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Abstract

Studies in the preparation of aromatic ethers have proven to be quite attractive because of extensive use of these compounds in the dyestt
perfume flavor, agriculture and pharmaceutical industries. The novelties of phase transfer catalysed alkylatigdrok@ acetophenone with
1-bromopentane were studied in detail in a biphasic system with tetrabutyl ammonium bromide (TBAB) as the catalyst. The effect of various
parameters was studied systematically to understand the conversion patterns, product distribution and selectivity of desired productidanathemat
model has been proposed on the basis of the theory of mass transfer with chemical reaction in two phases. The results are novel and have indust
relevance.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction The current work deals with the synthesis ofp2nt-
yloxy acetophenone (or 2-acylphenyl pentyl ether) from 2

Substituted aromatic ethers are valuable as perfume and flaydroxy acetophenone (2-acylphenol) and 1-bromopentane

vor compounds, fine chemicals, solvents and precursors of ander liquid-liquid PTC. 2Pentyloxy acetophenone is used as

number of chemicals. These ethers can be synthesized on indust intermediate in the synthesis of fungicid2g]. Covello and

trial scale by a variety of techniques including acid catalysisPisepo[21] have reported the synthesis dfntyloxy ace-

and phase transfer catalysis (PTC). PTC has been quite su@phenone from 2hydroxy acetophenone, sodium hydroxide

cessful for C, N, O and S alkylation in fine chemical indus-and 1-bromopentane in methanol at reflux temperature leading

tries, apart from dehydrohalogenatiofis-3]. Ethers are syn- to 75% conversion. Except the above-mentioned work, there is

thesized by alkylation reactions using liquid—liquid (PT[@)  no directreportin the published literature on the details of mech-

and liquid—liquid—liquid (L-L-L) PTC[5,6], cation-exchange anism and kinetics of etherification ot Bydroxy acetophenone

resins[7], based8,9], clays[10] and isomerizationil1]. The using phase transfer catalysis. Thus, the current work addresses

novelties of liquid—liquid (L-L)[12-14] solid—liquid (S-L) L—L PTC catalysed reaction of-Biydroxy acetophenone with 1-

[15-17] solid-liquid-omega-liquid (S—k{)-L)[18-19] and  bromopentane to producéRentyloxy acetophnone, including

L-L-L PTC[9,10] reactions have been studied in our labora-mechanism and kinetic modeling.

tory for reactions of importance in perfumery, pharmaceutical

and agrochemical industries. The advantages of multiple phase Experimental

vis-a-vis the conventional two-liquid PTC have also been dis-

cussed7]. 2.1. Materials

2'-Hydroxy acetophenone, 1l-bromopentane, toluene and
* Corresponding author. Telefax:+91 22 2410 2121: sodium hydroxide, all pf AR grade, were obtaln.ed from
Tel.: +91 22 2414 5616x291; fax: +91 22 2414 5614. Merck Pvt. Ltd., Mumbai, India. Tetrapropyl ammonium bro-
E-mail addresses: gdyadav@yahoo.com, gdyadav@udct.org (G.D. Yadav). mide (TPAB), ethyl tripropyl phosphomium bromide (ETPB),

1381-1169/$ — see front matter © 2005 Elsevier B.V. All rights reserved.
doi:10.1016/j.molcata.2005.08.029
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0.025 mol of sodium hydroxide in 25 chwater at 90C. The
Nomenclature reaction mixture was agitated at 1000 rpm and a known amount
ofthe catalyst was added at the reaction temperature. Initial sam-
ple was withdrawn, and the reaction was monitored by periodic
sample.

