Theo yéu cu ciia khich hang, trong mét nim
qua, ching t6i 438 dijch qua 16 mdn hoc, 34
cubn sich, 43 bai bio, 5 sb tay (chwa tinh cic

tdi liéu tir nim 2010 tr& vé truéc) Xem & ddy

DICH VU Chi sau mot lan lién lac, viéc
dich duoc tién hanh

DJCH
TIENG

ANH

CHUYRN | Gia ca: co the
NGANH n_hin/l tra.n

NHANH

giam den 10

NHAT VA Chét lvong:Tao dung niém tin cho

khach hang bf?m cdng nghé 1.Ban
thé.y duoc toan bo ban dich; 2.Ban

danh gia chat luong. 3.Ban quyét
dinh thanh toan.

Tai liéu nay dwoc dich sang tiéng viét béi:

VA A AL E T BN AT (W T[]

Tir ban géc:

https://drive.google.com/folderview?id=0B4rAPgIxIMRDfIBVOnk2SHNIbkR6NHJi

N1Z3N2VBaFJpbnlmbjhaO3RSc011bnRwbUxsczA&usp=sharing

Lién hé dich tai liéu :

thanhlam1910 2006@yahoo.com hoic frowrthes@gmail.com hoic s6 0168 8557 403 (gap

Lam)

Tim hiéu vé dich vu: http://www.mientayvn.com/dich_tieng_anh_chuyen_nghanh.html

Scheme S1. Cyclization of (z)-citronellal
to isopulegol isomers

Citronellal cyclization: The citronellal
cyclization reactions were carried out in
15-mL  Ace pressure tube (Sigma-
Aldrich) loaded with 50 mg of activated

So d6 S1. Qua trinh tao vong (%)-
citronellal  thanh cac déng phan
isopulegol

Qua trinh tao vong Citronellal: Phan ng
tao vong citronellal dugc tién hanh trong
éng chiu a4p Ace 15 mL (Sigma-Aldrich)
nap v&i 50 mg chat xdc tac hoat hoa. Pau
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catalysts. Each catalyst was first
activated under dynamic vacuum at 150
°C for 24 h and stored in an inert
atmosphere glovebox. After adding a
solution of 1.5 mL (%)-citronellal in 5
mL toluene to the reactor (c.a.
citronellal:Zr4+ mole ratio = 35) in the
glovebox, the vessels were placed in an
aluminum heating block at 60 oC with
stirring. Reaction samples were removed
in the dry box at different reaction times
(0.5,1,15,2,3,4,5, 6, and 8 h), filtered
through a 0.2 p,m PTFE membrane filter,
diluted 250 times with ethyl acetate and
analyzed with a Shimadzu GCMS-
QP2010 SE GC-MS, equipped with a
SHRXI-5MS capillary column. Column
temperature was initially 75 °C for 3
minutes, then gradually increased to 200
°C at 3 °C/min. Cyclohexanone was
added as internal standard (S6), and
calibration curves for (x)-citronellal and
(x)-isopulegol were obtained using
commercially available (z)-citronellal
and (z)-isopulegol for quantification
(S7). Conversions of (£)-citronellal at a
given reaction time (Figure S11) were
calculated by dividing the amount of (z)-
citronellal left in the reaction mixture at
that given reaction time (calculated using
the calibration curve) over the initial
amount of  (x)-citronellal  added.
Selectivity ~ towards  (x)-isopulegol
(Scheme S1) was calculated by dividing
the amount of (x)-isopulegol produced in
the reaction mixture over the amount of
the (z)-citronellal had been converted to
that time.

