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Phuong phéap khao sat hiéu suat lwong tir cia vat lidu quang dién tur

Nguyén Xuan Chung”
Truong Dai hoc M¢ - Dja chat

TOM TAT

Trong bao céo nay, tac gia trinh bay vé céc phuong phap do ludng hiéu suat luong tir cia vat lidu quang
dién tir va tim quan trong cua dai luong ndy trong viéc ting cuong d6 nhay quang cua céc thiét bi sir dung
vt ligu nay nhu photodiode, pin mat tryi, cam bién hinh anh.... C6 rat nhiéu phuong phap thuc nghiém do
hiéu sut luong tir cua vat liéu quang dién tir, véi cac didu kién tng dung rat da dang nhu kha ning hép thy,
kha ning phit quang cua vat liéu, dai budc song ma vat liéu phat quang. Cac phuong phap nay déu lién
quan dén viéc dém s6 lugng photon dugc hap thu va sb photon dugc phét xa bai vat liéu. Nguyén ly hoat
ddng, cac wu va nhugc diém cia cac phuong phap nay duoc trinh bay va phan tich cu thé. Nguyén nhan tao
ra cac tin hiéu gia trong phép do hiéu suat lugng tir va cach khac phuc duoc ban luan.

Tir khoa: nang lugng ving cim thap; hiéu suit lugng tir; phd phat xa huynh quang; phé hap thu

1. Mé dau

Hién tuong nhan hat tai dién 13 mot trong nhitng cha dé dugc quan tim dbi véi cac nha nghién ciru vat
liéu quang dién tir. DS vai thiét bi sir dung vat liéu quang dién tar nhu cac dau do quang, cam bién quang,
pin mit troi, cam bién hinh anh. .. thi hién twong nhan hat tai dién gitp ting cuong hiéu suat chuyén doi
quang - dién, tirc 1a d6 nhay cua thiét bi dwoc tang 1én. Hinh 1 giai thich vé qua trinh nhan hat tai dién dién
ra dudi tc dung kich thich quang (Timmerman, D. 2011). Trong hién tugng nay, khi mét dién tu (1) duoc
kich thich & muc nang lugng cao dudi tac dung cia mot photon ¢ nang luong ein Ién hon 2 1an ning luong
viing cAm cuia hat nano (hoc chim lugng tir), mirc nang luong cua dién tir doi véi day vimg dan (mii tén
mau d6 trén Hinh 1a) vuot qué nang luong viing cdm. Phan ning luong nay kich thich mét dién tir (2) & hat
nano lan can, dién tur (1) chuyén mirc nang luong Xuong day cua viing dan. Két qua la c6 hai dién tur (1) va
(2) trén vung dan. Hai dién tir ndy s& tai hop véi hai 16 tréng tuong tng va tao ra 2 photon €6 muc nang
luong €out thap hon ning luong kich thich &in. Nhu vy, mot photon nang lugng cao hon 2 lan nang luong
viing ¢im c6 kha ning tao ra 2 cap dién ti - 16 trong. i vai céc vat liéu dang khéi, hién ‘twgng nhan quang
dién cling xay ra, tuy nhién xac suit dién ra thuong thip hon nhiéu so vai vt liéu hé thip chiéu. biéu nay
thy rd nhat dbi véi vat liéu c6 nang lwong viing cam xién, do ¢d hiéu ung giam cam luong tir ma gian do
nang lugng-xung luong (E - K diagram) trong vat liéu nay gan gidng nhu trong vat liéu ban dan vang cam
thang, hiéu suat phat xa tang lén.

E\n

a) b)

Hinh 1. Co ché hién twrong nhan hat tai dién trong céc hat tinh thé nano: Photon néing lirpng cao &in
kich thich mét cap dién tir - 16 trong (a), ndang heong trén mice day ving dan (miii tén mau do)
tgo thém mét cap dién tir - 16 trong & hat nano bén canh.

Cugi cuing ¢6 hai cap dién tir 16 trong ¢ trong 2 hat nano riéng biét (b)

Céc vat lieu quang dién tir thong thuong, nang luong ving cdm & ving kha kién hogc can hong ngoai
nén chlng chi hap thu viing nang lugng tir ngoai va vung nhin thay. Khi ching hoat dong, ching chi chuyén

*Tac gia lién h¢
Email: nguyenxuanchung@humg.edu.vn
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ddi dugc mot phan nho trong pho phét xa cta ning lugng mat troi. Khi giam néng lugng ving cam, pho
hap thu s& dugc kéo dai sang Vung budc song dai (can hong ngoai). Do vay, mot phan phé phét xa ciia nang
lwong mat troi dwoc tan dung va nang cao hiéu suit chuyén ddi quang - dién cua vat lidu.

Khi ¢6 hién tuong nhan hat tai dudi tac dung kich thich ciia photon anh sang ning lwong cao, s6 lugng
hat tai dién duoc ting cuong (Weber, G.,1957). Hién tugng nhan hat tai dién dugc xac dinh dinh tinh thong
qua hiéu sut luong tur tuyét doi:

1) =325 1)
VGi Ngpm, Ngps 12 56 hat photon dugc phat xa va hap thu boi vat liéu quang dién tir dudi tac dung cta ning
luong photon kich thich e.

C6 rat nhiéu phuong phap xac dinh hiéu suit lugng tir (Valenta, J. 2014; Dam, B.V. 2018, Kubin,
R.F.1982), mdi phuong phap déu ¢ wu, nhuoc diém ciing nhu pham vi tng dung nhét dinh. Noi dung Cu
thé vé cac phuong phap nay s& dugc trinh bay dudi day. Dé do dugc higu suat lugng tir tuyét ddi, qua cau
tich phan duoc sir dung dé thu duoc tit ca cac photon phét xa theo tat ca cac hudng khac nhau, tuy nhién
nhuoc diém cua phuong phép nay 1a ty s6 tin hiéu trén nhidu thip. Cac phuong phéap khac ¢6 thé khong st
dung qua cau tich phan hoic két hop véi qua cau tich phan dugc ap dung dé tinh hiéu suét lwong tir trong
dbi, tirc 1a biét duoc hé sb tang cua hiéu suat lwong tir so véi gia tri hiéu suét tai mot nang lugng kich thich
nao d6 duoc chon lam gié tri ban dau. Cac phuwong phap do hiéu suat lwong tir déu c6 cac sai s6 hé thong,
cac cong thirc nay duoc thiét 1ap tir Iy thuyét, sai sb chi yéu dén tir sy thang giang cta cuong do nguon
sang kich thich trong qua trinh dém s6 photon duoc hap thu boi vat liéu.

Duya vao hinh dang cua db thi thé hién su phu thudc cua hiéu suat luong tir vao ning lugng kich thich,
su hién dién cua hién tuong nhan hat tai c6 thé duoc du doan. Néu do thi c6 dang “budc nhay bac thang”
theo nang lwong kich thich, c6 thé két luan duoc sy hién dién hién twong nhan hat tai dién (Timmerman, D.
2011). Tuy nhién, trong mot s6 truong hop mAau c6 cac sai hong tao nén cac muc ning luong trung gian
nhu cac “bay” dién tir, lam giam sé photon phét xa, hinh dang “buéc nhay bac thang” khong xudt hién mic
du c6 hién twong nhan hat tai dién. Trong truong hop nay, phép do hap thu cam @ng (induced absorption)
dung dé do qua trinh phan ra s6 lugng hat tai dién tu do duoc ap dung dé phan tich.

2. Cac phwong phap nghién ciru higu suit lweng tir
2.1. Véi he vt ligu hdp thu va phat xg mgnh

Dudi tac dung Kich thich cuia cac photon nang lugng cao, céc dién tu dugc kich thich 1én mic néng luong
phia trén day cua ving dan. Cac dién tir nay sau do dugc di chuyen xudng mirc nang luong thap hon va
ngung tu trong mot thoi gian rat ngan tai day cua ving dan. Tiép theo, cac dién tur nay s& chuyén mirc ning
lwong thip hon sau khi tai hop véi 16 tréng va phét ra photon. Do vay, s6 lwong dién tir sinh ra ty 1& thuan
V6i s6 lugng photon phat ra. Do cac photon dugc phat Xa ra cac huéng khac nhau, qua cau tich phan dugc
sir dung dé thu thap duoc todn bo s6 photon nay, hé do c6 ciu tao nhu Hinh 2. Hé nay duoc 4p dung dé
khao sét hiéu suat lwong tir tuyét d6i do mau hap thu va phét xa manh, sb luong photon hép thu va bic xa
duoc dém chinh xéc.

Qua cu tich phan,

Soi quang

Kinh loc Man chan
Deén kich thich va may don sac

An(photon /eV)

Sgi quang

# photon
hap thu

# photon phat xa

May don séc va camera

E(e

Hinh 2. H¢ do hiéu sudt hrong ti tuyér doi cua vat ligu hap thy mgnh va phat quang manh si: dung qud |
cau tich phan. S¢ photon phat xa tinh bang dién tich cua pho phét xa hUynh quang (mau do), trong khi 50
lirong photon hdp thy tinh bang phan dién tich chénh Iéch cia phé anh sdang kich thich khi ddt mau va dé
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Cac loai tin hiéu gia co thé c6 trong hé do: hé do trén dwoc &p dung chi yéu vai cac vat lidu hap thu
manh va phat xa manh. Thyc té, tin hiéu thu dugc trén may quang phd thuc té chi chiém khoang vai phan
trdm so v&i tong tin hiéu thuc do mau phat xa hodc hap thy, ty sb tin hiéu trén nhiéu trong nhiéu trudng hop
van la van dé can quan thm. Sy thing gidng cuong d6 cua ngudn kich thich anh huong 1én két qua do s6
photon hip thu.
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Hinh 3. Mét vi du két qua do hiéu sudt lwong tir tuyét doi cua cac cham heong tir silic trong cac mau
trong ddi nang lwong kich thich tir 2.1 @én 4.4 eV, sir dung hé do trén Hinh 2

Hinh 3 1a vi du v& két qua do hiéu sudt luong tir tuyét ddi cua céc cac cham luwong tir silic ¢6 ciu tric
nano trong 9 mau da 16p véi cac thong sé ché tao mau khéc nhau nhu ndng d6 silic phun xa trén dé, nhiét
d6 nung mau (Chung, N.X. 2017), sai sb cua cac diém do duoc thé hién trén hinh phan 16n dén tir sai sb
vuing hap thu thdp caa mau. Cac budc nhay bac thang thé hién rd trong cac mau #2, #4, trong khi véi cac
mau khéc hién tuong nhan hat tai dién chi Ia thir yéu va bude nhay bac thang khong thé hién rd.

2.2. Véi vt ligu hdp thu manh, phat xg yéu

Déi voi cac vat lidu nay thi viéc do luong s6 photon phat xa la mét thach thuc. Trong truong hop nay,
c6 thé str dung két hop hé do trén Hinh 2 dé do s6 photon hap thy, con sb photon phét xa duoc do trén cdam
bién (Chung, N.X. 2018). Khi do, phan cira ra cua qua cau dugc nol V6i sgi quang va dugc ndi véi cam
bién. Tai day, cam bién s& thu nhan toan bo sé photon phat xa tir mau, sé photon nhan duoc ty 1é thuan véi
hiéu dién thé tao ra trén cam bién. CAu tao hé do sé photon phat xa yéu dugc trinh bay trén Hinh 4.

9
|
|
|
]
|

4

Qua cau tich phan

== | Man chan
Bén kich thich va may don sic

Banh xe tao t&n sb

—————————

r

DPau db quang

"""" -€

Hinh 4. Hé do sé photon phét xa doi véi mau phét xa yéu, sé photon hdp thu duwoc do bang hé do trén

thong qua hé sir dung qud cau tich phan trén hinh 2. Banh xe (chopper) tzo tan s6 xung cho anh sang

kich thich. Khuéch dai lock-in duot sir dung nham khuéch dgi cac xung anh sang phat xa tir mau ma
khong khuéch dai nhiéu
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Thuc té cam bién c6 @6 nhay cao hon camera rat nhiéu lan do dién tich thu tin hiéu cua cam bién Ién
hon dién tich cua 1 diém anh trén camera, tuy nhién camera cho chi tiét vé hinh dang phd phét xa, trong
khi cam bién chi cho biét s6 photon ma cam bién nhan duoc. Béi véi hé do sir dung cam bién, mach khuéch
dai lock-in dugc st dung (Baak, D.V.V. 2014; Libbrecht, K.G. 2003) dé khuéch dai tin hiéu. Anh sang kich
thich dwoc chiéu qua mot banh xe cé céc khe (chopper) dé nh séng truyén qua. Khi d6, cuong d6 &nh séng
kich thich theo thai gian c6 dang xung, va &nh sang phat xa cﬁng ¢6 cung dang xung véi cling tan sb. Mach
khuéch dai lock-in chi khuéch dai anh sang phat xa tir mau ma khong khuéch dai nhiéu. Hé sir dung khuéch
dai lock-in duoc thé hién trén Hinh 4 va Hinh 5. Hé do nay c6 uu diém 12 loai trir dugc cac nguon nhiéu tur
bén ngoai, cho phép chi khuéch dai 4nh sang phat xa tr mau. Tuy nhién, h¢ van c6 thé c6 tin hiéu gia néu
dinh phd phat xa dich chuyén khi thay d6i budc song anh sang kich thich, khi d6 phé sé dich vao cac ving
budc song ma cam bién co o nhay khac nhau, va sé photon thu dugc khéng con ty 1é thuan véi tin higu
trén cam bién nira.

2.3. Véi hé vt ligu hdp thu yéu va phét xa yéu

D6i véi cac mau c6 kha ning hap thu thap, viéc sir dung qua cau tich phan khéng con phu hop do tin
hiéu truyén qua mau ma méy don sic nhan dugc nho hon nhiéu so véi cudong d6 anh séng truyén qua thuc
té. Trong truong hop nay, su chénh léch vé cudng do truyén qua ciia anh séng kich thich khi di qua mau va
dé rat kho phan biét. Bén canh do, cuong do anh sang kich thich cua dén can phai rat n dinh theo thoi gian,
néu sy thang giang tuong ddi cua cudng do sang kich thich theo thai gian gan tuong duong véi su hap thu
cuia mau thi s6 photon hap thu duoc tinh vai sai s6 rat I6n va khdng tin cdy. Bé tranh van dé trén, mau duoc
do trong may do hap thu sir dung ché d¢ tia kép cho phép hiéu chinh két qua khi c6 su thing giang cua
ngudn sang kich thich, do vay két qua do dugc c6 do chinh Xxac rat cao. Sau khi c6 duoc phd hap thu cua
mau, s6 photon hap thu dugc tinh bang vai tich cia sé photon kich thich (tinh tir cwdong d6 anh séng kich
thich va nang lugng photon kich thich) va d6 hap thu cua méu

Hinh 5 thé hién so d6 cua hé do hiéu suit lugng tir cua mau véi phd phat xa trong viing hong ngoai gan
(a) va phé phat xa trong ving 4nh sang nhin thay (b). Viéc khao sat phd phat xa vung can hdng ngoai
thuong it ding camera hon do gia thanh cua céc camera hong ngoai va may don sdc viing hdng ngoai tuong
dbi cao. Viéc sir dung dau do quang vung hong ngoai (cac dau do su dung vét li¢u nang lugng ving cdm
thip) dugc 1am lanh & nhiét d6 thap (giam nhidu nhiét) két hop vai khuéch dai lock-in s& giup xac dinh
dugc sb lwong hat photon phat xa tir mau. Hé nay yéu cau st dung kinh loc vi dau do ciing ¢6 thé nhay véi
anh sang kich thich tan xa trén mau. Bdi vai 4nh sang ving kha kién, camera va may don sic thuong dugc
sir dung do thiét bi c6 gia khdng qua cao trén thi truong. S6 photon dém duoc trén pho ky trén Hinh 5 dugc
tang 1én nhiéu lan so véi h¢ trén Hinh 4 do sir dung thau kinh hoi tu véi do mé (numerical aperture) 1on,
bang cach thay ddi cac thau kinh véi d6 ma khac nhau, do nhay caa hé duoc cai thién.

Hé do trén Hinh 5 ¢6 uu diém 1a d6 nhay cao, do dac nhanh. Tuy nhién, su thay doi tiéu cy cac thau kinh
theo budc sdng anh sang kich thich cé thé gay ra hién twong bi mat truc chuan, khi d6 cac phép do ung véi
cac bugc song kich thich khac nhau khéng con thyc hién trong cting mot diéu kién giéng nhau nira, va dan
t6i sai s cua hé do.

