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Abstract: In this study, we report the photocatalytic activity of TiO> monitored by benzene oxidation
in the grout medium. The results of the batch reaction tests indicated that the activity of TiO> coated
on grout was substantially less than TiO. coated on a glass substrate. CO2 adsorption on these
samples were monitored by DRIFTS. The results reveal that the loss of activity in the grout medium
was due to formation of stable carbonates-bicarbonates in highly alkaline grout media.
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INTRODUCTION

There is a growing market for self-cleaning and
air purifying photocatalytic cementitious
materials (1). Similar to cement matrix, grout
matrix is also an ideal surface for photocatalytic
utilization. Compared to cement matrix, grout
matrices are frequently used in indoors and
therefore sunlight exposure of these materials is
low. However, grout applications such as patios,
mosaic, stone, and tile works are aesthetic and
high cost surfaces, and self-cleaning properties
are desirable. Photocatalysts can be applied onto
different structural supports (2), embedded in
bulk (3-4). Nowadays, commercial building
materials are directly coated with photocatalysts
(5). The durability of the photocatalytic building
materials is of both academic and commercial
concern (6).

Concrete matrix, frequently encountered in
buildings, is a highly alkaline environment. This
high alkalinity can result in extensive amounts of
CO2 and NOx ad(ab)sorption. A recent study (7)
reports that CO> absorption in cement matrix can
compensate the CO: footprint of the cementitious
manufacture (5). TiO2 can also be modified with

alkaline structures to increase CO: adsorption.
Modification of TiO with NH4OH and KOH was
reported to increase the total CO. adsorption
capacity by a factor of 9 compared to the
untreated sample (8). Furthermore, acidic/basic
character of cementitious base materials can
influence the activity of the photocatalysts.
Kozlov et al. studied photocatalytic degradation
of benzene and acetone with H.SO4 and NaOH
treated samples to observe that high alkaline
treatment decreased the acidic sites and
photocatalytic activity of the samples (9-10).
Strini et al.(11) studied photocatalytic oxidation
of BTEX (Benzene, toluene, ethyl benzene and o-
xylene) using P25 in Portland cement samples,
comparing the activities between pure TiO> and
TiO2 added cementitious materials. They
observed 3-10 times decrease in photocatalytic
activity of P25 in cement samples when
compared to pure TiO2 activity.

Surface carbonates-bicarbonates are formed on
TiO2 surfaces under CO2 exposure (12-21). It is
known that carbon deposition changes the
photocatalytic activity on TiO> surfaces under UV
exposure or dark conditions (22). Strong Lewis
acid (Ti**) and Lewis base (0?%) sites favor the
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formation of bidentate carbonates and
bicarbonate species on the surface, whereas
monodentative carbonates are favored by Ti3*
sites (23). During photocatalytic benzene
decomposition, the source of surface carbonates
are the byproducts finally leading to CO and CO:
as gaseous products (24-27).

In this article, we report activity loss due to the
interactions between a commercial TiO2
photocatalyst and its cement based environment.
Our work reveals a link between carbonate-
bicarbonate formation and photocatalytic activity
loss on the alkaline environment of cement based
samples.

EXPERIMENTAL/METHODOLOGY

A commercial TiO2 sample (Anatase Sachtleben
Hombitan LW, will be referred to as HLW from
this point onwards) with a specific surface area of
11 m?/g was used in the tests. HLW -grout
sample was prepared by mixing with the grout
mortar for the in-grout samples, 33 wt% water
was added and the final slurry was cast in a
plastic vessel (8.5 cm ID, 5 mm depth). A plain
grout mortar was also prepared. The samples
were cured for 28 days in a controlled
atmosphere conditioned at 23 °C and 50% RH.
On-the-grout sample was prepared by depositing
0.01 g TiO2-deionized water solution using a
syringe. On-the-glass sample was prepared by
doctor blade method. The samples were air-dried
for one day.

Photocatalytic benzene oxidation reaction was
carried out in a homemade glass manifold (215
ml) operating in batch mode at 1 atm and room
temperature. Prior to reaction measurements, the
system was evacuated for 30 minutes and the
reaction cell was photo-irradiated for 1 hour under
vacuum. 0.2 uL of benzene was introduced to a
heated manifold kept at 85 °C through a septum
injection port and allowed to evaporate. Benzene-
air mixture in gaseous form was transferred from
heating system to the reaction cell through a
vacuum-tight valve. The reaction products were
periodically sampled through a septum by a gas-
tight syringe and analyzed using a Gas
Chromatograph (Varian 3900) equipped with FID
and PoraplotQ capillary column. 100 W UVA (~365
nm) black light was used for photoexcitation. On
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the same sample, both dark and UV irradiated
activities were measured. The dark experiments
were done by covering the sample cell with
aluminum foil while keeping the cell illuminated,
to maintain identical thermal conditions.

DRIFTS (Diffuse Reflectance Infrared Fourier
Transform Spectrometry) studies were performed
using a Perkin Elmer (Spectrum 100 Series)
Spectrometer equipped with a Pike DIFFUSIR™
DRIFTS cell connected to a home built gas
manifold capable of holding vacuum up to 10~ Torr
connected to a Varian turbo molecular pump
station. Equal amounts of samples were used in the
DRIFTS cell and they were in powder form for pure
TiO2, and in the precast form for grout containing
samples, which is explained in the first paragraph
of  experimental section. Prior to the
measurements, the manifold and the cell were
evacuated for 30 minutes. Subsequently, CO:
was dosed onto sample, while monitoring the
pressure by a Baratron gauge (MKS). DRIFTS
spectrum was recorded after allowing system to
equilibrate for 20 min. After adsorption
experiments were completed, the sample was
evacuated for 10 min and DRIFTS spectra were
also recorded under vacuum.

RESULTS AND DISCUSSION

The photocatalytic benzene oxidation rate was
measured through monitoring the concentration
as a function of time (Fig. 1a). The rate
estimations were based on a pseudo first order
kinetics, for practical purposes without making
any reference to mechanism. The time dependent
disappearance of benzene from the batch
reaction chamber was approximated as,

C ):_kt (1)

The reaction rate constants k can be calculated

C

from the slope of trend lines of | a VS.

a,0
time graphs (Fig. 1b). The comparison of pseudo
first order rate constants provides a common
basis for comparing the activities of different
photocatalysts and different environments (28-
29).
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Fig. 1: a) Benzene concentration during photocatalytic oxidation in the grout samples. The filled

symbols indicate UV

irradiated samples while empty symbols

represent the corresponding

measurements in dark. 10 wt % TiO2 was added in the grout in both cases. b) Fig 1a is shown in the

a,o

C
form of ln(c—) vs. time.

a

In order to differentiate the contribution from the
cement matrix, similar measurements were
performed by coating the TiO, samples on the
glass. The results were compared with the
measurements of the photocatalytic activity of
TiO2 coated on the grout. The results are
presented in Table 1. A comparison of the data
reported in Table 1 reveals that there is
substantial loss of activity on the grout.

According to the findings of an earlier publication
(30) from our group, CO2 evolution was always
slower than the disappearance of CsHs, indicating

some carbon hold-up in the structure. To test this
hypothesis on the present samples, DRIFTS
spectra for various HLW-grout surfaces and pure
HLW and grout samples were collected (Fig. 2).
IR assignments of adsorbed CO> on TiO> were
made based on the literature as summarized in
Table 2. The bands in DRIFTS spectra presented
in Figure 2 was assigned as follows: 1800-1200
cm! region shows carbonate-bicarbonate related
peaks. The absorbance in this region is low for
pure grout samples. HLW integration to grout
increased adsorption of CO. and formation of
carbonates-bicarbonates substantially (Fig.2c).

Table 1: Activity comparison of HLW on glass and on grout surfaces.

TiO2

surface kuw (1/h-g cat)

density (g/cm?)

On the grout

On the glass

0.0005
0.0013
0.0013
0.0020

56.6 (£16.0)
51.3
196
144
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Fig. 2: DRIFTS spectra comparison of pure powder, coating and grout applications using HLW a)
3750-3650, b) 2800-2400, c) 1800-1200 cm! regions. The solid lines are collected under 500 Torr of
CO2 while dashed lines indicate the intensity after evacuation. 500 torr CO> data for 3750-3650 cm™?
region is not shown due to dominant characteristic CO; peaks in the region.

Open symbols represent spectrum after 10 min evacuation .
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Fig. 3: a) Pressure vs. integrated intensities for 1800-1200 cm-1 region. b) Pressure vs. [Integrated
(bi)carbonate intensity] / [residual (bi)carbonate intensity in the same region after evacuation]. Pure
grout data in Fig 3b is not shown.

The broad peak around 2500-2700 cm™ is in intimate contact. This peak was neither
assigned to dimeric interactions between H and observed for pure HLW nor for pure grout sample
OH groups of bicarbonates (Fig.2b, Table 2). This under CO. environment. The decrease in OH
peak is observed only when HLW and grout were  population is observed around 3700-3730 cm!
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for HLW-grout and 3660-3680 cm™! for pure HLW
samples as negative peaks in the regions
indicated. This decrease was attributed to the
formation of bicarbonates over OH groups upon
CO: adsorption. The stability of the carbonate
species upon evacuation were also monitored.
Surface carbonates were found to be more stable
on HLW-grout than pure HLW or pure grout
samples (Fig.2c). From the data in Figure 2c, it
can be seen that the bands in 1200-1400 cm
range disappear upon evacuation for pure grout
and 10 wt% HLW in the grout samples. These
bands are however partially stable upon
evacuation for pure HLW and HLW on the grout.
For a semi-quantitative analysis, the area under
the curve for 1800-1200 cm™ region was
integrated and plotted as a function of the
pressure (Fig. 3a). It can be clearly seen from
the isotherm data in Figure 3a that there is not
an appreciable amount of (bi)carbonate hold-up
on the pure grout. When TiO2 is present, the
(bi)carbonate hold-up increases (all the rest of
the samples). The relative strength, i.e. stability,
of the species was tested against evacuation;
open symbols in Figure 3a indicate the residual
intensity of the peaks after 10 min of evacuation.
In Figure 3b, the isotherm data of Figure 3a
(filled symbols) were plotted after they are
normalized with respect to their corresponding
values under vacuum (open symbols). The same
data were also presented in Table 3 in terms of
vacuum to 500 torr CO: integrated intensity
ratios. The normalized values indicate that when
HLW and the grout were in intimate contact,
these samples hold more surface carbonate-
bicarbonate species than either pure HLW or pure
grout samples under vacuum conditions.
However, the data presented in Fig. 3a and Fig.
2c clearly indicates that the bicarbonate
formation characteristics on pure HLW and 0.042
g HLW/cm? coating on the grout are similar. The
intensity of the bicarbonate species on pure HLW
and HLW on the grout, reported in Fig. 3a, is
much higher than both the corresponding
intensity of pure HLW and that of HLW coated on
the grout samples. The differences in the surface
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coverages upon evacuation were attributed to the
stability of the dimeric bicarbonates.

