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In this paper, Ag/CuO nanomaterials were prepared via hydrothermal
method combined with chemical reduction and used as catalysts in the
reduction of 4-nitrophenol. Kinetic study of 4-nitrophenol (4-NP)
reduction into 4-aminophenol (4-AP) by sodium borohydride revealed
a first order reaction. The reaction rate constant k increased with
amount of silver crystals introduced into CuO nanosheets, with Ag/CuO
catalyst concentrations and with temperature. The thermodynamic
activation parameters such as activation energy (£.), enthalpy of
activation (AH"), entropy (AS™) and Gibbs energy (AG") of activation
were determined. The value of £, AH*, AS* and AG" were 72,33 kJ/mal,
-69,86 kl/mol, 24,28 J/Kmol and -62,50 kJ/mol (303K),
respectivement. Ethanol and isopropanol were able to inhibit the 4-NP
reduction with NaBH. in the presence of Ag/CuQ catalyst.

Gidi thiéu chung

Nhitng ndm gan day, vat liéu nano kim loai dugc cac
nha khoa hoc quan tam nhiéu do tinh chat déc déo cua
ching va nhitng Ung dung tiém nang trong nhiéu linh
vuc nhu xdc tac [1], cdm bién [2], y hoc [3]. Trong s6 vat
liéu nano kim loai khac nhau, nano Ag c6 nhiéu Ung
dung trong xUc tac, y t€, cong nghiép [4, 5]. Cac cong
b& gan day cho thay vét liéu nano Ag [6-8], nano Ag/p-
Zn0O [9], nano CuUO@Ag [10] co thé dugc st dung lam
chat xuc tac cho phan Uing khr 4-nitrophenol (4-NP) va
cac dan xuét ctia né [11, 12] bang NaBH.. San phém khir
4-NP bang NaBH4la 4-aminophenol (4-AP), day la mot
chat trung gian quan trong cho san xuét cac thuéc gidm
dau va céc loai thudc ha sét [12]. Nghién cltu clia Bharat
Baruah va cong su [13] cho thdy phan Ung 4-NP bang

NaBH4 trén xtc tdc nano Ag dugc lam bén bang
polyguanidino oxanorbornenes (AgNP-PG) tuédn theo
quy luat dong hoc bac 1 vdi hang s6 téc dé 5.50 x 102
s Trong khi d6, néu nano Ag dugc lam bén bang
poly(acrylic acid) (PAA) thi hang s6 téc d6 sé la 15.46 x
107 s [14]. Xudt phat tUr y tudng nano CuO c6 nhiéu
Ung dung trong xuc tac va hoat tinh xtc tac cla vat liéu
cai thién dang ké khi pha cac nguyén té kim loai [15-17],
trong nghién cttu nay, cac t&m nano CuO dugc téng
hop bang phuong phap thly nhiét, sau dé dugc phu
kim loai Ag bang phuang phap khir hda hoc. Hoat tinh
xUc tac cla vat liéu Ag/CuO dugc danh gia thdng qua
phan Ung khir 4-NP bang NaBH. Trong bai bao nay, cac
yéu t6 cac anh hudng dén phan (ng khir 4-NP bang
NaBH.trén xuc tdc Ag/CuO nhu ham lugng Ag dua vao
vat liéu CuO, néng doé xuc tac, nhiét do, dung moi dugc
khao sat.
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Thyc nghiém va phuang phap nghién clu
Héa chdt

Cu(NO3)2.3H,0 (Guang zhou, Trung Quéc), AgNOs
(Shanghai, Trung Quéc), NaOH (Xilong, Trung Qudc),
SnCl, (Xilong, Trung Qudéc), 4-nitrophenol (Merck),
NaBH4 (Merck), C:HsOH, iso-C3H,OH (Guang zhou,
Trung Quéo).

