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Abstract
\ slatistical crperimental dcsig-n $as applied to the reaction oir-cresol with 2-methylcyclohexanol in the presence of
perthloric acid as catalvst. A 2r Yates pattern lactorial design g,rve a mathemaricai modet t0 predict tftJ yi"fo. ff,"
rnt\inlum )ield experimentallY fbund \!as 91.6'2,. l he experimenta! s€ttings $ere temperature, l40oC; molar ratio
of a-cresol to 2-meth)'lcyclohexanol,4il; amount of perchloric acid,5ol, by wt. o| o-cresori addition time,2h and
stirring timc, lh 'l'he predictcd vicld }1as 92.1o1,. The clillerence betwcen the erperimental an.l estimated yi€ld was
negligible.

Kcvryords: a) ('lcsol. I;aclolial dcsigq 2-nrethylcyclohcxanoi.

1. Intr0ductioD

l"r'icdel Craft s alkylation reaction was invented rrror.e than
hundrecl vcars ago. still the reaction is tn the attention ol
rranv invcstl!alots. This is becaLrse of the fect that the
products o1 the rcaction have lbund q,ide practical
utilizirtjor iD dilfureDl ficlcls. An]oug the alkylatioD
l ru!c.\. \. .rlkrl,t t. rr ol \ tc:uls i. \cry lnlpnftr r

Alliylclesols an(l thcir dcri\.ati\es are exccllcnt antioxidants
antl lnLrltifiurctional stabilizers in fuels. lubrrcating oils and
polvnreuc nulclials l1-4]. Nlolcovet. detivativcs of
alkvlcre'soLs iue also shonq herbicides ancl bactericidcs l:l
7]. Alkylalcd crcsols r,r, ith long alkvl sroup are iutermediates
li)r sur laclants rnd dctelgents l_1.,1.81.

Alkyllted clcsols havc been obtainccl by ser.er.al authors bv
ark)lirtion ol'isonrcric clc'sols *i1h cycloalkencs l9-l-tI and
clcloalcohols ll4 lc)l Lrsing dilfercnl catalysts. llLrt studics
on tlrr ap])licillion ol- c\pcril-lrclltal desjgll ol t.r/.-
rrrclhllcvclr-rhervlation of rr ciesol with 2 nrethylcy.^lohe
xrnol ale tar e.

lhe PlacketrBLunln clesigls arc verv usefirl in screcning
rariablcs. Ihe1, are rcpresented by a great reduclion in
lLrnrbcr ol tuns thal \l,ould bc r-equired for a lir1l 2p factil.ial
cx;rcr-irllcDtal cxpcrinlent. Thc main pr.uposc of the
scrtenrtl expeIintenl is to idcntily the most inrpol.tanl
r lr iirb Lcs so thal lhcv cllD be studicd in ntor e dctails

ln tlre prcsenl *ork. r'eactiou of r.,-cr.csol with 2 methy-
1,..i l.,lr.r..rr,,l r tl.- ft,.elre nl per.lrlorrc .rcrd lr:, heer
lrr\csli.gr1cd. lhc aint ol'thc preseDt investigatton is to
scrccD valilbles by Plackett-BurmaD clcsign aml develop a
rrathcnutical model by LLsing a 2r factorial clcsign 1201.

2. Expcrinrcntll
'l'hc lcnctioDs rrc|c catricd o 1 ill a three ncckeci Iound
bolLomcd llask lltrcd \vith a couclctrscr. a therntonlctcf. a

dr'o1'lping lLlnncl xn(l il ntagnclic stu-r'cr. o Crcsol and

pclchlolic acid mixture u,as heated to the desired
tcrnpelature. 2-MethylcyclohexaDol was intrqduced into tlte
nrrxt.r'c grudrrally over d cellrtn perrod of trrne ltrme of
a,ldtttont rrttlr constallr strning. After tlre complere addtrron
ol 2 methylcyclohexanol the reactior mixtu.e $,as stined
1-or an extended period of time (time of stirring) at tlte same
tenper-ature. 'fhe reaction ntass was then cooled to toom
ten]perature, dissolved in benzenc. tlten washed witlt
dtsttllcd warrr sercr.rl rinre: .rnd drstillecl at rtmurphcl\
pressure. Urueacted reactants and soivent wele distilled oil
and the yield was expressed as a percentage of theory. The
residual product was finally distilled and its structure was
clucidatcd by phl,sico-chemical and spectral means.

