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Abstract: Transesterification is a widely used chemical rieacin chemical industry. The use of common homeges
catalysts that comprise of alkali metal hydroxidéaixides and inorganic acids lead to intricaciesoaiated with post
reaction separation of catalysts from productsti@nother hand, heterogeneous catalysts possedsativback of limiting
mass transport due to the presence of a three giistgan that is inherently immiscible in each othh liquid/liquid/solid
(L/L/S) interfaces. With the intention of amelidrag conditions for a reaction system containing lofimiscible reactants,
the ability of select metal alkoxides to act adhage transforming advanced catalytic materials werdied. In this regard,
the ability of transition-metal alkoxides to initia act as a homogeneous catalyst and then phasgege into a
heterogeneous form was elucidated. Specifically, study targeted ascertaining the effects of difiermetal groups of
alkoxide catalysts on the performance (yield andcsiwity) toward transesterification. Eight difeart metals were tested.
Transesterification was done using identical weigiftmetal alkoxides, i.e., 1% of the total weighthe reactants. Studies
confirm that active sites of metal alkoxides catalyae the transesterification reaction. It waseyled that, a maximum
ester yields were observed with titanium isoprogexand yttrium isopropoxide catalysts. The selégtiof all transition
metal alkoxide catalysts toward component fattyl awethyl esters was the same.

Keywords:. Transition Metal Alkoxides, Transesterificatiorat@lysts, Transport

Accordingly, the primary goal of this study was to
1. Introduction evaluate the catalytic performance of select ttanmsimetal
alkoxides that can initially act as homogenous lgsta
Reactions involving immiscible reactants are clmglleag  during transesterification and then affords theligbio
to perform due to limitations associated with maassport.  separate the spent catalyst as a heterogeneoddrsati the
Nevertheless, there are numerous instances whepe tweaction medium once the reaction is complete (asult of
immiscible liquid reactants (i.e., polar and norapdiquids)  concurrent condensation-polymerization).
are needed to be brought in contact with a catalyatch as Transesterification is an acid or alkaline catatyze
in esterification[1,2] transesterification[3-6],hetification  reaction[13]. Due to superior activity and favoebl
[7,8], and hydrolysis[9-11]. Reaction progressionsuch economics, the most commonly used industrial catslgre
systems is critically affected by mass transferuéss alkaline (sodium and potassium) hydroxides/alkogidad
associated with unavailability of sufficient intecfal area. inorganic acids (primarily sulfuric acid). An adtage of
The issues are exacerbated when a catalyst iseequi these catalysts is that these are homogeneous thdth
The L/L incompatibility could be ameliorated by product medium which favors transport aspects.
introducing a liquid surfactant[12]; and if thisrfactantis a Nevertheless, the most significant drawback of éhes
catalyst, such a catalytic surfactant is expected thomogeneous catalysts is complication of the dowast
significantly help transport aspects of such imibiec product separation and purification steps[14].
systems. Nevertheless, homogeneous catalysts aatgli To circumvent downstream separation issues, several
down-stream product separation. Heterogeneousysatai  heterogeneous catalysts have been suggested. imbleske:
the other hand, though easy to separate subsedqoentmetal oxides such as ZrO2-Si0O2, KOH/ZrO2-SiO2,
completion of the reaction, introduces transpanithtions Co0203-Si02, M0205-Si02, Na20-SiO2[15, 16]; metals
which results in meager reaction performance. such as nickel powder, palladium powder, cast $fwavings,
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steel shavings [16, 17]; zeolites [18-20]; ion exafpe resins USA).
[15, 21, 22]; and salts such as sulfated zircohja2B, 24].
However, it has been widely reported that heteregas
catalysts require more intensive reaction condiifb-27]
and longer reaction times [1, 4, 27] as comparedh&

homogeneous counterparts. By contrast, homogemsiss  jsonropanol while methoxides were diluted in metiafihe
catalysts give conversions near 100% at tempesalrer gonication system (UP400S, Hielscher ultrasound

below 650C in less than 3 hours [28]. The meageg hnology) is capable of producing 24,000 kHz veawith
performance of heterogeneous catalysts can be BIyma 5 hower output of 400W for this purpose. As différmetal

attributed to substrate transport issues. , alkoxides have different numbers of alkoxide grqups
Studies were conducted to develop a catalytic ot®t 1 onomers were chosen to ensure homogeneity. Catalys