[Alorg concentration of 1-brmopentane in the organic
phase (mol/cr)

AG Gibb’s free energy (kcal/mol)

AH enthalpy (kcal/mol)

korg second order rate constant of forward reaction|in 2.3. Method of analysis
organic phase (cA(mol s))

K>.aq  equilibrium constant for anion exchange in aque- Samples were withdrawn periodically and GC analyses were
ous phase performed (Chemito Model 8510) by using a stainless steel col-
Ke overall ion exchange reaction equilibrium con- umn (3.25mmx 4 m) packed with a liquid stationary phase of
stant 10% OV-101. The conversion was based on the disappearance
Kox distribution constant for ion-pair X~ between of 1-bromopentane in the organic phase. The product forma-
organic and aqueous phase tion was confirmed by GC-MS. As the reaction was carried
Kgy  distribution constant for ion-pair Y ~ between out under controlled conditions, there was no formation of 1-
organic and aqueous phase pentanol, which is expected as reaction was carried out in the
No total moles of catalyst added to the system attime presence of a base. There was 100% selectivity to the ether. In
t=0 (mol) all cases, experiments were repeated thrice and an average value
[Nglorg mole of catalyst in the organic phase (mol) was taken for fitting the model. There is an error of 3-5% in

[Q*X~Jorg concentration of quaternary salt in the organjc ~ each data point.
phase (mol/crf)
[Q*X~Jag concentration of quaternary salt in the aqueots

2.4. Reaction scheme
phase (mol/cr¥)

[Q*OR ]ag concentration of nucleophile ion-pair in the OH
aqueous phase (mol/éin oC Hy,
[Q"OR Jorg concentration of nucleophile ion-pair with Hy B 9
quaternary salt in the organic phase (mofgm ’ S T gom THC
AS entropy (kcal/(mol K)) L-LPTC
T temperature (K)

Vaq volume of the aqueous phase @®m

Vorg volume of the organic phase (én 3. Results and discussion

X leaving group

Xa fractional conversion of reactant A . .

Y- nucleophile 3.1. Proposed mechanism and rate equation

Greek letter The following mechanism is discussed with reference to the
) fraction of quaternary cation in the organic phage 9eneral L-L PTC $cheme ) The sodium salt of 2hydroxy

acetophenone was formed in situ by its reaction with agqueous
sodium hydroxide as shown in step (1). Indeed, as discussed in

i i . the experimental section, sodium 2-acyl-phenolate was formed
tetraethyl ammonium bromide (TEAB), tetrabutyl ammonium o jyy taking slight excess of NaOH and then the organic reac-

bromide (TBAB) were obtained as gift samples from m/s Dish-ot iy toluene was added. Then the catalyst was added at the

man Pharmaceuticals and Chemicals Ltd., Ahmedabad, Indiaye 4 tion temperature. Thus, there is the anion exchange reaction
with sodium phenolate. The quantity of OHn the aqueous

2.2. Experimental procedure phase was not sufficient to form*QH~ in preference over
Q'*OR™. As discussed by Dehmlow et §22], the formation

All the experiments were conducted in a 5cm i.d. fully baf- and extractability of QOH™~ in the organic phase was difficult

fled mechanically agitated reactor of 100%wapacity, equipped  (Scheme L

with four baffles and a six-bladed turbine impeller and a reflux 2'-Hydroxy acetophenone (ROH) was converted in the pres-

condenser. The entire reactor assembly was immersed in a the@mnce of an aqueous alkali into the corresponding phenate

mostatic oil bath, which was maintained at a desired temperatui@®@O~M™) salt in situ and therefore no free ROH was present.

with an accuracy of:1°C. The sodium salt of’zhydroxy ace- The pH of the agqueous phase was always alkaline. The aqueous

tophenone (also called 2-acylphenol) was prepared in situ bghase reaction produces the ion-pair (RD) (step (2)), which

taking little over stoichiometric excess of NaOH and then thes instantaneously transferred to the organic phase due to high

reactant 1-bromopentane dissolved in toluene was added to tlipophilicity of the catalyst cation. It reacts with 1-bomopentane

reactor. A typical run consisted of 0.02 mol 1-bromopentane ir(CsH11Br) to produce the ether RQEl1; in the organic phase