.1. Resulrr and l)i,.cussion

All experilncuts wcle planned according to experimental
design 1201. The critical response oi interest was yicld of'
r.r7 mclhvlcyclohexylo cresol.

Srx potential variables were consideled to havt an inlluence
on the yield and sclccted lor screenrng experin]ents. Thcse
lactors and the selccted experimental levels are listed in
Table 1. Since there were six factors. a i2+rial plackett-
Buman design rvould be suitable. This design had a
nominal capacity of 11 factors. The fivc unassrgned factors
/X throLgh X..rrverq lr.cd in tlre complltalton ro gct .omc
measure ofthe expcrimeDtal error.-fhc expclinental design and the calculations are iliustrated
in Table 2. Each of the l2 trials of the desien is iisted in
holrzonrrl line. lhe verlical colurrul\ labeled X rlrr.ouclr
X1 indicated the label ofthe i'actor in each trial. hr rer:ardlo
the design. in the l2 trials each factor was at a high i level
for 6 tlials and at a 1o*,( ) level for. 6 trials. 'fhe yield fol
each trial was indicated in thc Y column on thg right.

fltc Sun +'s linc rvas thcn conprted by adcling the yield
i'alucs lor all lines rvhere tite iactor was at a i ievel.
(Exalnple: X] factor E2.7 r 81.8 + 90.5 I 80.7 + 68.7 + 67..1

,171.8). lhis operation lvas continued across the table jor
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3ll factors, including the five unassigned factors. In a similar
\\a\. the Sum-'s line was computed. The next line simply
tolal the Sum +'s and Sum 's to check to the anthmetic.

The next line is the difference between the Sum +'s and the
Sum -'s for each factor. This represented the total
difference in yield for the six trials where the factor \\'as at
the plus level, from the six trials where the factor \r,as at a
mrrus level.

'Iablc 1: Candidate Variables

In order to determine whether a factor effect was significant,
experrmental euor must be considered. The minimum vaiue
lbr factor effect to be significant was computed using the
five unassigued lactor effects X7 through X1,. Each
unassigned l'aclol eliict was squaled. totaled, divided by 5.
tirc number of unassigned factors. lhe square root of this
number multiplicd by a magic number gave the ntinimum
signiticant factor effcct IMIN]. The magic number used in
this computation came fiom a table of probability points of
lhe rdistributiorl conesponding to five degrees of freedom
(livc unassigned factors) and the 9502 confidence level.
!\rhat this meant was that if we used 4.83 as the cut off
pornt. ue I'rar-1 a 95 out of 100 chance ofbelng corect in our
sclection ol'thc significant factor effects.

I lsing these crile|ia then. tluee vaiables- temperatur-e, rnolar
ratio of o-cresol to 2-methylcyclohexanoi. amount of
cataiyst (perchloric acid) were found to be important and
urvcstigated further. Addition time of 2 methy lcyc Iohexano I

t, the o cresol perchloric acid mixture and stirring time
af'ter tlie addition of 2-n.rethyicyclohexanol cither had no
cfl'ec1 or an etfect so small that it was obscured by the
L'\penmcntal clrol and interaction effects. Stirring specd did
lll)f l']:r\'c ill'ly i[I]uence on the reactioll late.

Aiicr detenniuillu which of the candidate variables u'ere
really signrficanl. the next objective rvas to develop a

r-lrafhcnlatical model of the process usillg Yates pattern
e..ipernuental de-.ign [201.