Recyclability tests were performed on
MQF-808-2.55Q4 to test for catalyst
stability. Here, the catalyst after the
reaction was thoroughly washed by
submerging it in anhydrous chloroform
for one day, exchanging the solvent six

tién, mdi chat xuc tac duoc hoat héa trong
moi truong chan khong dong ¢ 150°C
trong 24 h va duoc luu trir trong hop khi
tro. Sau khi thém dung dich 1.5 mL (z)-
citronellal trong 5 mL toluene vao budng
phan ¢ng (ca citronellal: Zr4 + ty s6 mol
= 35) trong hop, cac lo dugc dit vao khdi
gia nhiét bang nhom tai 60° C két hop véi
khudy. Cac mau phan tng duoc liy ra
trong cac hop khd tai cac thoi diém phan
ung khac nhau (0.5, 1, 1.5, 2, 3, 4, 5, 6, va
8 gio), duoc loc qua bd loc mang PTFE
0.2 p,m, pha lodng 250 lan véi ethyl
acetate va duoc phan tich bang Shimadzu
GCMS-QP2010 SE GC-MS, thiét bi nay
cé trang bi c6t mao quan SHRXI-5MS.
Nhiét d¢6 cot ban dau la 75° C trong 3
pht, sau d6 tang dan dén 200° C véi toc
do 3° C/ phut. Cyclohexanone dugc thém
vao dugi dang mot chat noi chuan (S6),
va duong cong hiéu chuan doi véi (2)-
citronellal va (x)-isopulegol dugc ghi
nhan bang (¥) -citronellal va () —
isopulegol thwong mai dé dinh luong
(S7). Qué trinh chuyén d6i (z)-citronellal
& mot thoi gian phan wng nhit dinh
(Hinh S11) dugc tinh bang cach chia
lugng (+)-citronellal con lai trong hon
hop phan ung tai mot thoi gian phan ng
nhat dinh (tinh bang duong cong hiéu
chuan=duong chuan) cho luong (¥)-
citronellal duogc thém vao lic dau. Do
chon loc di Vvéi isopulegol (So do S1)
dugc tinh bang cach chia lwong (¥)-
isopulegol duoc tao ra trong hon hop
phan ung voi lugng (%)-citronellal da
chuyén doi tai thoi diém do.

Cac phép kiém tra kha niang tai tao duoc
thuc hién trén MQF-808-2.55Q4 dé kiém
tra su 6n dinh cua chit xdc tac. O day,
chat xdc tac sau phan ung dugc rira can
than bang cach ngam n6 trong chloroform
khan trong mot ngay, frao do6i (thay doi)




times during the day, and dried under
vacuum at 150 °C between consecutive
runs (Figure S12). For filtration
experiments to test for catalyst leaching,
the reaction slurry was split in two parts
after 0.5 h. While one part was left
undisturbed, from the other part the
catalyst was removed by filtration. The
supernatant was allowed to react further
in a separate reactor (Figure S12).

Limonene  v-Terpinene
Terpinolene p-Cymene
Scheme S2. Involved compounds in the
alpha-pinene isomerization

alpha-Pinene isomerization: The alpha-
pinene isomerization reactions were
carried out in 4-mL Ace pressure tube
(Sigma-Aldrich) loaded with 100 mg of
activated catalysts. Each catalyst was
first activated under dynamic vacuum at
150 °C for 24 h and stored in an inert
atmosphere glovebox. After adding 3 mL
of alpha-pinene to the reactor (c.a.
pinene:Zr4+ mole ratio = 40) in
glovebox, the vessels were placed in an
aluminum heating block at 120 °C with
stirring. Reaction samples were removed
in the dry box at different reaction times
(12, 24, 36, and 48 h), diluted 1000 times
with ethyl acetate, filtered through a 0.2
p,m PTFE membrane filter, and analyzed
with a Shimadzu GCMS-QP2010 SE
GC-MS, equipped with a SHRXI-5MS
capillary column. Column temperature
was initially 50 °C for 5 minutes, then
gradually increased to 100 °C at 2
°C/min, and finally increased to 200 °C
at 5 °C/min. Calibration curves for
alpha-pinene, camphene and limonene
were obtained using commercially
available alpha-pinene, camphene and
(R)-(+)-Limonene for quantification
(S7). Conversions of alpha-pinene at a

a-Terpinene

dung mdi sau lan mdi ngay, va say kho
trong mdi truong chan khong ¢ 150 °C
gitta hai lan chay lién tlep (Hinh S12).
Trong cac thi nghi¢ém loc dé kiém tra su
suy hao lugng chat xuc tac, bun phan tng
tach thanh hai phan sau 0.5 gio. Trong
khi mot phan gitt nguyén, chat xuc tac bi
loai bo khoi phan con lai bang cach loc.
Cac chat noi trén bé mat duoc cho phan
tng thém trong mot budng phan @ng
riéng (Hinh S12).
Limonene  v-Terpinene
Terpinolene p-Cymene
So d6 S2. Cac hop chat tham gia vao qué
trinh d6ng phan hoa alpha-pinene

