 
'}1·:-~2 -; 

"',-S.i I 
1 J·(,/) 

I 

fl -'2'1 
/. '·II! 
s·H' 

'--i -.. -.--- _._ .. -
. ....;,·.·.'>:11 ()JnIEH H!\i-r: (',',sf 'I~"IS I'll\ \ '11"1', 

I{ "T !frO; ",.- H F \f I \', 1 '-' 

{I'!I;' ,:tr."~!h·II·112:·t"mr.":":~fH) PI: ,\,11'1,,1111111,\: 

.~. 'h f'l1t :'0·'" d:.I:":;'W_',l 

I· I I: I'. II '. 1/1.' 

2: 
.1 : 
I' 

I 

(lit n~ 1I\1·le" 

(,.JOI)' 
(,·(,2.1:1 

·-1-----·-- . 
/:;i>r,' Ill' ;'fll";'/ilg lc"(rt'rtlllfr(~ --- TI~,' t·~pcrjln(,tJl.al 

,:,1 •. <i:II"'},,,,·,: h("'11 all:d\'~('d :I': (,,111.11'-: 
I".' .\111';'111"': ""'1'>'\' ;." :lI'li":l\i,,111 1/. '1 ""d 1.1.,' ., . . I .". 

11""1'":1)/'\' I:." I .. ,. I<'i~to, I'/. Ioa\'(' I,,:('n 1':11",11,,11.'" 1 ... 1111 

li,,:·.li"'::11 1,1,,( "f Ing- k. "1-':,ill,:1 I iT i 
I It" I,. .• , '.'lIn,!.:\' ,,[ adi\·:tf;(l1I (:..\(;'1. "1111!,,1I,\' "~I 

",:I;,·:,li;," i..\f/!j', ;IIHI III<' "111 '''''\i "',f .. :."li\·:;li ll l1 

(.\.'~:, 1':1,,' 1",.'11 ,·,,It-IlLoI·'.) .11"11": 1"1', ,,: .. , 

f,./,.,. \,' '" kF .\_!': .,' \i"l..:i .'1\ 

.\11',' .11,,1 ,\--:' I';!I\:: "I,:" !""'11 ':\'"I!,.t1. ,i '1-!1Ic' ;1, •. 

',.:,:!',' ,,,:' I,;, "f,'!' "",) .'.'. I 
.1,'1 

\ .... '1\' :. .1:"1 i 1\' ~ .f."') 

I~"-'-"'-"'---'--"-"~""-"-'" ------

FACTOr< "T 711"C 

Catalysl Ii All: 6 f ;: It.·gl,,~iZ -oSI 
kenl/mol keal/lIlol keal/m,,1 C,II, 

LiOH 15·60 14'92 25·43 (";<)3 30·63 
NaOIf 15·<)0 15'22 25,('5 (,·1i4') .10·.1K 
Ba(OIlI, 1(.-3) 15·65 25·7] (,·RiO 2Q'J'1 
Ca(OIf), 11i·74 16·06 25'<)5 (,·iJ93 28,;9 

",hid, 1,,111111' fmlll a C(>lllhillali"ll of E'I. (I) \\'ilh 
the Arr1ll'nills (.,«(llaHon under the asslIlIlption Ihal 
E" .. is temperature inde\ll,ndent. III the clin!ct 
evaluation of !J.1I1 and !J.St frolll the. experimental 
c1:1la I,y means of Eq. (I). !lift and 6S: art: 
;w,lIl1",d til I,,~ 1"l11ll1'rallll'l' in<\c\lr-ndl'lIl. II \\':,; 
fOlllld Ihal lhe \'a11l6 o[ ~ff: [111111<1 w;illl~ hi', II) 
awl (2) diff"r wry little. 