\\'e considered tlrree key process variables and one critical
lesponse' yield of tcrl.-methylcyclohexylo-cresol. lable 3

Md. Shahruzzaman. Suvanker Saha and lJ:r:: >:::

The last line represented the average €ffects ofrhe t:i:-.r ::
the plus level and was computed by dtviding rhe dr:-t:r..-::
by 6, the number ofplus signs in the column. The :i.o.r-::
values ofthe calculated factor effects related to therr re-3i:,,:
importance. X:, molar ratio of o-cresol to l-
methylcyclohexanol was clearly the mosr lmpc,n::.:
variable.

lists the experinental ranges of the variables tcmperature,
molar ratio of o-cresol to 2-methylcyclohexanol, amount of
catalyst. The values ol tu, ts and concentratlon of perchloric
acid were set to the constant values of 2h, lh and, 60ok,
respectively.

The experimental design used was Yates pattem, 3 lactor
two lev€l factorialj there were 23 i.e. eight trials. Since the
basic 23 factorial design involved eight triais, each was run
in duplicate yielding 16 trials. In order to check the lack of
fit due to curr'ature, additionai trial was made at the
midpoint level of each factor. The difference between tlte
average centre point value and the overall average of the
design points indicated the severity ofcurvature.

The experimental runs for Trial i through 8 were run rn
duplicate; Trial 9, the centre polnt trial was run four times.
interspersed throughout the €xperimental run. The r.esr.Llts o1'

these experimellts are listed in Table.l. The average yie'ld

)' , the rauge and the variance were calculated lbr each tr ial.
The variance. which is an estimate of dispelsion of data.
was calculated by the following formula:

Variance: 52

(r rI(r.rf-..... u-rr
n1

where, I= response value, 7= ur'"r"ga or mean ol
response value and n: number ol obseNations.

Variable * Level - Level
Xr.'l emperature, u 

C 140'C 800c
X2, Molar ratio of o-cresol tc 2-methylcyclohexanol 4:l 3:1

Xr, Amount ofcatalyst, % by wt. efo,cresol 5
Xr, ConceDtration ofperchloric acid, % 60 40
Xi, Addition time (t"), h ) I

Xo, Sti[ing tin.re (t,), h 2 i
Xi X,, Unassiened lactors used to calculate standard deviation.

Y, Response: 7o Yield of /erl.,Drethylc yc lohexylo cresol
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Table 3: Process variables ancl Response

Variable

-

Xr . lemperature ('C)

X. . Vol."rl rarjo ot o-.resol ro-_r*t[ lcyilohii*ol 
_-.-

Range

@
80 110 140

3:1 1.5: l 4:1

3 4 5

r\sspoltsc: r Y teto oI /erl._me. :hylcyclohexylo-cresol

|or Trial 1, variance = Str
(56.2 56J), + 67.2 s6.7)2 {,,, - r(s ), (,, r)(s ) ... _.. _ (,^ rill^ )

(rr, . l)r (r. l)"..........r 0,^ t)

0.50 + 0.72 + 0.98 + 1.28 + 0.72 + 0.98

.t L28 + 1.62 + 3x 0.487

- 0.50
2l

For Trial 2, vanance: S22 = 0.72
Iior Trial 3, variance : S12 - 0.9E
lior'trial 4. valiance - Srr: l.2g
I.irr 'l lial 5. variance = S.r 0.72
l,ol Trial 6. variance - Soz = 0.9g
For Trial 7. variance = S72 = 1.2g
for Trial 8, variance = Ssr : 1.62

2_ r
lior Trial 9, variance : So?

\73.9 74.7\: + t75.0 74.7t]
(14.4 t4.7y. 175.5 14.-):

I + 1+ 1+ 1+ I + 1+ 1+ 1_r3

= 0.867

The pooled standard deviation is the
pooled variance:

square root of the

4l

I he variances calculated for. each tlial were then used in the
calcLriation of a weighted average of the indrvidual
vallances fbr. each trial.

