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catalysis, semi-hydrogenation

Regarding their catalytic behaviors, Ni(O)NPs permitted to obtain the
corresponding (Z)-alkenes in the semi-hydrogenation of both internal
and terminal alkynes. In contrast, over-hydrogenations of such alkynes
towards the alkanes were observed over Pd(0)NPs after only 2 hours of
reaction. Interestingly, the catalytic phase of Ni(O)NPs in glycerol could
be recycled up to 5 times, preserving their catalytic activity and

selectivity.

Gidi thiéu chung

Céc qua trinh hydro hoa chon loc céc lién két C=C
(chdng han chuyén hoa cac alkyne thanh alkene) déng
mot vai trd quan trong trong Iinh vuc tng hop hitu co,
dién hinh 1a cac qué trinh polymer hoa. Nhin chung,
cac qué trinh hydro hda nay van con ton tai hai thach
thirc ndi bat: dé chon loc cac déng phén lap thé cla
alkene va kiém soat qua trinh hydro hoa hoan toan
alkyne thanh alkane. Théng thudng, dé chon loc cla
alkene s& gidm khi d6 chuyén hda cla alkyne tang, vi
kha ndng hydro hda tiép tuc alkene thanh alkane trong
clng diéu kién phan ting va xuc tac [1-3].

Trong thuc té, dé téng hap alkene tir céc alkyne tuong
Ung, xUc tac thuong mai Lindlar (xUc tac trén cg sd

palladium trén chat mang CaCOjs va dugc dau doc bdi
Pb(OAC), va quinoline) dugc st dung phd bién nhat
[3,4]. Tuy nhién, sy c6 mat cla cac chat doc hai, nhu
cac hgp chét chi, lai co tac ddng xdu dén madi trudng.
Hon nira, xUc tac Lindlar cho thdy kém &n dinh trong
cac diéu kién phan Ung khac nghiét va nhiéu trusng
hop kém hiéu qua trong cac qué trinh hydro hda cac
alkyne d&u mach. V&i muc dich tdng cucng dé chon
loc alkene, viéc bé sung cac chét Uc ché phan Ung
(nhu cac dan xuét chifa cac di t6 Iuu huynh, nito, hodc
cac mudi kim loai Mn?* va Pb?*) thudng dugc xem xét,
song lai gay ra cac tac hai dén mai trusng va lam tang
gia thanh [5]. Bén canh do¢, cac xuc tac trén co sg
palladium ngay cang dugc cai tién va phét trién, dac
biét 1a cac hgp kim clia palladium [6]. Viéc bd sung kim
loai thUr hai (chéng han Ag, Ni, Zn, Cu) vao céu trdc
https://doi.org/10.51316/jca.2021.033

84


https://doi.org/10.51316/jca.2021.033
mailto:dbtrung@hcmut.edu.vn

Vietnam Journal of Catalysis and Adsorption, 10 —issue 2 (2021) 84-89

clia xUc tac palladium cé khd nang diéu chinh hiéu Ung
dién tr va cau tric hinh hoc, lam thay déi hoat tinh xtc
tac cla ching [1,2,6]. Tuy vay, viéc kiém soat cdu tric
vat liéu trong qué trinh t6ng hgp va khao sat cac dac
trung nay lai khong hé dé dang; trong khi hoat tinh
clia cac hat nano hgp kim co thé thay déi do cau tric
bi tai t6 hgp trong sudt qué trinh phan Ung. Diéu nay
dé dang giai thich cho viéc han ché st dung loai xtc
tac nay trong Ung dung cdng nghiép san xuat alkene
tU cac qua trinh hydro hoa alkyne tuong Ung. DT nhién,
viéc st dung xUc tac di thé palladium hoac cac hat
nano palladium lai gdy tr& ngai dén dé chon loc cla
phan (ng, Vi viéc kiém soat cac qua trinh khir hoan
toan va phan Ung déng phan hoa la rat khé khan.