Dong phan héa alpha-pinene: Céc phan
ing doéng phan hoa alpha-pinene dugc
tién hanh trong 6ng chiu ap Ace 4 mL
(Sigma-Aldrich) duoc nap 100 mg chat
xUc tac hoat hda. Mdi chét xtc tac dugc
hoat hoa trong chan khéng dong ¢ 150 °
C trong 24 h va duoc luu trir trong mot
hop chira khi tro. Sau khi thém 3 mL
alpha-pinene vao budng phan @ng (c.a.
pinene:Zr4+ ty I¢ mol = 40) trong hop
dung cy, cac lo duoc dit vao khéi gia
nhiét bang nhém 120 °C két hop Véi
khudy. Cac mau phan tng duogc lay ra va
dua vao mot hop khdé ¢ nhitng thoi gian
phan tng khac nhau (12, 24, 36, va 48 h),
pha lodng 1000 lan vai ethyl acetate, loc
qua bo loc mang PTFE 0.2 pm, va dugc
phan tich bang Shimadzu GCMS-QP2010
SE GC-MS, thiét bi nay c6 trang bi cot
mao quan SHRXI-5MS. Nhiét d¢ cot ban
dau 12 50° C trong 3 phut, sau d6 tang dan
dén 100° C véi téc d6 2 ° C / phut.
Puong cong hiéu chuan d6i véi alpha-
pinene, camphene va limonene dugc ghi
nhan bang alpha-pinene, camphene va
(R)-(+)-Limonene thuwong mai dé dinh
luong (S7).

a-Terpinene

Qua trinh chuyén d6i alpha-pinene & mot




given reaction time (Figure S13) were
calculated by dividing the amount of
alpha-pinene left in the reaction mixture
at that given reaction time (calculated
using the calibration curve) over the
initial amount of alpha-pinene added.
Selectivity towards camphene and
limonene (Scheme S2) was calculated by
dividing the amount of camphene and
limonene produced in the reaction
mixture over the amount of the alpha-
pinene had been converted to that time.
Recyclability tests were performed on
MOF-808-2.5504 to test for catalyst
stability. Here, the catalyst after the
reaction was thoroughly washed by
submerging it in anhydrous chloroform
for one day, exchanging the solvent six
times during the day, and dried under
vacuum at 150 °C between consecutive
runs (Figure S14). For filtration
experiments to test for catalyst leaching,
the reaction slurry was split in two parts
after 12 h. While one part was left
undisturbed, from the other part the
catalyst was removed by filtration. The
supernatant was allowed to react further
in a separate reactor (Figure S14).

Figure S11. Conversion of (£)-citronellal
over MOF-808-P (blue), MOF-808-
0.65S04  (wine), MOF-808-1.3S0O4
(orange) and MOF-808-2.5S04 (red).

Figure S12. Recyclability test for MOF-
808-2.5S04-catalyzed (x)-citronellal
cyclization: run 1 (red solid), run 2
(olive), run 3 (violet). Filtration test for
MOF-808-2.5504-catalyzed ()-
citronellal cyclization: after 0.5 h in run
1, the reaction mixture was split in two
parts and the catalysts was withdrawn
from one sample (red hollow).

thoi gian phan tng nhat dinh (Hinh S13)
dugc tinh bang cach chia lwong alpha-
pinene con lai trong hdon hop phan ung tai
mot thoi gian phan ¢ng nhat dinh (tinh
bang duong cong hiéu chuan) cho lugng
alpha-pinene duogc thém vao luc dau. Do
chon loc ddi voi camphene va limonene
(So dd S2) duoc tinh bing cach chia
luong camphene va limonene duoc tao ra
trong hon hop phan tng véi lugng alpha-
pinene da duogc chuyén doi tai thoi diém
do.