T6ng hop vat liéu nano Ag/CuO

Vat liéu nano Ag/CuO dugc t6ng hop tir vat liéu CuO
da cong bd [19] theo 2 giai doan sau:

- Giai doan 1: T6ng hagp vét liéu CuO cé cdu tric nano
bang phuong phap thly nhiét

Hoa tan 3,76 gam Cu(NOs),.3H,O bang 50 mL nudc
cét, khudy déu hdn hop bang may khudy tur, vira khudy
vUa cho vao 40 mL dung dich NaOH 1M. Khudy déu
hén hop thém 20 phut, sau dé tién hanh thiy nhiét hdn
hap & nhiét dd 120 °C trong 24 gid. Sau khi thdy nhiét,
autoclave dugc dé ngudi mét cach tu nhién dén nhiét
dé phong, loc két tha thu dugc réi rira nhiéu 1an bang
nudc cat dén khi dich loc trung tinh. San pham CuO thu
dugc sdy kho & 80 °C.

- Giai doan 2: Téng hap vat liéu nano Ag/CuO bang
phuong phéap khr hda hoc vai tac nhan la kha la
SnCly/ethanal.

Cho 0,5 g vét liéu CuO da téng hap & giai doan 1 vao
40 mL dung dich SnClo/CoHsOH 0,05M, khudy déu hén
hop bang may khudy tir & nhiét dé phong trong 5 phut.
Tiép theo, thém vao hdn hop 40 mL dung dich AgNOs
c6 néng do xac dinh (0,0003M, 0,0005M, 0,001M va
0,01M) va khudy déu hdn hgp bang may khudy tu véi
téc do 750 vong / phut trong 30 phdt. Sau khi khudy
xong, loc tach két tha va rira nhiéu lan bang nudc cét
dén khi dung dich loc trung tinh. V&t liéu nano Ag/CuO
thu dugc dé kho trong khdng khi & nhiét dé phong. Céc
mau vat liéu téng hop dugc ki hiéu la Ag/CuO.x, trong
dé x la ndng dé dung dich AgNOs

Nghién citu phdn (ing khir 4-nitrophenol bdng NaBH.

Phan ng kh{ 4-nitrophenol (4-NP) bang NaBH. trén
xuc tac CuO, Ag/CuO dudgc thuc hién nhu sau:

Cho 0,1 g NaBH,vao 150 mL dung dich 4-NP 20 mg/L,
khudy tu vai t6c do 500 vong/ phut & nhiét do 30 °C
trong 15 phut, mau ctia dung dich chuyén ti mau vang
nhat sang mau vang dam. Tiép theo, cho xUc tac
Ag/CuO (hodc CuO) vao hdn hap va khudy lién tuc.

Sau mét khodng thdi gian xac dinh, dung pipet dy 4 mL
dung dich dem ly tam I&y phan Idng. Néng dé con lai
clia 4-NP dugc xac dinh bang phuong phap UV-Vis &
cac thdi gian doé & budc song A = 400 nm.

Noéng dé 4-NP dudgc xac dinh theo dinh luat Beer —
Lambert & budc song A = 400 nm va dugc tinh theo
phuong trinh dudng chuén. Budng chuén dudc xéy
dung vdi cac dung dich 4-NP cé ndng dé khéac nhau dudc
trinh bay & hinh 1.
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Hinh 1: Do thi duding chudn ndng do clia 4-NP

Phuong trinh dudng chuan ndng dé clia 4-NP thu
dugc nhu sau:y = 0,0102x +0,0025.

Trong dé x la ndbng dd 4-nitrophenol (mg/L), v la méat
dd quang tai budc séng 400 nm.

Trong phén nghién ctu nay, 3 yéu t6 anh hudng dén
khd ndng xuc tac Ag/CuO trong phan Ung khi 4-NP
bang NaBH4 dugdc khdo sat gébm: néng dé 4-NP, nhiét
do, dung moi.

- Nong dé xuc tac Ag/CuO: 1,0 mg/L, 2,0 mg/L, 3,0
mg/L, 4,0 mg/L, 5,0 mg/L. C& dinh khéi lugng NaBH4 0,
g, t6c do khudy 500 vong/phut, nhiét dé la 30 °C.