Gan day, xUc tac trén cg s3 nickel dang thu hat nhiéu
su chl y vi kha nang Uc ché t6c dé phan Uing, dan dén
tdang cudng dd chon loc cho qué trinh hydro hda
alkyne thanh alkene [2]. Cac nghién clu nay chu yéu
phat trién cac hé xuc tac nickel trén cac chat mang ran
(xUic tac phic amine-nickel ¢& dinh trén cac hat nano
tU tinhh FesO4 [7], cac hat nano nickel trén
polyaniline/graphite oxide [8]), c&c hgp kim nickel
(nano NiFe>QO4 [9], nano NiGa [10], nano Rh-Ni c&
dinh trén chat mang ca kim MOF-74-Ni [11]) hodc céc
hat nano nickel phosphide (P dong vai tro la chét dau
déc, lam gidm hoat tinh cla cac hat nano nickel va
ngan chan sy hinh thanh cla alkane) [12]. Rét ft cac
cong trinh lién quan dén céc hat nano nickel (NiNPs)
phan tan trong dung dich, c6 thé 1a do su oxi hda dé
dang cac hat Ni(0) thanh céc dang oxide nhu NiO.
Chang han, cac hat nano NiNPs dugc téng hop bang
viéc khir cac mudi Ni(ll) trong sy ¢ mat cla Ligzn, di-
tert-butylbiphenyl va alcohol trong dung méi THF [13].
Mac dUu cac hat NiNPs nay déu cho hoat tinh tét déi
vdi cac qua trinh hydro hda chon loc cac alkyne (bao
goém alkyne dau mach va gilta mach) thanh alkene, hé
xUc tac nay van khoéng thé tai st dung va dic trung vat
lieu cho thédy cac hat NiNPs d& bj oxi hda mét phan
thanh oxide.

Muc tiéu ctia nghién cliu nay la téng hop céc hé keo
nano kim loai bén (Ni(O)NPs va Pd(0)NPs) va c6 hoat
tinh xUc tac cao déi vdi qué trinh hydro hoa alkyne.
Hoat tinh cao cua cac hé nay thong thudng la do kha
nang két hgp céc dac tinh uu viét gilfa xtc tac dong
thé va xUc tac di thé. Gan day, Prechtl va cong su da
t6ng hgp hé xdc tac NiNPs phén tan trong chét long
ion cho cac qua trinh hydro hda chon loc alkyne thanh
(2)-alkene [14]. Ngoai cac uu diém ndi bat nhu tinh khir
phU hgp cho cac qua trinh khir tién chét thanh cac hat
nano kim loai va kha nang én dinh cac hat nano nay
trong mang Iudi, ngan chan cac qué trinh I6n 1én va

két tu clia ching, chét Iéng ion théng thuong co gia
thanh cao, dd nhdt cao va tinh déc hai lai chua ré rang
[15,16]. Do dé, cac qua trinh téng hop cac hat nano
kim loai trong cac dung méi than thién moi trudng nén
dugc phét trién, dac biét la cac phuong phap polyol
[16,17]. Trong nghién cltu nay, cac hat nano Ni(O)NPs
va Pd(O)NPs duagc téng hgp ti cac tién chét kim loai
trong glycerol, dudi &p suédt hydro va s dung
polyvinylpyrrolidone (PVP) lam chat &n dinh. So véi cac
dung mdi hitu ca thdng dung, glycerol c6 cac dac tinh
néi bat, tiém can vdéi nhiéu tiéu chi dung méi xanh nhu
ré tién, khong déc hai, ap suét hai bdo hoa khong
déang ké, cé kha nang phan hay sinh hoc [17-19]. Bén
canh do, hoat tinh xuc tac khac biét gitta Ni(O)NPs va
Pd(O)NPs ddi véi qué trinh hydro hda alkyne cling sé
dugc lam sang toé.