Sei quang

Vdu | -

Soi quang v

Khuéch dai
lock-in

Dau do quang
a) > b)

Hinh 5. So' d6 hé do sir dung khuéch dgi lock-in diing cho mau phat xa viing hong ngogi gan (a)
va cho mau phét xg ving kha kien (b)

Trong mét sb loai vat liéu c6 hiéu suat phét xa va hap thu manh ¢ vung nay, nhung lai thap & cac ving
khéc, vi vay viéc két hop cac phuong phap voi nhau la gidi phap t6t dé tim ra dugc hi¢u Sut lugng tur trén
toan dai ning luong kich thich. Hinh 6 thé hién két qua cua phép do hiéu suét luong tir tuyét déi cuia mau
duoc tao bai cac hat tinh thé nano silic pha tap dong thoi phbtpho va bo bang ba phuong phap néu & trén
(Chung, N.X. 2018). Nang lwong viing cam cua vat liéu ndy khoang 1,08 eV, do vay nang lugng kich thich
duoc chon tir 1,5 eV tro I€n.

1390



. 9

o 3

%50- | oeéﬂe 4

2 °0

0)40’ ;OO“ .

3 [ o®

= 56 » ]

£

w20} 4

503 @ Hédo1

T 10 Hé do 2 |
@ Hédo3

0.0 L

1:5 2.0 2.‘5 3.6 3. 5 4.0 4.5
Nang lwong kich thich (eV)

Hinh 6. Hiéu suat lirong tir ciia tinh thé silic pha tap dong thoi phétpho va bo si dung 3 hé do két hop:
hé do 1 (hé trén Hinh 2), hé do 2 (hé trén Hinh 4) va hé do 3 (hé trén Hinh 5)

Dbi v6i mau pha tap, mot phan phé phat xa cua mau dwoc thu nhén trén camera do vung kha klen phan
con lai trong viing hdng ngoai duoc ghi trén may phén tich don sic ving hong ngoai, do vay s6 lugng
photon phét xa dugc ngoai suy dua trén phd phét xa nay (cac diém mau do). Pdi véi viing can hong ngoai,
cac diém thuc nghiém (mau vang str dung h¢ do trén Hinh 4, cac diém do mau tim sir dung phuong phap
trén Hinh 5. Ket qua cho thay cac phuong phap do khic nhau déu két qua théng nhét vai nhau va nam trong
pham vi sai s6 cua phép do.

Hinh 7 thé hién két qua do su thay doi hiéu suat luong tir cua céc vat liéu perovskite tng dung lam pin
mat troi (Wang, Y., 2023). O day, hiéu suat luong tir c6 don vi tly y do d6 thi thé hién sy bién thién cua
hiéu suit lwong tir so véi gia tri chuan khi nang luong kich thich dudi 2 1an nang lugng ving cam, khi d6
hién tuong nhan hat tai dién chua xay ra. Nang lugng kich thich duoc tinh bang boi sé 1an cia ning lwong
viing cdm dé thé hién cac bude nhay cua hiéu suat lwong tir xay ra tai cac gié tri niang luong kich thich bing
s6 nguyén lan nang luong ving cdm, két qua nay phi hop mé hinh nhan hat tai dién (duong mau do) dugc
dé xuét boi tac gia Timmerman truée d6 (Timmerman, D., 2011).

4+t

t lwgng t& (don vi tay y)
w

eu sua
-—

Hié

2 3 4
Nang lwong kich thich (E,)

Hinh 7, Két qua do su thay d@oi higu sudt lieong tir Cuia vt IIeuperovskzte theo nang hfoﬂg kich thich,
trong do thi nay nang heong kich thich dwoc tinh bang béi S0 Cua nang luong vung cam dé thé hién cac
bueoc nhay hiéu sudt heong ti khi nang heong kich thich bang sé nguyén lan nang heong ving cam =

3. Két luan

C6 rét nhiéu phuong phap do hiéu suat lwong tir cia vat ligu, su két hop giita cac phuong phap s& gidp
tim ra duoc két qua hoan chinh trong mét dai ning lwong kich thich rong va kha thi cho nhiéu vat liéu khéc
nhau. Cac phuong phap can dwoc &p dung trong nhirng pham vi nhat dinh nhu ving phat xa cua vat liéu,
d6 chinh xéc ciia phép do ma nguoi thyuc hién can dat duoc, thoi gian do, chi phi cho thiét bi.... Cac phuong
phap nay cin dugc xem xét dé &p dung trong cac phong thi nghiém trong nudc cho phu hop véi didu kién
hién co.

1391



Tai liéu tham khao

Baak, D.V.V, 2014. Response of a lock-in amplifier to noise, American Journal of Physics, 82, 785-797.

Chung, N.X., Limpens, M., Gregorkiewicz, T., 2017, Photoluminescence quantum yield in ensembles
of Si nanocrystals, Advanced Optical Materials, 1600709, 1-8.

Chung, N.X., Limpens, R., Weerd, R., Lesage, A., Fujii, M., Gregorkiewicz, T., 2018, Toward practical
carrier multiplication: Donor/acceptor codoped Si nanocrystals in SiO,, ACS Photonics, 5, 2843-2849.

Dam, B.V., Bruhn, B., Dohnalova, K., 2018, Limits of emission quantum yield determination, AIP
Advances, 8, 1-7.

Kubin, R.F., Fletcher, A.N., 1982, Fluorescence quantum yields of some rhodamine dyes, Journal of
Luminescence, 27, 4, 455-462.

Libbrecht, K.G., Black, E.D., Hirata, C.M., 2003, A basic lock-in amplifier experiment for the
undergraduate laboratory, American Association of Physics Teachers, 71, 1208-1213.

Nozik, A. J., 2002, Quantum dot solar cells, Physica E, 14, 115-120.

Timmerman, D., Vanlenta, J., Dohnalova, K., Boer, W.D.A.M., Gregorkiewicz, T., 2011, Step-like
enhancement of luminescence quantum yield of silicon nanocrystals, Nature Nanotechnology, 167, 710-
713.

Valenta, J., 2014, Determination of absolute quantum yields of luminescing nanomaterials over a broad
spectral range: from the integrating sphere theory to the correct methodology, Applied Physics Letters, 3,
1, 11-27.

Weber, G., Teale, F.W.J., 1957, Determation of the absolute quantum yield of fluorescence solution,
Transactions of the Faraday Society, 53, 646.

Wolf, M., Brendel, R., Werner, J. H., Queisser, H. J., 1998, Solar cell efficiency and carrier
multiplication in Si;_xGex alloys, Journal of Applied Physics, 83, 4213-4221.

Wang, Y., Ye, S., Lim, J., Giovanni, D., Feng, M., Fu, J., Krishnamoorthy, H., Zhang, Q., Xu, Q., Cai,
R., Sum, T., 2023, Carrier multiplication in perovskite solar cells with internal quantum efficiency
exceeding 100%, Nature Communications, 14, 6293.

ABSTRACT
Methods to investigate quantum yield for optoelectronic materials

Nguyen Xuan Chung
Hanoi University of Mining and Geology

Quantum vyield which is the one of important physical quantity for optoelectronic materials relates to
carrier multiplication upon a high excitation energy. In this report, the author presents basic knowledge
realting to quantum yield, including its importance in research, the definition, the methods to measure. The
investigation of quantum yield relates to the number of emissed photons and that of absorbed photons with
special combiniation of spectrometers. There are variety of experimental methods to determine quantum
yield with a large number of devices, such as integrating sphere, monochromator, camera, lock-in amplifier
and so on. The signal to noise ratio in optical measurements is improved by using lock in amplifier and
perfect aligment for setup. The conditions to apply, the advantages and disadvantages of these methods are
explained. Besides, the artifacts of each method as well as the solutions to avoid them are presented.

Keywords: Quantum yield; quantum efficiency; carrier multiplication; bandgap energy; photoluminescence
spectrum; absorption spectrum
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E‘RS E HOI NGHI TOAN QUOC KHOA HOC TRAI PAT
SART SORNE VA TAI NGUYEN VO'I PHAT TRIEN BEN VNG (ERSD 2024)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Xay dung cdng thac bao ché cao long Desugan tir mot s6 duoc ligu
dung ho trg bénh dai thao duong type 2

Nguyén Phuong Dung" ", Tran Van Thanh*, Nguyén Viét Hung?, Nguyén Manh Ha?, Lé Thj Phuong Thao?
Hoc vién Y Durot hoc co truyen Viét Nam
2Truong Pai hoc Mo - Dja chat

TOM TAT

Cao long Desugan duoc chiét xuat tir cic dugc ligu: Day thia canh (Caulis et folium Gymnemae
sylvestris), Giao c6 lam (Herba Gynostemmae), B6 cong anh (Herba Lactucae indicae), Kim ngan hoa
(Flos Lonicerae) 1a cac duoc liéu co tac dung ha dwong huyét, hd tro diéu tri bénh Dai thao dudng
(PTP). Co6 ngot (Folium Steviae rebaudianae) cé chira cac steviol glycoside ¢6 d6 ngot cao nhung khong
anh huéng dén ndng do glucose trong méu, dugc sir dung lam chét tao ngot trong san phdm cho ngudi
bénh BTD. Tién hanh khao sat cac yéu t6 ti 16 dung méi/dugc liéu, thoi gian chiét xuat, sb 1an chiét va ta
dugc dé xay dung cong thirc bao ché cao long Desugan. Cao long duoc liéu dugc chiét xuat bang phwong
phép sic, ti 16 dung moi/dwoc licu 1a 30/1, chiét 3 lan trong 2 gio 30 phat. Liy 75ml cao long phdi tron
v6i ta dugc gdbm 0,089 Acid citric; 0,556% Natri hydroxide (NaOH) (kl/tt); 0,07% Natri
carboxymethylcellulose (NaCMC) (kl/tt); 0,2g Nipagin; 2g Propylenglycol; 1G Isomalt; Nudc RO vira du
90ml. Nghlen ctru da xay dung cong thic va quy trinh cho ché pham cao long Desugan tir cac dugc liu
dung hd trg bénh DTD.

Tir khéa: Desugan; Pai thao duong; cao l6ng; bao ché cao long

1. Pit van dé

Theo théng ké caa Hiép hoi Dai thao duong Thé gisi (IDF), nam 2019 toan thé gidi c6 463 triéu nguoi
méc bénh DT, du kién s& & mac 578 triéu nguoi vao nam 2030, tir d6 viéc kiém soat va diéu tri cac bién
chting bénh Pai thao duong la rat can thiét (Nguyén Minh Tuén, 2020). Hién nay, c4c san pham diéu trj
bénh BTD di dwoc nhiéu nha nghién ciu quan tdm va phat trién tir cac loai thao dugc. Day thia canh
(Caulis et folium Gymnemae sylvestris) hoat chit chinh 1a GS4 c6 tac dung kich thich san sinh té bao
tuyén tuy, ting cudng san xuat insulin, ting hoat tinh cua insulin, gilp kiém soét va 6n dinh duong huyét
(Fabio, 2014). Giao cb lam (Herba Gynostemmae) hoat chit chinh 14 cac saponin giup ting kha nang sir
dung glucose cua té bao, én dinh dudng trong méu (Huyen, 2010). Hoat chét chinh trong ré BS cong anh
(Herba Lactucae indicae) la acid phenolic va lacton sesquiterpene c6 kha ning hd trg diéu tri bénh BTD
(Wirngo, 2016). Kim ngan hoa (Flos Lonicerae) c6 tac dung ha duong huyét & chudt mic bénh DT type
2 théng qua hoat dong diéu chinh thu thé gamma hoat hoa peroxisome (Han, 2015). Mot s6 san pham
chiét xuat tir mot trong cac duoc liéu nay dang dwoc sir dung hd tro DTD nhu: Cao DAy thia canh chuén
héa Mamigo, Vién giao c6 lam Tué Linh, Tra B cong anh,.... Co ngot (Folium Steviae rebaudianae) cé
chura cac steviol glycoside c6 d6 ngot cao nhung khong anh huong dén ndng do glucose trong mau, dugc
sir dung lam chat tao ngot trong san pham cho nguoi bénh BTD (Margaret, 2015). Trén thi truong hién
nay da xuat hién nhirng san pham chiét xuit tir Cé ngot nhu: Pudng an kiéng Tropicana Slim Stevia, Bot
€6 ngot Pyure Organic Stevia Leaf Extract, Nirvana Organic Stevia,....

Tir d6 viéc két hop cac thao dwoc DAy thia canh, Giao ¢ lam, Co ngot, B cong anh va Kim ngan hoa
gilip nang cao hiéu qua diéu tri cho bénh nhan DT type 2.

2. Pbi twong va phwong phap nghién ciru
2.1. Péi twong nghién cru

Déi twong nghién cieu: Quy trinh chiét xuat cac duoc ligu Day thia canh, Giao ¢ lam, Co ngot, Bo
cong anh va Kim ngan hoa; cac vi duoc liéu do Khoa Dugc - Bénh vién Tué Tinh cung cap; Duoc liéu da
dugc phoi kho, bao quan trong tdi nhya kin khi, trong diéu kién nhiét do phong.

Dung méi, héa chdt: Vit Nam: Natri hydroxide; Trung Qudc: Acid citric, n-butanol, Aceton,

" Téc gia lién hé
Email: dsphuongdung@gmail.com

1393



NaCMC, Propylenglycol, Nipagin, Isomalt, Glycerin.

Dia diém nghién ciu: Phong thi nghiém B6 moén Hoa Dugc - Hoc vién Y Dugc hoc ¢6 truyén Viét
Nam, Phong thi nghiém B mén Hoa hoc Truong DPai hoc Mo - Dia chat.

Thiét bi nghién crru: Can phan tich Mettler Toledo 21 XPE 105 do chinh xac 0,0001g; May cd quay
chan khong IKA RV 3 V - Bic; Ta sdy UNB 400 hang Memmert - Btic; Méy khuay tir gia nhiét IKA C -
MAG HS7, IKA - Biic; May do pH HI2211 - Trung Quéc.

2.2. Phwong phap nghién ciru
Xay dung ti 1¢ dworc ligu

Liéu dang caa duoc lidu theo Dugc dién Viét Nam V (DDVN V): Day thia canh: 10 - 12g/ngay; Giao
c6 lam: 15 - 30g/ngay; Co ngot: 8 - 12g/ngay; Bd cong anh: 8 - 30g/ngay; Kim ngan hoa:12 - 16g/ngay
(Bo Y té, 2018). Mdi lan pha ché ra 90 ml ché pham cao long Desugan dung trong 2 ngay voi ti 1& dugc
ligu 4:4:3:8:6, mdi lan dung 15ml ché pham. Vi vay khéi lwong duoc liéu cho mdi lan chiét 1a Day thia
canh 12g; Giao cb lam 12g; C6 ngot 9g; B cong anh 24g; Kim ngan hoa 18g.

Khdo sat quy trinh diéu ché cao léng duwoc ligu

- Chiét xudt cao léng dwoc liéu theo phwong phdp sdc.

- C4c yéu t6 khao sat gom: Thuc hién cac thi nghiém don bién bang cach khao sat mot yéu té va cb
dinh céc yéu t6 con lai. Ti 16 dung méi/duoc liéu khao sét lan luot 1a 16/1; 18/1; 20/1; 22/1; 24/1; 26/1;
28/1; 30/1. Thoi gian chiét khao sét 1a: 1 gio; 1 gio 30 phat; 2 gid; 2 gio 30 phat; 3 gio. S6 lan chiét khao
sat lan luot 12 1 1an; 2 1an; 3 1an; 4 1an. M&i thi nghiém dugc tién hanh lap lai 3 1an, lra chon quy trinh
chiét dya vao ham lugng saponin toan phan trong cao thu dugc bang trung binh cia 3 lan thi nghiém.

- Xdc dinh ham lwong saponin toan phan (Bé Y té, 2018): Lay chinh xé&c 62,5 ml cao long, rot tir tir
vao 100 ml aceton, khuéy déu, s& xuit hién tua, loc ldy tua, hoa tan taa vao 50 ml nudc nong, dun cach
thay cho tan hét. Loc lay dich loc vao binh gan, chiét saponin bang n-butanol 8 lan, mai lan 25 ml cho
dén khi kiét saponin. Gop dich chiét, cat thu hdi dung mai, cd trén cach thuy dén khé thu duoc cin dugc
liéu, say cin ¢ 60°C dén khdi lugng khong dbi.

Ham lugng saponin toan phan trong cao dugc tinh theo cong thirc:

a
X(%) = —x100x 100

Trong d6: X 1a ham lugng saponin (%)
a la khoi lugng can kho saponin (g)
m la khoi lugng cao long dem dinh lwong (g)

Nghién ciru xay dwng cong thic va quy trinh bao ché cao léng Desugan

Bang 1. Cong thirc bao ché du kién

STT Thanh phén Vai tro Khéi luvgng cho mét lo 90 ml Tiéu chuin

1 Cao léng duoc licu Hoat chét 75ml

2 NaOH Tao hé dém citric-citrat Khao sat 1ml, 2ml, 3ml, 4ml, 5ml, 6ml TCCS
3 NaCMC Chéit 1am dic Khao sat 0,03%; (Ok'ﬁft;/"; 0.07%;009% | rocs
4 Acid citric Tao hé dém citric-citrat 0,089 TCCS
5 Propylenglycol Chit lam ting d¢ tan 2,09 TCCS
6 Nipagin Chit bao quan 0,29 TCCS
7 Isomalt biéu vi 1,09 TCCS
8 Glycerin Chét 1am tang d6 tan 0,59 TCCS
9 Nudc RO Dung méi Vira du TCCS

Qui trinh bao ché:

- Thuc hién séc duoc liéu theo ti 16 dung méi/duoc lidu, thai gian chiét, sé 1an chiét xuat da chon dugc.
Gop dich chiét va dich ép, dé lng, loc thu lay dich chiét toan phan. Sau d6 ¢6 dich chiét téi 75ml, vira cd
vira khudy déu. Bé dich c6 nguéi, ling sau d6 loc qua gidy loc.