can harness the advantages of aforementioned hO®0G& \\ore prepared according to previously developechautt
catalysts while addressing the L/L compatibilitgue and [30]. Here it should be noted that not all the theta
additionally that can alleviate the separation ésstihe isopropoxides dissolve in isopropanol. In all casse

hypothesis was that metal alkoxide catalysts, iBirth no\er forms of metal alkoxides were used for tectien

monomeric (or simple oligomeric forms) can act agug when not dissolved, the suspension of metakidk in
transesterification catalysts as well as amphighitiue to isopropanol was used. Titanium, iron, zirconiurtiriym,

the presence of hydrophobic hydrocarbon tail-groaps  go4iym isopropoxides dissolved in isopropanol whitkel,

oxygen-bound metal groups that are hydrophilic ietah  .nromium, and lanthanum isopropoxides didn't.
alkoxides). A previous study, established the ¢ffeaess of

titanium isopropoxide based monomers, oligomers an®3. Transesterification
polymers as transesterification catalysts [29]uBsequent

study looked at how hydrocarbon tail group compiexi : ) -t
affects the ester yields [30]. This study focuses oaforementioned high pressure reactor. In ordenit@ie the

understanding: 1) The catalytic effect of the mgtalup of ~(ransesterification reaction, 1% (w/w) of the cpsalwas
different transition-metal alkoxides toward Infused into the reaction chamber containing taglyde
transesterification; 2) their selectivity towardnggonent 'mmediately after the contents reached the designat
fatty acid esters formation; 3) if differences (@rms of (emperature (2000C) through a high pressure liguithp
yields) are observed, the underlying reasons; apd 4E'dex 5790, Eldex laboratories Inc. Napa, CA)wfs
verification of the ability of theses alkoxidespiolymerize ~Noticed that when the reactor reached 2000C, tesspre

and separate from the medium subsequent to thémeac increased up to 10 psi. Alcohol to oil ratio of Jrholar
basis) was used for the transesterification reactio

. Isopropanol was used as the esterification reagersll of

2. Materialsand Methods the reactions with isopropoxide catalysts. Methawals

2 1. Materials used as the esterification alcohol when sodium mede

was used as the catalyst (control). Samples wengrdfrom

The transesterification reaction was carried ow mgh the reactor at 30-minute intervals up to 3 houte $amples

pressure thermal reactor (4570-Parr instrumentjriidplL.  drawn were cooled immediately in order to cease the

USA.) with maximum operating temperature rating ofreaction from progressing further. Then, the sampmlere

5000C and pressure of 5000 psi. The reactor cedsafta centrifuged at 10,000 RPM at 120C to separate mtsdu

500 ml vessel fitted with a magnetic drive stirnsith  (alkyl esters and glycerol) and any catalyst. Téetrgfuge

maximum speed of 2000 rpm (tachometer module witBystem used (Sorvall Legend 23 R- Thermo Scietifas

accuracy + 10 rpm). The reactor was used in thehbabde. maximum rated speed of 24,000 rpm and minimum

Degummed soybean oil was purchased in bulk fromSIrE temperature of (-) 40C.

Company, San Marcos, TX USA. The typical fatty acid The top fraction of the products was analyzed &iers

profile of soybean oil is: C16:0-11%, C18:0-4%, C1183%, using gas chromatography (GC-6850 Agilent Techrielkg

C18:2-54% and C18:3-8% [31]. Santa Clara, CA USA). Auxiliary analyses for comfation
Isopropoxides were selected as alkoxide group cothae  of the products were carried out via GC Mass spsctpy

to the wide availability in different metal formaq opposed (GC-MS 7890 Agilent Technologies, Santa Clara, C3).

to methoxides or ethoxides). Isopropoxides of rlicken, The gas chromatograph was calibrated with the otisige

lanthanum, chromium, yttrium, and zirconium werealkyl ester standards each time prior to obtaining

purchased from Chemat Technology Inc. Titaniunguantitative yields. Alkyl ester standards (pemineo

isopropoxide, sodium isopropoxide and sodium meatleox methyl, isopropyl, esters of C 16:0, 18:0, 18:1;2188:3

(control) were purchased from Sigma-Aldrich Corpfatty acid alkyl esters) were purchased from Nu{CReep

Isopropanol and methanol were purchased from EMINc.(Elysian MN 56028, USA).