The DRIFTS results were interpreted as there is a
likelihood that a high amount of carbonate-
bicarbonate species remain on TiO2-grout matrix.
The photocatalytic benzene oxidation results
were interpreted as there is a significant activity
loss of TiO2 in the grout. These two observations
are combined broadly to conclude that there is a
surface poisoning due to stable carbonate-
bicarbonate species in alkaline media.

The formation of bicarbonate species indicate the
presence of basic OH groups (14). In this study,
dimeric bicarbonate species were formed, which
may be a sign of close proximity of OH groups on
the surface of HLW-coated-grout matrix samples
(Fig. 2b). These species are particularly resistant
to evacuation. In addition, for the same samples,
OH frequencies shift from 3660-3680 to 3730-
3700 cm region compared to pure HLW (Fig.
2a). We have to note that our measurements of
reaction as well as DRIFTS were performed under
conditions where water was not deliberately
added to the gas streams. A recent report on an
STM experiment demonstrated the importance of
the film of water in CO> adsorption mechanism,
eventually leading to formation of highly stable
bicarbonates on rutile (110) (31). Furthermore,
solvation effect of water decreases the energy
barriers for CO2 reduction and changes the
selectivity of reaction processes on rutile (110)
according to a recent first-principles calculation
study (32).

A schematic representation of  dimeric
bicarbonate formation is given in Fig.4. Sorption
takes place with initial interaction of CO> groups
with hydroxyl groups on the surface. O-H groups
make a nucleophilic attack to CO;, forming
adsorbed bicarbonate structure. This kind of
bicarbonate formation is consistent with the
experimental observations indicating that the OH
populations decrease upon CO, adsorption as
well.
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Table 2: Peak assignments for CO; adsorption on TiO; anatase.

Wavelength (cm™) Comments Ref This study
3735,3725,3715 VOH 10,11,1 3690-3730
2
. 3690, 3675,3670,3665, VOH 10,11, 3660-3680
OH gterféic:éng / 3640,3630(sh.)? 13,12
assignments 3600-3200(br.)? voH (surface and 13 3500-3000(br.)?
3500-2800(br.)? residual water) 13
3350-3100(br.)? 10
1630, 1605 OoH 10,13 1640
3609, 3716 14 3728,3705,
] 3627,3600
CO2 Assignments 5375 "5360,2350, 2280P 12 2360,2347,
2340,2335
3340-3148,0H M-bicarbonates® 15
2620-2450,voH-0 D-bicarbonates® 15 2500-2700(br.)?
1702-1675,asymvc=o0 M-bicarbonates® 15
1672,1670 Bidentate 13,16
1670(sh.)? Bicarbonate 14 1682
1655-1615,asymvc=o0 D-bicarbonates*¢ 15
1630 Bicarbonate 13 1640
1632-1600 COs3 derivatives 10
1595,1578,1590-1575 Monodentate 13,16
1580 COy derivatives 10 1550
Carbonate / 1555 Bicarbonate 14
E;g?;%la:é 1410-1300 CO5 derivatives 10
1400-1370,symmuyc=0 D-bicarbonates*¢ 15
1430,1420,1408 Bicarbonate 14,13 1440
1370-1320,1359,1315 Monodentate 13,16 1380
1346-1327,symmyc=o, M-bicarbonates® 15
1340 Bicarbonate 14
1320 COy" derivatives 10 1310
1300,00H-0 D-bicarbonates® 15
(1252-1205,80H) M-bicarbonates® 15
1243 Bidentate 13,16
1221,1220 Bicarbonate 14,13 1240
1053 Bidentate 13

abr.:broad peak,sh.:shoulder,? 13C0O2,On metal oxides, M-monomeric, D-dimeric

Table 3: Carbonate bicarbonate region integrated DRIFTS intensities under vacuum, normalized with
respect to their corresponding values under 500 Torr CO2.2 Two pure HLW experiments are averaged.

Sample Integrated Area
(Vacuum / 500 torr CO>)
0.042 g/cm? coat on grout 0.48
0.014 g/cm? coat on grout 0.42
10% HLW in bulk grout 0.47
Pure HLW? 0.21
Pure grout 0.04
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Fig. 4: Schematics of a) approach of CO> molecule to the surface, b) bicarbonate formation, c) dimeric
bicarbonate formation.

CONCLUSIONS

The activity of the TiO> photocatalyst for benzene
photooxidation declined by a factor of 3 when
coated on a cementitious grout medium relative
to the activity of a coating on a glass substrate. A
detailed DRIFTS study unraveled the formation of
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Microstructure, Texture, and Some Other Properties of Ice Creams
Produced with Different Processed and Different Varieties of Pumpkins
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Abstract: Pumpkin is a rich source of antioxidants, phenolic compounds, dietary fiber, and minerals. It
is also harvested in large quantities around the world. Therefore, the present investigation was
undertaken to enhance the nutritional and functional properties of ice creams by fortification of two
different varieties of pumpkins - Cucurbita moschata and Cucurbita maxima. Different processes -
freeze-drying, boiling, and baking - were applied to pumpkins to compare and determine the optimal
processing steps. In doing so, two different concentrations were operated for each application. The
health-promoting effects of pumpkins were evaluated, and their effects on the functional and sensory
properties of ice creams were determined. Raw pumpkins have 24.5-31.1 % total dietary fiber (TDF),
26.2-9.0 % antioxidant content in terms of DPPH scavenging activity, and 237.5-123.9 (mg GAE / 100 g
DM) total phenolic content. While TDF did not change with heat treatment, antioxidant and phenolic
contents decreased slightly. Mineral substance contents were also generally not affected by the heat
treatment (P > 0.05). As a result, all types of applications were approved for their similarity to the
control sample of microstructural, textural, sensorial, and other characteristics.
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INTRODUCTION

Ice cream is a wuniversally accepted valuable
product that is rich in calcium and protein. While
it's a sweet product, flavoring ingredients like fruits
are usually demanded in ice creams. The addition
of fruits brings additional nutritive value such as
antioxidants, phenolic compounds, dietary fibers,
etc., which are also essential for nutrition (1).

According to the American Council on Science and
Health, “Functional foods can be considered to be
those whole, fortified, enriched, or enhanced foods
that provide health benefits beyond the provision
of essential nutrients (for example, vitamins and
minerals), when they are consumed at efficacious
levels as part of a varied diet on a regular basis”
(2). Studies have been carried out on the addition
of antioxidant, phenolic substance, and fiber-rich
components to ice cream for functional ice cream

production. Cam et al. (3) fortified ice creams with
pomegranate peel extract to increase the
antioxidant and phenolic content, however, they
have reached a product that was sensorially
unexpected. Sagdic et al. (4) increased the
antioxidant and phenolic content of ice cream by
the addition of grape seed extract and Karaman et
al. (5) have added persimmon puree for the same
purpose. Soukoulis et al. (6) fortified ice cream
with apple fiber and have also reached an ice
cream with enhanced viscosity. These studies have
shown that the addition of fruits and vegetables
give ice cream functional properties that increase
its health benefits, while at the same time, a more
successful product can be obtained in terms of
sensory and textural properties. Some researchers
have reported that adding fruits and vegetables to
ice cream can either increase or decrease the
amount of minerals (7-9).
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Cucurbita is the genus name of a wide group of
vegetables containing gourds, melon, and
pumpkin. It is mostly harvested in China (7.5
Mtonnes), India (5.1 Mtonnes), Russia (1.2
Mtonnes), and the USA (1.1 Mtonnes) (10).
Cucurbita moschata and Cucurbita maxima are the
pumpkin types rich in carotenoids, as well as
minerals, vitamins, and dietary fiber (11). In
recent years, besides the studies on the quality
and yield of pumpkin (12-14), the effects as a
food additive have also been investigated (15-17).
In these studies, it has been suggested that
pumpkin be ground into flour and added to various
products such as corn flakes as a food additive.
Some researchers also analyzed the effects of
thermal processes on the nutritive compositions of
pumpkins (18-20).

In this study, different processes (freeze-drying,
boiling, and baking) were applied to the pumpkins
- Cucurbita moschata and Cucurbita maxima, and
the pumpkins were added to the ice cream
mixture. The effects of pumpkin on the physical,
chemical, sensory, and textural properties of ice
cream were determined. The fiber-rich ice creams
were illustrated using the scanning electron
microscope (SEM) to explore the effects of
processing treatments. The results revealed the
effects of processing steps, concentration, and the
genus type species of pumpkins on ice cream
structure.

MATERIALS AND METHODS

Materials

Whole milk powder (26% fat) was obtained from
Milkon Dairy and Food Products Industry (Sakarya,
Turkey). UHT milk (3% fat and 3% protein),
kaymak (dairy cream with 65% fat, 0.8% protein),
egg, sugar, and salep (as a stabilizer) were
purchased from supermarkets in Sakarya. A 30
kilograms of Cucurbita moschata (11.4% dry
matter) and Cucurbita maxima (8.0% dry matter)
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were obtained from local producers in Sakarya.
Before the processing, peel, and seeds were
separated, the flesh of pumpkins was cut into 1
cm3 small cubes and then separated into 3 groups
for different processing treatments (1- freeze-
drying, 2- boiling, 3- baking). Raw consumed
pumpkin group (R) was freeze-dried in Labconco
Freezone 6 (Kansas, MO) at -45°C 0.045 mbar
conditions and then blended. It was used as
powder. For the boiled group (Bo), water was
added in 1:1 (w:w) quantity, then boiled on a hot
plate at 350 °C for 90 minutes and blended. It was
used as puree. Baked pumpkin (Ba) was heated in
the oven to 150 °C for 60 minutes and blended. It
was also used as puree. The processed pumpkins
were frozen until further use.