The 10\l"cr vailles of frNIIIl'ncy f:t<:!or (Tilh'" 4) 
indicate Ihat the' elllropy o[ ;lI"ti"atio/1 (~ . .,!) I,a;: i1 

n·lati\"d~' 1,lrg<' nq.(atin' ":!lIIC or 1",,1 II\(" 11':111:'-' 

mission corllicicnl was sllIal!. Thl' laller \\';" 
found to' be true. ill a nlllilber of ca~('s, A' plot of 

. E" and loglo P7. was fairl~' linear. hut a plot of log,,, 
]'/. against liE. was better. as it ~hollid Iw on Ih(' 
ha.,;i" III IIH,ntlndvn:lmic cow;i,kral ions of Fairl()II~" 
a lid II iJl:,hcilnltl(j"z5 if bol h I hl' :\ !Th"lIi"s I'" 1';11111"1 ,.,.­
\\·d.~ the controlling l'l.ctor,; o[ Ih.' n::1diull 1',,1 • .'. 

1",.0,'(( (II" IIlli,,/i call1l\'sl.\ - .. Th(, 4· T){],· ["1'111,,1<1,·· 
·I,\·.\.- 1'\'.l,·li,," could not I". ':lntli",1 ",'('1' " wid,'r 
r;illl~(' lIt' I" I in \'i"w "f Iho: [;,,.1 .11"" illn,'''''' ill I" I 
)"j"r:..; :1.1/1)111 \"('ry rapid (1lIIft"l1~:!li"lI J"(·;If·tillll 'I( 

I h,· 111.:1 It\'!("l'l":lIol~ with ("",'1;1111 '. lit-lin! 1[,.' 
all:itli 'C:lla!\:"ll \\"ol~ vi,rir:" ill tI,,: ralll:(' 2:0;.- \II".\" 
I" ,,·11 ro":\" ;;11<1 tI,(· "":lI:li('1I rail' ,·"n·;lanh \\'1'1<' 

[l1l1l1d !" illl'l'·il:,'.: rapidlv wilh ill"wit';!, ill 1111' 
<:l.>I}I'('III'i:Ii.illll flf the alkali ,'!";",\., 2). This indi­
cakd thai 1he phenate i;," \\'as t1", I'(·"divf' "I,,'ci(''; 
ill II",' r(':Ic1inn. The rat<: o[ the n'a("\illn calal\"~,·d 
h\' I}," ',arion" catah'q" f,.,lIl1w(·,] Ilw (lr<ler Ca< Ha 
"';'\:0"'1.;. ~illli"'r ,,1""'T:din,," \0;,,"1' 111'('" /J1'I<le 
b~' otl;,!r workers in' tI,c t'ast: "I difft.,rcnt phenols. 
Tlli" oh~ervalioll in,licato< I hal I he cati()11 Hlso 
innuences thc \'clodtv of th" reaction. 

I:Ir.:r/ of t'aryillg - yradllll! f(lIIUllfrll!i()/I -. The 
rat,·s n[ indivirhml n:adions liiwc h"ell ml.'aslIl"I'd 
al <Ii 1f"''''II! mole ratios of I.hl' r('arl anls IIsing ~n(lilllll 
II\·tlrll:-;i,),:· as it calal",;t. The <;('clllld "r<ler rate 
I:iw \"iI, ol><,\'ed in the m(lle ral in ran'!'~ I: 2. I: 3. 
1: ,1 (f;,rlllal;ichydc·plwnol). The ralc" of the ((:. 
a,li,," ,fiel ""I vary with ('I"'''I~''s ;11 If,.:· IIIIII\! filli",; 
01 I III! rc,,,;i.ants (Tal,1e :\). 