chemicals Inc. Pure biodiesel (control) was puretiasom The GC method utilized (for isopropyl esters) deétecis

SoyGold (Ag environmental products, LLC, Omaha, NEas follows:

2.2. Catalyst Preparation

All the catalysts were prepared via ultrasonic mixwith
respective alcohols. Isopropoxides were diluted in

The transesterification reactions were carried inuhe



Advances in Materials 2012, 1(1): 1-8 3

Inlet Temperature 250 oC

Split ratio 50:1

Injection volume 1l

Column flow (Helium) 1.6 ml/min (constant flow)
FID temperature 280 oC

H2 Flow 40 ml/min

Air flow 450 ml/min
Makeup gas (Nitrogen) 30 ml/min

Oven program 500C hold 1min, to 200 oC at 25
0C/min, hold 3 min, to 230 oC at 3

0oC/min, hold 18 min.

Column 30 m x 0.25 mm x 0.25 pm (DB-Wax)

The fatty acid alkyl esters yield was calculated vi
Chemstation software (Agilent technologies). Theaar

under the peak from the FID chromatogram correspdrd
the concentration of that component. These coratos
were determined using calibrations with pure esttendards
along with an internal standard (C-12 ester).

The results were statistically analyzed by Desigpegt
software.

2.4. Catalyst Characterization

The acidity and basicity of the catalyst was detseah by
the Hammett indicator method [32]. The Hammettéathr
method
determining the basicity and acidity of solid cqsas.
However, it should be noted that this method iy ackcurate
for qualitative analysis due to the potential issassociated
with indicator molecules diffusing in to the micpores
when present [32, 33].

About 1-2 ml of sample containing the catalyst was

shaken with 5 drops of Hammett indicator in isopnoa
solution and left to equilibrate for 3 h. In the rhimett

indicator method, the base strength is quoted asgbe

stronger than the weakest indicator which exhihitsolor

change, but weaker than the strongest indicatot tha

produces no color change [32, 33]. In these exmaria) the
following Hammett indicators were used: Neutral (BdR)
(pPKa 6.8), Methyl red (MR) (pKa
P-dimethylaminoazobenzene (DM) (pKa

8.2), Nile blue (NB) (pKBH+
(pPKBH+ 11) and 2,4-dinitroaniline (DN) (pKBH+ 15l
the indicators were purchased from Sigma-Aldrich [QdC.

2.5. Catalyst Selectivity

There are many definitions for calculating selattivn
literature. In the context of this work, the follmg formula
was used [34]:

Moles of a productcomponent

Product Selectivity = X 100%

Total moles of product

The results were statistically analyzed by Desigpegt
software.

3. Results and Discussion

is a fast and widely accepted method for

4.8),
3.3), Crystal
violet (CV) (pKa 0.8), Phenolphthalein (PH) (pKBH+
10.1), Tropaeolin (TR)

Experiments were carried out in two stages. Duthrey
first stage, the ester yields were evaluated uselgct
transition-metal alkoxides as catalysts. Theng8ier yields
were normalized according to the number of alkoxide
ligands bound to the metal. By doing this, it isgible to
eliminate the yield differences due to a variablenber of
alkoxide active sites. This also would help compasailts
with prior work that used metal alkoxides [35, 38khould
be noted that the effect of thermal reactions @ad&lytic
reactions due to high temperature) was studiediqusly
and it was observed that no significant transe@tation
occurred during a time span of 3 hours at 2000(. [30

Figure 1 depicts the ester yields of various metal
isopropoxides with time. It was observed that titamand
yttrium isopropoxide showed almost similar esteelds
after 3 hours. However, titanium demonstrated defas
reaction rate at the beginning (while the rate dishied
toward to end of the reaction period). Yttrium, the other
hand, had the same rate throughout the reactioodper

50
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XFe

Ester Yield (%)

X Ni
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Time (Hr)

Figure 1. Ester yields with respect to time for alkoxide ¢ages with
different metal groups.

Na isopropoxide was used as the control to comiherre
performance of other isopropoxides since alkalinetain
alkoxides are the most widely used catalyst
transesterification.[15, 37] It is interesting toserve that Ti
(42%) and Y isopropoxides (35%) yielded higher antsu
of esters as compared to Na (18%). ANOVA tableefter
yields is depicted in figure 2. The statistical lgags shows
that the ester yields of metal isopropoxides agaiicantly
different after 3 hours of reaction time. The asa\ydepicts
that the ester yields for Cr, Fe, La, Zr, Ni isquurides are
not significantly different after three hrs. Alsone of the
above isopropoxides displayed comparable estatsyiel Ti

for
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orYy.