- Nhiét d6: 10 °C, 20 °C, 30 °C, 40 °C. C6 dinh khéi lugng
NaBH4 0,1 g, téc dé khudy 500 vong/phut, néng do
dung dich 4-NP la 20 mg/L, ndng dé xuc tac Ag/CuO
5,0 mg/L.

- Dung moi: ethanol va isopropanol. C6 dinh khéi lugng
NaBH4 0,1 g, téc dé khudy 500 vong/phut, nong do
dung dich 4-NP la 20 mg/L, ndng dé xuc tac Ag/CuO
5,0 mg/L., nhiét d6 30 °C.

+ Ethanol: ti 1é thé tich nuéc / ethanol 1&n luct 1a 1:0; 1
130101 3.
+ Isopropanol: ti 1é thé tich nudc : isopropanol lan lugt
a1:0;1:1 3:1 1 :3.
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Két qua va thao luan

Phan Ung khit 4-NP bang NaBH, dé tao thanh 4-4-AP
thuan Igi vé mat nhiét dong hoc. Tuy nhién, phan Ung
nay lai bi han ché vé mat déng hoc néu khéng cd mat
chét xtc tac. BE kiém chiing diéu nay, phan Ung khir 4-
NP bang NaBH. dugc tién hanh & nhiét do phong, thoi
gian phan Uing kéo dai 1h va két qua thu dugc la khong
o san pham 4-AP.

Hinh 2 trinh bay Phé UV-Vis clia dung dich 4-NP, dung
dich 4-NP va NaBH,4 dung dich 4-NP, NaBH, va xUc tac
Ag/CuO. Khi chua thém NaBH., dung dich cé mau vang
nhat va cuc dai hép thy & 317 nm (Hinh 1). Khi thém
NaBH., mau dung dich chuyén sang mau vang dam va
co cuc dai hdp thu tai 400 nm, dac trung cho dang 4-
nitrophenolate. Khi thém chat xtc tac Ag/CuO, dung
dich mau vang dém sé nhat dan va trg nén khdng mau.
Quan sat & hinh 3.1 thdy rang cuong do peak tai 400
nm gidm dan va mot peak mdi xuét hién & budc song
300 nm. Peak nay la peak hép phu dac trung clia san
ph&m phan (ng 4-AP.

e (1) & NP 400
2.5 e (2) NP+ NSBH,
— (2} 4 NP+ NaBH, + Ag/QuO

300 400 =00
Budc séng (nm)

Hinh 2: Phé UV-Vis cta (1) dung dich 4-NP, (2) dung
dich 4-NP va NaBHj, (3) dung dich 4-NP, NaBH4 va
xuc tac Ag/CuO

Anh huéng cta ham lugng Ag dua vao vt liéu CuO

Vat liéu CuO thu dugc & giai doan 11a cac tdm nano da
cong bé [18]. Ham lugng Ag ph trén cac tdm nano CuO
khac nhau la do sy thay déi néng dé AgNOs & giai doan
2 clia qué trinh téng hgp vat liéu. Khi ndng dé AgNOs;
cang lén thi s6 ion Ag* bi hdp phu Ién cac t&m nano
CuO cang nhiéu, dan dén lugng ion Ag* bi khit cang
nhiéu do dé lugng Ag pht trén cac tdm nano CuO cang
nhiéu. Cac dac trung cla vat liéu nano Ag/CuO téng
hap & cac ndng dd AgNOs khac nhau d& dudc trinh bay
trong mét bai bdo khac [19]. Trong phan Ung khir 4-NP,
nong dé NaBH. Idn han nhiéu so véi ndng do 4-NP nén

téc d6 phan Ung khir 4-NP bang NaBH.xem nhu chi
phu thudc vao néng do clia 4-NP. Phuang trinh déng
hoc bac 1 dugc dung dé mé ta déng hoc khir 4-NP
bang NaBH4trén xuc tac khao sat.