- Thém t& duogc:

Ngam lan Iugt 0,027g; 0,045g; 0,063g; 0,081g NaCMC trong 0,5g Glycerin, thém 5 ml nuéc néng,
ngam toi khi truong né hoan toan.
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Can 0,08g Acid citric va 1g Isomalt hoa tan hoan toan trong nudc sau d6 thém véo cao, khudy déu.

Thém 4ml dung dich NaOH 10% vao cao.

Can 0,2g Nipagin vao cbc co6 mo, thém 2g Propylenglycol vao céc trén, khudy déu téi khi Nipagin tan
hoan toan.

Cho hdn hop Nipagin, Propylenglycol & trén vao cao, khudy déu.

Cho tir tir hon hop NaCMC di treong né hoan toan vao cao, khudy déu.

Thém nudc RO vao cac mau cao vira da 90ml, khudy déu bang may khuay tir.

Cé4c miu quan sat dugc thuc hién trong ciing mot diéu kién, danh gia Iya chon cong thirc theo cac tiéu
chi: d6 trong, d6 tan, mai, vi, mau sic, pH.

Phuwong phdp xir 1y sé li¢u

S6 ligu thu thap xir ly va phan tich bang phan mém Microsoft excel 2019, sir dung théng ké mo ta
(Ham lwong saponin toan phan (%)).

3. Két qua va thao luan
3.1. Khdo sdt quy trinh diéu ché cao léng dwoc liéu
3.1.1. Khdo sat anh huong cua ti 1é dung méi/dwoc liéu dén quy trinh diéu ché cao léng duoc liéu

75g dugc liéu duoc chiét bing phuong phap séc, chiét 3 Ian, trong 2 gio. Ti 1é dung moéi/duoc lidu thay
d6i lan luot 1a: 16/1; 18/1; 20/1; 22/1; 24/1; 26/1; 28/1; 30/1. Két qua ham lwong saponin toan phan trong
cao long dugc thé hién ¢ bang 2.
Bang 2. Két qua khdo sat ti 1¢ dung méi/dwoc liéu

Ti lé dung méi/ | Khéilwgng cao | Khéilwong | Ham lwong Saponin
dugc liu long (@) (g) cin () (g) toan phan (i) (%)
16/1 66,2625 0,3174 0,4790
18/1 64,4731 0,3239 0,5025
20/1 67,0435 0,3543 0,5286
22/1 68,6778 0,3681 0,5361
24/1 66,0534 0,3583 0,5425
26/1 65,0376 0,3686 0,5668
28/1 63,2859 0,3637 0,5748
30/1 66,3168 0,3929 0,5925

Luong dung moi t6i thiéu phai vira ngap qua bé mat cua 16p dugc liéu khoang I16n hon 1em, khi d6 cac
I6p duoc ligu trén méi co thé tiép xuc duoc véi dung moi (Nguyén Vin Han, 2022). Véi céc ti 1é dung
moéi/duge lidu duoc khao sat déu dam bao dugc liéu ngap hoan toan trong dung mai, va khi tang ti 18
dung méi/duoc liéu, ham luong saponin toan phan co xu hudéng ting do ting qua trinh hoa tan, trich ly
chat tan ra khoi té bao. Ti 1é dung méi/ duoc lidu 1a 30/1 cho ham lwong saponin todn phan cao nhét, vi
vay ti 18 nay duoc lya chon dé tiép tuc khao sat.

3.1.2. Khdo sat anh huong cua thoi gian chiét xudt dén quy trinh diéu ché cao long duroc liéu
75g dugc liéu duoc chiét bang phuong phap sic véi ti 1é dung moi/ dugc lieu 1a 30/1, chiét 3 lan, trong
thoi gian khao sat la 1 gio, 1 gio 30 phat, 2 gio, 2 gio 30 phut, 3 gio. Ket qua ham lugng saponin toan
phan trong cao long dugc liéu dugc thé hiérn & bang 3. ) )
Bdang 3. Ket qua khao sét thoi gian chiét xuat

Thai gian Khoi lwong cao | Khbiluong | Ham luong Saponin
long (@) (g) cin (1) (g) toan phan (i) (%)
1 gio 69,5601 0,3349 0,4815
1 gi¢ 30 phat 66,1455 0,3260 0,4930
2 gio 68,0382 0,3528 0,5186
2 gi¢ 30 phat 64,5948 0,3437 0,5321
3 gio 68,5923 0,3612 0,5310

Khi tang thoi gian chiét tir 1 gio dén 2 gio 30 phdt thi ham lwgng saponin toan phan ¢ xu hudng ting
do qué trinh khuéch tan, tham thau tang. Tuy nhién, khi thoi gian chiét tang tir 2 gio 30 phut 1&n 3 gio thi
thy rang lugng hoat chat chiét dugc ¢ 2 diéu kién khac nhau rat it. Tir do cho thay thoi gian chiét ngan
qué thi ham lugng saponin toan phan thu dwgc thip, con néu chiét thoi gian dai qua thi gay anh huong
dén chét luong dich chiét lam tang phan hay mot sé hop chat do tiép xdc véi nhiét d6 cao trong thoi gian
dai va ciing ting luong tap chit trong dich chiét (Nguyén Van Han, 2022). Vi vay, chiét & 2 gio 30 phat
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dugc lya chon cho nghién cuu tiép theo bai sé rdt ngan thoi gian qua trinh san xuat va chi phi vé ning
luong.

3.1.3. Khdo sat anh huong cia sé lan chiét dén quy trinh diéu ché cao léng duwoc liéu

Chiét 75g dugc liéu bang phuong phép sic, ti 1¢ dwoc ligu/ dung mdi 30:1, thoi gian chiét 2 gio 30
phiit, thay ddi s6 lan chiét 1a 1 1an, 2 1an, 3 lan, 4 lan. Két qua ham luong saponin toan phan trong cao
long duoc thé hién & bang 4.

Bang 4. Két qua khao sét s6 lan chiét
S6lan | Khoilugng cao | Khdilugng | Ham lugng Saponin
chiét long (1) (g) cin () (g) toan phan (n) (%)

1 lan 63,2689 0,3616 0,5516
2 lan 65,2841 0,4112 0,5625
3 lan 64,9056 0,3853 0,5768
4 lan 63,8688 0,3714 0,5798

Két qua cho thay, khi s6 lan chiét tang tir 1 1an dén 3 lan thi ham lugng saponin toan phan ting lén
tuong ung 1a 0,5516%; 0,5625%; 0,5768%. COn tir 3 lan 1én 4 lan thi ham lwong saponin toan phan thay
d6i khong dang ké. Néu s6 lan chiét xuat it thi ¢ cudi qua trinh chiét xuat sy chénh léch Gradient nong do
cuia chét can chiét trong dung moi va dugc liéu khong cao nén hiéu suat chiét thap. Tuy nhién, néu ting sé
Ian chiét 1&n nhiéu lan thi & nhiing lan chiét sau, lvong chat tan khong con dang ké vi vay ham lugng hoat
chit ciing khong tang 1én, tham chi nhiéu trudng hop con giam di do ting lwong tap chit (Nguyén Vin
Han, 2022). Vi vay, chlng tdi chon quy trinh chiét 3 1an cho qué trinh nghién cuu tiép theo.

3.2. Nghién crru xay deng cong thiec va quy trinh bao ché cao léng Desugan

Tién hanh chiét xuat duoc liéu theo quy trinh khao sat duoc: chiét 75g dugc lidu bang phuong phdp
sic, ti 1é duogc liéu/ dung mdi 30/1, sic 3 1an, trong 2 gid 30 phut. Dich chiét thu duoc dé lang, loc, co dén
75ml.

3.2.1. Khdo sat thanh phdan td dwoc NaCMC

T4 dugc dugc thém vao theo qui trinh, thay doi ti 1¢ thanh phan ta duoc NaCMC Ian luot 0,03%; 0,05%,
0,07%; 0,09%. Ket qua khdo sat thanh phan ta dugc NaCMC trong cao long dugc the hién ¢ bang 5.
Bang 5. Két qua khao sat ti I¢ ta dipc NaCMC

Chi tieu Miu 1 Miu 2 Miu 3 Mau 4
thay doi
NaCMC 0,03% 0,05% 0,07% 0,09%
it Cao long, tach Iop it | Cao long, trong, ddng Cao sanh hon, dong
Do trong Iéfagijr?%%’iéicg cli(;pvlo hon, it 1dng can & nhét, khéng ling can, nhét, khéng ling can,
gc e day lo khong tach I6p khéng tach 16p,
D6 tan Cao long tan hoan toan Cao long tan hoan Cao long tan hoan toan Cao long tan hoan
j trong nudC toan trong nudC trong nudC toan trong nudC
Mui Mui thom duoc liéu Mui thom duoc liéu Mui thom duoc liéu Mui thom dugc liéu
Vi Ping, hau vi ngot Ding, hau vi ngot Ping, hau vi ngot Ding, hau vi ngot
Mau sac Nau dam Nau dam Nau dam Nau dam
pH 6,73 6,70 6,72 6,68

Vé d¢ trong: Mau 3 cao c6 thé chét long, trong, dong nhat, khong ling can, khdng tach 16p tét hon so
v6i mau 1,2,4. Vé do tan, mui, vi ca 4 mau déu dat tiéu chuan twong tu nhau, va khi tang ti 1¢ khéi lugng
NaCMC thi pH cua cao long it bi anh huéng. Do d6, mau 3 véi ti 16 NaCMC 0,07% duoc lya chon. Theo
S6 tay ta dugc (Handbook of Pharmaceutical Excipients) nong do NaCMC trong céc san pham dung
duong udng téi da 14 0,1 - 1 %, nghién ctu lya chon dugc ndng do thip hon 14 0,07% hoan toan phit hop
(Rowe, 2009).

GOm, pectin, chit nhay, protein, tinh bot, nhua va chét béo... 1a tap chit gay ling, gay van duc cho cao,
dugc loai bo bang cach dé lanh sau d6 gan, loc (Pham Thi Minh Hug, 2021). Nghién cau loc dich séic
trude va sau khi 6 dé loai dugc cac tap chat nay. NaCMC duoc thém vao véi ti 18 thich hop giup ting do
on dinh, d6 ddng nhét cho cao va han ché hién tuong ling. NaCMC hoa trong 0,5g Glycerin gitip ting do
phan tan ciia NaCMC, sau d6 thém nuéc ngam t6i khi truong nd hoan toan dé tranh hién tugng NaCMC
phan tan khong dong nhét khi thém vao cao.

3.2.2. Khdo sat thanh phdan td dioc NaOH 10%
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Thay doi thé tich dung dich NaOH 10% lan lugt 1ml, 2ml, 3ml, 4ml, 5ml, 6ml. K&t qua khéo sét thanh
phan t& duoc NaOH 10% trong cao long dugc thé hién ¢ bang 3.6.
Bang 6. Keét qua khao sat thé tich ta duwoc NaOH 10%

Chi tiéu Mau 0 Mau 1 Mau 2 Mau 3 Mau 4 Mau 5 Mau 6
NaOH
10% 0ml Iml 2ml 3ml 4ml 5ml 6ml
Cao long, | Cao long, Cao long, Cao long, Cao long, Cao long, Cao long,
trong, trong, A trong, A A A
adna nhat. | ddna nhét trong, dong 45na nhat trong, dong trong, dong trong, dong
) g nnat, 9 ML 1 hpst, khong 9MaL | nhit, khong | nhat, khong | nhat, khong
Do trong khong khéng 1% - khéng 1% - 15 - 1% «
ling cin ling can ang can, ling can ang can, ang can, ang can,
PN AL khéng tach AL khong tach khéng tach khong tach
khéng khoéng P khoéng s & s
tach I6p | téch Iép P téch 16p P P P
Cao long Cao long Cao long Cao long Cao long Ca0 16na tan Cao long
D6 tan tan hoan tan hoan tan hoan tan hoan tan hoan hoan tgén tan hoan
; toan trong | toan trong toan trong toan trong toan trong trone nuoe toan trong
nudc nudc nudc nudc nuoc g nuoc
MU Mui thom | Mui thom Mui thom Mui thom Mui thom Mui thom Mui thom
duoc liéu duoc liéu duoc liéu duoc liéu duoc liéu duoc liéu duoc liéu
Vi Ping, hoi | Ping, hau | Ding, hau | Ding, hau | Ding, hau bing, hau Ping, hau
: chua Vi ngot Vi ngot Vi ngot Vi ngot Vi ngot Vi ngot
Mau Nau dam Nau dam Nau dam Nau dam Nau dam Nau dam Nau dam
pH 4,56 4,99 5,3 57 6,15 6,54 7,14

Mau s 0 - cao dugc lidu ban dau, ¢6 vi dang, hoi chua, c6 tinh acid (pH = 4,56). Vi vy, hé dém citric-
citrate dugc dua vao cong thirc dé diéu chinh pH cua cao, phu hop vai pH dung duong uong Hé dém
citric- citrate c6 tac dung khoéa ion kim loai niang, nén gop phan giam qua trinh oxy héa cac chat dé bi oxy
hoa trong cao (V8 Xuan Minh, 2006).

Ca 6 mau cao (1-6) déu dat tiéu chuan vé do trong, do tan, mui, vi va mau sic. Khi ting thé tich dung
dich NaOH 10% tai 5ml hoac 6ml thi pH cua cao long trong khoang 6,5 -8,5 1a khoang pH cua dung dich
udng theo 1SO 21527. Lya chon thé tich dung dich NaOH 10% la 5ml (twong dwong 0,5g NaOH trong
90ml cao léng); %NaOH = 0,5/90 = 0,556% (kt/tt) dé xay dung cdng thirc bao ché, giam lwong ta dugc
NaOH céan dua vao cong thirc so véi lwong NaOH 10% la 6ml.

4. Két luan

Diéu ché dich chiét tir 75g duoc ligu gom Day thia canh 12g, Giao co lam 12g, Bo cong anh 24g, Kim
ngan hoa 18g, Co ngot 99 bang phuong phép sdc Véi ty 1é duoc liéu/dung moi 3071, chiét 3 lan, thoi gian
chiét 2 gio 30 phat. chh chiét dugc dé lang, gan loc va co dén 75ml. Cong thuc bao ché cao long
Desugan xay dung gom: 75ml cao long duoc liéu; 0,089 Acid citric; 0,556% Natri hydroxide (kl/tt);
0,07% Natri carboxymethylcellulose (kl/tt); 0,2g Nipagin; 2g Propylenglycol; 1g Isomalt; Nuéc RO vira
du 90ml. Quy trinh diéu ché thu duoc cao long Desugan c6 ham lugng saponin toan phan cao nhat, cam
quan (do trong, mui, vi, mau sic) phu hop, pH cua cao long trong khoang cho phép.
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ABSTRACT

Study to develop formula and preparation process of Desugan liquid
extracts from some medicinal herbs used to support type 2 diabetes

Nguyen Phuong Dung”, Tran VVan Thanh?, Nguyen Viet Hung?, Nguyen Manh Ha?, Le Thi Phuong Thao?

Vietnam University of Traditional Medicine
2Hanoi University of Mining and Geology

Desugan liquid extracts is extracted from medicinal herbs: Caulis et folium Gymnemae sylvestris,
Herba Gynostemmae, Herba Lactucae indicae, Flos Lonicerae, Folium Steviae rebaudianae are
medicinal herbs that have the effect of lowering blood sugar and supporting the treatment of Diabetes
mellitus. Stevia rebaudiana leaf contains steviol glycosides that are highly sweet but do not affect blood
glucose levels, and are used as sweeteners in products for people with diabetes. Conduct a survey on the
factors of solvent/medicinal ingredient ratio, extraction time, number of extractions and excipients to
develop a Desugan liquid extract formulation. The medicinal liquid extract is extracted by decoction
method, the ratio of solvent/medicinal material is 30/1, extracted 3 times in 2 hours and 30 minutes. Take
75ml of liquid extract and mix it with excipients including 0.08g of citric acid; 0.556% Sodium
hydroxdide (NaOH) (w/w); 0.07% Sodium carboxymethylcellulose (NaCMC) (w/w); 0.2g Nipagin; 29
Propylenglycol; 1g Isomalt; RO water is enough to make 90ml. The study has developed a formula and
process for Desugan liquid extract from medicinal herbs used to support diabetes.