Preparation of Ice Cream Mix and Pumpkin
Ice Creams

The ice cream mix was prepared according to the
formulation; (w/w) 3.1% whole milk powder,
69.6% UHT milk, 4.3% whole egg, 9.9% kaymak
(milk cream with 65% fat), 12.7% sugar, 0.4%
salep. Production was carried out with some
modifications on the method of Karaman et al. (5).
First, milk powder and milk were blended for 2
minutes. Salep was mixed with sugar in another
vessel. All of the ingredients in the mix formulation
were mixed and pasteurized by indirect heating in
a salep cooking machine (Remta CS3, Turkey) at
70 °C for 20 minutes, then cooled and matured at
4 °C for 48 hours.

All ice cream formulations were determined by
preliminary sensory testing. The forms and
concentrations of pumpkins Cucurbita moschata
and Cucurbita maxima added to the ice cream mix
were detailed in Table 1. Ice creams were frozen
using a household ice cream machine (SIMAC
GC6000 II Gelataio, Treviso, Italy). Ice creams
were filled into 250 mL plastic containers for
subsequent analyses and kept at -38 °C. The total
formulation of ice creams is given in Table 1.

Table 1: The formulations of ice creams.

Group Type °f. Properties of Concentration

name pumpkin pumpkin of pumpkin
added

NC * None None None

PA-R3 A ¥* Raw, dried 3%

PB-R3 B ** Raw, dried 3%

PA-R4 A Raw, dried 4 %

PB-R4 B Raw, dried 4 %

PA-Bo5 A Boiled 5%

PB-Bo5 B Boiled 5%

PA-Bo10 A Boiled 10 %

PB-Bo10 B Boiled 10 %

PA-Ba5 A Baked 5 %

PB-Ba5 B Baked 5%

PA-Bal0 A Baked 10 %

PB-Bal0 B Baked 10 %

10



Sigramaz H, Ayar A. JOTCSB. 2022; 5(1): 9-20.

* “NC" refers to the (Negative) Control sample
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** “A” type of pumpkin refers to Cucurbita moschata and “B” type of pumpkin refers to Cucurbita

maxima
Methods

General composition of ice cream mix

The total dry matter, fat, and protein percentage
of ice cream mix were determined using a FOSS
FoodScan (FoodScan Lab, Denmark) and the ash
content was determined according to the method
suggested by Turkish Standard Institute (21).

Total dietary fiber of pumpkins

The total dietary fiber (TDF) AACC 32-05 method
was followed (22). According to the method,
samples gelatinized with a-amylase were treated
with protease and amyloglucosidase to remove
protein and starch. Soluble dietary fiber is
precipitated with ethanol. The residue is filtered;
washed sequentially with 78% ethanol, 95%
ethanol, and acetone; dried, and weighed. The ash
correction is made, and the result is calculated as
suggested in the method.

Total phenolic contents and antioxidant capacities
of pumpkins

The raw pumpkins were analyzed before freeze-
drying process, and the other pumpkin groups
were analyzed after boiling or baking processes for
their antioxidant and total phenolic contents. The
extraction of antioxidants and total phenolic
compounds was performed by the procedure of
Wojdyto et al. (23) with a few modifications.
Pumpkin (3 g) was weighed into a test tube; 10
mL of 70% aqueous methanol was added, and
homogenized. Tubes were sonicated for 15 min at
room temperature (20 ©°C). The extract was
centrifuged for 10 min (1250 g, 4 °C), and
supernatants were used for the measurements of
antioxidant capacity defined as 2,2-diphenyl-1-
picrylhydrazyl (DPPH) scavenging activity and total
phenolic content expressed as mg of gallic acid
equivalents (GAE) per 100 g dry weight.

The DPPH radical-scavenging activity was
determined using the method described previously
(24). For a DPPH stock solution, DPPH (5 pg) was
dissolved in 70% methanol (250 ml). The stock
solution was prepared fresh daily. The DPPH
solution (3 mL) was added to 200 pL of extracts.
The mixture was shaken and allowed to stand at
room temperature in the dark for 30 minutes, and
the resulting color was measured
spectrophotometrically at 517 nm against blank.
Methanol was used for blank measurement. The
percent of DPPH discoloration of the sample was
calculated according to the equation:%
discoloration = [1 — (A sample/A controt)] X 100.
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Total phenolic content was measured using Folin-
Ciocalteu colorimetric method described previously
(25). Sample extracts prepared for total phenolic
content (100 pL) were mixed with 0.2 mL of Folin-
Ciocalteu reagent and 2 mL of H20, and incubated
at room temperature for 3 min. Following the
addition of 1 mL of 20% sodium carbonate to the
mixture, total polyphenols were determined after 1
h of incubation in the dark at room temperature.
The absorbance of the resulting blue color was
measured at 765 nm with a spectrophotometer
(Shimadzu UV-1240). Quantification was done
with respect to the standard curve of gallic acid.
Determination of mineral of
pumpkins

The processed pumpkins were freeze-dried before
the analysis. The determination of mineral
composition and contents were carried out
according to the method described by Ayar et al.
(26); whereby 1.0 g of sample was weighed into
the Teflon vessel, mixed with 5 mL of HNO3 (65%,
Sigma) and 2 mL of H202 (30%, Sigma); then
digested by microwave irradiation in steps,
increasing power from 250 to 650 W by 5 min
increments. Mineral contents were determined by
inductively coupled plasma atomic emission
spectrometry (ICP-AES) (VARIAN-CCD
Simultaneous ICP-AES, Australia).

compositions

Physicochemical analyses

The total dry matter (DM) and ash contents of
processed pumpkins were determined before use
according to AOAC methods 930.04 and 930.05
(27), respectively. Ice cream analyses were carried
out, in triplicate, on the first week of storage. The
titratable acidity was determined in ice creams
according to AOAC 937.05 (27) and expressed as a
percentage of lactic acid (LA %). The pH values of
ice creams (4 °C) were measured with a pH meter
(Mettler Toledo SevenCompact S220). The color of
ice creams was monitored by a tintometer
(Lovibond RT300, Salisbury, UK) in terms of L%,
a*, b* and the results were given as AE in terms of
the color differences from the NK (negative
control) ice cream sample.

Rheological analyses of ice creams

Overrun capacities of ice creams were determined
by the comparison of the weight of ice cream mix
and the final product (28). For testing rheological
analyses, ice cream samples were transferred from
the -38 °C freezer to a -18 °C freezer and held for
a night. Before the viscosity analysis, samples
were taken to a 4 °C refrigerator and held for 4
hours prior to testing. Viscosity measurements
have been taken by Brookfield Viscometer RV-II



Sigramaz H, Ayar A. JOTCSB. 2022; 5(1): 9-20.

(Brookfield Engineering Laboratories, MA, USA) at
4 °C with spindle no. 7, at 100 pm on 40 second
of shearing, and the results were given in terms of
Poise (P). Firmness analyses of ice cream samples
were carried out using a Brookfield CT3 texture
analyzer (Brookfield Engineering Laboratories, MA,
USA) fitted with a cylindrical probe TA 4/1000.
Penetration depth was 10 mm, and penetration
speed was 2 mm/s. Results were given in grams.

Sensory analyses of ice creams

Fifteen panelists working at Sakarya University
were chosen for the assessment of the sensory
characteristics of ice cream samples. Sensory
attributes were scored in a 9-point hedonic scale
test. The scoring was as follows: gumminess (1-2:
none, 3-4: very little, 5-6: little, 7-9: expected as
normally), icy structure (1-2: none, 3-4: very
little, 5-6: little, 7-9: distinctive), appearance and
melting in mouth (1-2: very bad, 3-4: bad, 5-7:
good, 8-9: very good), texture, flavor, and general
acceptance (1-2: weak, 3-4: moderate, 5-7: good,
8-9: very good).

Microstructure of ice creams

The ice cream samples were freeze-dried before
the analysis. The microstructure of dried ice
creams was visualized using an FEI Quanta FEG
250 (FEI Corporate, Hillsboro, OR, USA) field
emission scanning electron microscope (FE-SEM)
with an LFD detector. Images were obtained at 2
kV and recorded at 2000 - 16,000 magnifications.
The best results were taken in 2000
magnifications.

Statistical analysis

The data obtained from the physicochemical,
rheological, and sensory analyses and comparisons
were statistically evaluated by one-way ANOVA
followed by Tukey’s test using SPSS Statistics
20.0.0 (SPSS Inc., Chicago, IL, USA). Values of P
< 0.05 were regarded as statistically significant.

RESULTS AND DISCUSSION

The general composition of ice cream mix

The average composition of the ice cream mix was
determined as: 41.3% dry matter, 10.0% fat,
5.4% protein, and 0.96% ash. The results were in
accordance to the literature data (29,30) except
for the fat content. Fat ratios vary according to the
amount of cream added and the last products are
labelled with different names depending on the fat
content according to the Regulations (31). Our
product can be labelled as “whole fat Maras style
ice cream” according to its fat and salep content.

Some chemical and compositional
characteristics of processed pumpkins
The DM, ash, DPPH scavenging activity,
phenolic compounds, and TDF contents

total
of
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processed pumpkins are given in Table 2, and the
mineral compositions are shown in Table 3.
According to the statistical analysis, the DM of the
pumpkins differed according to the pumpkin
variety and the process. The ash content differed
independently from the variety and the process.

According to Table 2, the antioxidant capacity of
Cucurbita moschata in terms of DPPH scavenging
activity decreased with boiling and baking. In
contrast, reverse baking caused an increase in the
antioxidant content of Cucurbita maxima.
According to the results of Dini et al. (32), cooking
had increased the DPPH scavenging activity of
pumpkin due to the production of redox-active
secondary metabolites or breakdown compounds.
However, Azizah et al. (33) also demonstrated the
effect of boiling time in a decrease of the
antioxidant activity, with a study of boiling the
pumpkin from 2 minutes to 6 minutes. DPPH
scavenging activity also is highly affected from the
variety, from the region, from the parts of the
pumpkin and from the maturity of the pumpkin
(15,34).