Phuang trinh déng hoc bac 1:

- (37
C

Trong do: Co va C; (mg/L) lan lugt la ndng dé 4-NP tai
thai diém ban dau va tai thai diém t phan Ung, k (phat
") hang s6 t6c do bac 1 biéu kién.

Hinh 3 biéu dién dd thi phuong trinh déng hoc bac 1
clia phan Ung khir 4-NP bang NaBH4trén cac xuc tac
khac nhau.

Q o4
9
£
-1
24
31 = cuw
® Ag/Cu0.0,0003
4] A Ag/Cu0.0,0005
v Ag/Cu0.0,001
4 Ag/Cu0.0,01
-5
T T T T T
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t (phiit)

Hinh 3: D6 thi phuong trinh déng hoc bac 1 cla phan
Ung khir 4-NP bang NaBH. trén cac xUc tac khac nhau

Cac tham s6 clia phuong trinh déng hoc dugc tém tat
& bang 1. Bang 1: Cac tham sé thu dugc ti phuong trinh
déng hoc bac 1 clia phan ting khit 4-NP bang NaBH.
trén cac xdc tac khac nhau

XUc tac k(phut™ R
CuO 0,0119 0,931
Ag/Cu0.0,0003 0,1770 0,980
Ag/Cu0.0,0005 0,2130 0,943
Ag/Cu0.0,001 0,2712 0,958
Ag/CuQ.0,01 0,3966 0,956

Dua vao gia tri R d bang 1nhan thay rdng phan ting phan
Ung khir 4-NP bang NaBHatrén cac xuc tac khac nhau
tuan theo phuang trinh déng hoc bac 1. Két qua & bang 1
cho théy vat liéu nano CuO ciling c6 kha néng xuc tac cho
phan Ung khir 4-NP bang NaBH., tuy vay t6c db phan iing
nho han nhiéu so vdivat liéu Ag/CuQ. Khi tang ham lugng
Ag trén cac tam nano, téc dé phan Ung khir 4-NP tang
lén 16 rét. Viec cdi thién tinh chat xic tac clia cac tdm nano
CuO bang cach dua thém Ag vao cac tdm nano nay co
thé do nhiéu nguyén nhan. Trudc hét 1a do sy cd mét clia
cac hat nano Ag, day la cac tam xUc tac hiéu qua cho phan
Ung khir 4-NP bang NaBH, da dugc béo cao [6-10]. Tiép
https://doi.org/10.62239/jca.2023.079
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dén la do dién tich bé mat vat liéu dugc cai thién sau khi
dua Ag vao, cu thé dién tich bé mat riéng clia vét liéu CuO
va Ag/Cu0.0,01 1an luct 1a 12,78 m?/g [18] va 113,47 m?/q.
TU khdo sat nay, mau Ag/Cu0.0,01 ¢ hoat tinh xUc tac tét
nhat, thé hién & hang s& téc do k 16n nhéat, dugc chon cho
cac nghién clu tiép theo. Va dé don gian, mau nay ducc
ki hiéu la Ag/CuO.

Anh hudng ctia ndng db xiic tdc Ag/CuO

Trong nghién ctu nay, nong do chét xdc tac thay doi
1,0 mg/L, 2,0 mg/L, 3,0 mg/L, 4,0 mg/L, 50 mg/L, c&
dinh kh&i lugng NaBH. 0,1 g, nhiét d6 30 °C.

Hinh 4 biéu dién do thi phucng trinh déng hoc béc 1
clia phan Ung khir 4-NP bang NaBH4 & cac ndng do xic
tac Ag/CuO khéac nhau.