Keywords: Desugan; Diabetes; liquid extract; preparation of liquid extract
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BN HOI NGHI TOAN QUOC KHOA HOC TRAI PAT
e VA TAI NGUYEN V@I PHAT TRIEN BEN VNG (ERSD 2024)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Nghién ciu quy trinh chiét xuat Scopolamin trong cay Ca doc duoc
chita bénh dong Parkinson

Nguyén Thu Ha, Vii Thi Minh Hong, Lé Thj Vinh*
Truong Dai hoc Mo - Dja chat

TOM TAT

Ca doc dugc con goi 1a man da la (hoa tring), tén khoa hoc 1a Datura metel L, thugc ho ca Solanaceae (ca
duoc, ca dién). Cay ca dwoc trong tai huyén Binh Xuyén, tinh Vinh Phuc duoc sir dung lam nguyén liéu dé
chiét xuat Scopolamin. Hoat chat Scopolamin thu duoc cé cong thirc phan tir C17H21NO4 12 mét alkaloid
khong mui, khong vi, d& bay hoi. Thudc Scopolamin 12 mét trong cac loai thudc liét d6i giao cam c6 ngudn
gbc thién nhién c6 tac dung diéu tri mot sé rdi loan va bénh 1y lién quan dén hé than kinh nhu bénh
Parkinson, say tau xe, hoi ching rudt kich thich. Tuy nhién. Scopolamin c6 thé gay mét tri nhé va lam mét
y thirc tam thoi ciia ngudi sir dung vi Scopolamine s& ngan chin ngay tir giai doan dau, khong dé ky tc
dugc hinh thanh. Trong bai viét nay chdng téi mudn gidi thiéu vé quy trinh chiét xuat va tinh ché
Scopolamin tir ca doc duoc hoa tring.

Tur khoa: Ca doc dugc; Scopolamin; parkinson

1. Pit van dé

Ca doc duoc c6 tén khoa hoc 1a Datura metel L. (f. alba va Viole); Ho ca - Solanaceae.

Dic diém thuc vat: than thao moc hang nim, cao tir 1 - 1,5 m. La moc cach gan ngon moc d6i hay moc
vong, phién 1a hinh trimg, dai tir 9 - 16 cm, noi rong tir 4 - 9 cm, gdc 14 1éch, ngon la nhon, mép 14 it khi
nguyén, thuong luon song hodc hoi x¢ tir 3 - 4 rang cua. Mét 14 lac non ¢6 nhiéu 10ng, sau rung dan. Hoa
to moc riéng 1é & k& 14, cudng hoa dai tir 1 - 2 cm. Pai hoa hinh éng ¢6 5 gan ndi rd rét, dai tir 5 - 8 cm,
rong tir 1,5 - 2 cm. Khi hoa héo, mot phan con lai trudng thanh vi qua gidng hinh cai mam. Trang to hinh
phéu c6 mau tring hodc tim. Qua hinh ciu, mét ngoai c6 gai, dudong kinh chimg 3 cm. Qua non mau xanh,
khi gia mau nau va c6 nhiéu hat hinh tring det, dai tir 3 - 5 mm, day 1mm canh c6 nhimg vén ndi (B3 Huy
Bich, 2004); (V& Van Chi, 2019).

Hinh 1. Cdy ca déc duoc

* Tac gid lién h¢
Email: lethivinh@humg.edu.vn
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Cay Ca doc dugc dugc phan bd (moc hoang) & nhiing noi d¢at mun hoi 4m va duoc trong khap noi tai
Viét Nam, Cambodia, Lao, An P9, Malaysia, Trung Qudc... dé lam canh va lam thubc. O nudc ta c6 nhiéu
& nhirg ving Vinh Phuc, Thanh Héa, Nghé An, Thai Binh, Ninh Thuan...(Dd Tan Loi, 2004); (Tran Thi
Thu Ha, 2019).

Ca doc duge duoc thu hai vao luc cdy sap va dang ra hoa khoang thang 5, 6 dén hét thang 9, 10. Hoa hai
vao céc thang 8, 9, 10. Hat léy ¢ nhiing qua chin nga mau nau. By phan dung dé chiét xuét 1a 14, hoa, qua
chua chin, hat va r& (B6 Y t&, 2009); (V5 Vian Chi, 2019). Y hoc ¢ truyén dung la dé giam dau dau va lam
diu con dau cta bénh thap khép va bénh gut, hoi ciia 14 chay dé chita hen suyén va phé quan. Hat dé giam
dau, tay giun, chéng viém. Hat va 14 c6 tac dung an than sir dung cho bénh nhéan c¢é ching cudng loan.

Thanh phan héa hoc chinh cua Ca Bdc Dugc cé trong cac bd phan cua cdy déu c6 chira Scopolamim,
Ngoai ra con co hyoscyamin, atropin, norhyoscyamim. Ham lugng alcaloid toan phan & 14 tir 0,10 - 0,60 %,
1 tir 0,10 - 0,20 %, hat tir 0,20 - 0,50 % , qué 0,12 %, hoa tir 0,25 - 0,60 %. Ty 1¢ cac alcaloid trén thay d6i
tiy theo bo phan va thoi ky thu hai (Bo Y té, 2009); (A. Wagas, 2021); (T. Islam, 2023).

Solanine (c_»,n0,,)
3

Scopolamine ~ ~—— Atropine (c . no,)
(c H,NnO,)
HiC—N. SN,
>— Y OH
- _OH v \‘ §
o 1 T e
'S )
) o >
o |
Hyoscyamine
- (c n1,n0,)
N% _OH
O s, g .
o U Butnariu M. 2012

Hinh 2. Cdc chdt héa hoc va cdu triic quan trong & ca doc duoe,

Scopolamine 1 chét déi khang thu thé muscarinic khdng chon loc, & liéu cao ciing c¢6 tac dung véi thu
thé nicotinic, do cé c4u trac twong tu acetylcholine nén né canh tranh véi acetylcholine (ACh) va cac chat
chu van muscarinic khac dé gianh vi tri lién két chung trén thy thé muscarinic. N6i cach khac, Scopolamine
ddi khang véi hoat dong cua acetylcholine dwoc trung gian bai cac thu thé muscarinic trong hé than kinh
trung wong va khép co thé, gay ra mot sé tac dung diéu tri va tac dung phu lién quan dén sy thay doi cua
hé than kinh phé giao cam va tin hiéu cholinergic (Schmeller va nnk, 1995). Khi co thé ¢ tinh trang doi hoi
giam hoat dong phd giao cam, chu yéu 1a d6i voi cac co quan dich nhu mat, duong tiéu hoa, tim va cac
tuyén tiét nudc bot va phé quan, mat khac scopamine cé kha nang tham qua hang rao mau ndo, cé thé tac
dong Ién hé than kinh. Trong y hoc, n6 dwoc st dung & lidu twong dbi, trong diéu tri say tau xe va budn
ndn, ndn sau phau thuat, bénh parkinson, duge dong hoc va duoc luc hoc cia thudc Scopolamine phu thuge
vao dang bao ché cua thudc. (G. Jmii , 2024); (T. Islam, 2023).

2. Co 6 ly thuyét va phuwong phap nghién ctiu
2.1. Phwong phdp trao doi ion

Phuong phép trao d6i ion dya vao sy trao doi thuan nghich giita cac ion trong dung dich muéi alcaloid
va cac ion da bi hap phu trén Chat mang (nhua trao di ion). Cac nhya trao doi ion (1non1t) duoc dung la
céc cationit (nhiing cao phan tur ran mang nhom axit ¢ kha nang hap thu cac cation) va cac anionit (nhiing
cao phan tir ran mang nhom base c6 kha nang hap thu cac anionit). Cac nhya trao doi nay khong tan trong
nuéc va cac dung méi hitu co. Mudi alcaloid hoa tan trong nudc tao ra cac cation I6n (D6 Tan Loi, 2004);
(P4 Huy Bich, 2004).

Qua trinh trao déi cua dung dich mudi alcaloid véi nhya trao d6i ion khi str dung cationit xay ra nhu sau:

Cat .H[BH]*CI' > Cat-[BH]'H* + CI
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Nhuya cationit hip thu tao ra mudi va s& dugc day ra khi c6 dung dich kiém hozc amoniac xay ra theo
phan ung sau:
Cat.[BH]*H* + [NH4*OH —  Cat.[NHa]* + B + H20
Scopolamin 1a alcaloid base khong hoa tan trong nude, dugc gitr lai trong cot va sau d6 dwoc chiét ra
bang dung mdi hitu co

2.2. Phwong phdp chiét alcaloid dwdi dang bazo bang dung moi hitu co khéong phin cuc
Giai doan 1: Chuan bj nguyén liéu

Nguyén li¢u: La, hoa, hat cay ca doc dugc tuoi dugc thu hai tai huyén Binh Xuyén, tinh Vinh Phuc. Sau
khi thu hal nguyeén li¢u dugc rua sach de loai bo dat, Cat bo nhitng phan duoc liéu khong da chat luong, dé
r40 nudC roi ¢t lat mong sau ¢ dem sy kho, say nho roi duoc bao quan hat chan khéng o nhiét do phong
trong tdi nilon (Tué Tinh, 2007).

Ca djc duge

| Rira sach, cit 14t, siy kha, xay nhé |

Bt ca djc dwgc

| Ngéam trong dung dich acid l

k.

Dich chiét Bi lgc bé
Loc
A
Dich lgc Cin Scopolamin toan phin

Sdy kha, chiét

Dich chiét thé Dich chiét
r
A, v
Dung méi thu hdi Dich cé dic
két tinh nhiéu lan
y
Tinh thé *| Scopolamin

Hinh 3. Quy trinh chiét xudt Scopolamin tir cdy ca déc duwoc

Pé tang kha ning chiét chlng tdi xay nhé duoc liéu truéc khi chiét nham lam ting bé mat tiép xuc gitra
pha ran va pha long, ddy nhanh qua trinh khuyéch tan. Tuy nhién, néu chia nho duoc liéu quéa dung mai s&
kho chuyén dong qua dwoc khdi duoc liéu va rat kho thu dugc dich chiét.

Mau duoc giam dinh tén khoa hoc dua vao dac tinh hinh thai mé ta trong cac tai liéu vé thuc vat va dugc
dién (B4 Huy Bich, 2004); (B Tét Loi, 2004); (Bo Y Té, 2009).

Giai doan 2: Chiét nguyén ligu

- Chiét xuit Scopolamine tir cay ca doc dugc da duoc so ché: Nguyén lidu thé sau khi so ché dwoc ngam
va chiét xuét bang dung mdi thich hop 13 ethyl acetate (CHsCOOC;Hs) dé thu dwoc dich chiét Scopolamin.

- Biéu chinh kiém héa, dich chiét dugc kiém héa bing NaOH chuyén dbi Scopolamin thanh dang muéi.

- Phan ung este héa dich chiét dugc didu chinh bang kiém duoc cho phan ng véi tac nhan acyl hda thich
hop (AC.0) dé tao thanh san pham este hoa cua Scopolamin.
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- Phan tmg duoc thyc hién trong diéu kién 6n hoa.
Ci7H2104 + CH.O -> Metyl Scopolamin + H,0
- Phan ung axit hoa: San pham este hoa dugc axit hoa dé chuyén né thanh axit twong ng.
Metyl Scopolamin ~ + H,SOs > Cy7H2104 + CH4O

Chiét dung dich tir cao duoc lidu ca doc duge sau khi di duoc kiém héa bang dung méi khong phéan cuc
Ia Cloroform.

Str dung binh gan va céc dung cu chiét chat long bang binh ngdm kiét. Gop cac dich chiét mudi
Scopolamin lai rdi kiém héa dé chuyén Scopolamin sang dang base, lic nhe voi dung méi hiru co thich hop
nhiéu lan dé lang kiét Scopolamin base. Sau khi lay riéng 16p dung méi hitu co c6 chira Scopolamin base,
loai nudc bang mudi trung tinh khan nuwdc NazSQq, rdi cat thu hoi dung mdi hodc bdc hoi dung méi s& thu
duoc can Scopolamin thd (B Huy Bich, 2004).

Giai doan 3: Tinh ché

Tinh ché thu dugc céc Scopolamin bang cach chuyén dang mudi véi axit va chuyén dang base bang kiém
va phan chia ching giira hai pha dung mdi hiru co khong phan cuc va nudce dé loai bo cac tap chat khdng
phai la Scopolamin.

Scopolamin thé duoc tinh ché bang cach chuyén né nhiéu Ian tir dung méi hiru co sang dung méi nuéc
va nguoc lai, cudi cung 1am bdc hoi dung méi bang céch thuy thu dwoc san pham dang tinh khiét.

St dung phuong phap trao dbi ion dé tach riéng Scopolamin.

2.3. Dinh tinh va dinh lweng Scopolamin
Dinh tinh Scopolamin trén tiéu bdn thec vit

Dung thudc thir Mandelin, vi protid ciing cho két tia vai thudc thir nay nén dé cé két luan chic chan
ching t6i dung hai tiéu ban;

Mot tiéu ban thi nhat: Nho mét giot thudc thir Mandelin vao dung dich Scopolamin tinh khiét chuan
da duogc diéu ché tinh khiét c6 ban ngoai thi truong, doi mét lac rdi soi kinh hién vi thu dwoc két tua mau
do (phan tng cua Scopolamim).

Mot tiéu ban thtr hai: LAy khoang 3 gam bot dwoc liéu cho vao 1 binh nén. Kiém héa phan tng bing
dung dich amoniac rdi thém vao 10ml hdn hop ether — cloroform. Bé yén 30 phat dén 1 gio, thi thoang lic
déu. Chiét dung dich ether-cloroform vao mét chau két tinh, dun cach thiy cho dén can hét. Nho vao cin 2
giot acid nitri ddm dac, dun néng cho dén khi khd. Thém 3- 5 giot aceton va vai giot dung dich KOH 10%
trong con, mau tim chuyén nhanh sang mau dé tham.

Dinh lwong Scopolamin

Theo Dugc dién Viét Nam II quy dinh trong 14 ca doc duoc phai chira it nhat 0,12% Scopolamin toan
phan biéu thi bang hyoscyamin (C17H21NOy).

Dinh luong Scopolamin toan phéan trong ca doc dugc theo phuong phap do thé tich.

Ngoai ra, ¢ thé dinh lugng trong méi truong khan: Can chinh xac 3 gam bot dwoc liéu, tron ki véi 1 ml
amoniac dac. Chiét lanh biang may Lorinez véi 150 ml benzen.

Chuyén Scopolamin sang dang mudi bang cach lic 4 1an, mdi 1an 10 ml H,SO4 2N. Gan dich chiét acid
vao binh dinh muc 50 ml, thém H,SO4 2N cho du 50 ml.

Kiém hoa bang amoniac dam dic dén pH tir 8-9. Lic véi cloroform hai lan dau, mdi lan 20 ml, hai lan
sau, mdi lan 10 ml.

Gop dich chiét cloroform tinh khiét thém 5 ml acid acetic tinh khiét va 1-2 giot chi thi tim gentian, dung
dich c6 mau tim. Chuan d6 dung dich bang acid percloric 0,02N dén khi dung dich c6 mau xanh nudc bién.
3. Két qua va thao luan

1C _”

Och o

0

Hinh 4. Céng thitc cdu tao cria Scopolamin
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Véi myc dich mong mudn tim ra mét quy trinh chiét xuat Scopolamin don gian, higu qua, ré tién dé cé
thé tng dung duogc rong réi trong thuc té. Két qua céc thi nghiém cho thay:

- Phuong phap ngam chiét Scopolamin duéi dang base bang dung mdi hitu co khong phan cuc vai ti 18
1/6 giita bot nguyén liéu cay ca doc dugc va thé tich dung dich H2SO4 2N cho hiéu suat trich ly cao nhét.

- Binh tinh, hop chat thu dugc trén tiéu ban thuc vat sir dung thudc thir Bouchardat dat do tinh khiét cao.
Dinh lugng Scopolamin trong dung dich chiét tir ca doc duoc theo phuong phép do thé tich. Cac két qua
dinh tinh phi hop véi phuong phap dinh tinh twong tmg dugc ghi tai Dugc dién Viét Nam, Scopolamin
trén tiéu ban thyc vat 1a tinh thé mau vang nhat, khéng mui, khong vi; khi tiép xtc véi anh sang hoic nhiét
dé bi chuyén mau vang dam hon; dé tan trong axit sulfuric lodng, tan trong chloroform, it tan ethanol va
ether, khong tan trong nuéc (Bo Y té, 2009).

Str dung phuong phap chiét xuat trong méi truong kiém trong dung méi hiru co khong phén cyc dinh
lwgng Scopolamin, sau khi tinh toan dat dugc do tinh khiét 92%, véi hiéu suat trich ly cao nhat dat 0,35%
(Bo Y té, 2009).