Thyc nghiém va phuong phap nghién cdu

Céc hoda chét dugc mua va st dung truc ti€p bao gom:
[Ni(cod).], PA(OAC),, polyvinylpyrrolidone (PVP, FW =
10,000), glycerol.

Téng hop va khao st dac trung cac hat nano kim loai
Ni(O)NPs va Pd(O)NPs: hén hop tién chat kim loai va
PVP (ti [é mol kim loai/monomer la 1/1 va ndng dé cla
kim loai la 0,01 mol/L) dugc hoa tan trong 5 mlL
glycerol tai nhiét d6 phong dé thu dugc dung dich
doéng nhét. Hé phan Ung dugc nap hydro (3 atm) va
khudy lién tuc & 80 °C cho dén khi thu dugc hé dung
dich keo bén mau den, chiing té c6 su hinh thanh céc
hat nano kim loai. Cac hat nano kim loai & dang ran
thu dugc bang cach ly tdm véi t6c dé 6.000
vong/phat. C4u tric tinh thé cla vat liéu dugc phan
tich bang nhiéu xa tia X (XRD), do trén thiét bi D8
BRUCKER ADVANCE vdéi ngudn bic xa Cu-Ka (A =
1,5406 A). Kich thudc tinh thé duac tinh toan dua trén
phuong trinh Debye-Scherrer (1). Kich thudc va hinh
thai hoc clia cac hat nano kim loai dugc quan sat trén
thiét bi kinh hién vi dién tir JEOL JEM-1400 (120 kV).

[frosb 1

Trong do: k 1a hang s& Scherrer (k = 0,94); A la budc
séng cla tia X; B bé réng tai mét nlra chiéu cao peak
(radian); va 8 goc nhiéu xa (radian).

Phan Ung hydro hoéa alkyne: T mmol alkyne dugc thém
vao 1 mL dung dich xdc tac nano kim loai trong
glycerol. Hé phan Ung dugc nap hydro (3 atm) va
khudy lién tuc & 100 °C trong thai gian 24 gid, sau do
lam lanh & nhiét d6 phong. Céac san phdm hiu co
dugc trich ly tur glycerol s&t dung dichloromethane. B6
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chuyén héa va do chon loc cla phan Ung dudc xac
dinh bang sac ky khi (GC-MS), st dung n-decane lam
chat ndi chuén.

K&t qua va thao luan

Cac hat nano kim loai Ni(O)NPs va Pd(0)NPs dugc téng
hap theo phuong phap ti dudi lén (bottom-up), bang
cach khur cac tién chat kim loai dudi ap suét hydro
trong glycerol, stt dung PVP lam chéat 6n dinh, dan dén
hinh thanh cac dung dich keo mau den. Bén canh do,
hé phédn Ung chi thu dugc céac két tda mau den néu
khong st dung PVP, ching té vai trd cia PVP trong
viéc bdo toan cac cau tric cé kich thudc nanomet nho
hiéu Ung khong gian (“steric stabilization”, do cau tric
mach C cong kénh va lién két yéu vdi bé mat kim loai)
[20]. Cac nghién clu trudc day cla ching téi [21] cho
thdy, si dung cung mot phuong phéap téng hgp trén
cac loai dung méi hitu co thong dung (chéng han
toluene) khéng cho phép thu dugc cac hé keo tuang
ty. Diéu nay chiing to glycerol déng vai trd quan trong
trong viéc phan tan va én dinh cac hat nano kim loai
trong mang Iudi glycerol, ngan chan cac qua trinh két
ty clia ching do nang lugng bé mat Ién dya vao cau
trdc siéu phan ti cla glycerol (dugc tao nén bdi lién
két hydro lién phan ti clia cac nhém hydroxy lién ké)
[22]. Nhiéu nghién cltu da chi rd, PVP co thé dugc xem
la mét tac nhan kiém soat hinh dang, thic déy su phat
trién cac mat tinh thé cu thé, dua vao tuong tac chon
loc gitta PVP va cac mat tinh thé ¢ nang lugng thap,
chdng han (100) hodc (117), théng qua Iuc van der
Waals va cac lién két héa hoc, dac biét la trong cac
dung moi polyol. Hon nlta, khd nang hinh thanh lién
két hydro gilta nguyén ti oxy (nhdm carbonyl) cla
PVP va nguyén t H (nhém hydroxy) clia glycerol cho
thay tac dong tuong hod gilia chiing, cho phép cac hat
nano kim loai phan tan tét trong mang Iudi cla
glycerol, thic ddy nhiéu nghién clu tng hgp nano
kim loai bang phuong phap polyol, ¢ su hd trg cla
PVP [17,20,23,24]. Kich thudc va hinh dang cla vat liéu
dugc quan sat bang phuong phép kinh hién vi dién tir
truyén qua (TEM, Hinh 1), cho thdy su hinh thanh cac
hat nano kim loai hinh cau, phan tan t&t trong glycerol
véi cac duong kinh hat trung binh [an lugt 1a 4,9 nm
(Ni(O)NPs) va 4,0 nm (Pd(0)NPs). Béi vdi tién chét co
kim Ni(0), [Ni(cod)z], quéa trinh khit cyclooctadiene
thanh cyclooctene va/hodc cyclooctane dugc dién ra
dudgi &p sudt Hp, gidi phéng cac nguyén tr Ni(0), sau
do phat trién thanh cac mam tinh thé va qué trinh Ién
lén cla ching thanh cac hat nano Ni(O)NPs. Trong khi
do, vai tién chéat Pd(ll), qua trinh kh{ Pd(ll) thanh Pd(0)
6 thé dugc dién ra trong diéu kién ap suét Ho tuong