In(C/C,)

1,0 mg/L
2,0 mg/L
3,0 mg/L
4,0 mg/L
5,0 mg/L

¢4 pron

T
0 2 4 6 8 10 12 14
t (phiit)

Hinh 4: Do thi phuang trinh déng hoc bac 1 cla
phan tng khir 4-NP bang NaBH, & cac nong dé
xUc tac Ag/CuO khac nhau
Cac tham s6 clia phuong trinh déng hoc dugc tém tat
G bang 2.
Bang 2: Cac tham s& thu dugc tif phuang trinh déng hoc
bac 1 clia phan ting khir 4-NP bang NaBH4 & cac nong
dd xuc tac Ag/CuO khac nhau

Néng dé Ag/CuO

74 -1
(ma/L) k (phat ™) R
1,0 0,2013 0,971
2,0 0,2365 0,915
3,0 0,3074 0,946
4,0 0,3858 0,993
5,0 0,3966 0,956

Két qua bang 2 cho thdy hang s6 téc dé k tang khi tang
ndng dé xuc tac tur 1,0 mg/L dén 5,0 mg/L. Gia tri k I6n
nhat 0,3966 phit™ & ndng dé xuc tac 5,0 mg/L va nong
dé nay dugc chon cho cac nghién clu tiép theo.

So vdi nhitng cong bé khéac, vét liéu Ag/CuO cd hoat
tinh xtc tac cao trong phan Ung khit 4-NP bang NaBH4
(Bang 3).

Bang 3: So sanh hoat tinh xtc tac cla vat liéu Ag/CuO
trong phan Ung khir 4-NP bang NaBH.vdi cac cong bd
khac

Vat liéu Piéu kién thi

nghiém

k(hat™  TLTK

CA-AuNPs  Nong do xdc
tac 0,4 mM,
nong dé 4-NP
ban dau 04
mM, t = 30 °C.
Noéng dd xdc
tac 04 mM,
nong dé 4-NP
ban dau 04
mM, t = 30 °C.
Noéng dd xdc
tac 3,2 mag/L,
nong dé 4-NP
ban dau 0,1
mM, t = 30 °C.
Nong dod xdc
tac 50 mag/L,
nong dé 4-NP
ban déu 20
mg/L, t = 30
°C.

0,0198 [12]

cf-CA-
AuNPs

0,1530 [12]

Au@[C4CT6l
m]Br)

0,0066 [20]

Ag/CuO 0,3966  Nghién

ctu nay

Anh hudng ca nhiét do. Néng luong hoat héa va cdc
théng s6 nhiét dong

Hinh 5 biéu dién do thi phuong trinh déng hoc bac 1
cla phan Ung khir 4-NP bang NaBH4 trén xdc tac
Ag/CuQ & cac nhiét doé khac nhau.

In(C/C,)

0 2 4 6 8 10 12 14
t (phut)

Hinh 5: D6 thi mé hinh déng hoc bac 1 clia phan Ung
khir 4-NP bang NaBH4trén xtc tac Ag/CuO & cac
nhiét do khac nhau
Cac tham s6 clia phuong trinh déng hoc dugc tém tat

d bang 4.
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Bang 4: Cac tham s& thu dugc tU phuong trinh déng hoc
bac 1 clia phan tng khir 4-NP bang NaBHa4trén xuc tac
Ag/CuO & cac nhiét do khac nhau

Nh('fé)do kphaty R
10 00455 0,906
20 01027 0,943
30 0396 0,956
40 07653 0944

Két qua & bang 4 cho thédy hang s6 téc db phan ung k
tang theo nhiét dé.
Ndng lugng hoat héa

Dua vao phuacng trinh Arrhénius, ta tinh dugc ndng
lugng hoat hoa clia phan Ung theo biéu thic:

Ink =—

E. i ina (32)
RT

Trong do, Eq la nang lugng hoat hoa; k 1a hang s6 téc
dé phan Uing, A la thiia s& tan s6.

TU céc 6 liéu thyc nghiém vé doé thi Ink = f (1/T) (Hinh
6), ta sé tinh dugc nang lugng hoat hda clia phan Ung.
TU hinh 6, nang lugng hoat hda clia phan Ung khir 4-
NP bang NaBH, trén xic tac Ag/CuO dugc xac dinh
la72,33 kJ/mol.