Cac phép kiém tra kha ning tai tao duoc
thuc hién trén MQF-808-2.55Q4 dé kiém
tra d6 On dinh cua chat xic tac. O day,
chat xuc tac sau phan tng duogc rira can
than bang cach ngdm no trong chloroform
khan trong mot ngay, trao ddi dung moi
sau lan mdi ngay, va siy kho trong moi
truong chan khdng ¢ 150 °C gita hai lan
chay lién tiép (Hinh S12). Trong cac thi
nghiém loc dé kiém tra sy suy hao lugng
chat xuc tac, bun phan tng tach thanh hai
phan sau 12 gio. Trong khi mot phan giit
nguyén, chat xuc tac bi loai bo khoi phan
con lai bang cach loc. Céac chat ndi trén
bé mat duogc cho phan @ng thém trong
mét budng phan tng riéng (Hinh S14).

Hinh S11. Qué trinh chuyén d6i (%) -
citronellal qua MOF-808-P (xanh), MOF-
808-0.65S04 (ruou), MOF-808-1.3504
(cam) va MOF-808-2.5504 (d0).

Hinh S12. Kiém tra kha ning tai tao cua
qua trinh tao vong (£) —citronellal xuc tac
bang MOF-808-2.5S04: lan chay tha
nhat (duong lién nét mau do), lan chay
tha 2 (& liu), 1an chay thtr 3 (tim). Kiém
tra kha nang loc cia qué trinh tao vong
(+) —citronellal xtc tac bang MOF-808-
2.5504: sau 0.5 h trong lan chay thir nhat,
hdn hop phan tng duogc chia 1am hai phan
va cac chat xdc tac duoc lay ra tr mot




Figure S13. Conversion of alpha-pinene
over MQF-808-P (blue, hidden under the
wine curve), MQF-808-0.65SQ4 (wine),
MQF-808-1.35Q4 (orange) and MQF-
808-2.5SQ4 (red).

Figure S14. Recyclability test for MQF-
808-2.5SQ4-catalyzed alpha-pinene
isomerization: run 1 (red), run 2 (olive
solid). Filtration test for MQF-808-
2.5SQ4-catalyzed alpha-pinene
iIsomerization: after 12 h in run 2, the
reaction mixture was split in two parts
and the catalysts was withdrawn from
one sample (olive hollow).

Scheme S3. Friedel-Crafts acylation of
anisole

Friedel-Crafts acylation of anisole: The
Friedel-Crafts acylation of anisole
(Scheme S3)was carried out in 15-mL
Ace pressure tube (Sigma-Aldrich)
loaded with 50 mg of activated catalysts
(250 mg when using benzoic acid as the
acylation reagent). Each catalyst was
first activated under dynamic vacuum at
150 °C for 24 h and stored in an inert
atmosphere glovebox. After adding a
solution of acylation reagents in 5 mL
anisole to the reactor in the glovebox
(c.a. carboxylic acid:Zr4+ mole ratio =
0.4; carboxylic anhydride:Zr4+ mole
ratio = 2; acyl chloride:Zr4+ mole ratio =
9), the wvessels were placed in an
aluminum heating block at 110 oC with
stirring (180 oC when using benzoic acid
as the acylation reagent). Reaction
samples were removed after 12 h,
filtered through a 0.2 p,m PTFE
membrane filter, diluted 20 times with
ethyl acetate and analyzed with a
Shimadzu GCMS-QP2010 SE GC-MS,
equipped with a SHRXI-5MS capillary

mau (dudng rong mau do).

Hinh S13. Qua trinh chuyén doi cua
alpha-pinen nho MQF-808-P (duong mau
xanh, an dudi duong cong cua ruogu),
MQF-808-0.65SQ4 (ruou), MQF-808-
1.35Q4 (mau cam) va MQF-808-2.55Q4
(mau do) .

Hinh S14. Kiém tra kha ning tai tao cua
qua trinh d6ng phan hoa alpha-pinen xtc
tac bang MQF-808-2.55Q4: lan chay thir
1 (d0), 1an chay tha 2 (olive dic). Kiém
tra loc ctia qua trinh dong phan hoa alpha-
pinen xUc tdc bang MQF-808-2.5SQ4:
sau 12 h trong lan chay tht 2, hén hop
phan tng duogc chia lam hai phan va céc
chat xGc tac dugc lay ra tir mau (olive
rong).