ty. Can luu y vé thé khir tiéu chudn cla cac cap
EO(Ni2*/Ni%) = —0,23 V va E°(Pd?*/Pd% = +0,92 V; diéu
nay da giai thich dudc vi sao khéng thé digu ché duoc
cac hat nano Ni(O)NPs ti cac mudi Ni(ll), chdng han
Ni(OAC). hodc NiCl,, trong cuing diéu kién téng hop.

oy iy
Hinh 1: Anh hién vi dién tf truyén qua (TEM) cla
Ni(0)NPs va Pd(0)NPs

CAu trdc tinh thé clia cac hat nano kim loai dugc kiém
tra bang phuong phap nhiéu xa tia X (XRD, Hinh 2).
Két quéd cho thdy su hinh thanh cla cdu truc lap
phuong tam dién (fcc) cla cac tinh thé Ni(0) (v&i cac
nhiéu xa (hkl) 1an luat 1a (111), (200) va (220) tai cac goc
nhiéu xa tuong Ung la 44,3°, 51,2° va 76,0°) va Pd(0)
(V&i cac nhiéu xa (hkl) 1an luct 1a (111), (200), (220), (311)
va (222) tai cac goc nhiéu xa tuong Ung la 40,4°, 46,9°,
68,3°, 82,2° va 86,8°). Hon nlia, trong ca hai truong
hop, cac pha tinh thé cta Ni(ll) va Pd(ll) khéong duoc
phat hién, ching to vai tro cla glycerol trong viéc
ngan chan cac qua trinh oxi héa phat sinh. Bén canh
do, kich thudc tinh thé dugc tinh todn dua trén
phuong trinh Debye-Scherrer (1) cho két qué 1an luct la
181 nm (d6i vSi NiONPs) va 12,7 nm (d6i véi
Pd(0)NPs), tinh theo nhiéu xa (111).
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Hinh 2: Nhiéu xa tia X (XRD) cla Ni(0)NPs va Pd(0)NPs

Su khac hiét gilta kich thudc hat tUr hai phuong phap
(TEM va XRD) dugc giai thich do su két tu cla cac hat
nano kim loai trong pha ran (tach tU dung dich
glycerol bang ly tdm) do su vang méat cla PVP va
glycerol trén bé mat hat nano, phu hgp vdi phan tich
hong ngoai (FT-IR). Can luu y vé tuong tac yéu gilra
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PVP va bé mat cac hat nano kim loai cho phép cac tac
nhan phan Ung dé dang tiép can dén tdm hoat déng,
tUr d6 tang cudng hoat tinh xdc tac.