25 cn? toluene and 0.02 mol of shydroxy acetophenone and (step (3)) and the regenerated catalysXQ is transferred across
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k, n |
RO-CsH,, + Q"X =282 @Q'Or + I1-CsH;Br (3) Bulkorg. phase
Koy Koy
org. film

e 1 """""":g'.'f' """""" L-L Interface

+ - 7 <49 + - - 2
M*OR™ + Q"X Q'OR" + M'X 2 aq. film

ROH + MOH —far o M'OR" + H,0 )

Where,
O oH

ROH = Hacjb X=Br  Y=OR

Scheme 1.0-Alkylation of 2'-hydroxyacetopheneone with 1-bromopentane under L-L PTC.

the interface to the aqueous phase. The quaternary cati; Q The concentration of the active catalyst in the organic phase
distributed as four ion-pairs when the selectivity is 100%t0 needs to be substituted in terms of known concentrations:

alkylation. The ion exchange equilibria across the interface can AT TY -
: ) I Ke[ Q"X JorglY "laq
be expressed in terms of an overall exchange reaction equilifQ™Y "]y = E (6)
rium constantKg), which is also called selectivity equilibrium [X"lag
constant for exchange of [{aq by [Y "]aq and its transfer to  The catalyst is distributed as two ion-pairs in each of the organic
the organic phase, by the following equation: and aqueous phases. N, is total amount of catalyst (mol)
added to the reaction mixture initially ardis the fraction of
Q"X 1org+ Y™ ]aq<—>[Q+Y Jorg + X 1aq (1)  the catalyst cation Qdistributed in the organic (reaction) phase,
g g
then:
[Q"Y “Jorg [X Tag .
Ke= [Q+X_]org [Y Tag 2 [Q+X_]orgvorg + [Q+Y_]orgvorg = ¢ Ng (organic phase)
7
The individual ion-pair distribution constants between organic %
and aqueous phases and their relationship KithndK>_oqare o S
given by: [Q"X ]agVag+ [QTY JagVaqg= (1 — ¢) No (aqueous phase)
_ 8
10X o (®)
XTI X ey From Eq.(7):
N
Y Jorg = p > — [QTX™ 9
O Yo QY org = #7> = 1Q"X Tog (©)
QY = TAxu -
[Q*Y lag Defining:
+v— [Nol,y = No _ total catalyst molunit organic phase volume
_ KQY[QJFYi]aq [Xi]aq _ Kqv Ko-aq ®) Qlorg = Vorg -
KQX[Q X ]aq [y ]aq Kox (10)
K [QTY Jag[X 7] Eq. (9) is converted to the following:
Ke x = Fv— = - A Kz-aq (4)
KQY [Q x ]aq [Y ]aq vy — ¢[NQ]0rg
[Q Y ]org: W (11)
Eq. (4) represents the equilibrium constant for the ion-pair 1+ & [Y_]:j
exchange reaction in the aqueous phase represented by reaction ) )
(2)in Scheme 1 Eq. (5) is rewritten with the help of Eq11) as:
If the overall reaction rate is controlled by the reaction in the d[A]or ¢INal o
organic phase, then the rate of reaction of 1-bromopentane (Aaig = korg[A] O“J#x—g; (12)
in the organic phase is given by: 1+ % [Y*]::
—d[A] org _ and the concentrations terms [y, [X Jorg @and [Y~]aq can
——— = = korg[A 1'% 5 b org aq
dt orglAlorglQ ™Y Jorg ©) be substituted in terms dfa, the fractional conversion of A.
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100 - sequent experiments were carried out at a speed of agitation
1200 rpm.

3.3. Efficiency of various catalysts

e

e

Various phase transfer catalysts such as TBAB, TPAB,
ETPPB and TEAB were examined to evaluate their performance.
The conversion varied markedly with the type of catalyst because
different types of PTC exhibit different activities due to different
solubilities of the ion-pair in presence of catalyst in the organic
phase, which in turn can be attributed to the nature of quater-
nary salt. Among these, tetrapropyl ammonium bromide, ethyl
s tripropyl phosphomium bromide, tetraethylammonium bromide
- showed very less activity, which was far less as compared to
0 . ‘ ‘ ‘ ‘ r ‘ tetrabutyl ammonium bromidé-{g. 2). This can be attributed to
0 60 120 180 240 800 360 420 the more liphophilic nature of TBAB as compared to other cat-
alysts. TBAB facilitates the transfer of nucleophilic anions into
organic phase. The experimental data were fitted to tegtlEY.