So d6 S3. Acetil hoa anisol Friedel-Crafts

Acetil hoa anisol Friedel-Crafts: Acetil
hoa anisol Friedel-Crafts (so do S3) duoc
tién hanh trong ong chiu ap luc Ace 15
mL (Sigma-Aldrich) nap 50 mg chat xuc
tac hoat hoa (250 g khi dung axit benzoic
lam tac nhan tao phan tang acyl hoa).
Trudc hét mdi chét xtc tac duoc hoat hda
trong moi truong chan khong dong ¢ 150
° C trong 24 h va dugc luu trir trong mot
hop chra khi tro. Sau khi thém vao dung
dich chat tao acetil hda trong 5 mL
anisole vao buong phan ung trong hop
(c.a. axit carboxylic:Zr4+ ty I¢ mol = 0.4;
carboxylic anhydride:Zr4+ ty 1€ mol = 2;
acyl chloride:Zr4+ ty 1€ mol = 9), céc lo
dugc dat trong mot bo gia nhiét bang
nhém ¢ 110 oC két hop voi khudy (180
oC khi dung axit benzoic 1am chat tao
phan ng acetil hoa). Cac mau phan tng
duoc loai bé sau 12 gio, sau d6 duoc loc
qua mét bo loc mang PTFE 0.2 pm, duogc
pha lodng 20 lan véi ethyl acetate va
dugc phan tich bang Shimadzu GCMS-
QP2010 SE GC-MS, thiét bi nay c6 trang
bi cot mao quan SHRXI-5MS. Nhiét do




column. Column temperature was
initially 40 °C for 1 minutes, then
gradually increased to 300 °C at 10
°C/min. Benzophenone was added as
internal standard (S6). Conversions of
acylation reactions (Table 2) were
calculated by dividing the amount of
acylation reagents left in the reaction
mixture over the initial amount added.
Scheme S4. Esterification of oleic acid
with methanol

Esterification of oleic acid with
methanol: The esterification of oleic acid
with methanol (Scheme S4) was carried
out in 15-mL Ace pressure tube (Sigma-
Aldrich) loaded with 200 mg of activated
catalysts. Each catalyst was first
activated under dynamic vacuum at 150
°C for 24 h and stored in an inert
atmosphere glovebox. After adding a
solution of 1.0 g oleic acid in 10 mL
anisole to the reactor in the glovebox
(c.a. oleic acid:Zr4+ mole ratio = 4), the
vessels were placed in an aluminum
heating block at 65 oC with stirring.
Reaction samples were removed in the
dry box at different reaction times (1, 2,
3, 4, 5, and 6 h), filtered through a 0.2
p,m PTFE membrane filter, diluted 250
times with methanol and analyzed with a
Shimadzu GCMS-QP2010 SE GC-MS,
equipped with a SHRXI-5MS capillary
column. Column temperature was
initially 75 °C for 1 minutes, then
gradually increased to 300 °C at 10
°C/min. Methyl heptadecanoate was
added as internal standard (S6).
Calibration curves for oleic acid were
obtained using commercially available
oleic acid for quantification (S7).
Conversions of oleic acid at a given
reaction time (Figure S15) were
calculated by dividing the amount of
oleic acid left in the reaction mixture at

cot ban dau 1a 40° C trong 1 pht,, sau d6
taing dan dén 300° C véi toc d6 10° C /
phat. Benzophenone duoc thém vao dudi
dang mot chat noi chuan (S6). Qué trinh
chuyén d6i cua cac phan ang acetil hoa
duoc tinh bang cach chia lugng chét tao
phan ang acetil hoa con lai trong hon hop
phan ung cho lugng duoc thém vao lic
dau.