4. Két luan

- Pa xay dyung dugc qui trinh chiét xuat Scopolamin trong ca doc duge.

- ba xac dinh scolopolamin trong ca doc dugc tai huyén Binh Xuyén tinh Vinh Phuc.

- Chu tric hoa hoc duoce dinh tinh trén tiéu ban thuc vat.

- Bot duoc lidu tho da co 1ap duge Scopolamin dat do tinh khiét cao, hidu sudt trich ly cao.

- Tur két qua nghién ctru trén, chung t6i dé xuat nhan rong viing nguyén lidu trong cay ca doc duoc dat
tiéu chuan Vietgap dé 1am duoc liéu chiét suat Scopolamin ty nhién phuc vu trong nganh dugc phém tai
Viét Nam va xuat khau.
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ABSTRACT

Research on the process of extracting Scopolamin in the plant
Datura metel L

Nguyen Thu Ha, Vu Thi Minh Hong, Le Thi Vinh"
Hanoi University of Mining and Geology

Datura is a type of plant that belongs to the family Solanaceae. Datura grown in Binh Xuyen district,
Vinh Phuc province is used as a raw material to extract Scopolamine. Scopolamine has the molecular
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formula C17H21NOy4, is an odorless, tasteless, volatile alkaloid. Scopolamine is one of the parasympathetic
drugs of natural origin that is effective in treating a number of diseases such as Parkinson's disease, motion
sickness, and irritable bowel syndrome. However, Scopolamine can cause memory loss and temporary loss
of consciousness because it will prevent it from the early stages, preventing memories from being formed.
In this article we would like to introduce the process of extracting and purifying Scopolamine from white
flower Datura.

Keywords: Datura; Scopolamine; Parkinson
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E RSE HOI NGHI TOAN QUOC KHOA HQOC TRAI BAT
SAR SO VA TAI NGUYEN VO'I PHAT TRIEN BEN VIPNG (ERSD 2024)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Nghién ciru nguyén Iy va img dung cua phuong phap chiét xuat siéu
ti han vai luu chat CO»

V6 Thi Hanh", Vi Thi Minh Hong, Pham Tién Diing, Nguy&n Manh Ha
Truong Dai hoc Mé - Dja chat

TOM TAT

Luu chat carbon dioxide siéu tgi han ¢ ti trong cao, ¢6 d6 linh dong cao nén kha nang khuéch tan manh,
d6 nhét thap, sirc cang bé mat thap, kha nang hoa tan dé diéu chinh bang nhiét 6 va ap suat nén c6 thé ung
dung diing 1am dung mai chiét tch mang lai nhicu lgi thé hon so véi viéc s dung cac dung mai truyen
thong Bai viét nay sé gioi thiéu tong quan vé nguyén tic hoat dong cung nhu cac img dung dung cong nghé
chiét xuat bang luu chit CO; siéu téi han trong nghién ciru va san xuat.

Tir khéa: CO; siéu téi han; Cong nghé chiét xuét; Luu chat CO,

1. Pit véan dé

Nudc ta ¢6 nguon duoc ligu doi dao véi gan 4000 cay thudc c6 the sir dung lam thudc hoc dung dé tach
chiét mot sé hoat chat ding trong bao che Dong dugc. Tuy nhién, do cdng nghé tach chiét tinh khiét con
han ché nén chua khai thac dwoc ngudn duoc lidu sin c6 ndy, ngudn dugc liéu trong nuéc méi dap tng
dugc khoang 51,56%, con lai 48,44% phai nhap khau tir nudc ngoai.

Hién nay, c6 nhidu céng nghé chiét xuat khac nhau dugc sir dung trong san xuit dugc pham va trong
nghién ciru khoa hoc nhu phuong phap chiét truyén thong, phuong phap chiét xuat bang dung méi siéu toi
han, chiét xuat bang dac ching sinh hoc,... Phuong phap chiét xuat truyén théng thuong sir dung dung moi
nudc hoac cac dung mdi hiru co nhu ethanol, hexane, hoac acetone,... Khi st dung dung méi nuéc, mac
du nudc than thién véi méi truong tuy nhién lai gap khé khan khi chiét xuét cac hop chat khdng tan trong
nudéc, con khi sir dung cac dung mdi hitu co do cac dung méi nay kho loai bo hoan toan ra khoi san pham
nén gay lo ngai téi van dé doc hai, ngoai ra voi phuong phap chiét xuat ding dung méi thuong duoc thyc
hién & nhiét do cao nén dé gay chéay nd, gay 6 nhiém va lam phan hay céc hoat chit c6 trong san pham. Véi
phuong phap chiét xuat sinh hoc, day 1a mot phuong phap tién tién va than thién véi méi truong, 6 thé si
dung céc enzyme hoic vi khuan dé chiét xuat cac hop chat, tuy nhién phuong phéap nay c6 dé chon loc cao
va c6 tinh ddc thi nén khong phé bién rong réi [Lanh Thi Ngoc, 2018].

Gan day, phuong phap chiét xuat bing dung mdi siéu téi han dang rat dwoc quan tdm va dugc dénh gia
cao, vi ddy 1a mot phuong phap hién dai, than thién véi moi truong, cho hiéu Sut va chét lugng dich chiét
tt. Trong phuwong phap chiét xuat bang dung méi siéu téi han, dung moi thong dung nhat 1a CO;, day la
mot dung moi khong phan cuc, khong doc hai, gia thanh re, khong chay, thoi gian chiét xuit ngan ma hiéu
suét lai cao hon S0 Véi cac phuong phap truyén thong. Ngoai ra, phuong phap chiét xuat dung CO; siéu toi
han da khac phuc dugc cac nhugc diém caa phwong phap chiét xuat truyen thdng nhu: chiét xuat ¢ nhiét
d6 thap nén cac hop chat dé bi phan huy nhu protein, vitamin, enzym... van giir nguyén trang thai héa hoc
ban dau, dich chiét thu dugc s& co ham lugng cac hop chat chiét cao va do CO, d& dang hoa hoi nén ¢ thé
loai bo hoan toan sau khi chiét va khong gy doc cho san pham [Akanda, 2012; Akbari, 2015; Balentié,
2017],... Do d6 phuong phép nay dang ngay cang dwoc &p dung nhiéu va dan dan tién téi thay thé cho viéc
chiét xuat bang dung mdi nudc va dung méi hiru co.

Cong nghé chiét xuat siéu t6i han véi luu chit CO, (SCO,) di ¢ nhitng tng dung trong nhiéu linh vuc
nhu thuc pham, y duoc, héa hoc, vat lidu va méi truong. .. Trong bai bao nay s& trinh bay téng quan vé
nguyén Iy caa phuong phap SCO,, ciing nhu cac ung dung cua nd trong thyc tién.

2. Nguyén ly cia phuwong phap SCO:

Hinh 1 thé hi¢n gian d6 pha nhiét do - &p suét cia CO,. Trong gian d6 nay cho thiy CO, c6 thé ton tai &
mot trong 3 trang thai ran, long, khi va sy soi tach biét vung chat khi va chat long sé két thic tai diem téi

*Tac gia lién h¢
Email: vothihanh@humg.edu.vn
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han tai nhiét d6 304,1 K va ap suat 73,8 bar. Khi nhiét do va ap suit cao hon diém téi han nay, lic d6 pha
long va pha khi bién mat, khi ¢6 CO; s& ton tai & dang mét pha, dwoc goi 1a pha siéu t6i han va CO, & trang
thai siéu toi han [Balenti¢, 2017].

Sy xuét hién pha CO; siéu téi han ciing c6 thé quan sat dugc trong gian d6 pha &p suat - ty trong cua
CO2 (Hinh 2): khi p suét tang, khi bi nén nén ti trong ciing tang I&n. O nhiét d6 thap hon nhiét do t6i han
(304,1 K), &p suit ting dén khoang hon 40 bar thi CO, ngung tu thanh chat long cé ty trong cao, thé hién
bang duong dudng gian doan (dwdng chim cham giita pha long va pha khi), khi d6 hé gom 2 pha nim &
trang thai can bang: pha long dam dic va pha khi c6 ty trong thap. Khi nhiét d6 tién gan nhiét do toi han,
ty trong cuia chét khi tang 1én va cuia chat long giam di. Tai diém ti han, (304,1 K va 7,38 MPa (73,8 bar)),
khong c6 su khéc biét vé ty trong giira hai pha va hai pha tré thanh mot pha siéu téi han. O nhiét d6 cao
nhiét d téi han, trén dudi nhiét do 310 K, va trong viing 1an can cua &p suét ti han, viéc thay doi nho vé
&p suat cing gy ra sy tang 16n Vé ty trong cua pha siéu téi han. O nhiét @6 cao hon (khoang 330 K), luu
chat CO, bat dau hoat dong gidng nhu chat khi. O nhiét do 400 K, ty trong ting gin nhu tuyén tinh vai ap
suét [Abdullah, 2006].
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25100 2
E: critical peint 2 400 -+
3
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pressure (bar)
Hinh 1. Gidn dé pha nhiét dé - ap suat CO; Hinh 2. Gidn dé pha p sudt — ty trong CO2
[Zzhang, 2014] [Abdullah, 2006]

Khi nhiét d¢ va ap suat tang, su thay doi bé mat phan chia pha cua CO; thé hién rd & hinh 3. Dudi nhiét
d6 va &p suat téi han, duong phan chia 2 pha long - khi thé hién rd bang dwdng ngin cach (anh 1); Khi ting
nhiét d¢ s& lam cho ti trong chat long va khi gan nhau hon va duong ngan cach 2 pha mo dan (anh 2); Tiép
tuc tang nhiét do cao hon nita dudng phan cach 2 pha van con nhung khé quan sat (anh 3); Sau khi dat téi
nhiét d6 va &p suit téi han, duong phan cach gitta 2 pha khéng con nita, khdng con ton tai 2 pha nita ma da
tao thanh 1 pha ddng nhat (anh 4) [Abdullah, 2006].

1 2 3 i
I | v .
Hinh 3. Bé mat phan chia pha ciia CO2 khi tang nhiét d va dp sudt [Abdullah, 2006]
3. Trang thai siéu téi han CO:

Thong thuong véi mot chat khi khi bj nén dang nhiét toi mot ap suat du cao, chat khi s& hoa long va
nguo lai. Tuy nhién, ¢6 mot gia tri ap suat ma tai d6, chat long khong hoa hoi trg lai khi tang nhiét do, ma
ton taj & mot dang dac biét goi latrang théi,siéu tGi han. O trang thai nay chat s&€ mang dic tinh wu viét cua
ca chat khi va chat long, chang han nhu chat sé ¢ ti trong twong duong véi ti trong ctaa pha long nhung ¢o6

tinh chat cua chét ¢ trang thai khi: sy linh dong cua cac phan tir lon, hé s6 khuéch tén cao, sirc cang bé mat
nhé. Bang 1 cho thay ti trong, d6 khuéch tan va @6 nhét cia CO; & trang thai khi, 16ng va siéu téi han.
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Bang 1. Cac thdng so vat Iy cua CO, ¢ cac trang thai khi, long va siéu toi han [Balentié, 2017]
Trang thai Ty trong (g/mL) | Khuéch tan (cm?/s) | Do nhét (g/cm?/s)
Khi 103 10! 104
Siéu téi han 10t +1 104+10°% 103
Léng 1 5.10° 102

Mot s hop chat da dugc nghién ciru lam dung méi chiét xuat siéu tinh khiét: etan, propan, hexan, pentan,
etylen, dimetyl ete, butan, dinito monoxit... V& nguyén tic, bat ky dung méi nao ciing c6 thé dugc sir dung
nhu mét dung mai siéu téi han. Tuy nhién, trén thuc té do tinh kha thi ky thuat (cac dac tinh téi han), doc
tinh, chi phi va kha ning hoa tan quyét dinh dung méi phi hop nhat cho wng dung cu thé. Bang 2 giéi thiéu
mot s thong sé nhu nhiét do, ap suat va ti trong ciia mot s dung moi.

Bang 2. Tinh chdt téi hgn cia cac dung méi khac nhau [Raful, 2011; Zhang, 2014]

bung m Khéi lwong phan tie | Nhigr dé téi han | Ap sudt téi hgn | Titreng téi han
g/mol K Mpa (atm) g/cm?®
CO, 44,01 304,1 7,37 (72,8) 0,469
H20 18,015 647,096 22,064 (217,755) 0,322
CH, 16,04 190,4 4,60 (45,4) 0,162
C2Hs 30,07 305,3 4,87 (48,1) 0,203
CsHg 44,09 369,8 4,25 (41,9) 0,217
CoHs 28,05 2824 5,04 (49,7) 0,215
CsHe 42,08 2649 4,60 (45,4) 0,232
CHsOH 32,04 512,6 8,09 (79,8) 0,272
C2HsOH 46,07 513,9 6,14 (60,6) 0,276
C3HsO 58,08 508,1 4,70 (46,4) 0,278
N20 44,013 44,013 306,57 0,452

Béng cach thay doi 4p suit va nhiét do, cac dac tinh cua chat Iuu cé thé dugc thay d6i cho phu hop voi
yéu cau, nhu tinh chat c6 thé gidng véi chit long hon hoic gidng véi chat khi hon. M6t tinh chat quan trong
ctia chét luu 12 kha nang hoa tan céc chat. O nhiét do khong doi, do hoa tan co xu hudng ting theo ap suat,
ma 4p suit tang, ty trong tang nén kha ning hoa tan trong chat luu siéu tdi han ciing ¢6 xu huéng ting theo
ty trong cua chat luu. Con kha ning hoa tan dya vao nhiét do s& phuc tap hon. Thong thuong khi ty trong
khong dbi, 4o hoa tan s& tang theo nhiét do. Tuy nhién, gan dén diém t6i han, ty trong c6 thé giam manh
khi tang nhe nhiét d6. Do do, gan véi nhiét do téi han, d6 hoa tan thuong giam khi nhiét do tang, rdi sau do
tang tro lai. Nhin chung, hop chét cang d& bay hoi thi 6 hoa tan cua né trong luu chit CO, cang cao va
qua trinh chiét xuét chat long siéu téi han cang dé dang. Bang 3 cho thdy kha ning hoa tan ciia mét s6 chét
trong dung méi CO..

Bang 3. Cac chat hoa tan trong CO;

Dé hoa tan Hoa tan Khoéng hoa tan
Este, alcohol Déu thuc pham tir céc hat c6 dau Puong
Aldehyd, Xeton Sap Axit tréi cay
Chét d& bay hoi/tinh dau Polyphenol Tinh bot
Huong liéu Protein
Mudi khoang
Glycoside
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4. Ung dung c6ng nghé SCO-

Cong nghé chiét xuat siéu téi han véi luu chit CO, da duoc (ing dung tir [au ¢ nhiéu qudc gia nhu Dic,
Y, An Do, Han Quéc, Pai Loan, Trung Qudc... Theo ngudn thong tin tir co s& dir liéu Wipsglobal, tir nim
1980 dén 2014 di c6 291 sang ché dang ky bao ho vé cdng nghé siéu ti han sir dung luu chit COy, khi dua
vao bang phan loai sang ché quéc té IPC (International Patent Classification) nhan thay lugng sang ché tap
trung nhiéu vao mot sé6 nhém nghlen ctru nhu hinh 4 [Phan Tai Huén, 2014]. Tir d6, cho thdy céng nghé
SCO; di dugc tng dung trong nhiéu linh vyuc khéc nhau:

Dau, chét béo tir
thuc vat, 16.84%

Tinh diu
thom, 4.81%

Trich ly hop chit
tir thao dugc lam
dugce
pham, 14.78%

Céc huong NC
khac, 50.52%

] Thuc
pham, 11.00%

My pham, 2.06%
Ky
thudt, 15.81%

Hinh 4. Tinh hinh déng ky sing ché vé cong nghé trich ly si- dung CO siéu téi han theo bang phan logi
sang ché quoc té IPC [Phan Tgi Huén, 2014]

Trong sdn xudt dwec phdm: Nhidu nghién ctu cho thay, chiét xuit bang CO, siéu t6i han thuong dwoc
sir dung trong chiét xuat dau va tinh dau chat luvong cao ¢ ngudn gdc tir thyc vat. Tai Han Quéc, da ung
dung céng nghé nay trong chiét xuat cac hop chat dugc ligu tir nam linh chi Han Quéc va tir dong tring ha
thao..., tai Malaysia cong nghé SCO, d4 mang lai hi¢u qua kinh té cao cho nganh san xuét dau co [Akanda,
2012]. Con & Viét Nam, da tng dung SCO; trong chiét xuat duoc chat va tinh dau tir duoc liéu thién nhién:
Vién cdng nghé hoa hoc dung cong nghé SCO, trong san xuat tinh dau tram tir cdy do; Trudng Pai hoc
Noéng Lam TP.HCM da ap dung cong nghé nay dé trich ly dau gac va két qua cho thay hiéu qua trich ly dau
gac 1én dén 91,5 %, tinh dau thu dugc chira ham lwong vitamin E, B-caroten va lycopene cao hon gap nhiéu
Ian so véi cong nghé ép gia nhiét hodc sir dung dung moi hitu co truyén théng, [Phan Tai Huan, 2014];
Ngoai ra, cac nha nghién ctru tai Viét Nam ciing di ap dung cong nghé SCO; trong chiét xut tinh ddu hoa
nhai [N.T.T Huong, 2004], tinh dau tiéu [Phan Nhat Minh, 2006], dau md u [Nguyén Hiru Hiéu, 2016],
chiét xuat tinh dau toi [Nguyén Vian Khanh, 2020], dau cdm gao [Nguyén Vian Khanh, 2021] , trong san
Xuat cao chiét giao co lam [Nguyén Chau Anh, 2024], .