Fig. 1. Effect of speed of agitation.-Blydroxy acetophenone (0.02mol), USing Polymath 5.1 and the valuesKy, Kekorgd[NQlorg, korg

1-bromopentane (0.02mol), sodium hydroxide (0.025mol), TBAB (1.08were obtained. To evaluate the valueggpfindependent experi-

x 103 mol), water (25crf), toluene (25cr) and temperature (9C). @)  ments were performed using TBAB as the catalyst. The reaction

800 rpm; @) 1200 rpm; &) 1400 rpm. was performed by taking the reactant as had been the case with
the standard reaction, the only difference being the absence of
1-bromopentane reactant. The valugyafias found to be 0.75.

In terms of fractional conversion of 1-bromopentane based ofhjs also demonstrates that the quaternary cation is mostly dis-

initial moles, X, the rate equation is: tributed in the organic phase for L-L PTC. This is also supported

e

Conversion(%)
*>
| |

ey
[ |

ey

20

Time(min)

dXa BINQlorg(1 — Xa) by comparing the value & obtained by plotting Eq14) Poly-
& = korg = T (13)  math. The highest value &f; obtained for TBAB, corroborated
! I+ % I-Xa our findings that TBAB was in fact the best cataly&al§le J).
After separation of variables and integration, ExB) leads Eq.(14)can also be modified to get the plot of this model using
to: values ofKe, Kekorgp[Nolorg: korg @nd it shows a very good fit
¥ (Fig. 3). Further, plots were also made by using Ecb) to get
A
IN(1 — Xa)[1 — Ke] + 1- XA = Kekorg¢[NQ]orgt (14)
100 -
XA t
=Kek N ———+[Ke—1
A Xpm)in@—xp) ~ KekorgdlNQlorgjn = 5+ [Ke =1
(15) 80 .
Thus, plot of MW Versus rfe, can be made .
to get a slop ofKekorgd[Nolorg (time~1) and intercept of £ o .
[Ke — 1].Thus, from these two quantities,the two unknowigg H
andKe can be calculated. 2 *
g *
. . Q 40 A
3.2. Effect of speed of agitation © &
*
To ascertain the influence of external mass transfer resistance
for the transfer of reactants to the reaction phase, the speed of ~ 2° ] i
agitation was varied in the range of 800-1400 rpm under oth- *
erwise similar conditions using TBAB as the catalySig( 1). A B # ] 4
e . 4 & B
Preliminary experiments have suggested that TBAB was the best oo—4F ' ' - ‘ - -
catalyst, which will be discussed later. It was observed that the 0 60 120 180 240 300 360 420
conversion of 1-bromopentane increased with the speed of agi- Time(min)

tation from 800 to 1200 rpm. However, there was no significant_

. in th . f1-b t hen th Fig. 2. Effect of type of catalyst.”2Hydroxy acetophenone (0.02mol), 1-
Increase In the conversion of 1-brommopentane, when the spe mopentane (0.02mol), sodium hydroxide (0.025mol), catalyst loading