So d6 S4. Qué trinh este héa cua axit
oleic véi methanol

Qua trinh este hda cua axit oleic vai
methanol: Qua trinh este héa cua axit
oleic véi methanol dugc tién hanh trong
éng chiu 4p Ace 15 mL (Sigma-Aldrich)
nap voi 200 mg chat xic tac hoat hoa.
Pau tién, mdi chat xuc tac duoc hoat hda
trong moi truong chan khong dong &
150° C trong 24 h va duoc luu trir trong
hop khi tro. Sau khi thém dung dich 1.0
g axit oleic trong 10 mL anisol vao budng
phan ung (ca citronellal: Zr4 + ty s6 mol
= 4) , cac lo duoc dit vao khdi gia nhiét
bang nhém tai 650C két hop véi khuay.
Cac mau phan tng duoc lay ra bang mot
hop kho tai cac thoi diém phan @ng khac
nhau (1, 2, 3, 4, 5, va 6 h), duoc loc qua
bo loc mang PTFE 0.2 p.m, pha lodng
250 lan véi methanol va duoc phan tich
bang Shimadzu GCMS-QP2010 SE GC-
MS, thiét bi nay c6 trang bi cot mao quan
SHRXI-5MS. Nhiét d6 cot ban dau la 75
° C trong 1 phit, sau d6 ting dan dén
300° C véi tée @6 10° C / phit. Methyl
heptadecanoate dugc thém vao dudi dang
mot chat ndi chuan (S6), va dudong cong
hiéu chuan d6i vai acid oleic duoc ghi
nhan bang acid oleic thwong mai dé dinh
luong (S7). Qué trinh chuyén ddi acid
oleic & mot thoi gian phan &ng nhat dinh
(Hinh S15) dugc tinh bang cach chia
lugng acid oleic con lai trong hon hop
phan tng tai mot thoi gian phan @ng nhat
dinh (tinh bang duong cong hiéu chuan)




that given reaction time (calculated using
the calibration curve) over the initial
amount of oleic acid added.
Recyclability tests were performed on
MOF-808-2.5504 to test for catalyst
stability. Here, the catalyst after the
reaction was quickly washed with 10 mL
of anhydrous methanol followed by 6 x
10 mL of anhydrous chloroform, and
dried under vacuum at 150 °C between
consecutive runs (Figure S15). For
control experiments, the reaction was
stirred without catalysts or with same
amount (200 mg) of activated MOF-808-
P, and analyzed in the same manner
(Figure S15).

Figure S15. Recyclability test for MOF-
808-2.5S04-catalyzed oleic acid
esterification with methanol: run 1 (red),
run 2 (olive), run 3 (violet). Control
experiments for esterification of oleic
acid and methanol with no catalysts
added (black) and MOF-808-P added
(orange).

Menthene 3-Menthene p-Cymene
Scheme S5. Involved compounds in
limonene isomerization (S8)

Limonene isomerization: The limonene
Isomerization reactoin (Scheme S3) was
carried out in 4-mL Ace pressure tube
(Sigma-Aldrich) loaded with 150 mg of
activated catalysts. Each catalyst was
first activated under dynamic vacuum at
150 °C for 24 h and stored in an inert
atmosphere glovebox. After adding 2.5
mL limonene to the reactor in the
glovebox (c.a. limonene:Zr4+ mole ratio
= 20), the vessels were placed in an
aluminum heating block at 60 oC with
stirring. Reaction samples were removed
after 1 h, filtered through a 0.2 p,m
PTFE membrane filter, diluted 1000
times with ethyl acetate and analyzed

cho luong acid oleic dugc thém vao luc
dau.

Cac phép kiém tra kha ning tai tao duoc
thuc hién trén MQF-808-2.55Q4 dé kiém
tra su on dinh cua chat xuc tac. O day,
chat xdc tac sau phan tmg duoc rira nhanh
trong 10 mL methanol khan, sau d6 1a 6 x
10 mL chloroform khan, va say kho trong
moi truong chan khéng ¢ 150 °C gitra hai
lan chay lién tiép (Hinh S15). Trong céc
thi nghiém c6 kiém soat, phan tmg duoc
khuay khi khéng c6 cac chat xuc tac hoac
véi cung mot luong (200 mg) MOF-808-
P hoat hoa, va dugc phan tich theo cach
tuong tu (Hinh S15).

Hinh S15. Kiém tra kha ning tai tao qua
trinh este hda axit oleic vé&i methanol xuc
tac bang MOF-808-2.5S04: lan chay thir 1
(d6), lan chay thtr 2 (6 liu), 1an chay thir 3
(tim). Thi nghiém c6 kiém soét qué trinh
este hoa cua axit oleic va methanol khi
khong c6 chat xic tac (den) va khi cd
MOF-808-P (cam).