The total phenolic content of Cucurbita moschata
was considerably higher than the Cucurbita
maxima. However, although its higher phenolic
content, Cucurbita moschata samples were
affected from heat treatment (boiling and baking)
(Table 2). As a result, it can be concluded that
Cucurbita ~maxima contains lower phenolic
substances, but these phenolics are more resistant
to thermal processes. Considering the effect of
thermal processing on total phenolics, there are
both studies showing the phenolics increase and
decrease by heat treatment (32,33). On the other
hand, freeze-drying has no effect on total phenol
according to the results of the study done by Dirim
and Caliskan (35). Hussain et al. (36) also
analyzed Cucurbita maxima and found the total
phenolic content as 135 mg GEA / 100 g flesh fruit
powder, close to our results. Kulczynski et al. (37)
analyzed different varieties of Cucurbita moschata
and the results have ranged from 47-101 mg
GEA / 100 g DM.

The TDF content changed depending on the
pumpkin variety. However, as expected, it was
affected from neither boiling nor baking due to
mass balance. TDF is a vital source for intestinal
health, and it is a carrier for antioxidants, mainly
polyphenolic compounds, as well (38). It is also a
functional agent having fat-binding, gel-forming,
chelating and texturizing properties (39). TDF
content in the flesh of Cucurbita moschata and
Cucurbita maxima were measured as 24.5% and
31.1%, respectively, in our study. However, lower
TDF contents were determined respectively as
7.4% and 10.9% in another study (40).
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Table 2: The properties of processed pumpkins.
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DPPH

scavenging Total

phenolic compds

o, 0, 0,

Group name DM (%) Ash (%) activity (%) (mg GAE / 100 g DM) TDF (%)

11.4 £ 0.2 0.35 £ 0.02 26.2 £ 1.2 237.5+ 1.0 24.5 £ 0.1
PA-R

C bc a a b
PB-R 8.0 £ 0.3 0.48 £ 0.02 9.0 £ 0.1 123.9 £ 3.7 31.1 £ 0.2

e b C C a

10.7 £ 0.1 0.31 £ 0.01 16.6 £ 1.4 192.1 £ 2.1 23.6 £ 0.1
PA-Bo

C C b b b

9.0 £ 0.0 0.42 + 0.00 9.9 £0.2 119.2+ 1.4 30.5 £ 0.3
PB-Bo

d bc C C a

18.1 £ 0.0 0.45 + 0.03 14.8 £ 0.1 208.0 £ 5.0 24.3 £ 0.2
PA-Ba

a bc b b b

17.1 £ 0.2 0.83 +£ 0.06 16.7 £ 0.3 130.9 £ 4.7 31.3 £ 0.0
PB-Ba

b a b [ a

PA : Cucurbita moschata, PB : Cucurbita maxima ; R : Raw, Bo : Boiled, Ba : Baked

According to Table 3, K content was pumpkin
variety dependent; however, the other analyzed
minerals Ca, Mg, Mn, Na, and P were not affected
by variety. The Ca and K contents of Cucurbita
maxima decreased significantly by boiling or
baking. However, no change was observed in
Cucurbita moschata. Cucurbita maxima was more
heat stable than Cucurbita moschata according to
their phenolic content in Table 2, but the opposite
was observed when their Ca and K contents in
Table 3 were evaluated. Zn content revealed an
increase by boiling process in Cucurbita moschata

pumpkin variety. The increase can be explained by
possible contamination from the distilled water
used for boiling (41). In a study from literature,
Ca, K, Mg, Mn, Na, P, and Zn contents of Cucurbita
maxima from Colombia were measured
respectively as 2400, 33467, 1733, 1.33, 333,
3400, and 12.0 mg / kg DM (42). In this study,
Ca, Mg and Mn contents were lower than our
study, while K, Na, P and Zn contents were higher.
K represented the main mineral with the highest
content in both our study and Leterme et al. (42).

Table 3: Mineral composition of processed pumpkins (mg / kg DM).

Group name Calcium Potassium Magnesium Manganese Sodium Phospho- Zinc
(Ca) (K) (Mg) (Mn) (Na) rus (P) (zn)
3830 9860 973 4.81 472 2161 11.2
PA-R + 160 + 216 + 37 + 0.25 + 61 + 119 + 0.3
ab C a a a a ab
4652 18725 1115 4.60 450 2158 10.6
PB-R + 166 + 148 + 53 + 0.04 + 43 + 112 + 0.6
a a a a a a b
3797 9925 937 4.68 417 2114 13.6
PA-Bo + 116 + 192 + 33 + 0.33 + 34 + 160 + 0.2
ab C a a a a a
3760 16950 1106 4.65 428 2186 11.4
PB-Bo + 154 + 171 + 56 + 0.43 + 41 + 93 + 0.5
b b a a a a ab
3785 9754 937 4.66 383 2021 11.5
PA-Ba + 173 + 182 + 38 + 0.22 + 34 + 123 + 0.1
ab C a a a a ab
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3729 16165 1041
PB-Ba + 155 + 133 + 54
b b a

4.64 392 2195 10.0
+ 0.15 + 45 + 69 + 0.6
a a a b

PA : Cucurbita moschata, PB : Cucurbita maxima ; R : Raw, Bo : Boiled, Ba : Baked

pH, Acidity, and Color Properties of Ice Cream
Samples

The pH, acidity, and color properties of ice creams
are given in Table 4. According to the literature,
while the pH of raw vegetables can be increased by
heat treatment, pH decreases as the heat
treatment load increases (43). In our study, it was
determined that the pH of the products with the
addition of baked pumpkin was significantly lower.
(P < 0.05). Color properties differed irregularly in
all samples. However, when the results are taken
into account, some inferences can be made;
Cucurbita maxima-based ice creams more different

than the Cucurbita moschata. The concentration of
the pumpkins was an important factor on color.
Raw pumpkins affected the color more than
processed pumpkins, because of their high
concentrations in powder form. Another finding
was that the effect of baking on the color was
greater than that of boiling. In a study in the
literature, color of ice creams fortified with peach
fibers exhibited identical changes with varying
peach fiber contents (44). Guiné and Barroca (45)
stated that freeze-drying led to a more pronounced
lightening (higher L values) and less green
discoloration (lower Ab) of Cucurbita maxima.

Table 4: pH, acidity and color properties of ice cream samples.

Group name pH Acidity Color Overrun Firmness Viscosity (P)
(% LA) (AE) (%) (9)
NC 6.66 0.34 0.0 26.7 48.5 56.8
+ 0.01 + 0.01 + 0.0 + 0.3 + 0.9 +1.6
ab b i a h g
PA-R3 6.68 0.43 26.7 22.2 82.8 91.7
+ 0.01 + 0.01 + 0.3 + 0.1 + 3.5 +1.3
a a C abc ef de
PB-R3 6.64 0.40 31.2 18.8 103.3 125.3
+0.00 + 0.00 + 0.2 + 0.6 +29 + 0.5
b a b abc cd C
PA-R4 6.68 0.44 26.5 20.9 126.0 142.5
+ 0.02 + 0.00 + 0.2 + 0.1 +4.2 +1.1
a a C abc b b
PB-R4 6.64 0.42 38.6 14.9 116.7 135.0
+ 0.01 + 0.02 + 0.6 + 0.2 + 6.4 + 0.6
b a a C bc b
PA-Bo5 6.65 0.32 5.4 23.1 57.3 74.0
+ 0.00 + 0.01 + 0.4 + 4.2 + 0.8 + 2.2
b b h abc gh f
PB-Bo5 6.65 0.31 5.7 18.3 90.0 119.5
+ 0.01 + 0.03 + 0.1 +1.2 +54 + 3.9
b b gh abc de c
PA-Bo10 6.65 0.30 8.1 21.3 89.5 + 3.5 de 90.1
+ 0.00 + 0.00 + 0.2 + 4.5 + 0.4
b b f abc e
PB-Bo10 6.64 0.30 10.1 15.4 146.3 175.0
+ 0.00 + 0.00 + 0.4 + 0.2 + 3.2 +1.8
b b e bc a a
PA-Ba5 6.59 0.31 6.8 26.1 70.2 72.3
+ 0.00 + 0.00 + 0.2 + 0.1 +1.3 + 0.7
C b g ab fg f
PB-Ba5 6.58 0.29 11.0 22.9 65.8 88.4
+ 0.02 + 0.01 + 0.6 +1.3 + 2.0 +1.3
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C b e
PA-Bal0 6.59 0.32 10.2
+ 0.01 + 0.03 + 0.2
C b e
PB-Bal0 6.58 0.30 15.1
+ 0.00 + 0.00 + 0.6
C b d
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abc fgh e
21.0 68.8 91.2
+ 0.3 + 1.8 + 0.3
abc fg e
19.2 83.0 100.3
+ 2.6 +1.7 + 0.1
abc ef d

NC : Negative control PA : Cucurbita moschata, PB

Baked

Rheological Properties of Ice Cream Samples
The rheological properties of ice cream samples
are given in Table 4. The addition of pumpkin
reduced the overrun capacity. Cucurbita maxima
added ice creams revealed a lower overrun
capacity than Cucurbita moschata added ones.
Increasing pumpkin concentrations caused an
increase in firmness and viscosity values of ice
creams. The rheological effect of pumpkin on ice
cream was also confirmed by Kulkarni et al. (46).
While the firmness value was 48.5 g in the
negative control sample, the addition of pumpkin
increased the wvalue and with a 146.3 g
measurement, the ice cream containing boiled
Cucurbita maxima had the highest firmness value
among the groups. Viscosity results also correlated
with hardness. The viscosity of the product with
the highest hardness was measured as 175.0 P,
and the viscosity value in the control sample was
found to be relatively low (56.8 P).

In addition, while the DM of Cucurbita maxima was
lower, higher firmness and Vviscosity were
measured in Cucurbita maxima added groups
compared to Cucurbita moschata added ones. If
the rheological properties of ice creams are
summarized, the overrun capacity was not
statistically affected by pumpkin addition (except
for the PB-R4 sample); however, firmness and
viscosity characteristics were improved by
increasing pumpkin concentrations.