ANOVA for Response Surface Reduced Cubic Model

Analysis of variance table [Classical sum of squares - Type Il]

Sum of

Source Squares df
Model 13500.97 23
A-Head Group 11405.18 7
B-Time 1679.65 1
AB 376.90 7
B2 6.40 1
AB? 32.85 7
Residual 92.76 66
Lack of Fit 32.35 24

Pure Error 60.42 42

Cor Total 13593.73 a9

Mean F p-value
Square Value Prob >F
587.00 41764 < 0.0001 significant
1629.31 1159.22 < 0.0001
1679.65 1195.04 < 0.0001
53.84 38.31 < 0.0001
6.40 455 0.0366
4.69 334 0.0042
1.41
1.35 0.94 0.5576 not significant
1.44

Figure 2. ANOVA table for yield analysis with different mletlkoxides.

The ester yields depicted in figure 1 are baseidemtical
weights of catalyst. It should be noted that catalyzing
reaction can take place at the Ti centre (whem&ting as a
Lewis acid) or at the alkoxide centre (where alklexacting
as a Brasted base, depending on the metal ( [30].
Presuming that the basic reaction is more domintoat
yield variability may be as a result of the varyimgmber of
alkoxide ligands and not due to the nuances of metal ce
To correct this situation we have normalized thelds to
“per moles of ligand groups attached”. For exantipd@ium
isopropoxide has 4 alkoxide ligands attached tditheium
centre while nickel has opltwo. In order to rectify thi
discrepancy, the ester yields per alkoxide brandre
calculated (figure 3). For this comparison, we haased thi
yields of all alkoxides with respect to the onetthave the
highest ester yield (assigning it a 100%vity) per mole of
active branches in the reaction.

100 ®Na
-~ 90
g aTi
= 80
g 70 T I ACr
s 1
o 60 T J‘ XFe
7 50
B 40 * Ni
N
® 30
IS Y
5 20
< 10 uZr
0
La
0.5 1 Jl"i?ne (Hrzs) 2.5 3

Figure 3. Normalized ester yields (% weight) with respedht®onumber o
active ligands.

It is evident that even after normalizing for thember of
active sites, titanium based catalyst renderhighest ester
yield per mole of active branch. Nevertheless, diténium
and yttrium resulted in significant ester yields. is
important to note that the performance of sod
isopropoxide was still much inferior to that oftium and
yttrium counterparts.

It is important to compare the transit-metal alkoxide
catalytic activity to alkali metal catalytic actiyisince alkal
metals are the most widely used in industry. Sodanmd
potassium alkoxides are the most prevalent catalfcst
transesterification in biodiesel indus [37]. Accordingly,
the transesterification ability of sodium isoprofex was
compared to that of sodium metho> (Figure 4). It is clear
that the catalytic ability of sodium methoxide @& uperiol
to that of he sodium isopropoxide. Sodium methoxide h
maximum ester yield of 83% just after 30 minutes
reaction. This yield is seve-fold higher than that of the
isopropoxide counterpart (which yielded less thdvb:
esters even after 3 hours of reaction) alkali-metal
alkoxide homologous series, molecular comple
increases with increasing carbon number in alkoxidws,
there is higher covalence between the metal ataintlae
oxygen atom for higher carbon alkoxide groups. Tinkes
it harder for the highetarbor-numbered alkoxide to
participate in branch confirmation reactions. Hoame\it
should be noted that alkaitetal methoxides are metasta
compounds compared to all-metal isopropoxides.
Therefore, polymerizing to its oxide form is Ifavorable in
methoxide than isopropoxid&8]. Accordingly, methoxides
(to a large extent) would stay in solution as a bgemous
catalyst while propoxides will oligomerize and eteily
polymerize becoming a solid (heterogeneous cajalyse
propensity of the alkalinetal methoxide to stay in soluti
(homogeneous with the -phase and alcohol-phase)
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coupled with all active sites being available tigbout the
entirety of the reaction period may have instigathd
comparatively higher ester yields in ccarison to
isopropoxides. Isopropoxides, on the other hand; naae
forgone some of the active sites for oligomerizatioaking
the number of active site available for transeftation
progressively lesser as the reaction progre— prompting
comparately lesser ester yields than thoxides.
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80 - i . = Na_Metho
LR
70 - 1
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B 50 -
2
T 40 |
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Figure 4. Ester yields of sodium isopropoxide and sodium oxéde

It is interesting to note that titanium methoxidesulted
in an ester yield of 64% after 3 hours of reactidhe
titanium methoxide data wercollected in a previous stu
[30]. The analysis suggests that the activity ¢dnium
methoxide as a transesterification catalyst is faotfrom
that of the sodium counterpart.