Menthene 3 Menthene p-xymen

So d6 S5. Cé4c hop chat tham gia vao qua
trinh d6ng phan hoa limonene (S8)

Qua trinh dong phan hda Limonene: Phan
rmg d6ng phan héa Limonene (So dd S3)
duogc tién hanh trong 6ng chiu ap Ace 4
mL (Sigma-Aldrich) nap véi 150 mg chat
xUc tc hoat hoa. PAu tién, mdi chat xuc
tac dugc hoat hoa trong moi trueong chan
khong dong ¢ 150° C trong 24 h va duoc
luu trlr trong hop khi tro. Sau khi thém
2.5 mL limonene vao budng phan tng
trong hop (c.a. limonene:Zr4+ ty sé6 mol =
20), céac lo duoc dit vao khdi gia nhiét
bang nhdm tai 60 oC két hop véi khudy.
Cac mau phan tng duoc lay ra sau 1 h,
duoc loc qua bo loc mang PTFE 0.2 p.m,
pha lodng 1000 lan véi ethyl acetate va
dugc phan tich bang Shimadzu GCMS-




with a Shimadzu GCMS-QP2010 SE
GC-MS, equipped with a SHRXI-5MS
capillary column. Column temperature
was initially 50 °C for 5 minutes, then
gradually increased to 100 °C at 2
°C/min, and finally increased to 200 °C
at 5 °C/min. Calibration curves for
limonene  were  obtained using
commercially available (R)-(+)-
Limonene for quantification (S7).
Conversion of limonene (Table 2) was
calculated by dividing the amount of
limonene left in the reaction mixture
(calculated using the calibration curve)
over the initial amount of limonene
added.

Methylcyclopentane conversion: Various
hydrocarbon products can be obtained
through gas-phase methylcyclopentane
(MCP) conversion via typical catalytic
reforming pathways such as cracking,
dehydrogenation, ring-opening followed
with isomerization, and ring-enlargement
followed  with  hydrogenation  or
dehydrogenation (Scheme S6) (S9).

Scheme S6. Five reaction pathways of
catalytic reforming of MCP, which are
indicated by different numbers and
colors. As the first pathway, MCP can be
converted into the dehydrogenated
version of MCP (1, green). Second
pathway is ring-opening of MCP
followed with isomerization to branched
isomers as well as the linear isomer (2,
pink). The C5-based cyclic ring of MCP
can be further enlarged to C6-cyclic
rings through hydrogenation (3, blue) or
dehydrogenation (4, red) via
cyclohexene intermediate species. The
last reaction pathway is cracking (5,
gray) to produce Cl1 ~ C5 based
hydrocarbons. Among the five reaction
pathways, no cracking was observed in

QP2010 SE GC-MS, thiét bi nay c6 trang
bi cot mao quan SHRXI-5MS. Nhiét do
cot ban dau 1a 50° C trong 5 pht, sau d6
taing dan dén 100° C vai toc do 2° C /
phut va cudi cing tang dén 200 °C véi toc
d6 5 °C/phit. Buong cong hiéu chuan dbi
v6i limonene dugc ghi nhan bang (R)-
(+)-Limonene thuong mai dé dinh luong
(S7). Qué trinh chuyén dbi limonene
(Bang 2) duoc tinh bang cach chia lugng
limonene con lai trong hon hop phan tng
(tinh bang dwuong cong hiéu chuan) cho
luong limonene duoc thém vao lic dau.

Qué trinh chuyén doi
Methylcyclopentane: cac  san  pham
hydrocarbon khac nhau c6 thé hinh thanh
théng qua chuyén doi
methylcyclopentane pha khi (MCP) bing
cac qua trinh reforming xuc tac thong
thuong chang han nhu cracking, khtr
hydro, ma vong két hop doéng phan hoa,
va mé rong vong két hop vai hydro héa
hoac khir hydro(So do S6) ( S9).