of agitation was further increased from 1200 to 1400 rpm. In1.08x 10-3 mol), water (25 cr), toluene (25 ci#), temperature (90C) and
order to ensure that the reaction is kinetically controlled all subspeed of agitation (1200 rpm#) TBAB; (M) TPAB; () TEAB; (a) ETPPB.
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Table 1 25
Model fitting for etherification of 2pentyloxy acetophenone with 1-
i —_ y=1.8721x
bromopentane for different catalysts = o
X 24 R?=0.9914
TBAB TPAB ETPPB TEAB .
P-4
Ke 1.99 1.72 1.26 1.29 % 151 y = 1.3936x
Kekorgh [NQlorg 0.0045 0.0036 0.0014 0.0015 2 R2 = 0.9613
Korgd 52.34 49.48 26.26 27.48 = .
=
*
At =0.7464
T 05 y ) 0.7464x
0.14 25 R"=0.9781
< - —_
=< 012 Y = 3.8721x Ve 0.2432x = 0 ‘ T y "
- R’££.9914 Y = 0.0805x g 0.9396% ¢ 0 02 04 06 08 1 12 14 16
< o1 R’= 0.9756 = K ko * s TNt
o< b4 eforg ol Q]org
* 008 +15 %
v QJ Fig. 5. Model validation for different phase volume rati@) (1.0:1.0; (J)
~ 006 y=01112x 14 <& 1.5:1.0; 0) 1.0:1.5.
= R%= 0.9864 =
< 004 <
T oo 19 ¢
£ - = ratio of organic to agueous phase was 1.5:1, the patrtitioning of
0 , 0 Q*AcPhO in the organic phase was the least and hence the
0 02 04 06 0B 1 12 conversions were lowest. When the phase ratio of the organic
KeKorg® ¢ [NQlorgt to aqueous phase was fixed at 1:1, the best conversion values
were obtained. Under these conditions, it was observed that

EE’ASI ('\f)o gglA\?“dauon for different catalystsMY TPAB; (4) ETPB; ) oroanic phase was the dispersed phase and the aqueous phase

was the continuous phase. The lower conversions for 1.5:1 and
1:1.5 volume ratios could be due to increase in dilution of the

independently the value e, which was in close agreement reactants in the organic and the aqueous phase, respectively,

with that formed by Polymath. and also due to the unfavorable distribution of catalyst in the
organic phase. In other words, since the rate of reaction is pro-
3.4. Effect of phase volume ratio portional to the available concentration of TQ Jorg in the

organic phase, for equal volume (1:1) phase3YQ]org Was the
Considering the results obtained for the speed of agitatiorlighest, followed by 1:1.5 and 1.5: 1 organic to aqueous phase
the effect of phase volume ratio of organic to aqueous phase w&aUos. . _
studied, at 1.5:1.0, 1.0:1.0 and 1.0:1.5 under otherwise similar SO. further experiments were conducted by using equal vol-
experimental conditions. The moles of all reactants and cataly$tMe phases. The model was validated against experimental data

added were kept constarfig. 4 shows that when the volume [0 9ét a very good fitRig. 5). The values ofKe andkorg for
different phase volume ratio were obtaindalfle 3. The K¢
values for 1:1 phase volume ratio were highest and hence the

100 - highest conversions were obtained.
o0 . 3.5. Effect of catalyst loading
*
. . N ‘ The effect of catalyst loading was studied by using weight
o . .
e‘;, 60 R a from 4.5678x 107> to 1.397x 10-3 mol under otherwise sim-
2 . & . ilar conditions. The rate of reaction increases with increase in
g L0 . 4 - " catalyst concentration and the overall conversion also increases
:c)> . 4 = from 42.85 to 86.26%. A linear relationship is obtained when
n
20 - -
. "
A " Table 2
0 - . . ‘ . . . Model fitting for etherification of 2pentyloxy acetophenone with 1-
0 60 120 180 240 300 360 420 bromopentane for different phase volume ratio
Time (min) 1.5:1.0 1.0:1.5 1.0:1.0
Fig. 4. Effect of phase volume ratio’-Blydroxy acetophenone (0.02mol), g 1.10 1.19 1.99
1-bromopentane (0.02mol), sodium hydroxide (0.025mol), TBAB (1'08Kekorg¢ [NQJorg 0.0023 0.00287 0.0045
x 10-3 mol), temperature (90C), speed of agitation (1200 rpm#) 1.0:1.0; korg (cmB/(mol s)) 65.90 76.02 70

(W) 1.5:1.0; @) 1.0:1.5.
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100 ;
.
80 | . A
. A
—_ A
& 60 * .
s A .
° =
o 2 -
g . a
£ 40 . A o
Qo a n o
$ o
L m]
20
i, = 0
m O
B
om—8— . . . : ‘ .
0 80 120 180 240 300 360 420
Time(min)