Dé khao sat hoat tinh xuc tac clia cac hat nano kim loai
trong glycerol, Ni(O)NPs dugc sir dung lam xUc tac cho
phan Ung hydro héa diphenylacetylene dudi ap suét
H. trong khoadng thdi gian 24 gid (Hinh 3). San phém
sau phan Ung dugc phan tich bang séc ky khi (GC-MS),
st dung n-decane lam chét ndi chudn (Hinh 4). Céan
luu y rang, dung dich Ni(O)NPs sau t6ng hop dugc si
dung tryc tiép ma khdong qua bat ky giai doan xir ly
nao; trong trudng hdp nay, glycerol déng vai tro la
dung maéi clia phan Ung hydro hda. Ngugc lai véi hoat
tinh cao cua xuc tac PA(0)NPs, qué trinh hydro hda lién
két C=C khdng thé xay ra khi st dung xtc tac Ni(O)NPs
trong diéu kién phan Ung tuang ty. Trong khi do, (Z)-
stilbene la sdn phdm chinh cla qué trinh hydro hoa
chon loc diphenylacetylene vdi xtc tac Ni(O)NPs (d6
chuyén héa 94% va dé chon loc (2)-stilbene 1a 92%
sau 24 gid phan Ung). Trong moi trudng hap, dd chon
loc clia san pham (E)-stilbene lubn nhod hon 10%, trong
khi san phdm cla qué trinh hydro hoa hoan toan (1,2-
diphenylethane) khéng déng ké hoidc khong dugce ghi
nhan.

Ni(O)NPs
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Ph——"Ph —>
100 °C PH Ph
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55 z AN phenylacety
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Hinh 3: Phan Ung hydro hda chon loc
diphenylacetylene thanh (2)-stilbene st dung xuc tac
Ni(O)NPs trong glycerol

So sanh hoat tinh xdc tac gita Ni(O)NPs va Pd(0)NPs
dugc tién hanh trén quéd trinh hydro hoa
diphenylacetylene trong diéu kién phan Ung tucng tu
(Bang 1). RG rang, san pham chi yéu thu dudc ti quéa
trinh hydro héa hoan toan (@6 chuyén hoa la 100%, dé
chon loc cla 1,2-diphenylethane la 100% sau 2 gio
phan Ung) khi st dung xuc tac PA(O)NPs, tham chi la
xUc tac thuong mai Lindlar. Trong khi do, san phdm
(2)-stilbene thu dugc 1a chl yéu (dé chuyén hda 94%,
dd chon loc 92%) khi st dung xuc tac Ni(O)NPs trong

thai gian phdn Ung dai hon (24 gig). Cac két qua
tuong tu dugc quan sat trong cac qua trinh hydro hoa
alkyne dau mach (phenylacetylene) va alkyne gilta
mach (diphenylacetylene).

100 ' (a)
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" tr = 7.74 phat Ph—==—-=~"h
tg = 12.91 phuat
0 v ‘\»‘. - | — ‘
100 ae
(b)
n-decane
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~ Ph—=—=—Ph
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" tg=7.74phit PH  Ph
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Hinh 4: Sac ky do clia hdn hop phan Ung hydro hoa
chon loc diphenylacetylene thanh (Z)-stilbene st dung
xUc tac Ni(O)NPs trong glycerol, sau cac khoang thdi
gian khac nhau: (a) 0 gig, (b) 8 gid va (c) 24 gio