Pooled variance = S:ooor.o

I able 4: Resrilts ol lhiee-Trctor exper rnrel)t

= 0.487 Standard deviation p"",..l - !F;

: 0.93 r

The pooled standard deviation was used to calculate the
minimum observed effect that was statistically significant.

0.867

ll ial No.
Results

Y leldl-;----rl I Y' I y Range Variance

I 56.2 5'.7 .2 56.7 I
2 0.5 068.7 69.9 69.3 l 0.7 2l 72.9 '7 4.3 73.6 1 0.98

n8
4 8 0.8 82.4 81.6

?
1

5 66.0 67 .2 66.6
6

0.12
8 0.2 81 .6 80.9 0.98

r28
162

038 7

7 82.0 8 3.6 8 2.8
8 90 '7 92.5 91.6
9 73.9

7 s.0
74.4
7 5.5

7 4.7



lrral \'lean
l)esign Con]putation

Responsc
XI x, XI XX, X,X. X'X, XrX,X.

+ ,I + + 56.7

+ I + + 69..1

l + l 13.6
1 + I It1.6

I I 66.6

o + + + 8 0.9
I I l 8 2.8

E I + I + + + 91.6

SLlm l's 603.1 323.4 t29 6 t2t 9 296.5 302.8 100 4 301 .1

Srrnr's 0.0 219.1 2'73 5 281 ? 3 06.6 300.1 10? -/
3 02.0

SLrm 601 1 603.I 601.I 601. I 601 1 603.1 603.1 603.1

Dillcrencc 60t I 4].1 56.I 40.1 7.1 2.5 -2.3 -0.9

lr flec1 75.1E7 5 10.925* t4.025+ 10.175* 1.7'/5* 0.625 -0.5 75 0.225

Curvahuc - 75.1875 71.7 ,- 0.6815

-:.::.:r;:l StLr.lJ ,,i ti'r r \lerirr l;) clohery larron oi O ( resol

I -rblr 5 : a oilrpulalton nrarrrr lbr rluee iactor expcl imenl

21

lhc conputation analysis fol this expcriluctrt is shown in
llble 5 -lhc dcsign matrix rvas suppicmcntcd with a

ionrpulirtioll nratrix, q hich rvas uscd to dctcct atry
Irtcraclion cfflct. This cot't'lputation matrix was generated
hy simplc algebraic multrplication ofthe coded factor levels.
In f rial l. X' was minus. X, was ntinus, the lcforc. X1X2
uas plus; in Trial 2. X, nas plus, X2 was ninus. therefore
XrX. was |lrinus. l'he column at the far risltt of the table is
tlic avelaqe yield lor each trial. 1he sullt l's Iow was
generatecl by totaling thc respolse values olt each ro\\ witlt
a plus ior cach coiunxl. For XL f-actor 69.1 r E1.() | 80.9 '
91.6 .323.4. L1 the similar manner the sum s ro\\.\\ras
geDcratcd. The sum of these t\\'o lows should equal the sun-r

oi all the avetage responses ancl was included as a check on
thc calculatiorls. 'lhe difference row represcnted the
difltrcnce bctween tl')e responses in thc four fiials when the
lactor was at a high level and the responses in the foul tlials
rvhcn thc f'actol was at a low level. The effect was then
calc[Laled by dividing the dillerence by the number of plus
signs in the colulur.

ln thc lirsi column. labeled meatl the eflect value \\'as tlle
mcan or average ofall data points. The average ofthe centre
point luns, Ilial 9. \\'as then subtracted 1'lom the nreaD e1lect
to givc a neasulc ofcurvafurc.

'I hc minimum significant f'actor efi-ect f MIN] and the
minimum significant culvature effect IMINC I wcre agaiu
o, r'rr'eJ lionr I-lc.l slgnlficJncc cntcr'r.