Trong sdn xudt theec pham da ap dung phuong phap SCOz dé thu hdi cac hop cht tao mau, mui, vi caa
thién nhién dua vao thuc pham nhu sic t6 tao mau tir 6t do; céc hop chat tao huong tir tréi cay; khir mui
dau c&; chiét hop chat tir hoa Houblon trong san xuét bia; dic biét 1a da tach caffein tir tra va ca phé lam
cho san pham c6 mui thom hon va lugng caffeine dugc chiét xuét ra duoc sir dung cho nganh céng nghiép
dugc pham [Phan Thi Phuong Thao, 2021; Balenti¢, 2017; Boyaci, 2012]

Trong san xudt my pham: chiét tach cac hop chét ty nhién dua vao my pham, hd tro viéc tai tao collagen,
ngan ngira ldo hoa da,... di tir ngudn nguyén liéu thao dugc [Hoang Vian Luong, 2009].

Trong ky thugt: phuong phap SCO; di tng dung trong ché tao vat liéu ban dan silicon; trong diéu ché
cac hat c6 ciu trdc nano hoic tao I6p phu bé mat [Silva, 2014]; trong san xuét polymer ngudn gbc thuc vat
cho nganh dugc pham [Akbari, 2015]... O Viét Nam, tng dung SCO, trong cong nghé ma nickel két qua
cho thy so véi I6p ma truyén thdng, d6 ciing cua I6p ma nickel trong méi trudng siéu téi han CO; cao gip
d6i, tng suat bén, do chiu mai mon va chiu mon héa hoc cao hon [Nguyén Vin Cuong, 2014].

5. Két luan

Cong nghé SCO, Ia mot ky thuat hién dai va c6 nhiéu wu diém so véi phuong phép chiét xuat truyen
thong. Trén thé giéi SCO; da dugc tng dung trong nghién ctru va san xuat ¢ nhiéu linh vyc khac nhau, va
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chimg minh dugc hiéu qua kinh té cua no. Tuy nhién tai Viét Nam, cong nghé nay kha méi me. Véi nhu
cau cua nganh cong nghiép thuc pham dé tao san pham ¢6 ham lugng chat dinh dudng, cling nhu nhu cau
phét trién cac loai thudc, ché pham mai cé nguon gdc thao dugc trong nganh dwoc phiam néi chung va Pong
y noi riéng, ... cac nha khoa hoc ¢ nudc ta can day manh nghién ciru va ing dung hon nira cdng nghé SCO,
trong thuc .
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ABSTRACT

Study of the Principles and Applications of Supercritical CO2 Fluid
Extraction

Vo Thi Hanh*, Vu Thi Minh Hong, Pham Tien Dung, Nguyen Manh Ha
Hanoi University of Mining and Geology

Supercritical carbon dioxide (CO2) has a high density, strong diffusion capability, low surface tension,
high flexibility, low viscosity, and easily adjustable solvation capability through temperature and pressure
changes. These properties make it suitable as a solvent for extraction, offering numerous advantages over
traditional solvents. This article provides an overview of the principles of operation and various applications
of supercritical CO; extraction technology.

Keywords: Supercritical CO2; Extraction Technology; CO; Fluid

1410



E RSE HOI NGHI TOAN QUOC KHOA HQOC TRAI BAT
SAR SO VA TAI NGUYEN VO'I PHAT TRIEN BEN VIPNG (ERSD 2024)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Thyc trang 0 nhiém thudc khang sinh
tac dong dén con ngudi va méi truong séng

V& Thi Hanh*, Nguyén Thj Thu Hién, Nguy&n Thi Kim Thoa, L& Thi Vinh
Truwong Pai hoc Mg - Pia chat

TOM TAT

Hién nay ngoai viéc lam dung thudc khéang sinh trong chira bénh, thi thuéc khang sinh con duoc sir dung
rong rai trong chin nudi gia stic, gia cam va trong nudi trong thay san, da gay nén tinh trang du thira lugng
thudce khang sinh trong méi truong tir d6 1am anh hudng rat lon dén sac khdée con ngudi va moi truong sinh
thai. Bai bao nay s& cho chlng ta c6 céi nhin tong quan ve tinh trang d6 tai Viét Nam.

Twr khéa: Khang khang sinh; moi truong; suc khoe

1. D3t van dé

Khéng sinh 1a nhiing chat tong hop hozc ban tong hop hoic c6 ngudn gdc tir vi sinh vat, cé kha nang
tiéu diét hodc wc ché sy phat trién mot cach co chon loc ddi véi cac vi khuan & ndng do thich hop. Vi vay,
viéc str dung thube khang sinh hiéu qua, an toan, hop ly tranh tinh trang khang thubc khang sinh va van dé
v cling quan trong, 1a nhiém vu cia nganh Y té va toan x4 hoi.

Str dung khong dung va lam dung thudc khéng sinh dang 1a mbi de doa I6n dén sirc khoe con ngudi va
moi truong sinh théai. Theo théng ké cho thay, khoang 70% luong khéang sinh toan ciu dwoc st dung dé
ngan chan vi khuan va |12 chit kich thich ting trudong & dong vat hoac cay trdng, 30% con lai dwoc sir dung
cho viéc tic ché vi khuan & nguoi (Lé Thi Hong Diép, 2022). Trong nim 2010, luwgng khang sinh st dung
trong cho vat nudi 1a khoang 63200 tan, chiém 2/3 lwong khang sinh san xuét trén toan cau (100.000 tan).
Udc tinh dén 2030, mc tiéu thu nay s& vao khoang 105.600 tin (Van Boeckel T. P, 2014). Trong téng sé
khang sinh bén ra, c6 tir 20 dén 50% duoc si dung khdng pha hop (Cizman, M., 2003). C6 khoang 80%
tat ca cac loai khang sinh duoc sir dung bén ngoai bénh vién (Kotwani, 2011).

Thudc khang sinh xam nhap vao méi trudng nudc thdng qua nhiéu con duong khéc nhau va do viéc sir
dung khang sinh khéng phi hop va thiéu kiém soat trong phong diéu tri bénh, ciing nhu trong nudi tréng
nén khang sinh khdng ngirng thai ra méi trudng, tir do gay tac dong xau dén sirc khoe con ngudi va hé sinh
thai (Poan Vian Thuén, 2023).

2. Nguén 6 nhiém thuéc khang sinh
2.1. Nworc thdi sinh hoat va nwec thdi bénh vién

Su lam dung thuéc khang sinh qua muc chinh 1a nguyén nhan gay ra 6 nhidm khéng sinh va gay tinh
trang khang khang sinh dang bao dong nhu hién nay, theo sé liéu diéu tra cua nganh y t& & nong thén
khoang 91% ngudi dan ty do mua thudc khang sinh ma khong c6 ké don cua bac sy, ti 1é nay ¢ thanh thi
vao khoang 88%.

Khoang 75% va 90% liéu khang sinh dugc ngudi va dong vat bai tlet qua thdng qua nudc tiéu va phan,
tir d6 xam nhap vao chudi thirc an do cay hap thy, ngdm vao nuwdc ngam qua qua trinh rira trdi, hoac ton tai
trong nudc mat qua cac dong chay tir neée mua (L& Hung Anh, 2022).

Theo sé liéu nghién cau caa nhdm tac gia V6 Thi Diéu Hién va cong su vao nam 2016 khi phan tich
lwong du c&c loai thude khang sinh c6 trong nudce thai da qua xu ly ciia 39 bénh vién va phong kham tai TP
Ho Chi Minh cho thiy mac di nuéce thai da qua xir Iy nhung van con du luong thudc khang sinh nhiéu, nhu
khéng sinh sulfamethoxazole 9.6 + 9.8 ug/L; ciprofloxacin 5.3 + 4.8 pg/L; ofloxacin 10.9 + 8.1 pg/L,...
(V& Thi Diéu Hién, 2016).

‘Ngoai ra, cac nghién ctru khac da chi ra hién nay tai bénh vién c6 6 loai khang sinh dugc st dung pho
bién gdom amoxicilin, cephalexin, ciprofloxacin, levofloxacin, moxifloxacin va clarithromycin (Hoang Thé
Anh, 2022), cho nén muc do 6 nhidm cac khang sinh nay du doan con cé thé vuot qua cac khang sinh ké
trén.

*Tac gia lién h¢
Email: vothihanh@humg.edu.vn
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2.2. Nudi tréng thy sdn va chian nuéi gia cam

Theo bao céo khao sat nam 2019 cua Vién Nghién ctu nudi trong thay san cho thay, viéc lam dung
khéng sinh trong nudi trong thiy san dang didn ra kha phd bién trén ca nuéc, & mién Trung khoang hon 10
loai, mién Nam khoang hon 15 loai, con nhin chung ca nuéc ¢6 11 loai khang sinh phd rong da duoc sir
dung, trong d6 khang sinh sir dung nhiéu nhét 1a oxytetracycline, tetracycline va enrofloxacin (Nguyén
Trung Hiéu, 2021).

Viéc str dung khang sinh trong nuéi trong thay san khong dung theo quy dinh vé chung loai, lidu luong
va thoi gian sir dung da dua mot luong dur thira thudc khang sinh thai ra méi truong. Mac du, vé nguyén tac
muén str dung khang sinh cho ngudi hoc vat nudi déu can phai co ké don cua bac si, tuy nhién, trén thyc
té viéc s dung khang sinh hién nay chii yéu do théi quen ciia ngudi chian nudi va co thé mua ¢ bét ky dai
Iy béan thirc an cho vat nudi. Két qua diéu tra vé tinh hinh sir dung khang sinh trong nudi tom thé chan trang
trén cat ¢ tinh Thira Thién Hué cho thay 96,5% ho nuéi tom da ting s dung thude khang sinh va ngudi
nudi c¢6 xu hudéng sir dung thube khang sinh véi lidu lwong cao hon so véi khuyén cdo cia nha san xuat
thudc 14 68,4% (L& Cong Tuén, 2021).

Ngoai ra trong nganh chian nudi hién nay, ngoai muc dich sir dung thudc khang sinh dé phong va chira
bénh cho vat nudi thi con sir dung thuc khang sinh vai liéu thap cho vao thire an cua gia stc gia cam dé
kich thich tiéu hoa, tir d6 thiic ddy ting truéng va lam tang hiéu suit chan nudi. C6 nhiéu loai khang sinh
da duoc st dung véi muc dich nay, bao gdm penicillin, oxytetracyclin, tylosin, bacitracin, sulfate neomycin,
streptomycin, ...

Mot nhém chuyén gia tai tinh Long An - 1a mét tinh ¢6 nén ndng nghiép chin nudi phat trién, di nghién
ctru su ton du lwgng khang sinh thuéc dong nhém quinolone trong mau nudc mit va phat hién du lwong
khéang sinh vé&i lam luong: enrofloxacin 3,3 pL/L, ciproflocaxin 15,8 pL/L, norflocaxin 1,5 uL/L va
levofloxacin 1,1 uL/L va mat d6 E.coli vuot ngudng so véi quy chuan QCVN 08 - MT:2015/BTNMT &
muc rat cao, tir 4,8 - 1860 lan (L& Hung Anh, 2022).

3. Tac dong dén cugc sdng
3.1. Tdc djng d@én sirc khde

Céc vi khuan va vi sinh vat tiép xtc lau dai véi céc chat khang sinh & ndng do thap trong méi trudng
nudc, sé phat trién cac ching vi khuan khang thude va duy tri cac ching khang thude. Hién tugng khang
khang sinh ngay cang gia ting trong nhiéu loi vi khuan gay bénh cho ngudi, tir d6 1am giam hiéu qua cua
phuong phap diéu tri bénh bang khang sinh va diéu nay dan dén viéc tri bénh kéo dai 1am tang chi phi y té
va trong truedng hop nghiém trong con lam cho viée diéu tri bénh bj thét bai.

Tinh trang khang khéng sinh 1a van dé cap bach trén thé gioi hién nay, dugc mo ta 1a “mét trong nhaiing
moi de doa lén nhat doi véi sirc khée, an ninh heong thiec va sy phat trién todn cau hién nay”. Bt ky loai
vi khuan no ton tai trong diéu tri khang khang sinh déu c6 thé nhan I1én va truyén lai tinh khang ciia né cho
thé hé sau. Nguy hiém hon, mot sb vi khuan c6 thé chuyén cac dic tinh khang thudc cua chiing sang cac
chung vi khuan khac, 1am cho tinh trang khéng thudc cang tré nén phirc tap va lan rong.

Theo bao céo cua Trung tim Phong chdng Bénh tat Chau Au (ECDC), hang nim ¢ Chau Au c6 trén
25.000 bénh nhan chét vi nhidm phai vi khuan da khang thudc. O Viét Nam, T6 chic Y té Thé gioi xép
Viét Nam vao nhom cac nudc 6 ti 1é khang khéang sinh cao nhat thé gisi. Khao sét thyc hién trén 15 bénh
vién tai Viét Nam cho thiy, mirc d6 khang khéng sinh gap phd bién trong nhém vi khuan gram am bao gom
Acinetobacter, Pseudomonas, E.coli va Klebsiella ...( Truong Thi Ngoc Thao, 2023). Két qua nay ciing phu
hop vé6i nghién ctru cua tac gia Nguy@n Tra Mi va cac cong su cho thay tai cac bénh vién I6n nhu Bénh
vién Bach Mai, Bénh vién Cho Riy, Bénh vién Trung wong Quan doi 108, Bénh vién Trung wong Hué, céc
vi khuan nhu E.coli, tu cau vang, A.baumannii, ... da co ti 1¢ khang rat cao véi cac khang sinh thudng ding
(Nguyén Tra Mi, 2018). Cu thé 1a vai E.coli cac khang sinh hay sir dung dé diéu tri la gentamicin va
cefotaxim da bi khang lan luot 12 51% va 50,3% (Nguyén Tra Mi, 2018), amoxicillin bi khang vai ty 1é cao
nhét 14 93,51% (Twong Quéc Triéu, 2022), ty Ié khang thude néi chung 1én téi 40%, tham chi co dia phuong
1én dén 70%, khang ca khang sinh manh nhét Ia colistin. Tu ciu vang c6 ti 16 khang methiciline 1a 41,7%.
Con véi vi khuan A.baumannii - mot can nguyén gy nhidm tring tai 16 bénh vién hang dau hién nay - ti
1é khang khang sinh da & mirc bao dong do, cu thé, hon 3.000 chung A. baumannii phan lap duoc tai 7 bénh
vién 16n, dai dién cho 3 mién Bic, Trung, Nam trong nim 2012-2013 cho thdy c6 ti & khang cao véi hiu
hét cac khang sinh thuong ding trong bénh vién (ti 16 khang trén 70% trong tong s6 15 loai khang sinh
dugc thir nghiém) (Nguyén Tra Mi, 2018), hién nay ty I¢ khang vai hau hét cac loai khang sinh 1én dén trén
90%.

E.coli dugc coi la mot ngudn chira cac gen ma hda cho su khang khang sinh va khi da khang thuéc E.coli
c6 thé truyén plasmid khang thudc cho céc loai vi khuan gay bénh khac sdng trong duong rudt, tir d6 lam
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tang nhanh su lay lan kha ning khang khang sinh trong cac vi khuan. Ngoai ra, vi khuan E.coli. 1a mot
trong nhitng nguyén nhan gay ngo doc thuc pham. Theo béo cdo cia Cuc quan ly Vé sinh an toan thyc
pham, ndm 2016, c6 gan 10.000 ngudi ngd doc thuc pham; nam 2017, ca nudc xay ra 139 vu ngd doc thuc
pham véi 3.869 ngudi méc, trong d6 c6 24 truong hop tir vong. Tir diu nam 2018 dén 2020, toan qubc da
xay ra 79 vu ngo doc thuc pham véi 2.847 ngudi méc, trong d6 co 16 truong hop tir vong (Tran Thi Hang,
2020). Tuy mirc do nguy diém cua vi khuan E. coli nhu vy nhung hién nay hién tugng nhiém E.coli trén
thuc pham van tran lan. Theo két qua nghién ctru caa nhom tac gia Tuong Quéc Triéu cho thay ty 1é nhiém
E.coli trén thit twoi 12 90,59%, c6 42,35% mau vuot giGi han cho phép, riéng tai cac cho truyén théng &
thanh phé Budn Ma Thudt 1én dén 95,00% va 86,70% (14).