Although sodium methoxide caused a reduction are
yields with time, tle yields were much higher as compa
to that of sodium isopropoxide. A possible exptamafor
low ester yields when using sodium methoxide irs
experiment (although sodium methoxide is the motva
catalyst for transesterification) is the likelthermal
degradation of produced esters. Results suggest
transesterification reaction occurs at a fast dateng the
first 30 minutes of reaction time (our first samplas drawr
only after 30 min). Nevertheless, results from kg4
depict that aftr three hours of reaction, the yields h
decreased (when sodium methoxide was used a
catalyst). It is likely that when sodium methoxidas usec
at 2000C, the yield of transesterification prodystsking
before 30 min.

The selectivities of seleatatalysts towards compone
esters are shown in figure 5. It is evident thattlatee
catalysts, sodium, titanium and yttrium isopropesichac
comparable selectivities toward component fattysciit
the onset of the reaction, the selectivity for site and
linolinate was zero for all the catalysts (depigtithat the
product spectrum had only C16:0, C18:1 and C18t¥
acids). Ti was more selective for C18:1fattyac@snparec
to Na and Y. Sodium, on the other hand, had a hi
selectivity toward<C18:2 linoleate ester (63) at the onset

of the reaction.
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Figure5. Selectivity of different metal groups for comporesiers witt
respect to time.

At the end of three hours, stearate and linolirestiers
also appeared in the product mix. At tpoint, titanium had
a higher selectivity toward all the major fatty dgiexcep
C18:2 linoleate ester. It was noted that esterpmsition of
triglycerides closely followed the selectivity nuemb.
Literature suggest that, fatty acids (-12%, C18- 5%,
C18:1- 25%, C18:252%, C18:- 6% by weight in soybean
oil. The overall conclusion subsequent to the siatl
analysis is that after three hours of reaction tiatiehe three
catalysts are equally selective for component faityd
hydrolysis.

An interesting observation was that although all m
isopropoxides at the onset of the reaction v
homogeneous with the reaction medium, subsequethie!
reaction, most transitiometal isopropoxides were
separable as a heterogeneous product. Figure 6ts that
alkali metal catalyst cannot be separated (or Myibfter
vigorous centrifugation of the content. Neverthg)anos!
transitionmetal catalysts were able to be separated
esters and glycerol. Transit-metal alkoxides can
polymerize via alcotl condensation at higher temperati
[10, 3942]. The observations allude that the trans-metal
alkoxides went through a concurrent polymeriza
reaction while participating in the catalysis ofe
transesterification reaction. The fortuitous oime is a fully
separable heterogeneous catalyst from the reactémhum
at the end of the reaction. These observationmdiree with
findings from our previous studies that partialbhpmerized
transitionmetal alkoxides act as transesterification lysts
[29, 30].As a practical significance, it should t@ted here
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that the heterogeneous forms of all the isopropEsiester
can be relatively easily transformed chemically ite
original monomeric form for reuse [38]

Figure 6. Transesterificatioproducts after centrifugatio- homogeneous
alkali metal alkoxide catalyst (left) and heterogens transitio-metal
alkoxide catalyst (right).

The studies allude that the early transi-metals are
significantly  more  catalytically active towar
transegrification than the others tested. It is eviddrdt
metal alkoxides in group Il and IV in-bock rendered the
highest transesterification yields. The reasongHisr could
be severafeld. At the beginning of the reaction, it is like
that all metahlkoxides would be in their monomeric (or 1
thermodynamically most stablsimplest forms). The grot
IVB metals possess the highest number of alkoxigknts
coordinated around the metal center. This trarslatea
higher number of catalytic activées per mole participatin
the reaction and thus higher ester yields when eoetpbtc
other metals in the same period.