'l he lelationships ale: lMlNl : t.s

tr ltMINCt-r\,i-r-_
\ nLk r

where t - appropriate vaiue lrom 'i- tablc" s pooled
standard deviation
n-l - llLLmber 01-phs !igns in column
k -, numbel of:eplicates in each tial
alrd c : number of celltre points.

The t value of 2.20 is lionl the Students' "t" table tbr the
957o confidence levcl and 11 degrees of freedom 1211. The
degrees of frecdoni resulted from eight trials with two
rcplicates and one trial rvith four rcplicates.
Degrees offreedonr = 8(2 1)+ l(4 1):11.
The calculations for tbe minimum sigDificant effects were as

ib llorvs:

fMlNl:2.20 x 0.t) lx 1.02 and

LMINCI = 2.20 x 0.931 x

Applying these crite a to the calculated effects, it was seen
that thc eficcts ol tcnlperature (X,), n.rolar ratio of o,crcsol

2

nrk

2

1x2

+- = 1.148x2 4
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to 2-mctbylcyclohcxanol (X1), an.rount of perchloric acid
(-\r). iltcraction bctween tentpetalure and molar latio of o
ctesol 1o 2-nrcthylcyclohcxanol (XrX') rvelc signlficant.
'l hcrc lvas no srgnillcant curvalure ellcct.

'l'bcse lcsults u'ere cxpressed as a mathematical model using
a lirst order polyromial. Thc values fbr the coefficients
rvcre one half the factor effects listed in Table 5 since th€se
rvele based upon coded levels 11 and I that differed by
trvo trnits.

Y 75. 3875 r 5. 4625Xr I 7. 0125X, + 5 0875Xr 0.

887-5X rXl

lrr tiris equation. thc factols wele cxpressed in coded units.
'fhcse wcle coDveftcd into real units by substituting:

? 140.80
lurlcnrpcl llh l{ocr.xt '- ) 

'
140- 80

Md. Shahruzzaman. Suvanker Saha anC Drc ::-

+5.0875 x3 0.05917 X 80xj
:56.92

Experimental average yield ofTrial 1,

Y q.,n 1 - 56.7, deviation = - 0.2 and

percentag€ deviation : 0.35

For Trial 2, temperature (T) = 140'C, molar ratio ofo-cr€sol
to 2-methylcyclohexanol (m:1) = 3:1 and the amount oi
catalyst (y) = 3Yo by wt. of o-cresol. Thereforc, yield
calculated from the derived model.

Yr..r ): - 36.8584 + 0.389 X 140 + 20.533 Xi
+ 5.0875 x 3-0.05917 X 140X3

: 69 .6

Experimental average yield ofTrial 2,

Y r",p ) 
: 69.3, deviation = 0.-1 and

percentage deviation = 0.43

Tablc 6 gives a comparison of the experimentally
determined yield of /ert-m€thylcyclohexylo-cresoi (each
value is the average of two replicates) with the predicted
yield from the derived equation. The discrepancies between
the expedmental and calculated values did not exceed 1.35

Spectral studies (IR, Uv, rH NMR, r:tCNMR speclrum)
of terl.-methylcyclohexyla-cresol:

The following two isomers (I and II) were obtained in the
alkylation of o-cresol with 2 methylcyclohexanol;

2

:7' t10
30

4 l 3
t

li,r llolal l.lllr'{nl:l). X. -- 2

4f
2

n 3.5

0.5

,,_!ll
fbl tire amolnrt of catalyst (y). X, . 2

53
2

-y 4

1

lhesc substitutions yielded the ibllou'ings:

\ /) lh/. ..q,.,2t, (t llo ] r.ot::lro )

^far 
l5) so87s\lIiII os J I r ]

0.s875> lr ll0l{fri 3.5)

Irol lo.sl
. 16.8584r 0.189T | 20.533m + 5.0875y

- 0.05917 Tm

lior Trial l. tenperature (T):80'C, molar ratio of o-cresol
to 2-methylcyclohexanol (m:1) : 3:l and the amount of
catalyst (y) = 3% by rvt. of o cresol. Therefore, yield
calculated fron the derived model.