3.2. Tdc dpng dén méi trwong

Ngoai tac dong rat Ién dén con nguoi, viéc 6 nhiém thude khang sinh con 1am tang nguy co gy bién doi
h¢ sinh thai va moi truong song. Theo nghién ciu méi day cua cac nha khoa hoc cho thay, mot s6 loai thude
khéang sinh c¢6 trong moéi trudng nugc mat nhu clarithromycin, erythromycin va sulfamethoxazole da lam
anh hudng dén sy phat trién cua céc loai thuy san va sy can bang cua hé sinh théai (Truong Thi Ngoc Thao,
2023); Céc khang sinh ciprofloxacin, registerfloxacin ... da tac dong dén sy phat trién cua loai thuy sinh,
lam thay ddi cau tric va gay rdi loan chirc ning sinh thai trong hé sinh thai (Nguyén Trung Hiéu, 2021).

4. Két luan

Viéc 6 nhiém chét khang sinh da gay nhiéu tac hai xau téi con ngudi va hé sinh thai méi truong. Tinh
trang khang khang sinh dang ngay cang tram trong. Do d6, viéc ngan ngura tac hai cua khéng sinh dang la
véan dé cip thiét, can chung tay gop suc cua tat ca Bo, ban nganh va toan thé nguoi dan. Va trude hét can
néng cao y thic nguoi dan trong viéc sir dung khang sinh trong chita bénh va canh bao nguoi dan cac tac
hai trong viéc lam dung khang sinh trong chan nuoi.
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ABSTRACT

The Situation of Antibiotic Pollution Impact
on Humans and the Environment
Vo Thi Hanh", Nguyen Thi Thu Hien, Nguyen Thi Kim Thoa, Le Thi Vinh
Hanoi University of Mining and Geology

Currently, besides the misuse of antibiotics in medical treatment, antibiotics are widely used in livestock
farming, poultry farming, and aquaculture, leading to an excess of antibiotics in water environments. This
has significantly impacted human health and the ecological environment. This article will give us an
overview of that situations in Vietnam.

Keywords: Antibiotic resistance; environment; health
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E‘ng HOI NGHI TOAN QUOC KHOA HOC TRAI DAT
SARSH SO VA TAI NGUYEN VOI PHAT TRIEN BEN VIPNG (ERSD 2024)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Than tir cac phu pham néng nghiép hap phu khang sinh Ciprofloxacin

D4 Thi Hai'", Nguyén Thi Kim Thoa!, Nguyén Hong Nam?
! Truong Pai hoc M6 - Dja chat
2 Truong Dai hoc Khoa hoc va Céng nghé Ha Ngi

TOM TAT

Ciprofloxacin (CFX) la mét loai thudc khang sinh c6 hoat tinh khang khuan phé rong duoc sir dung dé
diéu tri cac bénh nhiém trung do vi khuan. Tai Viét Nam, CFX duoc sir dung rong réi trong cac hoat dong
chan nuéi va nudi trdng thuy hai san nhung thuong khong dat dugc sy hap thu hoan toan, phan ton du
thuong xuyén bi thai bo theo nudc thai gay doc ddi véi sinh vat trong méi truong va co thé gay ra tinh
trang khéng khéang sinh. Hip phu duoc coi 1a mot phuong phéap hiéu qua dé xu ly céc chat 6 nhidm hitu co
trong moi trudng nudc va dat. Gan day, vat liéu hap phu dugc ché tao tir cAc phu pham néng nghiép da
nhan duoc nhiéu quan tam do chi phi phai ching, dong thoi giam tai duoc ganh niang cho viéc xu ly cac
chat 6 nhidm tir phu phim néng nghiép. Trong nghién ctu nay, than hoat tinh tr cac phu phdm ndng
nghiép khac nhau (macca, rom, vo trau, bd mia) dwoc tao ra bang phuong phép hoat hoa vat ly véi tac
nhan CO; va H,0 & nhiét do cao (900°C) da dugc st dung dé hap phu CFX. Két qua cho thidy mét s6 than
hoat tinh c¢6 kha ning hap phu tét CFX, dac biét 1a than macca véi hiéu suat hap phu trén 90%. Su khac
nhau trong kha nang hap phu CFX cua c4c loai than nay duoc i giai chu yéu nho sy t6i wu vé dién tich bé
mit riéng va thé tich cac 15 trong, thay vi c4c tinh chat hoa hoc nhu nguyén té hay nhém chirc bé mat coa
than.

Tur khéa: Than sinh hoc; hap phu; CFX

1. Pit van dé

Hién nay, trong qué trinh st dung khang sinh dé chita tri va phong bénh cho con ngudi hay vat nuéi,
chi c6 mot phan khang sinh dugc hap thu va chuyén héa trong co thé, con phan Ién (khoang 50 - 80%)
duoc thai vao moi truong, gay 6 nhiém moéi truong sinh thai (A. Van Epps, 2016; Tran Q. T., Do, 2022).
Ciprofloxacin (CFX) dwoc biét dén la mot trong nhitng khéng sinh manh nhéat trong nhém
fluoroquinolone dung diéu tri cac bénh nhidm tring do vi khuan nhu tiéu chay, thuong han, ... Tai Viét
Nam, CFX duoc sir dung rong réi trong cac hoat dong chan nudi va nudi trong thuy hai san nhung thuong
khong dat duoc sy hap thu hoan toan, phan ton du thuong xuyén bi thai bo theo nudéce thai gay doc ddi véi
sinh vat trong méi truong va co thé gay ra tinh trang khang khang sinh. Nhiéu ky thuat khac nhau da dugc
phét trién va sir dung dé loai bo khang sinh du thira nhu hap phy, mang sinh hoc, phan hily quang x(c tac,
oxy héa nang cao, Fenton (Liém V.T., 2023; Trovo, A. G., 2009; Toan T.Q, 2021; Fu, H., 2017),....
Trong d6, hap phu dugc coi 1a mot phuong phéap xir ly céc chat 6 nhidm hitu co trong méi trudng nudc va
dét dugce danh gia co nhiéu wu diém nhu hiéu qua cao, chi phi thap va don gian. Trong s tat ca cac loai
chat hap phy, than sinh hoc duge dic trung béi dién tich bé mat riéng Ién, d6 xdp cao va nguyén liéu thd
phd bién. Do d6, n6 dugc biét dén 1a chat hap phu trién vong cho viéc loai bo chat gay 6 nhiém nudéc (Ge,
X., 2016) va da thu dugc su cha y trong linh vuc X Iy nudc thai.

Trong nghién cau nay, bang phuong phap hoat hoé vat ly vai tac nhan CO, va H,O & nhiét do cao
(900°C), chung t6i da ché tao vat liéu than hoat tinh di tir cAc phu pham nong nghi¢p khac nhau (macca,
rom, Vo triu, bd mia) va danh gia hiéu qua s dung nhitng vat liéu nay dé hap phu CFX trong xtr Iy moi
truong.

2. Vit liéu va phwong phap
2.1. Vatligu

*Tac gia lién h¢
Email: dothihai.71@gmail.com
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Phy pham néng nghiép trong nghién ciru bao gom macca, rom, v trau, ba mia duoc thu thap tir nhiéu
co s& san xuat tai Viét Nam. Vat liéu sau khi thu thap dugc lam sach bui ban, phoi nang va bao quan &
diéu kién phong thi nghiém, nham phuc vu cho cac nghién cuu tiép theo.

2.2. Phuwong phdp ché tgo than hogt tinh

Qua trinh san xuat than tir cac phu pham thdé duoc thuc hién trong 10 nung (Nabertherm LT
24/12/P300). Khoang 100 g mau cia mdi vat liéu dugc cho vao mot hop thép kin khi (chiéu cao x duong
kinh = 10 cm x 20 cm) dudi dong chay lién tuc ciia khi Ny tinh khiét (3 NI phat™). Qua trinh nhiét phan
dugc thiét 1ap voi tée d6 gia nhiét 15°C phit™ va duy tri ¢ nhiét d6 900°C trong 30 phit. Sau d6, dong khi
N, duoc thay bing dong khi CO, dé hoat héa than trong vong 15 phit. Than duoc ldy ra va lam nguoi
nhanh bang nudc dé ngan chan qua trinh oxy hoa.

2.3. Thi nghiém hdp phu

Céc thi nghiém hap phu CFX duoc thuc hién ¢ nhiét do phong véi 20 mL dung dich ¢6 nong do
20 ppm. Khoi luong vat liéu 1a 0,1 g cho moi loai than khac nhau, si dung may lac véi toc do
150 vong/phut, hon hop dugc khudy trong thoi gian 1a 1 gio. Hiéu suat hap phu CFX H (%) va dung

luong Q (mg.g?) dugce xac dinh bang cac phwong trinh sau:
100

H= (Co—Ce) .~ @
Q=(Co— Co).x @
Trong d6 Co (Mg.L™) 1a nong do CFX ban du, Ce (mg.L™) la nong do CFX can bang sau qua trinh hap
phy, V (L) la thé tich dung dich (V =20 mL) va m (g) la khéi lugng cua than bang 0,1 g.

2.4. Phwong phdp phan tich

Nong d6 CFX duoc xac dinh bang phwong phap UV-Vis ¢ bude séng 273 nm trén May do phd UV -
Vis - S80 Libra (Biochrom - Anh).

Do rdng x6p cua than dugc phan tich bang ki thuat hap phu - giai hiap N, bang thiét bi phan tich ASAP
2060 Micromeritics. Than xu ly & 573 K trong 6 gio trong méi truong Nito trude khi dua vao thiét bi
phan tich. Phan tich hap phu - giai hap N2 duoc thuc hién & 77 K va dit liéu thu duoc lay trén khoang ap
suat twong ddi (p/po) tir 0 dén 0,99. Dya trén cac két qua nay, dién tich bé mat riéng va thé tich 16 rong
x6p dugc tinh todn bang nhiéu mé hinh khac nhau.

3. Két qua

Dung dich CFX ¢6 nong d6 ban dau tir 2 dén 10 mg.L duoc do bang UV-Vis dé thu dugc gia tri Abs.
Céc gié tri Abs thay ddi theo ndng d6 CFX nhu trong Hinh 1. Phuong trinh duong chuan 1a mot duong
thang tuyén tinh: y = 0,09539.x véi hé sb twong quan R2 = 0,99993 duoc sir dung dé xac dinh nong do
CFX trong cac thi nghiém tiép theo.

1.0 4
0.8 /
P
0.6- -
(72}
Q J
< /
L -
0.2 o
y = 0,09539 x
R? = 0,99993
0.0 T ¥ T ¥ T ¥ T ¥ T
2 4 6 8 10

C (ppm)

Hinh 1. Puong chuan ciia CFX
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Hinh 2 1a két qua so sanh kha ning hap phu CFX ciia cac loai than khac nhau. C6 thé thay than tir vo
hat macca c6 hiéu suit va dung lugng hap phu tét nhat, dat 94,6% va 2,5 mg/g, ‘tuong Gng. Kha nang hap
phu CFX giam theo thur tw macca > rom > ba mia > vo trau. Két qua nay cé thé dugc giai thich bang céc
phan tich vé dién tich bé mat riéng, thé tich 15 xbp, kich thudc 16 x6p s& dugc thuc hién ¢ phan dudi.

100 - 3

80 - 2,5
@

T — 2
@60 - <

2 35
(%) o4
5{40 7 >
—+ Q>

T - 1
20 - ©

20,5

0 - = .

Rom Macca trdu mia Rcm M .
acca trdu  mia

Hinh 2. Hiéu sudt va dung lwong hdp phu CFX cua cac logi than khac nhau

Hinh 3 mo ta cac dudng ding nhiét hap phu - giai hip N2 cua cac loai than trong nghién ctu ndy. Co
thé thiy cac than déu tuan theo mé hinh dang nhiét thuan nghich loai I, theo phan loai cia IUPAC
(Nguyen, H. N., 2024). Biéu nay cho thy cac mau than gom chi yéu cac cau trac vi 18. Than bd mia c6
luong hip phu tét nhét, thé hién qua duong ding nhiét ¢ vi tri cao nhat. Theo sau la macca, trau va rom.
—&— Ba mia
J —Tréu

—&— Macca
—8— Rom

IS
o
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Hinh 3. Puong dang nhiét hap phu - gidgi hap N2 cia cac logi than
100
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Hinh 4. Purong ddang nhiét hap phy - gidi hdp CO2 ciia céc logi than khac nhau
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Hap phu - giai hdp CO; ciing duoc thuc hién dé nghién ciu ki hon cac ciu tric siéu vi 16 cua cac loai
than (Hinh 4). C6 thé thay than macca hap phu CO; 16n nhét, theo sau 1a ba mia, rom va trau. Nhu vay,
cép do cau truc nay co sy thay doi dang ké giira céc vat lidu.

Cac két qua dinh lugng vé dién tich bé mit riéng va thé tich 16 rdng x6p dugc thé hién & bang 1. C6 thé
thdy tong dién tich bé mit riéng Sger ctia cac vat lidu nay kha cao, tir 280 m%g (trau) cho téi 986 m2/g (ba
mia). TOng thé tich 15 x5p ciing twong ddi tudn theo xu hudng nay, véi sy khac biét nho ¢ vi tri cia rom
va tréu. S6 liéu cho thiy cac ciu tric vi mao quan < 1,2 nm chiém wu thé I6n, trong khi dién tich va thé
tich cua cac cau trdc tir 1,7 nm tro 1én khong dang ké.

Bdng 1. Két qua dién tich bé mdt riéng va thé tich 16 xop cua cdc logi than khdc nhau

Thansinh | Diéntich | Diéntich | Digntich | Thétichlo | Thétich o | Thé tich 1o Kich
hoc bé mat be mat bé mat X0p Vaon xop theo xop theo thuéc 10
riéng theo | riéng theo | riéng theo diem Voer (Kich | Ve (Kich | xop trung
Sger (M?/Q) SpFT Sgan (Kich (cm®/g) | thuécldo < | thusclé | binh(nm)
(kich thuéce 16 1,2 nm) 1,7 - 300
thuéc 16 < | 1,7 - 300 (cm¥/qg) nm)
1,2 nm) nm) (cmd/g)
(m?/g) (m?/g)
Macca 675 476 91 0,36 0,14 0,06 2,13
Trau 280 175 65 0,21 0,05 0,08 2,82
Rom 560 397 80 0,20 0,11 0,16 3,49
Ba mia 986 278 235 0,62 0,08 0,22 2,50
| Macca e
0.0250 I
' 0.18
I
I
0.0125 : 0.12
: 0.06
1
I
0.0000 - = : 882
0.0250 X
| 0.18
:me 5
B 00125 | 012 E
5 ! S
E : b’// 0.06 §
<& 0.0000 E 89 g
:‘;’ 0.0250 : l "E
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0.3 0.6 0.9 1.2 10 20 30 a0

Do rong 16 xép (nm)

Hinh 5. Phan bé kich thudc 16 xop cua cac logi than khac nhau
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Céc cau trac nay c6 thé dong vai tro 16n trong viée giai thich két qua hip phu CFX cua cac vat ligu. Vi
vay, sy phan bd 16 cta cac vat lidu nay da dugc xem xét mdt cach cy thé, nhu thé hién trong Hinh 5. Khi
so sanh két qua nay vai két qua hip phu, c6 thé thdy c6 mdi twong quan mat thiét giira cac cau trdc siéu vi
16 & trong khoang 0,3 dén 0,9 nm véi kha ning hap phu CFX, thay vi céc céu trac 16n hon (Nguyen, H.
N., 2024). Biéu nay cho thiy co ché hap phu cua cac vat liéu nay chi yéu 1a hap phu vét Iy vao cac siéu vi
16, khi cac phan tir CFX trong nudc chiu tac dong cua lyc Van der waals do cac phan tir cAu thanh nén bé
mat mao quan cua than. Do cAu trac siéu vi 15 ciia macca va ba mia c6 ti 1& vuot trdi so v6i cac mau khéc,
nén lugng CFX hép phu vao mu ciing & cac mirc cao nhat.