Sensory Attributes of Ice Cream Samples

The sensory scores of ice cream samples are given
in Table 5. According to the panelists, the addition
of pumpkin slightly affected the melting properties
of ice cream but did not cause any change in other
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sensory properties. These sensory results are
promising in terms of incorporation of pumpkin
into ice cream. Most of them have scored 7 and
above, except for icy structure. Icy structure is a
texture defect in ice creams, and 1-3 points for icy
structure evaluation is desired in an ice cream.
These scores revealed that ice cream formulation
and processing was available according to its
textural quality and the addition of pumpkin did
not cause any icy texture. Karaman et al. (47)
stated that the persimmon puree addition
decreased the taste scores and general acceptance
of the ice creams. Cam et al. (3) stated that the
product to which they added pomegranate peel
extract caused astringency and an unnatural taste.
In a study that added soluble soybean
polysaccharides to ice cream as a fiber source, the
flavor and sweetness intensity decreased, and an
adverse effect on the texture was observed (48).

The Microstructure of Ice Cream Samples

The microstructures of pumpkin-added ice creams
are shown in Figure 1 with the magnification of
2000 x. Samples presented porous structures. The
application of freeze drying in ice creams caused
air gaps. According to our results and literature
knowledge (49), it is observed that, air gaps are
also significantly affected by the formulation of the
product.

It was observed that the fibrous image was mostly
lost by boiling. The boiled pumpkin added samples
(Bo) were featured closest to the control sample
(NC). Especially in the PB-Bal0 sample, the
structure of fibers and bridges was obtained
clearly.



Table 5: The sensory properties of ice creams.

Group name Appearance Gumminess Icy structure mi:it?‘g in the Texture Flavor S::ee;:alnce
NC 7.8+ 13a 7.8+ 1.1a 1.3+ 0.6a 8.8 £ 0.5ab 8.8+ 0.5a 7.5+ 13a 7.5+ 1.4a
PA-R3 6.8x1.1a 7.8x1.1a 1.7+ 0.6 a 8.3+ 1.0ab 7.3x22a 6.8+ 2.6a 7.2+ 13a
PB-R3 74t 1.1a 72x1.1a 3.3x15a 7.3 £0.5bc 6.8+ 19a 7.3x2.1a 7.8+ 1.2a
PA-R4 7.0+ 1.0a 7.4 +15a 2.0+ 1.0a 6.5+1.0c 7.0+ 0.8a 7.3x1.0a 6.5+19a
PB-R4 6.6 £1.1a 7.6 +£1.1a 27+21a 7.3 £1.0bc 6.3+1.5a 7.3+£0.5a 6.5+ 1.4a
PA-Bo5 8.2x1.1a 8.0x1.0a 1.3+ 0.6a 8.3 £0.5ab 8.0+ 0.8a 7.3x1.0a 6.5+ 1.8a
PB-Bo5 80x12a 82+13a 1.3+ 0.6a 8.0 £ 0.8 abc 8.0+ 0.8a 6.3+24a 6.8+ 1.5a
PA-Bo10 8.0+1.0a 7.0+ 1.4a 1.3+ 0.6a 8.5+ 0.6 ab 7.8+ 1.0a 55%+1.7a 58+ 1.8a
PB-Bo10 7.6 £0.9a 6.0+ 1.4a 1.3+ 0.6a 8.8 £0.5ab 6.5+19a 53+1.7a 6.0+ 1.4a
PA-Ba5 7.6 x1.5a 74 x1.1a 1.3+ 0.6a 9.0+ 0.0a 8.0+ 0.8a 6.8+ 2.1a 6.7+ 1.6a
PB-Ba5 8.0+14a 6.8+ 1.3a 1.3+0.6a 8.8+ 0.5ab 8.0+ 0.8a 6.5+ 1.3a 67.2+1.5a
PA-Bal0 7.4+ 2.1a 74 x09a 1.3+ 0.6a 8.5+ 0.6ab 8.0+0.8a 6.3+22a 6.5x14a
PB-Bal0 8.0+14a 7.2+1.1a 1.3+ 0.6a 8.5+ 0.6 ab 8.0+ 0.8a 7.0+ 1.4a 7.2+1.2a

NC : Negative control PA : Cucurbita moschata, PB : Cucurbita maxima ; R : Raw, Bo : Boiled, Ba : Baked
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PB-Ba5

PA-Ba5

PA-Bal0 PB-Bal0

NC : Negative control PA : Cucurbita moschata, PB : Cucurbita maxima ; R : Raw, Bo : Boiled, Ba : Baked
Figure 1: The microstructures of ice creams (FE-SEM x 2000).

CONCLUSIONS

As a conclusion of our study, pumpkin addition to
ice cream is a sensorially acceptable application.
Processing steps of boiling and baking decreased
some health-promoting effects (DPPH scavenging
capacity and total phenolic content), while some of
them revealed the same (TDF content and mineral
composition). Fortification with pumpkin did not
cause a significant decrease in the overrun but
improved the firmness considerably. The baking
process did not reveal a change in TDF content but
screened a higher fiber image. There were also
some differences according to the variety of the
pumpkins. Comparison all the data with NC
samples, it can be revealed that pumpkin addition
achieved health-promoting compounds to the ice
cream without any adverse effect on its quality
properties.
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Abstract: KIT-6 is a mesoporous material with cubic la3d symmetry, adjustable porous 3-dimensional (3D)
silica structure, advanced wall thickness, and excellent thermal/hydrothermal stability. KIT-6, with its cubic
la3d symmetrical structure, has adjustable pore size. In this study, characterization studies of Cu/KIT-6
material by preparing different Si/Cu: blank, 1, 3, 5 molar ratios were performed by SEM, SEM-Mapping,
TEM, XRD, N2 adsorption-desorption, FTIR analysis. Cu-based la3d mesoporous silica KIT-6 was synthesized
by hydrothermal method and different silicon to copper (Cu) ratios nsicu: 1, 3, 5, and blank KIT-6 were
investigated for CO2 adsorption capacity at ambient conditions. The highest CO2 adsorption of 1.70 mmol
CO2/g at 0 °C and 1.2 bar was achieved for nsjycu:1 ratio Cu/KIT-6. These materials are thought to be useful
for the emission of CO2 that causes global warming.

Keywords: KIT-6, silicas, mesoporous, Cu, CO2 capture, global warming.
Submitted: February 15, 2022. Accepted: May 11, 2022.

Cite this: GUnduz Meri¢ G. Synthesis and Characterization of Cu/KIT-6 Silicas for Use in CO2 Adsorption.
JOTCSB. 2022;5(1):21-8.

*Corresponding author. E-mail: gamze.gunduz@bilecik.edu.tr. Tel: +90228 214 1765 Fax:+90228 214
1222

INTRODUCTION (16) studied MCM-48 for CO2 adsorption and found
98.2 mg/g at 1 atm and room temperature. Gargiulo
The greenhouse gases contain CHs, CO2, N2O, sulfur et al. (17) measured the highest CO: capacity of 5.3
hexafluoride, and chloro-fluorocarbons (1). CO2 is mol/kg at 298 K under 1 bar with NaX RHA zeolite.
the most serious one for global warming compared Yan et al. (18) prepared zeolite NaX@NaA core-shell
to other gases (2, 3). CO:2 concentration in the microspheres for its high CO. adsorption capacity
atmosphere increases rapidly and affects global and they reported 5.60 mmol/g CO; at 298 K and
warming (4). Global warming is one of the major 100 kPa total pressure. Huang et al. (19) found that
problems to an ecosystem in the world. This rapid 2.2 mmol COz/g with amine-based MCM-48 under 1
increase also affects the environment (5-7). CO2; atm at 298 K. Liu et al. (20,21) studied with N-(2-
concentration will reach 450 ppm in the future (8) aminoethyl)-3-aminopropyltrimethoxysilane-based
and it causes an increase in global surface SBA-15 and the adsorption capacity was 0.727
temperature (about 2 °C) (9). For controlling global mmol/g under 101.325 kPa at 333 K. Hiyoshi et al.
warming, CO2 capture is the main solution according (22) prepared aminosilanes on SBA-15 adsorbents
to the United Nations countries (10). CO; capture and they reported 1.8 mmol/g- adsorbent under 15
and storage is very important to minimize its kPa at 333 K. Zhao et al. (23) studied with porous
negative effects on climate change and to reduce SiO; supported CaO and they found a 7.5 mmol
COz emission (11, 12). Solid porous adsorbents are  CO2/g capacity.
widely used due to their large surface area and pore
volume for CO2 adsorption techniques (13). Sun et KIT-6 is a mesoporous SiO2 with a la3d structure and
al. (14) prepared CaO-based sorbents and they larger pore diameter. Most researchers in recent
found a high-temperature CO: capacity of 7.6 years have paid attention to their favorable
mmol/g at 377 K and they showed excellent stability = physicochemical properties that increase the metal
over 10 cycles. Kishor et al. (15) reported 1.56 mmol  distribution and subsequently the accessibility of the
CO2/g at 30 °C for APTES-grafted KIT-6. Huang et al. reactants (24-28). Its specific (3D) cubic channels

21


mailto:gamze.gunduz@bilecik.edu.tr
https://dergipark.org.tr/jotcsb
http://www.turchemsoc.org/
https://orcid.org/0000-0001-9487-4267

Gunduz Meri¢ G. JOTCSB. 2022; 5(1): 21-28.

give it a more suitable structure for the diffusion of
reactant gas (29-31). KIT-6 is a highly stable silica
framework as COz support (32). On the other hand,
there is very little literature working on the CO:
adsorption capacity in silica KIT-6 supplement and
there are no reports on Cu-based KIT-6. SiO; is also
a widely available sinter-resistant and cost-effective
material for economical CO2 capture. The adsorption
capacity of Cu/KIT-6 was investigated by CO:
adsorption tests and materials were characterized
by BET (Brauner-Emmett-Teller) isotherms, SEM
(Scanning electron microscopy), SEM-EDX (Scanning
electron microscopy, energy dispersive x-ray
analysis), SEM-Mapping (Analytical mapping), TEM
(Transmission electron microscopy), XRD (X-ray
diffraction analysis), and FT-IR (Fourier transform
infrared spectroscopy) analysis.