{<.-I,,/h'c COII!riiJlItioll fI( "I/al/i wla!r.<,.d (ll/(l 111(-
. (,ri.,ln,'d !'1'llcliOIlS -_. Th(" rebl in: reac'lj"itirs of I he 
illI .. ;l\i ,·;IIa"·~t, in Ill<' ph"l1nl.rf)~Il1;tltl('''nlc rf'ilctinn 
\·":L. ,·"klll:l(,·<1 ;1~ f"lIp\\,". [\\' ;1:':'I/lnill~: a compo!'i(e 
""·'·!I.",i,,", r"r Ihl' rc';l\"li(lll. th,' ralc '."'II.liltion (all 
I q' .i I 1".1 q~:·I·d ;,=' 
..... ,;.'.,!."." J' .... k,,··(··n·\I"·(II}I· 

/,-, .... (.'["1:1': (,11/" • :11,,1\'-:1." .. .14) 

, ... 1" , .. " i··: II". ",.d",. ill :1.11;;"1 ""i:d\',1 ill I},,' 1',,1:1' 

"· ..... 1 1':11'1 "f (he r(,:I(:I;on. iI,. "",,"".: arc' the 1';11,' 
1 .. :nl1:":!;';'!:: :·(ll·lh(~ l1Jl-::lt:lh- .... ,·fl :11\11 tllt' ;,lk;·,li·cala!,-.;.;'·'l.. 
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1'\ '" \:\ .., 11:\1" \'IIL IS.\. \L\Y l'.Iii 

I '." I, ,- ; 

(Lithium h)'llr.;xjdc catalyst) 

Ie" 10' /", i l.il.llli Ii, f f.if)1I i ~;I IIf r l.iOl I I ("~ fLit.!' Ll) (::I:qd,i, fI j, 1"" ~ III"" II/'V l'iI,,· 111,,1,,1 eltah·"f:.! Ii ii', f()] tIll") I, ,. ., ,. 

.;./1 I ;~', I, _,0 
:'.(1 , 2:", (jl.l 
~.p 12'(' :--'j 
; ,(, I ';-"1. III!I 

" I. " ." 1~1l 
:'.1\ I.' ',q I 

H'aclinn. Tht' raIl' 1:". i41 ••.. :\, 1'1'''1''',1'(1 ba<cd nn 
1\\'0 assulllPtions, i.e. Ihl' additinll I'caclion i, prv­
ceeding in t\\'o paths, one path is elrtlllyst d('pendcnt 
and the other is catalyst independent. 

-d(CH 20)dt 
[4~ fHp] [OfP] = k,,+k, [catalyst]" (5) 

"0 = k,,+k. [catalyst]" (6) 
where ko is the observed second order rate constant. 
If 11 = I, then 

k" = k,,+k. fcntalyst] .. , (7) 
The valucs of k. and k, \\'cre obtained fl'ol11 the· 
slope and the intercept respcctively of the linear 
plot of ko against [catalyst]. The values of ko 
obtained graphically from the plot 0(' hI;' v(,l'silS 
[catalyst] were fairly ill good ngl'('('l1lcl1t with Ihe 
values found experilllenlall~' in the absence of cata­
lysts. The relative contrihution of the alkali­
catalysed and the uncatalysed parts of the 4-TBP­
formaldehydc reaction have heen dctermined tlsing 
the values of k" and k t • The reslIlls thusohtained 
in the case of lithium hydroxide c:al:·I1yst aregivcll 
in Tahle 5 (similar calcllintions wen! done iIi thc 
case of other catalysts also). The % of the overall 
reaction taking place by thc catalysed path was 
calculated lIsing Eq. (8). 

% of catalys('d reaction .. k.[cataly,fI x 100 
",,-/. k,rcatalystJ " 

... (S) 
The relative reactivitics of the alkali-catalysed 
reaction of 4-TBP-formaldl'hydc arC' given ill '(able 
6, From Table 6, if follows that: tll(, rC'lati\'(~ cata­
lytic efficiencies of thc fOllr alkali cataly~ts aIr' ill 
the (ollo~l'ing order: 

LiOI/ >NaOIl > H:l(011)2 >(":1(011)2 
III Ihe ~ll\tl\, of IlIed,illl'li,." of lilt, 1'11t'1lf)1·(tlllIl;ri",-,­
lIyde rcacti/lIl, the' r~''''1 in' t01l1 rilll,l illll 'If alkali­
,·;oI:dvst·r1 l'orli"l1 allrl flit' 1I11,.al:d· .. "d I'"rli,," ,,',1, 
(';d"l1l;lted- sirnuitalwilll,·dv f(or I lit' fl 1'''; I I illl!' \I,ill.l! 
1:'1 (7). 