0

Ink

y = -8700,1x +27,579
R’=0,984

T T T T
0.0032 0.0033 0.0034 0.0035
UT (K™Y

Hinh 6: M&i quan hé tuyén tinh gitta Ink va 1/T
Cdc thbng s6 nhiét dong

Trong nghién clu nay, gia tri enthalpy (AH"), entropy
(AS*) va nang lugng tu do Gibbs (AG*) hoat hoa cho
qué trinh xtc tac dudc xac dinh bang phuong trinh
Eyring nhu sau:

In%: In[ﬁj— AGT __AHT .Tl+|:ln(%j+%sg} 3.3)

h RT R

Trong do, k 1a hang s6 téc d6 clia qua trinh xdc tac, kb
(1,3807 x 107°% J-K™ Ia hang s6 Boltzmann, h (6,621 x 10

** J-5) 1a hang s6 Planck, R (8314 J. K .mol™) 1a hang s&
khi, 7 (K) la nhiét do. Do thi In(k/T) theo 1/T 1a mét dudng
thang vai hé s6 goc la —AH* / R. TUr do c6 thé tinh dugc
enthalpy hoat hda clia qua trinh xic tac. Trén cg sG do,
tU phuong trinh 3.3, entropy hoat hda va nang lugng
Gibbs hoat hoa cling co thé tinh toan dugc.

D& thiIn(k/T) theo 1/T dugc trinh bay & hinh 7. Cac tham
s6 hoat hda cuia qua trinh xtc tac dugc trinh bay & bang
5.

In(k/T)

y = 8402,7 + 20,901
R*=0,983

O.OIOSZ O.OIOSS 0.0634 0.0635
UT (KDY
Hinh 7: M&i quan hé tuyén tinh gitia In(k/T) va 1/T.

Bang 5: Cac tham s& hoat hda clia phan Uing khit
4-NP bang NaBH.trén xtc tac Ag/CuO

T (K) AH* (kJ/mol) AS* (J/K.mol) AG* (k/mol)
283 -62,99
293 62,75
303 -69,86 24,28 62,50
313 -62,26

Két qua & bang 5 cho thdy phan Ung xUc tac co gia tri
AS* am, ngha 1a da cé su hinh thanh phuc chét hoat
dong gitia cac phan tif 4-NP véi bé mat xtc tac Ag/CuO.
Gia tri AH* &m chiing to qua trinh nay tda nhiét va cac
gia tri &m clia AG* & bén nhiét d6 khao sat cho thdy qua
trinh xUc tac la tu dién bién va rét thuan Ioi vé mat nhiét
déng hoc.

Anh huéng cda dung méi
Dung méi ethanol

Hinh 8 bi€u dién d6 thi phuong trinh déng hoc béc 1
clia phan Ung kh& 4-NP bang NaBH4 trén xdc tac
Ag/CuO & céc ti lé thé tich khac nhau gitta dung méi
nudc va ethanol.

Cac tham s6 clia phuong trinh déng hoc dugc tém tat
d bang 6.
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Hinh 8: D6 thi mé hinh déng hoc bac 1 clia phan Ung
khir 4-NP bang NaBH. trén xtc tac Ag/CuO & cac ti
& thé tich khac nhau gitta dung méi nudc va ethanol

Bang 6: Cac tham s6 thu dugc tir phuang trinh déng hoc
bac 1 clia phan ting khir 4-NP bang NaBHa4trén xuc tac
Ag/CuO & cac ti 1 thé tich khac nhau gitta dung moi
nudéc va ethanol

Hinh 9 biéu dién dd thi phuong trinh déng hoc béc 1
clia phan Ung khir 4-NP bang NaBH4 trén xdc tac
Ag/CuQ & cac ti 1é pha lodng khac nhau gilta dung moi
nudc va isopropanol.