EXPERIMENTAL SECTION

Synthesis of mesoporous silicas

Cu-based KIT-6 with different Cu contents was
prepared with a typical procedure (33). Cu/KIT-6
mesoporous la3d materials containing nsycu= 1, 3, 5
and blank KIT-6 were synthesized using Pluronic
P123 (Poly(ethylene glycol)-block-
poly(propyleneglycol)-block-poly(ethylene  glycol)-
PEG-PPG-PEG (CAS no: 9003-11-6) (Carbosynth) and
n-butanol (CH3(CHz)30OH) (CAS no: 71-36-3) (Merck).
5.0 g of P123 was dissolved in 161 mL of 0.5 M
Hydrochloric acid (HCI) (38%) (Cas no: 7647-01-0)
(Merck) at 35°C. After dissolution was complete, 5.0
g of n-butanol was added and the resulting mixture
was stirred at 35 °C for 1 hour. In order to obtain the
desired Si/Cu: 1, 3, 5 molar ratio, the metal source
Copper(ll) chloride (CuCl2) (CAS no: 7447-39-4)
(Sigma-Aldrich) and the required amount of
tetraethyl orthosilicate (Si(OC2Hs)4) (CAS no: 78-10-
4) (TEOS) (ABCR) were added to the mixture and it

RESEARCH ARTICLE

was stirred for 24 hours. The reaction mixture was
taken into a 250-mL Teflon autoclave for
hydrothermal treatment (24 hours at 100 °C). The
resulting solid was separated and dried at 100 °C

overnight. The surfactant was removed by
calcination in dry air at 550 °C for 5 hours.

Material characterization

The morphology of Cu-based materials was

evaluated by TEM using JEOL JEM-1220 and by SEM
using the Quanta 400F Field Emission device.
Textural parameters (BET surface areas, total pore
volume, and pore sizes) were obtained by N> ads.-
des. isotherms. The specific surface areas of the
materials were determined by the BET method at 77
K under N2 gas adsorption. From the plot of relative
pressure (P/Po between 0 and 1.0) versus quantity
adsorbed (cm3 /g STP) were determined. XRD
patterns of the materials were obtained with a
Panalytical Empyrean device at 200 kV and 50 mA
with 26 values ranging from 5-80° and a speed of
10°/min. Prior to measurements, materials were
gassed overnight at 250 °C and 100 mmHg. ATR-FT-
IR spectra were obtained on a Cary 630 between
4000 and 400 cm using diluted samples. CO:
adsorption was measured with a Micromeritics ASAP
2020 Analyzer at 0 °C and 1.2 bar, after which the
measurement materials were degassed at 150 °C
for 5 hours.

RESULTS AND DISCUSSION

The surface morphologies of the blank and Cu-based
KIT-6 adsorbents were investigated with scanning
electron microscopy (Figure 1). SEM-EDX analysis
was also studied to determine the chemical
composition of Cu/KIT-6 (Figure 2). SEM mapping
analyses of the adsorbents are shown in Figure 3.

..v,‘.. o e

Figure 1: SEM images of (a) blank (b) 1 (c) 3 (d) 5 Si/Cu KIT-6 materials (15 kV, 7 KX).
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The morphology of KIT-6 shows angular particles
with a relatively flat surface (25). The sponge-like
porous nature of KIT-6 was transformed to a rougher
surface with the loading of Cu to silica KIT-6 support.

—
0

(d

~
S

/\

Ay

7
N

cnsfev

~

/O

)

RESEARCH ARTICLE

The rock-like morphology is visible and Cu on the
surface affects the surface smoothness of the
materials.

~
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Figure 2: EDX spectra of (a) blank, (b) 1 Si/Cu, (c) 3 Si/Cu, (d) 5 Si/Cu KIT-6 materials.

The EDX analysis of Si/Cu:1, 3, 5 KIT-6 demonstrated
the presence of 2.53 wt%, 1.32 wt%, and 0.34 wt%
Cu, respectively in the KIT-6 framework, indicating
copper was successfully incorporated into the KIT-6.
EDX analysis confirms the successful synthesis of a

2

w

decrease in Cu content for the Si/Cu:l, 3, 5 KIT-6,
respectively because of the increase of Si content on
the support KIT-6. The elemental distribution of Cu is
shown in Figure 3 using SEM mapping. They were
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on the adsorbents’

homogeneously dispersed
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surface.

Figure 3: SEM mapping of 1 Si/Cu (left), 3 Si/Cu (middle), 5 Si/Cu (right) KIT-6 materials.

The in-site morphologies of KIT-6 materials were
also investigated by TEM analysis. TEM was used to

observe the internal mesoporous structure as shown
in Figure 4.

()

Figure 4:TEM images of (a) 5 (100 kV, 80000 X) and (b) 1 Si/Cu KIT-6 (100 kV, 200000 X) materials.

The textural properties of different Cu-based and
blank KIT-6 materials, such as specific surface area
(Sger), pore volume (Vital), and pore diameter, are
summarized in Table 1. The mesoporous nature of
KIT-6 materials was investigated using N> sorption
analysis. The Nz sorption isotherms for the
adsorbents are shown in Figure 5. The blank KIT-6
support exhibits the characteristic type IV isotherm
via the IUPAC classification with an average pore
size of 4.5 nm. The isotherms of the Cu-based KIT-6
adsorbents exhibit either type Il-IV with average
pore sizes between 4.7-5.5 nm with hysteresis to

24

higher relative pressure (26). Nz adsorption-
desorption isotherms of materials indicated the
formation of mesoporous structure with narrow pore
size distribution. The observation implies that
Si/Cu:5 KIT-6 has large pores than Si/Cu:1 and
Si/Cu:3 KIT-6 adsorbents (Table 1). Si/Cu:5 KIT-6 has
the lowest surface area, the increase in surface area
with increasing Cu loading on the support due to the
porous nature of copper. The increase of porosity
from copper was due to an increase in surface area
and pore volume.



Gunduz Meri¢ G. JOTCSB. 2022; 5(1): 21-28. RESEARCH ARTICLE

Table 1: Textural properties of KIT-6 materials.

Materials BET surface area Pore volume Pore size
(m?/g) (cm3/g) (nm)
KIT-6 738.72 0.618 4.5
Si/Cu:5 KIT-6 742.88 0.734 5.5
Si/Cu:3 KIT-6 763.77 0.838 4.9
Si/Cu:1l KIT-6 780.37 1.007 4.7

500

Quantity adsorbed (cm3/g STP)

00 01 02 03 04 05 06 07 08 09 10
relative pressure (p/p0)

Figure 5: N ads.-des. isotherms of materials (green: KIT-6, black: Si/Cu: 5 KIT-6, red: Si/Cu:3 KIT-6,
blue:Si/Cu:1 KIT-6).

The crystalline phases of KIT-6 adsorbents are 35.6, 38, 51.6, 68, 72.2 corresponded to CuO. The
characterized by powder wide-angle XRD and the broad peak obtained at 23.5° corresponds to
results are presented in Figure 6. The peaks amorphous silica. The intensity of Si/Cu:l KIT-6 was
observed at 20 values of 43.3, 50.4, 74, 89.8 higher than the other KIT-6 materials. As the amount
corresponded to cubic Cu metal; 36.8, 42.8, 53.1, of Cu loaded on the structure increased, the
66, 74.5 corresponded to cubic Cuz0, and 32.7, intensity of the peaks increased as well.

T

Intensity (a.u.)

O o
\/\\

10 20 30 40 50 o0 0 g0

2 Theta (°)

Figure 6: XRD patterns of materials (black: KIT-6, red: Si/Cu:5 KIT-6, blue: Si/Cu:3 KIT-6, green: Si/Cu:1 KIT-
6).

The structural properties of KIT-6 materials were 7). The characteristic peak of the Si-O-Si bond
measured between 4000-400 cm-! with FT-IR (Figure appeared at about 1074 cm! for all samples due to

25
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symmetrical stretching vibrations. The peaks at 455
cm® and 806 cm™ correspond to the bending of the
Si-O bond and the asymmetrical bending of the Si-O-
Si bond, respectively. Symmetric stretching of Si-OH
was observed around 952 cm-!. Besides the band at
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about 3392 cm!, the peaks around 1645-1650 cm-™!
show -OH stretching vibrations related to adsorbed
water molecules that readily allow surface
modification (25, 31).
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Figure 7: FT-IR spectra of KIT-6 materials.

All samples were used as adsorbents for CO:
adsorption at 273 K and pressure up to 1.2 bar. The
CO2 adsorption capacities for the materials are
shown in Figure 8. It is preferred at a lower
temperature due to the CO: exothermic process.
Among the four samples, Si/Cu:1 KIT-6 recorded the
highest CO> adsorption with 1.70 mmol/g at 0 °C
and 1.2 bar. Si/Cu:l has the highest adsorption
capacity of KIT-6 due to the Cu particles inside the
porous channels and this provides adsorption sites
for CO2 molecules. As seen from the results, the
amount of Cu in the KIT-6 support is the critical point

1,8 -
1,6 -
14 -
1,2 -

08 -
06 -
04 -
02 -

mmol CO./g

SiCu:5
KIT-6

KIT-6

for CO2 adsorption, and the material with highest
surface area is the best adsorbent. The CO:
adsorption capacity shows a similar trend with
Si/Cu:1l KIT-6 compared to other KIT-6 adsorbents
(Table 2). The importance of KIT-6 mesoporosity also
supports the high adsorption of CO> molecules. A
comparison of the CO2 capture capacities of
adsorbents similar to this study is shown in Table 3.
The surface area and CO:2 adsorption capacities of
KIT-6 are quite high under similar pressure and
temperature conditions.

Si/Cu:1
KIT-6

Si'Cu:3
KIT-6

Figure 8: CO; capture of KIT-6 silicas (1.2 bar and 0 °C with dry CO; gas).
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Table 2: CO; capture capacity of KIT-6 silicas.

Sample CO: adsorbed (mmol/g)
KIT-6 0.60
Si/Cu:5 KIT-6 1.40
Si/Cu:3 KIT-6 1.55
Si/Cu:1l KIT-6 1.70

From the table of comparison of the different
materials (Table 3), low temperature and pressure
with a high surface area favor higher CO2 adsorption
capacity. A certain amount of added copper plays a
critical role in controlling the total adsorption
capacity of the KIT-6 support. It has been

determined that adding a small amount of Cu to the
KIT-6 structure shows a good effect on CO:
adsorption. All literature studies also show the
importance of the main properties and parameters
that can be used for the CO2 capacities of materials.

Table 3: Comparison of the different materials for CO> capture capacities.