Fig. 6. Effect of catalyst loading.’Hydroxy acetophenone (0.02 mol), 1-

283

0.0045

0.004 -
y =73.022x
R?=0.9933

0.003 - *

0.0035+

0.0025 -

KOrg[NQ]org

0.002 -
0.0015+ *
0.001 -

0.0005 -

0

0 0.00001 0.00002 0.00003 0.00004 0.00005 0.00006
[NQ]org

Fig. 8. Evaluation of value forg.

bromopentane (0.02mol), sodium hydroxide (0.025mol), water (Z3,cm [Ng]org Which gives a straight line. The slope gives the value of
toluene (25crf), temperature (90C), speed of agitation (1200 rpm)#)
0.0013 mol; @) 0.0007 mol; &) 0.0010 mol; J) 0.00045 mol.

IN(1-Xa)*(1-Kg)+Xa/(1-Xp)

y=1.6778x

R%=0.9485

y = 1.2059x
R®= 0.956

y=1.8721x
R%= 0.9914

T

0.5 1

1.5
Kekorg'e [ [[\I(‘.l]cmt

2.5

In(1-Xa)*(1-K)+Xa/(1-Xp)

Fig. 7. Model validation for different catalyst loading)(0.001 mol; Q)
0.00045 mol; [0) 0.0013 mol; &) 0.0007 mol.

the rates were plotted against catalyst loading, which indicate

that the reaction is kinetically controlledrify. 6). The model
was tested by invoking Eq14) (Fig. 7) and values ok, and
korg Were obtained for different catalyst loadingable 3. The
value ofkqrg can also be obtained by plottitgg [Ng]org VErsus

Table 3

Model fitting for etherification of 2pentyloxy acetophenone with 1-
bromopentane for different catalyst loading

Catalyst loading (mol)

korg @s 73.022 cr¥i(mol s) Fig. 9).

3.6. Effect of mole ratio

Different moles of AcPhONa* were used in the range of
0.01-0.03 mol, holding constant the amounts of following com-
ponents of the reaction mixture: 1-bromopentane (0.02 mol) and
TBAB (0.00108 mol). Itwas found that increasing the concentra-
tion of AcPhO"Na' increases the rate of reaction and conversion
(Fig. 9). The value ofKckorg for different mole ratios was also
obtained by solving the Eq14) using PolymathKig. 10and
Table 4. Conversion of 1-bromopentane increased for mole
ratios of AcPhO Na* to bromopentane from 1:2, 2:2 to 3:2.
At 1:2 mole ratio, 1-bromopentane was excess whereas at 3:2,
excess of phenolate was available than required in which case
the concentration of quaternary phenolate was constant at all

100
[ |
80 = A
A
[ |
9 . A
< 60
.5 [ ] A
w
> A
2 " .
40 4
8 0 ™ A . *
- A *
A * ¢
20 A | | P
A
*
om—* - - . . - )
0 60 120 180 240 300 360 420
Time(min)
4 0.01mol ®WO0.03mol A 0.02mol

Fig. 9. Effect of mole ratio. 2Hydroxy acetophenone: sodium hydroxide

0.0014 (1:1.25), 1-bromopentane (0.02 mol), TBAB (1.08.0-3 mol), water (25 crf),

0.0013 0.0010 0.0007 0.00045
Ke 2.68 1.99 1.44 1.12
Kekorg [NoJorg 0.0094 0.0045 0.0021
korg (cm®/(mol s)) 80 70 69.44 66

toluene (25 crf), temperature (90C) and speed of agitation (1200 rpm$)(
0.01 mol; @) 0.03mol; @) 0.02mol.
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3 y =1.4729x
; 2
R"50.9876
55 y =1.8721x
— 2. 2
>.2: R“=0.9914
S 2f 2
bed
A
@«
X 1.5
X
g
0.5
0 T T . ‘
0 0.5 1 1.5 2

Kekorg* @ [N(‘.}]orgt

Fig. 10. Model validation for different mole ratio#} 0.01 mol; @) 0.03 mol;
(a) 0.02mol.