Cac tham s6 cla phuong trinh déng hoc dugc tém tat
3 béang 7.

Bang 7: Cac tham s6 thu dugc tir phuang trinh déng hoc
bac 1 clia phan Ung khir 4-NP bang NaBH.trén xdc tac
Ag/CuQ & cac ti lé pha lodng khac nhau
gifa dung moi nudc va isopropanal

Ti1é nudc :isopropanol & ( phat™ R

theo thé tich

1:0 0,3966 0,956
3 0,0215 0,995
1:1 0,004 0,929
1:3 0,0031 0,910

Tié nudc : ethanol theo  k (phat™) R’
thé tich
1:0 0,3966 0,956
3:1 0,0100 0,962
1:1 0,0062 0,948
1:3 0,0034 0,858

Két qua bang 6 cho thdy déng hoc phan ting khir 4-NP
bang NaBH. trén xuc tac Ag/CuO anh hudng manh
khi c6 mét ethanol trong méi trudng phan Ung. Cu
thé, t6c do phan ing gidm gan 40 lan, 64 1an, 117 lan
khi thém 25 %, 50 % va 75 % thé tich ethanol vao hé
phan Ung. RG rang, ethanol co kha néng Uic ché phan
Ung khtt 4-NP bang NaBH4khi cé mat xdc tac Ag/CuO
va dung moi nudc la thich hgp cho phéan ting khdo sat.

Dung méi isopropanol

1‘0 1‘2 14
t(phut)

o
[N
s
(o]
-]

Hinh 9: 6 thi mé hinh déng hoc béc 1 clia phéan Ung
khir 4-NP bang NaBH.trén xtc tac Ag/CuO & cac ti
|é pha lodng khac nhau gilta dung mdi nudc va
isopropanol

Két qua thu dugc & bang 6 cho thay hang s6 téc do
giam 18 [an, 99 [an, 128 lan khi thém 25 %, 50 % va 75
% thé tich isopropanol vao hé phan ting. T6c dé phan
Ung gidm nhanh khi ting dan thé tich 50 %
isopropanol. Khi thay nuéc hoan toan bang isopropanal,
phan Ung khéng xay ra nifa, thé hién & dé hap thu
khéng thay déi theo thdi gian khao sat. Két qua nay
tuang tu nhu khi cho ethanol vao hé phan Ung, va nhu
vay isopropanol cling c6 kha nang Uc ché phan Ung
khir 4-NP bang NaBH4khi c6 méat xuc tac Ag/CuO.

K&t luan

TU nhing két qua thuc nghiém da dugc thao luan, phan
Ung khi 4-NP bang NaBHatrén xuc tac CuO, Ag/CuO
tuan theo mé hinh dong hoc bac nhét. Viéc pht nano
Ag lén cac tdm nano CuO cai thién hoat tinh xUc tac
cla vat liéu. Hang s6 téc dé phan Ung k ting theo ham
lugng Ag phu trén cac tdm nano CuO, ndng dé xUc tac
Ag/CuO va theo nhiét dé. Nang lugng hoat hda
Cla phan Ung dugc xac dinh la 72,33 kJ/mol. Cac tham
s6 nhiét déng clia qué trinh xuc tac nhu AG*, AH?, AS*
cho thédy phan Ung khir 4-NP bang NaBH. trén xuc tac
Ag/CuO trong khodng nhiét dé khdo sét la quéa trinh
tu dién bién (AG* < 0), tda nhiét (AH* < 0) va gidm
entropy (AS* > 0), dong thdi phan Ung nay uu tién xay
ra & nhiét do thap. Su c& mat cac dung moi ethanal,
isopropanol trong hén hap phan Ung 1am giam nhanh
t6c do phan Ung khir 4-NP bang NaBHatrén xuc tac
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Ag/CuO. Ethanol va isopropanol cé khad néng Uc ché
phan Ung khir 4-NP bang NaBH, khi c6 mat xuc tac
Ag/CuO.
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