Material Temp. Pressure Surface area COzcapture Ref.
(°C) (bar) (m?/g) (mmol/g)
An-KIT-6 30 1.00 297 0.90 (15)
Amine-MCM-41 0 1.20 279 0.83 (27)
HMS-F MS 25 1.00 636 1.00 (28)
CS-1.5 0 0.15 1187 1.25 (29)
Amine-MCM-41 30 1.20 1759 1.15 (30)
Amine-SBA-15 25 1.00 1177 1.20 (31)
Amine-KIT-6 0 1.20 1070 0.60 (32)
Cu/Si:1 KIT-6 0 1.20 780 1.70 This work
Cu/Si:5 KIT-6 0 1.20 742 1.40 This work
CONCLUSION capture. Chemical Engineering Journal. 2015 Jan;259:653-

In this study, different amounts of Cu-loaded KIT-6
were prepared and investigated for high CO> capture
capacity at 0 °C and 1.2 bar. The highest CO:
adsorbed of 1.70 mmol/g was achieved at Si/Cu:l
KIT-6. It was seen that the materials with optimized
Cu content on KIT-6 support showed excellent
textural properties and high CO2 adsorption capacity
for the determined temperature and pressure. The
adsorption capacities at 0 °C provide strong
evidence at low temperature and pressure and due
to the mesoporous nature of the materials, CO2 was
used as a probe molecule for investigating the
porosity. The Cu-based KIT-6 combination could be
used as an effective material for CO> capture.
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Abstract: Commercial lipase (triacylglycerol lipase (EC 3.1.1.3) of Burkholderia cepacia (40 U/mg) in its crude form has
been used in the kinetic resolution of enzyme-catalyzed reaction of 1,2-O-isopropylidene-sn-glycerol and vinyl acetate as
acyl donor in the organic solvent n-hexane. It was observed that the enantioselectivity is in the range of 2.295 to 2.235 while
AAGp, -73.408 to -75.682 kJ/mol at 35 °C and 55 °C, respectively . This shows that any increase in the reaction
temperature led to an increased final conversion, but it has no effect on the enantioselectivity of the reaction. Also, the
thermodynamic effect of temperature on the Gibbs free energy in the lipase-catalyzed kinetic resolution of the reaction
between racemic isopropylidene glycerol and vinyl acetate remains in the small range. By using this type of analysis, the
researchers may predict if they should increase or decrease the temperature to enhance the selectivity of enzyme in
catalyzing a reaction.
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INTRODUCTION (poisonous), sometimes in certain cases producing
undesired side effects (9—-11).
One of the elusive hallmarks in formation of life within the
prebiotic era on the Earth is how Nature chose a specific  Over the last two decades, stereochemistry has been
chirality (or handedness) or called biological homochirality.  gaining prime importance in chemical technologies
Thereof the homochirality of amino acids (L-enantiomers),  associated with the synthesis, separation, identification, and
sugars (D-enantiomers), proteins, and DNA became one of  analysis of target eutomers from undesired distomers in a
the biochemical characteristic properties in the life on Earth  racemic compound, (12), particularly in the fields of
(1,2). Although Nature prefers almost exclusively contemporary pharmaceutical, agrochemical, food, smell,
stereochemical imperative chiral molecules in living material sciences, and many other rapidly expanding areas
organisms as single enantiomers, yet the left- and right-  of research (13-15).
handed molecules of a compound will deterministically form
in equimolar composition (a racemic mixture) when they are  Accordingly, it became necessary to search an appropriate
synthesized in the laboratory in the absence of some type process to separate racemic compounds into their
of directing template (3,4). enantiomers to produce optically active compounds.
Therefore, the different methods to differentiate between
However, about a century later it is drastically determined  various enantiomers can be used like crystallization
that the phenomenon of chirality implements a key role in  (14,16,17), separation with membranes (18-21), liquid-
pharmaceutical, agricultural, food, and other chemical liquid extraction (22), capillary electrophoresis (23,24),
industries as well as in the life of plants and animals (5-7). chromatography (25), and kinetic resolution (KR)(26—33).
Since it is evident that the chirality is a fundamental Among these methods, the resolutions based on kinetic
characteristic of life processes, the individual enantiomers  effects in chemical reactions can be one of several major
of chiral chemicals in a racemic mixture may divulge very types but are typically divided between enzyme and
different bioactivities and/or biotoxicities (8). It means that inorganic catalyzed systems. The enzyme-catalyzed
one enantiomer may be active (eutomer) while the other transformations to produce enantiomerically pure
one (distomer) might be inactive, useless, harmful, or toxic  compounds have been progressively considered in the
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manufacture of a wide range of single enantiomers in the
industry. Kinetic resolution is defined as a process where
the two enantiomers of a racemate are transferred to the
product much faster than the other (34). Due to the
structural diversity of chiral compounds, in the frame of
substrate specificity, a huge amount of enzymes were
recently used for enantioseparation to determine their
activity and selectivity in the kinetic (35).

Among these numerous amounts of enzymes, the kinetic
resolution using lipases provide high enantiomeric excess
(ee) and can be cost effective compared to other
techniques. However, there are some factors that affect
activity and selectivity of lipase-catalyzed reactions,
including the nature of the acylating agent, temperature, pH
and solvent selection (26). This paper scrutinizes if there is
any temperature effect on the kinetic resolution of lipases in
the transesterification of isopropylideneglycerin with vinyl
acetate as acyl donor.

Lipases (triacylglycerol ester hydrolases, EC 3.1.1.3) are a
versatile group of biocatalysts, which are ubiquitous
enzymes catalyzing the hydrolysis of fats and oils (36). The
number of available lipases has increased considerably
since the 1980s. Their natural physiologic function is to
hydrolyze triglycerides into diglycerides, monoglycerides,
fatty acids, and glycerol during digestion (37,38). Lipases
are frequently used in lipid modification and in organic
synthesis. Enzymes in this class have been shown to be
1,3- regioselective for triglycerides, selective for fatty acid
chain length and degree of fatty acid saturation (36,39).

In addition to their natural function of hydrolyzing carboxylic
ester bonds, lipases can catalyze esterification, inter-
esterification, and transesterification reactions in non-
aqueous media. The broad substrate specificity makes
lipases usable in a wide range of applications, and thus
their market is still growing (40). This versatility makes
lipases the enzymes of choice for potential applications in
the dairy and food industries, in the production flavor and
aroma components, in oleo-chemical industry, in medical
applications (37,41-43), in the detergent, leather, textile,
cosmetic, and paper industries (38,44), and in the
production of optically active compounds for the
agrochemical and pharmaceutical industries (38,45,46).
Beyond all these applications, they are widely used in the
synthesis of organic compounds (47) to produce homaochiral
compounds from racemates via enantiomeric discrimination
or from prochiral or meso compounds via enantiotropic
differentiation. The resolution of racemic compounds via
hydrolysis in aqueous media or trans/esterification in
organic media cannot always be achieved in a highly
enantioselective manner (48,49). Enantioselectivity can be
improved by several methods, e.g., the screening of
enzymes (50,51), the modification of substrates (17,18), or
the modulation of reaction conditions.

Temperature, which is an easily controllable parameter in
the experimental conditions, is a potential factor that may
affect the enantioselectivity of the enzymatic reactions
(49,52). However, its effect on the stereoselectivity of
enzymatic transformations has not been investigated
sufficiently (48,53-55). There have been remarkably few
systematic studies on the effects of temperature variation
on the stereochemistry of enzymatic reactions (56). Some
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examples of an improvement of enantioselectivity by
temperature-dependent reversal of stereochemistry were
observed (57-59).

Eyring’s transition state theory (60) defines the relation of
temperature with the reaction rate constant as:

kT

k=K K (Eq. 1)

where k= reaction rate constant, k= transmission coefficient,
kp= Boltzmann constant, T= temperature, K= equilibrium
constant.

The equilibrium constant is related with Gibbs free energy
through Van't Hoff equation.

AG=—RTInK (Eq. 2)
Enzymatic enantioselectivity E is defined as the ratio of
specificity constants of the two competing enantiomers (61).
Aydemir modified this concept showing that the
enantioselectivity is especially the ratio of kinetic constants
of reactions for the competing racemates at the activated
enzyme site (62). The specificity constant of an enzyme for
its substrates is defined as the ratio kc../K for the D and L
racemates (59,63).

k /K

cat

k K

cat

E=

=~ |

kel Kl K, 09

The kinetic constant, Ke./K, is related to the thermodynamic
term AG, as shown in following equation from transition-
state theory (64).

AAG=—RTInE (Eq. 4)

where AAG’ is the difference in free energy of activation
between the D and L racemates (59).

The temperature dependence of the activation free energy
is given by Gibbs-Helmholtz equation:

AAG =AAH —TAAS” (Eq. 5)

Substituting Eq. (4) into Eq. (5), the relationship between
enantioselectivity, enthalpy, and entropy is derived (56):

AAS™| | AAHT
R RT

InE= (Eq. 6)

if no enantiomeric discrimination of the enzyme between the
D and L isomers occurs, then E = 1 and AAG” = 0. In this
case, the enthalpy and entropy contributions are equal to

(Eq. 7)

The temperature is thus the "racemic temperature" (56,65).
This analysis predicts that temperature dependent inversion
of stereochemical configuration occurs. At temperatures
below T.., the AAG" is dominated by AAH’, and the E value

T. = AAH'/AS
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of product will decrease as T increases, until it reaches
unity at T.. In contrast, at temperatures above T.. the AAG’
is dominated by TAAS’, and the E value increases as T
increases. Therefore, the optimization of enantiomeric
enzyme catalyzed reactions may require either the raising
or lowering the reaction temperature (56,66).

The influence of the reaction temperature on the
enantioselectivity appears to depend on the nature of the
reaction involved (67). Increasing the temperature normally
leads to an increase of the enzymatic reaction rate, and
obviously resulted in a higher reaction rate and a higher
final conversion (57). At the same time, the
enantioselectivity often decreases and a loss of enzyme
stability can be observed (68).