So d6 S6. Nam phan ¢ng reforming xuc
tac cia MCP, dugc biéu thi bang cac sé
va mau khac nhau. Dbi vai phan ang thi
nhat, MCP c6 thé chuyén thanh phién ban
khtr hydro cua MCP (1, xanh). Phan ung
thir hai 1a mé vong MCP tiép theo 1 dong
phan héa thang cac dong phan phan
nhanh ciing nhu déng phan tuyen tinh (2,
hong). Vong C5 caa MCP c6 thé mo rong
thém thanh cac vong C6 théng qua qua
trinh hydro hoa (3, xanh) hoac khir hydro
(4, d0) théng qua chat trung gian
cyclohexene. Phan tng cubi cung la
cracking (5, xam) dé tao ra Ccac
hydrocarbon C1 ~ C5. Trong s6 nim
dang phan tng, chung tdi khéng quan sat
thiy phan &ng cracking trong nghién ctu
hién tai (In lai theo su cho phép cua ref.




the current study (Reprinted with
permission from ref. S9 (a). Copyright
(2014) American Chemical Society).

The catalytic testing was performed
using lab-built  plug-flow reactor
connected to a Hewlett Packard 5890 gas
chromatograph (GC). A 10% SP-2100
on 100/120 Supelco port packed column
in line with a FID detector was used to
separate and analyze the Cl1 - C6
hydrocarbons. Mass flow controllers
were carefully calibrated using a bubble
flow meter and used to introduce the
ultra-high purity (99.9999% Praxair) H2
and He gases. Saturated vapor pressure
of methylcyclopentane (MCP) was
introduced to the reactor using a bubbler.
The reactant flow was carefully
calibrated at different temperatures and
partial pressures of He carrier. A total
flow of 40 mL/min was used. Partial
pressure of reactant was calculated by
using the known temperature vs.
saturated vapor pressure plots and was
50 Torr with 5:1 H2 excess. 50 - 100 mg
charges of the catalysts were diluted by
quartz sand loaded in the reactor bed.
The activated catalysts were reduced at
150 - 200 °C for 2 h under a flow of 210
Torr H2 in 550 Torr He prior to catalytic
testing. The catalytic activity and
selectivity were evaluated for total MCP
conversions around 3% (Table S3).

Table S3. Mass activity and product
selectivity of MOF-808-P and MOF-808-
2.5504 to various products on
methylcyclopentane conversion

S9 (a). Ban quyén (2014) Hoi Hoa Hoc
Hoa Ky).

Phép kiém tra xtc tac dugc thuc hién
trong budng phan ¢ng dong chay déu co
san trong phong thi nghiém két ndi véi bo
sic ky khi (GC) Hewlett Packard 5890.
10% SP-2100 trén cot nhdi cdng Supelco
100/120 két hop véi detector FID duoc
ding dé tach va phan tich cac
hydrocarbon C1 dén C6. Cac bo diéu
khién Iuu lugng duoc hiéu chuan can than
bang dong ho luu lugng kiéu bong bong
va duoc dung dé dua vao cac khi H2 va
He siéu tinh khiét (99.9999% Praxair).
Ap suait hoi bio hoa cua
methylcyclopentane (MCP) dugc dua vao
budng phan tng théng qua mot may suc
khi. Dong chay cua chat phan tng da
duoc hiéu chinh can than ¢ cac nhiét do
va ap suit riéng phan cua khi mang He
khac nhau. Trong thi nghiém nay chdng
ta dung luu lwong toan phan 1a 40 ml /
phat. Ap suat riéng phan caa chat phan
tmg duoc tinh dwa vao do thi nhiét do
theo &p suat hoi bdo hoa va bang 50 Torr
v6i phan du H2 5:1. 50 dén 100 mg chat
mang chat xuc tac duoc pha lodng bang
cat thach anh nap vao tang phan ang. Cac
chat xuc tac hoat hda bi khar & 150 - 200
°C trong 2 gio dudi dong khi H2 210 Torr
trong He 550 Torr truge khi kiém tra kha
nang xuc tac. Hoat tinh xuc tc va tinh
chon loc dugc danh gia cho toan bd cac
qua trinh chuyén d6i MCP quanh 3%
(Bang S3).

Bang S3. Hoat tinh khéi va sy chon loc
san phan cua MOF-808-P va MOF-808-
2.5504 véi cac san pham khéc nhau trong
qua trinh chuyén doi methylcyclopentane.