Y L..r 
' 
-. 36,8584 ' 0,j89 x 80 + 20,533 x 3

o
CH\

I I -\--- lI

The IR spectmm of lerr.-methylcyclohexylo-cresol showed
absor?tion bands at 704 cm-rand 748 cm'r which indrcated
the presence of l, 2, 3 trisubstituted benzene ring and
bands at 813 cm-l and 860 cmr for 1. 2. 4 - trisubstitued
benzene ling. The spectrum also shou,ed absorption bands at
3417 clrrr, 3026 cmr ,2922 cmt and 1612 cm-L for OH

lroup, aronatic -C-H , aliphatic C-H and aromatic ring C-
( stretching, respectively.



Table 6: Comparison ofllxperimental yiekl and predicted yield

l rial % Yield of
lerl-n]ethylcyclohexylo cresol

Deviation Percentage deviation

Experinle1ltal Calculated
I 56.7 569 0.2 0.3 5
2 69.3 69.6 0.3 041

7 3.6 12 '7 0.9 |.22
1 81.6 81.9 0.3 0 16
-5 66.6 6'7 1 0.5 0.7 5
6 80.9 '/9 I 1.1 l.l5
1 82 r{ 82 g 0.1 0.12
8 9l .6 92.1 05 0.54

A Statistical Study of /ert-MethylcyclohexylatioD of O-Cr.esol

The product showed strong absorption at L,,,.,, - 2'76.3 nm
in 0.01M mcthanol solLrtion in the UV spectrum.

lD the r(l NMR spectrum, pcaks of all the ahphatic
carbons *'clc observed at 6 15.64 ;10.03. rvhilc peaks

at 0 : 114.63 - 153.62 accounted lor the ar.omatic
carbons

1e7r Methylcyclohexylo-crcsol had b.p 285.C. rr1r"
1.5300 and d,:(' 0.9918.

)9

OOpph
Fis - Tl,e rH NMR speclrum oi tert-methylcyclohexyto cresoL

't able 7: 'l he rH NMR specrrru.n of terrmethylcyclohexyl o cresol

Obser-ved signals ofthe protons Chemical shift in 6 ppnr

/\ronratic ring protons 6.52 - 1 .04

OIre prolon ol'] the -OII gloup 1.7 3

I'lxee protons of {-'H] group 2.04 2.19

lc|r. -Mcthylcyclohexyl gt oup protons 0.10 t 94
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,1. (-'onclusion

llv rrlcrns oi Plackett-Brtrnan dcsign it ilas shou'll thal

leDDaralura. nrolat ration ol' r., ctcsol to 2-

urclltylcyclohexlrtol lud amouut ol catallsl \!. erc tlle
!iglilrcanl valiablcs ol thc rcaction. A 2' \'atcs patlcrn

rlcsign gave Il'ulhcmatical model to predict thc yrcld llic
h.ghcst expelimenlal yieid was founcl to bc 91.(t%, flte
c\pcrilllental sctlings wele temperatlu-e. 140"C; rrolal ratio
oI r-cr-csol to 2-methylcyclohexanol. 4:1: anrorrnt oi 60'/u

pclchloric acid. 5'ri' by wl. of o-crcsol: addrtron lin-rc, 2b

an(l stirrirlg timc. 1h. Thc plcclicted yiciti n'as 92.1'X,. '[he

rlillcrenco bct\vccn lhe cxpelitrrcntal xltd cstinraled )'icld
q,rs nc!lligiblc.

l{elcrcIlccs

1 Ill) Orloll lnd .l.P i'.lJpolituno, l1)64 Stlbrlrscs or!rfic
rnrlcnrls .l,S I'rlenl . l l16ll-1.
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