It- iI,,~ bC(,1l :lll'ead\' ,,11""'11 til:11 ,''', r('arfi,," (If 
. +·THI'-f(>l'Illald('hnic . ull<lfo;' Ilw I'H';;,'111 ill\"('''lit!:I­
·t)n\l ,,·a . ..;·a hilllnlrClll:tr 1',';\(·I;"n. till' ord('r "ith 
r(··'lll·.-( to [pnn;ddt"h,\'dt' <1lld ph'·!);"I!.,' j(lJl I win,!.:' ','lit' 

t·at'iI. III addition 1(1 Iili" lill' 1011<, oi til<' n';II:liun 
tkpcnds nn [phcnate ion!. __ ,.,·hkh I" ultimalely 
dl'pclldent alkali fcata"',! 1. 'fhl' pllcn<tte iOIl is 
m"rt' rcacti\'<." than pilt'lInl il."t,lf· "'lrkh 111;1 \. ire 

"'\pi:linl'ci 011 'thr hOI-is of ill''l''';l-l'd cJ,-drlln .d,:II-il\· 

';' '/ ~ 
" rr'a':I"'1I 

~·~.l 5("25 !J'III 1·29 
7·72 (,I)·r,') 11·12 I·q 

10 .2" (,7 <lfl 0·)', 2·11(. 
1), Sf, 72·11{) (I- It' 2-57 ,., .:" ;"·11 II '\rt .~ ··~f! 
'; .. 

~ ~'·l.: ,t.'" -'.1 I 

TABLE 6 - HI:I..\TI\'L HI::;\CTJ"ITIES OF 
Al,K;\'.I-CAT.\I, \"STS 

(,.-T131'=0·05M; tClOp.=80·0:l:0·1'; HCHO=0·05:1I; 
solvent. 50'!{, dioxane) 

Catalyst 

Cn(Orn, 
13,,(011), 
NnOH 
LiOH 

hOI ;-: 10' 
(litre mule-I 

seCI) 
(graphic 

vah'c) 

J.l! 
5,0 
4-6 
5·0 

k, Hclati"I! 
(litre' mule'" reactivity 

sec-') 

328 HI 
H2 1·7 
804 2·5 
1286 3·9 .. 

/;1/=4·2 X 10" lil .. " ",,,1,,-' S"C-' (expt'rimcnl,,1 \·alue). 

at ortllo- and para-positions. 'Thc addition rcaclioll 
being an aromatic suhstitution, the increased elec­
tron density at tilt'! orlllll- and />(lrtl-I'"silion~ is the 
SUIlI of indllctive and dl'ctrolllcric dlcds actills in 
tlu! same dircdioll. 

For the indllclivc effect, the phenale ion repels' 
electrons while th£' hydroxyl group at! rilels elec­
trons and hence lhe hydroxyl group tends to dc­
activate the ring. IlL lhe case of the elect(,()lI1eric 
cHect, electrons ar(' released milch more rapidly h~' 
the phenate ion than b~' phcnol i\lonc. The owrall .. 
effect of the electron di'pJaccmcnts.· therefore gives< 
thephenoxide ion having a grc'ater reactivity than 

phel1ol. Formaldehyde rcacts as CHI=<:> through the 

elcctron proCl'ss, I he coneen'ration of CH 2=O being­
proportional to the lolal ft"rlllaldch~-r1e which ('xi~ts 
as Illelhvlcne glycol in aqIH'()IIS ~(JllItiOIl26. 
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