Table 4
Model fitting for etherification of 2pentyloxy acetophenone with 1-
bromopentane for different mole ratio

Mole ratio

0.5:1 11 2.1
Ke 1.12 1.99 2.16
Kekorg® [NQlorg 0.0021 0.0045 0.0077
korg (CP/(mol s)) 68.19 70 90.81

times in comparison with other two cases. The correlation coe
ficient for the mole ratio of 3:2 was 0.9876 in comparison with
the other two, where is 0.9914 and 0.9964. This also proves th

the model is valid. In all cases, experiments were repeated thri% 96 kcal/mol

100 A
°
80 ° *
o A
) o 4
a5
o-_z 60 -
5 .
Rl ° A
5 o -
= * .
[} 40 o A
Q [ ]
© . . ¢
& [ .
20 A ° . *
A .
L *
- *
.
O as T T T T T T 1
0 60 120 180 240 300 360 420
Time(min)

Fig. 11. Effect of different temperature. '-Blydroxy acetophenone
(0.02mol), 1-bromopentane (0.02mol), sodium hydroxide (0.025mol),
TBAB (1.08x 10~3 mol), water (25 crd), toluene (25 cr), speed of agitation
(1200 rpm). #) 80°C; (M) 85°C; (a) 90°C; () 95°C.

Catalysis A: Chemical 243 (2006) 278-285

4 0.3
y=1.0884x
35] R?=0.9688 <

. . 1025 _
3 y=1.4256x F
= R?=09823 | 5o =
= T =
x £
< 1015
c =
;ec +0.1 =
£ +0.05<

0 ‘ . . : ‘ 0

0 0.5 1 15 2 2.5 3
Kekorg* o [NO]orgt

Fig. 12. Model validation for different temperatur,)(80°C; (M) 85°C; (A)
90°C; (©) 95°C.

and an average value was taken for fitting the model. There is
an error of 3-5% in each data point.

3.7. Effect of temperature

To study the effect of temperature, the reaction was carried
out at 80, 85, 90 and 9% (Fig. 11). When the temperature
was increased, the conversion also increased. The validation of
model was also done for each temperature, which shows a very
goodfit (Fig. 12). The data were fitted to E¢L4)using Polymath
andkorg andKe were calculatedTable 5. These values were
used to estimate Gibb’s free energy for the overall exchange
reaction across the interfadeig. 13 and the activation energy
gltZig. 14).

The energy of activation was been found out to be
The Gibbs free energpG was calcu-
lated for the overall exchange reaction -atl.198 kcal/mol
(AG=AH—TAS=—RTInKg). The negative value shows that
the overall exchange reaction is thermodynamically possible.

1.2 1

14 y = -8315.6x + 23.619
R2=0.9921

0.8 1

0.6

InKe

0.4 -

0.2 4

0 T T T |
0.00268 0.00272 0.00276 0.0028 0.00284

1TK™?

Fig. 13. Gibbs free energy plot for overall exchange reaction.
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Table 5
Model validation fitting for etherification of’2pentyloxy acetophenone with
1-bromopentane for different temperature

Temperature (K)

353 358 363 368
Ke 11 1.424 1.99 2.86
Kekorgd [NQlorg 0.00089 0.0025 0.0045 0.01
korg (cm®/(mol s)) 25 54 70 108
5 -
4 1 *
*
3 N
2
_\‘o
=
2 E
y =-12102x + 37.613
R%=0.958
1 4
0 T T T ,
0.00268 0.00272 0.00276 0.0028 0.00284

1T, K

Fig. 14. Arrhenius plot.

4. Conclusions

The alkylation of 2-hydroxy acetophenone with 1-bromo-
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ence of a base. A complete theoretical analysis of the reaction
is done to develop a model by which it was possible to calculate
rate constant and overall ion exchange reaction equilibrium con-
stant. The model was also validated for all set of experimental
data.
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