However, as the transesterification reaction preggs, i
is evident that the alkoxides oligomerize eithex &cohol
condensation omwater condensation routes. It should
noted that all the metal alkoxides oligomerize evéth
traces of water presentand when they do oligomeri:
forming metal-oxcalkoxides, the ligands arrange accorc
to least complex formation. The main prirle is that metal
atoms attempt to achieve the highest coordinatith the
lowest possible molecular comple) [43]. Accordingly,
when comparing the transitionetal alkoxide homolog
along the transitiomretal series, oligomerize
Ti-oxo-alkoxides would have the highest number
alkoxide ligands attached per metal center. Thidaéns the
significantly higher activity of early transiti-metals (Ti
and Y) as compared to late transition metals. éstiamgly,
zirconium, though an early transitionetaldid not perform
as well as Ti or Y most likely due to the reactmogressing
via an acid-catalyzedoute (as opposed to Ti and
progressing via a basic route) as identified byHaenmeti
indicator studies described below.

3.1. Catalyst Characterization

Figure 7. Hammett indicator method on different metal alkes

Catalyst matrix after subjecting to Hammett indac:
staining is depicted in Figure 7. Based on thercdhanges
it was observed that not all the mealkoxides tested were
basic. For example zirconium isopropoxide disple
strongly acidic properties. Interestingly, zircamiwenderec
very low ester yields throughout the experimentafium
and yttrium isopropoxides, on the other hand, weghly
bast and gave high of ester yields. Tablel presers:
conjugatebase basicity of different metal alkoxides use
this experiment. It is clear from the analysis thahium
isopropoxide which is an alkali metal alkoxide tsoagly
basic. It is evident #t catalysts that showed strong basi
favored transesterification as opposed to the ac
counterparts.

Table 1. Acidity/Basicity of selected metal alkoxide catts:

Catalyst pKa value (Hammett Indicator

M ethod)
Lithium isopropoxide 11.2
Zirconium isopropoxide 3.25
Nickel isopropoxid 11.2
Titanium isopropoxide 10.1
Iron isopropoxide 6.8
Yttrium isopropoxide 11.2

This analysis indicates that transil-metal isopropoxides
can catalyzéransesterification using either alkoxide ligau
located at the exterior of the metal complex visdcatalyze
route or using the (acidic) metal center dependinghe
acidity/basicity of the comple

4. Conclusions

This study looked at the catalytibehavior of
transitionmetal alkoxides (initially introduced into tl
reactant mixture in monomeric form while phase cjiag
into polymeric forms) toward transesterificationakimum
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ester yields observed were 42 % for titanium ispprade, [4]
35% for yttrium isopropoxide (both after 3 hourg@éction
time) and 18% for sodium isopropoxide with 1% cggtiby
weight. In comparison, the ester yield was 83% witlium
methoxide (alkaline earth alkoxide) after only 3bhate of
reaction time. The study confirmed that of
transition-metal isopropoxides tested, titanium gtidum
had the highest activity toward transesterificatibine study
also confirmed the superior catalytic ability ofdaom
alkoxides. It was established that the catalytititalof the
methoxide was far superior to that of the isoproges.
After correcting for the number of active sites gmet per
mole of catalyst, it was evident that the actiafytitanium
and yttrium isopropoxides was far superior to tbathe
sodium counterpart — and was an unexpected. Taetiséty
of select metal isopropoxides (Na, Ti and Y) regddhat all
catalysts had equal selectivity toward componetty fzcid
esters formation.

An interesting finding is that transition-metal aiides g
undergo a concurrent polymerization reaction while
catalyzing the transesterification reaction. Altgbwall the
catalysts were homogeneous with the reaction mediuhre
onset of the reaction, as a result of this simeltas
polymerization, the transition-metal alkoxide cpsdd
polymerized/solidified and were easily separabtenfrthe
reaction medium subsequent to completion of theti@a

Further analysis suggests that transition-metal
isopropoxides can catalyze transesterification gugither
alkoxide ligands located at the exterior of theahebmplex
via base catalyzed route or using the (acidic) hedater
depending on the acidity/basicity of the complek.Tiland
Yi isopropoxides displayed basic properties anceljik
progressed the transesterification reaction via liase
catalyzed route whereas Zr and Fe isopropoxidegxessed
the reaction via the acidic pathway. This studyficors that
ability of transition metal alkoxides to be used as
phase-transforming catalytic material.
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