Bang 1: Phan Ung hydro héa alkyne st dung xuc tac
Ni(O)NPs va Pd(0)NPs trong glycerol

o San phém
o1 | XUCtac | b chuyén hoa (6 chon loc) [%]
(Thai gian) — —
Ph—=——Ph Ph—=—
Ni(0)NPs —\ —
1 24 gid) PH  Ph PH
94 (92) 99 (95)
Ph
5 | PdONPs /—/ e
(2 gi%Y) Ph
100 (100) 100 (100)
XUc tac /Ph
3 Lindlar PH -
(2 gig) 100 (100)

Diém thu vi nhét khi str dung cac hé xdc tac nano kim
loai phan tan trong cac polyol la cho phép tach céc
san pham hitu ¢ bang ky thuat trich ly hai pha lédng-
l6ng va kha ndng tai st dung xUc tac clia ching. That
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vay, xuc tac Ni(O)NPs trong glycerol dugc thu héi sau
khi trich ly hoan toan cac san pham hiu co bang
dichloromethane va dudc tai sif dung cho phan Ung
hydro hda chon loc diphenylacetylene thanh (2)-
stilbene trong cung diéu kién phan Ung (Hinh 5). Sau 5
[an s&r dung, hoat tinh xuc tac hau nhu khéng thay déi
(bao gbm c& dé chuyén hda va do chon loc cla (2)-
stilbene), déng thai khéng phét hién sy ro i kim loai
trong sudt qua trinh phan Ung (ham lugng Ni trong
pha hitu ¢g sau trich ly dugc phan tich bang kj thuat
ICP-AES, cho thédy khéong phat hién dugc vét kim loai).
Két qud nay cing c6 vai tro quan trong cla glycerol
vdi viéc ¢ dinh cdu trdc nano kim loai trong suét qué
trinh phan Ung, nhd vao cau truc siéu phan tI cla
chidng. Biéu nay con co thé dudc chiing minh théng
qua hinh &nh hién vi dién t& truyén qua (TEM) cla céc
hat Ni(O)NPs sau 5 lan phan (ng, cho théy kich thudc
va hinh thai hoc ctia ching khong thay déi (Hinh 6).

ED6 chuyén héa

B (Z)-stilbene
100 -

B [o2] o]
o (=) o
I 1 I

Do chuyén hoa
Db chon loc (%)
N
o

o
I

Sé 1an phan (rng

Hinh 5: Qué trinh tai s dung xuc tac Ni(0)NPs trong
phan Ung hydro hda chon loc diphenylacetylene thanh
(Z)-stilbene trong glycerol trong 24 gic

ERaTEE A

Hinh 6: Anh hién vi dién tr truyén qua (TEM) clia
Ni(O)NPs: (a) xUc tac mdi va (b) xUc tac sau 5 [an sif dung

K&t luan

Nghién cltu da trinh bay mét phucong phép don gian
va hiéu qua cho viéc téng hgp cac hat nano kim loai
hinh c&du Ni(O)NPs (dudng kinh hat trung binh la 4,9
nm) va Pd(0)NPs (ducng kinh hat trung binh 1a 4,0 nm)
trong glycerol theo phuang phép polyol. Trong khi xuc
tac Pd(O)NPs co hiéu qué rat tét cho phan Ung hydro
hoa hoan toan cac alkyne (bao gobm dau mach va gilta
mach) thanh cac alkane tucong Ung, xuc tac Ni(O)NPs lai

la mét su lua chon hgp ly cho cac qua trinh hydro hda
chon loc alkyne thanh (Z)-alkene. Hon nlfa, cac dac
tinh uu viét tUr cdu truc siéu phén t cla glycerol cho
phép c& dinh cac hat nano kim loai trong mang ludi
cla ching; do do, dung dich keo Ni(O)NPs trong
glycerol cé thé dugc tai sit dung nhiéu 1&n ma do
chuyén hoda phan Ung va dé chon loc san pham khong
thay déi dang ké.

L&i cdm on

Chung téi xin cdm on Trudng Pai hoc Bach Khoa,
PHQG-HCM d& ho trg thai gian, phuong tién va cd s&
vt chat cho nghién cdu nay.
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