Identification of AAGp, as the free energy difference that
determines the enantiomeric ratio opens the possibility to
predict E (69). Studies on the temperature dependence of E
allow for a thermodynamic analysis for the enantioselectivity
of enzymes, which is caused by enthalpic and entropic
activation energy differences of the enantiomers. These
studies have also revealed the entropic contributions to be
nearly as big as the enthalpic contribution, whereas the
entropic activation energy depends on the interactions with
solvent molecules and enantiomers in transition state at the
active site (63,70). Although this is a dichotomy between
enthalpy and entropy which results in the observed
temperature dependence (65), the enthalpic and the
entropic components of the differential activation free
energy, AAGp,. were both important to the overall success
of the kinetic resolution of the enantiomers (70).

Although increasing the temperature usually decreased the
enantioselectivity, high enantioselectivity can be expected
even at high temperatures if the structure of the substrate is

RESEARCH ARTICLE

ideal from the mechanistic point of view (71). The acyl
donor may greatly influence the enantioselectivity and
reaction rate of acylation (72). A slight elongation of the
alkyl chain of the vinyl esters caused dramatic changes in
the enantioselectivity (73). It was the highest when vinyl
acetate was used as acyl donor and became lower with the
chain length of the fatty acid moiety (52). The position of the
double bond has also affected the reaction rate and
enantioselectivity (42). The bulky aromatic group allowed
only one enantiomer to fit in the active site, whereas for
aliphatic compounds the enzyme could not distinguish well
between both forms (43). An addition of a suitable amount
of water can alter dramatically the behavior of their
enantioselectivities as a function of the temperature (55).

As well as the effect of the structure of substrate by the
medium engineering point of view, the temperature effect
on the enantioselectivity discriminates itself quite differently
depending on the type of reaction. As given on the (Table
2), it is reported that E value may increase or decrease or is
unaffected with lowering or increasing the reaction
temperature.

The non-covalent interactions of the substrate with the
residues at the active site determine the thermodynamic
and kinetic properties of the complex (74). Above-
mentioned Equation 4 gives the relationship between
enantioselectivity and temperature via the free activation
energy AAG. The equations 5 and 6 relate further the free
energy to enthalpic and entropy contributions. Ottosson (70)
has studied that the enthalpic and the entropic components
of the differential activation free energy, AAGp, are both
important to the overall success of the kinetic resolution of
the enantiomers. The knowledge of how this enzyme
distinguishes between enantiomers and the roles of
enthalpy and entropy on a molecular level (75).

Table 1: some research for the change of E with variation in temperature.

Temperature Enantioselectivity Ref.
high high (76,77)
high low (58,71,78-81)
low High (82,83)
low low (84)
high or low no change (67,85,86)

If the TAAS and AAH terms for a desired reaction forming
enantiomeric products are closely balanced, then the
reaction will be subject to stereochemical modulation by
changes in temperature. If the AAG is dominated by the
TAAS term, then reactions will show the maximal
stereochemical discrimination at the highest temperature
compatible with the stability of the enzyme - cofactor —
substrate system. If the substituent has polar groups that
interact with the enzyme by ionic attraction or by hydrogen
bonding, the AAH term will be quite large and will dominate
the free energy of activation, resulting in little or no effect of
temperature. If the major contributor to AAG is AAH, then
the stereochemical purity of the reaction product will be
maximal at the lowest temperature at which the enzyme
exhibits useful reactivity (56).
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In this work, the effect of temperature on the reaction
conditions on the transesterification of
isopropylideneglycerin  (IPG), catalyzed by Burkholderia
cepacia lipase (BCL), previously known as Pseudomonas
cepacia, has been investigated. IPG, [+]-Solketal (1,2-O-
isopropylidene-sn-glycerol  (IPG);  [+]-2,2-dimethyl-1,3-
dioxolane-4-methanol) (Figure 1), is an important starting
compound for the preparation of many Cs-synthons which
are widely applied in organic synthesis (87), as an
interesting chiral intermediate for pharmaceutical industries,
since it is an important starting chiral synthon in the
synthesis of  diglycerides, glyceryl phosphates,
tetraoxaspiroundecanes, and of many biologically active
compounds, such as phospholipids, [p-adrenoceptor
antagonists propranolol, and platelet aggregating factors
(88—-91). The esterification of isopropylidene-glycerin (IPG)
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with vinyl acetate as an acyl donor (92-94) in n-hexane
(95-97) has been examined, and the effect of temperature

(o]
0 I
OH o—-cC
+ CH,— C/ CHg
(@] H
Vinylacetate

Isopropylideneglycerol
1IPG
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on the enantioselectivity of B.Cepacia lipase for D, L-IPG
was investigated.

D-IPG-acetate

+ CH,CHO

Acetaldehyde

H o
° \\\\\\‘\\\o—u\
CHg
O

L-IPG-Acetate

Figure 1: Reaction of Isopropylidenglycerin with vinyl acetate.

MATERIALS AND METHODS

Chemicals and Lipase

Lipase from Burkholderia cepacia (40 U/mg, Fluka) was
used in its crude form. The organic solvent n-hexane
(Fluka), 1,2-O-isopropylidene-sn-glycerol (Fluka), vinyl
acetate as acyl donor (Merck) were used without any further
purification.

The analysis has been performed by gas chromatography
(CC-14A, Shimadzu) with a chiral column of FS-Hydrodex®
3-3P, (Heptakis (2,6-di-O-methyl-3-O-pentyl)-3-
cyclodextrin) with a length of 25 m and an inside diameter
of 0.25 mm (Macherey-Nagel, Duren, Germany).

Reactions in organic solvents

Preliminary experiments of related reactions in organic
solvent were carried out in a 20 mL volume of a glass
vessel sealed with a rubber stopper. In the experiments, 10
mmol of racemate (IPG) and 30 mmol of excess component
vinyl acetate as an acylating agent were mixed to complete
the total reaction medium of 10 mL with n-hexane. By
adding 50 mg of Burkholderia cepacia lipase, the reaction
started. The reaction mixture is incubated in water bath and
agitated with magnetic stirring. The magnetic stirrer speed
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was 600 rpm. Samples withdrawn during the reaction were
centrifugated and diluted with acetone before gas
chromatographic (GC) analysis.

Determination of enantiomeric excess and conversion
Samples from the reaction mixture were diluted with
acetone. Enantiomeric purities were calculated from peak
areas determined by gas chromatography using a chiral
stationary phase (FS-Hydrodex® R-3P, Macherey-Nagel,
Germany). From the detected data, the conversion was
calculated as described by Chen et al. (68).

RESULTS

Lipase-catalyzed trans-esterification between D, L-IPG and
vinyl acetate was studied. The product IPG-acetate and
acetaldehyde as a by-product were produced during this
reaction. As shown in Figure 1, the overall reaction is
irreversible and therefore shifts itself towards product
formation (96,98). Transesterification in n-hexane was
performed at different temperatures viz. 35 °C, 40 °C, 45
°C, 50 °C and 55 °C, respectively. The conversion and the
enantioselectivity of BCL was calculated as described by
Chen (99) and Aydemir's enantioselectivity definition (62).
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Figure 2. Conversion vs. time profile of IPG at different temperatures.
(20 mmol IPG, 30 mmol vinyl acetate, 50 mg Lipase BC. 10 mL solution)

The rate of a chemical reaction increases with rising
temperature according to Van't Hoff equation. In this work, it
is determined that the reaction rate and the conversion
were risen at the same time with increasing temperature till
50 °C, then decreases above this temperature (Figure 2).
The detected optimum temperature 50 °C is convenient with

the lipase properties on the prospect of the enzyme
supplying company (Fluka). Above this temperature, the
activity of the lipase descends resulting in decrease of the
conversion. That might possibly result in the fact that the
enzyme structure starts to be destroyed along with the
rising temperature above 50 °C.

Table 2: Temperature vs. E values.

Temp | Max. E value | AAGp,. (kj)
.(°C) | conversion
40 65 2.267 -73.497
45 69 2.254 -74.147
50 93 2.242 -74.818
55 79 2.235 -75.682

The enantiomeric ratio was determined according to Rakels et.al. with the following equation (100).
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The results of the experiments to determine the became evident that the enantioselectivity (E) remained
temperature dependency of enantioselectivity in the almost unchanged with the temperature in the mean value

esterification of IPG were given in Figure 3. The conversion
reached from 61% at 35 °C to the maximum conversion of
93% at 50 °C, after 4 hours of reaction time. As a result, it
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of 2.26, tending to convert more L-form than D- form of the
IPG (Table 2).
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Figure 3: Enantioselectivity vs. time at different temperatures.
CONCLUSION increase in temperature causes decrease in AG, because

The enhancement of enantioselectivity to produce the
desired racemic product is recently studied by many
laboratories. In order to achieve the enhancement, the
physical conditions of the reaction medium has been
altered. The acyl donor, solvent type, the effect of water
content on the enzyme flexibility, and the temperature are
the commonly studied parameters. Among these
parameters, it is examined that the enantioselectivity alters
irregularly with temperature. Thus, it could be concluded
that the molecular structure of the substrate indirectly
determines the dependency of enantioselectivity on
temperature, by defining the contribution of enthalpic or
entropic effect of the activation energy. The enthalpic and
entropic values are equal to each other at a certain
temperature. Consequently, the enantiomeric ratio (E) value
becomes 1. This temprature is called racemic tempreature,
at which a racemate is formed. Above or below the racemic
temperature, a decrease in temperature will cause either a
decrease or increase in enantioselectivity. As a result it is
thus suggested to consider the effects of temperature on
the selectivity of enzymatic reactions (101) in the future
works.

In the present work, the effect of temperature on the lipase
catalyzed reaction between isopropylidene glycerol and
vinyl acetate was analyzed thermodynamically, since the
activation energy AGp, of each enantiomer is related to
temperature and entropy (TAS), the value of AGp has been
calculated to analyze how it changes with enantioselectivity
at temperatures between 35 — 55 °C. It is observed that the
enantiomeric excess value is 2.295 and AGp,= -73.408
kd/mol at 35 °C, while EE= 2.235 and AGp.,= -75.682
kJd/mol. It shows that the higher enantioselectivty can be
obtained at low temperatures (35 °C) having low entropy
value. Since there is no huge amount of difference in EE or
AG values calculated in this work, it can be interpreted that
the reaction between vinyl acetate and isopropylidene
glycerol is not strongly dependent on the temperature, and
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TAS becomes greater than AH (AAH" < TAAS). Finally, this
work adds that low temperatures are suggested for the
selectivity of one enatiomer to other in the reaction studied.
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