4, Két luan va dé xuat

Céc phu pham néng nghiép c6 tiém ning 16n dé ché tao than hoat tinh nham xir Iy ciprofloxacin (CFX)
trong nudc. Két qua cho thay hiéu suat va dung luong hip phu CFX ¢ diéu kién nhiét do phong voi 20
mL dung dich CFX ndng do 20 ppm, thoi gian 1 gio 1én dén 94,6 % va 2,5 mg/g ddi véi than hoat tinh
lam tir vo hat macca. Than rom ciing chimng to kha nang hap phu khang sinh tuong ddi tot. C6 mdi twong
quan giita cac cau trdc siéu vi 15 tir 0,3 dén 0,9 nm véi dung lwong hap phu CFX, ching t6 co ché hip
phu chu yéu 13 co ché vat Iy véi luc twong tac Van der waals giira cac phan tir cAu thanh nén bé mit mao
quan cta than va ban than cic phan tir CFX. Nhitng két qua ndy 1a tién dé cho cac nghién ciru sau hon,
nhu tim hiéu céc yéu t§ anh huong téi kha nang hip phu, diéu kién hap phu tbi wu, ciing nhu thuc hién
cac phan tich chuyén sau cua vat liéu dé tim ra co ché hip phu.

Loi cam on

Cam on nhom nghién ctru Mbi truong va Ning luong bén viing (SEED) di hd tro cho nghién ciu nay.
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ABSTRACT

Biochars from agricultural residues for Ciprofloxacin antibiotic
adsorption

Do Thi Hait, Nguyen Thi Kim Thoa® Nguyen Hong Nam?
1 Hanoi University of Mining and Geology
2 Hanoi University of Science and Technology of Hanoi

Ciprofloxacin (CFX) is a broad-spectrum antibiotic commonly used to treat bacterial infections. In
Vietnam, CFX is widely used in livestock farming and aquaculture activities, but often fails to be
completely absorbed, leading to residual amounts frequently discharged into wastewater, posing toxicity
risks to organisms in the environment and potentially contributing to antibiotic resistance. Adsorption is
considered an effective method for treating organic pollutants in water and soil environments. Recently,
adsorbent materials derived from agricultural by-products have gained attention due to their cost-
effectiveness, alleviating the burden of managing agricultural waste pollutants. In this study, activated
biochar from various agricultural by-products (maccadamia nut shell, rice straw, rice husk, bagasse) were
prepared via physical activation using CO, and H,O at high temperature (900°C) for the adsorption of
CFX. Results demonstrated that some activated biochar exhibited excellent CFX adsorption capacity,
particularly macadamia nut shell-derived activated biochar achieving over 90 % adsorption efficiency.
Differences in CFX adsorption capacities among these biochars were primarily attributed to optimal
surface area and pore volume characteristics, rather than chemical properties such as surface elements or
functional groups.

Keywords: biochar; adsorption; CFX
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Théng giang exciton ngoai trang thai ngung tu trong hé ban kim loal,
ban dan anh huong bai mat can bang khoi luong

Db Thi Hong Hai*, Nguyén Thi Diéu Thu, Nguyén Thi Hau
Truwong Pai hoc M6 - Dja chat

TOM TAT

Sur ton tai cia cac exciton trudc khi trang thai ngung tu duoc thiét lap dugc khao sat théng qua ham cam
g exciton dong trong mé hinh Falicov-Kimball m¢ rong 6 su hién dién caa phonon. Sir dung gan ding
Hartree-Fock khdng gisi han két hop vai ly thuyét ham Green, ching tdi tim ra biéu thic xac dinh ham
cam g exciton. Tir két qua tinh s, gian d6 pha mé ta diu hiéu thing giang exciton anh huong bai mat
can bang khéi lugng o trén diém chuyén pha trang thai ngung tu duoc thiét lap. Dac biét, dinh nhon tan sé
thap trong quang phd phan 40 ham cam ung exciton dong khing dinh cac exciton duoc hinh thanh truéc
khi ngung tu ca khi hé trong pha ban dan va béan kim loai. Céc két qua cua ching toi rat dang gia trong
viéc hiéu rd ban chat dong hoc cia chuyén pha trang thai ngung tu exciton.

Tir khéa: ham cam tng exciton; ngung tu exciton; mé hinh Falicov-Kimball mé rong; lién két dién tu/Id
trong - phonon; mat cén bang khéi luong

1. D3t van dé

Chuyén pha lwong tir ciia hé céc gia hat boson ludn 1a mot trong nhiing van d& thu hat duoc nhiéu su
quan tam nghién ctu trong vat ly hé nhidu hat. Exciton 1 gia hat boson trung hoa vé dién dugc hinh
thanh do su két cap cua céc 16 tréng dai hod tri voi cac dién tir dai dan nho tuong tac tinh dién. Khi hé
dugc lam lanh xudng nhigt d téi han, cac exciton s& ngung tu Va ton tai trong trang thai luong tir dugc dé
Xuat vé mat Iy thuyét tir hon nira thé Ky trudc (Mott 1961). Tuy nhién, ban chit dong hoc ciing nhu co
ché chuyén pha trang thai ngung tu cua exciton van con gay tranh céi. Viéc gia tang cac dir ligu do dac
thuc nghiém trong nhitng nam gan day da cung cb cac du doan 1y thuyét vé sy ton tai trang thai ngung tu
cua c4c exciton va thu hat nhiéu su tap trung nghién ciu (Subedi, A., 2020; Kim, M. J. va nnk, 2020; Ye,
M. va nnk, 2021; Volkov, P. A. va nnk, 2021; Zhang, Y. S. va nnk, 2021; Ejima, S. va nnk, 2021).

Sy két cap dién tu - 15 tréng hinh thanh exciton va trang thai ngung tu caa né thuong dwoc nghién ciu
vé mat ly thuyét thong qua st dung cac md hinh hai dai nang lugng ma tiéu biéu 1a mé hinh Falicov-
Kimball mé rong (Extended Falicov-Kimball — EFK) (Ninh, Q. H., Phan, V. N., 2021; Kaneko, T. va
nnk, 2013, Ejima, S. va nnk, 2021). Tuy nhién, EFK 1a md hinh thuan tay dién ti tc 1a chi quan tim dén
tuong tac tinh dién giira dién tir vai 16 tréng. Trong khi do, cac nghién ciu thuc nghiém da cho thiy
phonon ciing tham gia vao hd trg su két cap dién tir - 15 tréng va thiét 1ap trang thai ngung tu cia exciton.
Vi dy trong mot sb vat liéu nhu TmSegssTeoss (Wachter, 2018), TazNi(Sei—Sx)s; (Ye, M. va nnk, 2021)
hay Ta;NiSes (Volkov, P. A. va nnk, 2021; Zhang, Y. S. va nnk, 2021), c4c két qua do dac thuc nghiém
cho thiy exciton c6 thé hinh thanh va ngung tu ¢ nhiét d6 du thap nhd su hd trg cia phonon. Do vay, dé
nhan duoc két qua phi hop véi thuc nghiém va md ta hé exciton gan véi hé thuc nhat, lién két dién tu/Id
trbng véi phonon can phai dugc dua vao md hinh va tinh toan mot cach k§ luang.

V6i hé exciton, cac quan sat thuc nghiém da khing dinh cac tinh chit dong hoc cua hé c6 lién hé mat
thiét véi sy ton tai cau tr(c pha phuc tap trong hé. Xung quanh diém chuyén pha, cac tinh chit thing
giang dong vai tro hét st quan trong. Do d6, dé co thé hicu mot cach sau sic vé sy hinh thanh exciton va
qua trinh chuyén pha trang thai ngung tu cua no, cac tinh chat dong hoc Can phai dugc xem xét ky ludng,
dac biét ¢ lan can diém chuyén pha ngung tu. Hon nira, méi trong quan vé khdi luong hiéu dung cua dién
tr va 1o trong anh huong dang ké dén su 6n dinh cua trang thai ngung tu exciton (Conti, S. va nnk, 2020;
Ejima, S. va nnk, 2014). Trong bai bao nay, chung t6i xem xét sy ton tai clia cac exciton trudc khi trang
thai ngung tu dugc thiét 1ap anh huong bai mét can bang khdi lugng dién tu/ld tréng thong qua sir dung

*Tac gia lién h¢
Email: dothihonghai@humg.edu.vn
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md hinh EFK ¢ sy hién di¢n cua phonon. Bang viéc 4p dung gan ding Hartree-Fock khang gisi han két
hop véi ly thuyét ham Green, biéu thirc giai tich caa ham cam ing exciton da duoc rat ra. Tir két qua tinh
s0 phan 40 ciia ham cam ung exciton dong, gian d6 pha md ta dau hi¢u thing giang exciton anh hudng
boi mét can bang khdi lwong & trén diém chuyén pha trang thai ngung tu duoc thiét lap. Nh¢ do, ban chat
dong hoc cua chuyen pha trang thai ngung tu exciton c6 thé dwoc sang to, dong thoi Cung ¢b nhirng quan
sat thuc nghlem vé su hinh thanh cua exciton ngoai trang thai ngung tu (Sugimoto, K. va nnk, 2018; Lee,
Jinwon va nnk, 2019).

Ngoai phan m¢ dau va két luan, bai bao gom 2 phan Trong d6, md hinh EFK hai chiéu c6 sy hién dién
cua phonon va phuong phép tinh toan 1y thuyét de tim ra biéu thac giai tich ham cam g exciton dugc
trinh bay trong phan 2. Bang ‘phuong phép tinh s6, Cac giatri cu thé cua phan a0 ham cam &ng exciton
dong khi thay ddi cac tham sb caa mo hinh duogc tim thay. Phan 3 cua bai béo trinh bay céc gian do pha
thiét lap duoc tir két qua tinh s6 va nhitng thao luan vé céc két qua do.

2. Mb hinh va phwong phap ly thuyét

D& nghién ciru Iy thuyét vé chuyén pha trang théi ngung tu cua céc exciton trong vat ligu ban kim loai,
ban dan, ching ta xét mé hinh EFK hai chiéu c6 lién két dién ta/l6 trong - phonon véi Hamiltonian dugc
viét trong khéng gian xung lugng dudi dang sau

U
H = Z(Eop]tpk + eﬁe;{ek + e{(‘hlhk) N Z eIJ(rekJrthtlhkl_q
k g k,k1,q (1)
T t t T
+ \/_NZ[quh-k(p—q + pq) + h—kek+q(pq + p—q)]
kaq

trong d6, e'; hi vapl lan luot Ia cAc toén tu sinh dién tir & dai dan, 15 tréng ¢ dai héa tri va phonon tai
xung lugng k; eg™ 1a nang luong tén sic ciia dién tir va I8 tréng. Trong gin dang lién két chit, cac ning
lugng nay duoc cho boi
e = e — ey, —y @

V6i v = 2(cosk, + cosk,) trong mang vudng hai chiéu gom N nit mang, €™ 1a nang luong tai nat
cua dién tir (15 tréng), t4™ Ia tich phan nhay nat giita hai nat lién ké cua dién tur (15 tréng) va p 1 thé hoa
hoc. Mdi quan hé giita t¢ va t" biéu thi mi twong quan vé khdi lwong hiéu dung giira dién tir va trong.
Do d6, dé don gian khi tinh sb, nguoi ta thuong chon t¢ = 1 va duoc xem 14 don vi cia nang lugng. Khi
d6, cac dai lugng con lai déu dugc tinh theo don vi cua t® va gia tri cua t" s& thé hién sy chénh léch vé
khéi lwong hiéu dung cua dién tir va 15 tréng. Trong cong thirc (1), sé hang dau tién thé hién Hamiltonian
khong tuwong tac cuia hé dién tu, 16 tréng va phonon c6 ning lugng khong tan sic E,. Hai s6 hang cudi
cuing trong cong thirc (1) lan Iuot biéu thi Hamiltonian twong tac Coulomb gitra cac dién tir - 18 trong voi
U la thé tuong tac tinh dién Coulomb va Hamiltonian tuong tac cta hé dién tir - 18 tréng - phonon véi g la
hang sé lién két dién tu/I5 trong - phonon.

Ap dung gan dang Hartree-Fock khdng gidi han va bo qua cac sé hang vo cung bé, Hamiltonian (1)
duoc viét lai nhu sau

HUHF = Z(Ekekek + Efhi e + Egplp) + AZ(ek+qh + h_yersq) + VNA®DI +pq) 3)

¢ day, nang luorng tan sic cua cac dién tir da bao gom su déng gop cua tuong tac Coulomb biéu thi sy
dich chuyén Hartree cua dai héa tri va dai dan duc’yi anh huong cua tuong tic Coulomb

Ek = Ek z<eklek1 4)
U
Ex = € — NZ(thlﬂ) (5)
k1

Trong truong hop khdng xay ra ngung tu exciton, moi tham so trat tu trang thai ngung tu déu triét tiéu.
Khi d6, cac mat do hat dugc danh gia don gian théng qua cac ham phan b Fermi-Dirac dudi dang:
Yot ad/N = YenF (EF)/N 1a mat do dién tu (khi @ = e) va mat do 13 tréng (khi @ = h). G day,
ne(EX) = (1 + ePE)~1 v6i B 1a nghich dao cua nhiét do T.

Trong Hamiltonian (3), cac truong thém vao dé pha va ddi xang tu phat lién quan dén sy 6n dinh cua
trang thai ngung tu exciton cé dang

U
A= _N Zg(pq> - \/_NZ(elL—qhik)l (6)
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g
= NZ(equhi + h_kek+q) (7

K
A va A la tham sd dic trung cho sy ton tai trang thai ngung tu cua exciton boi c¢6 chia sé hang
(ek+qh_k) biéu thi su két cap cua cac dién tir - 15 trong va gay ra trang thai ngung tu. Khi céc tham sb nay
khéc khong khing dinh cac exciton trong hé 6n dinh ¢ trang thai ngung tu. Viéc khao sat su hinh thanh
exciton va trang thai ngung tu cua chung thong qua xem xeét tinh chét cua cac tham s6 A va A da duogc
ching toi thuc hién gan day (Thi-Hong-Hai-Do va nnk, 2017; Thi-Hong-Hai-Do va nnk, 2019; Pd Thi
Hong Hai va Phan Van Nham, 2020). Tuy nhién, dé c6 cai nhin tong quan nhat vé su hinh thanh exciton
va thiét 1ap trang thai ngung tu cua chdng can thiét phai khao sat ky ludng ca trén va dudi diém chuyén
pha.

Trong bai bao nay, chiing toi phan tich ban chat dong hoc cua chuyén pha trang thai ngung tu exciton
thong qua khao sat sy ton tai cua cac exciton trudc khi trang thai ngung tu dugc thiét lap. Mot trong
nhitng dai lugng thuong dugc xem xét trong trudng hop nay 1a ham cam ung exciton dong. That vay,
phan 4o ciia ham cam tmg exciton dong biéu thi sy thang giang két hop dién tir - 15 trong truéc khi trang
thai ngung tu cua cAc exciton 6n dinh. Ham cam tng exciton dwoc dinh nghia theo ly thuyét phan hoi
tuyén tinh nhu sau

1
x(q ) = Nz ((h_keicrqlerrsqh ) o (8)
k ks

Bing cach sir dung phwong trinh chuyén dong cho ham Green hai hat dya trén Hamiltonian (1) ta nhan

duoc

w ((h—kek+q|e]1(-r+qh1—-kr>>w =1- (nl@ - <nle(+q> + (Eli+q + Elf(l) ((h—kek+q|eltr+qhikr))w

U
N Z (((h—kek+q+qrh11;1hk1—qr + 311;1 ek1+qlh1—-k—qrek+q)|eli-r+qhikr))w
kiq/ (9)

4 + t ot
+ \/_N; (((h—kh—k—q+ql - ek+q/ek+q)(p—q/+pqr)|ekr+qh—k1>>w

Tir day ta thiy xuat hign cac ham Green bac cao hon. Tiép tuc viét phuong trinh chuyén dong cho cac
ham Green mai nay va két hop véi gan dung pha ngau nhién, chdng ta nhan duoc biéu thic ham cam ung
exciton dudi dang sau

—x°%(q, w)
14 (U - 29%Vy)x%(q, w)
trong d6 x°¢*(q, w) dong vai trd nhu ham cam tng exciton tran cé dang

e h
205 (q, @) = lz 1- nli(Ek-'.q)e_ nF(El;l) an
N - w+i0" —Eg, , — Ey

x(q ) = (10)

va
v Eo
a= : 29%Ex°(q.0) (12)
2 _ p2 _ 29%Eox°(a
(w+i0%) E§ U0
VGi
h
O 0) = lz 1-— np(Eﬁ_q) - TlF(Ek) (13)
N £ w +i0* + E¢_, + Ey

Trong bai bao nay, tinh chat dong hoc ciia chuyén pha trang thai ngung tu exciton hay sy ton tai cua
cac exciton truéc khi trang thai ngung tu exciton 6n dinh dugc xem xét thong qua khao sat phan ao cua
ham cam ng exciton dong Imy(q, w). Céac dix liéu do dac thuc nghiém (Kim, Kwangrae va nnk, 2021;
Zhang, Y. S. va nnk, 2021; Volkov, P. A. va nnk, 2021) ciing nhu cic két qua nghién ciru ly thuyét (Thi-
Hong-Hai Do and Van-Nham Phan, 2022) c6ng b gan day da khing dinh céc exciton c6 xung lugng q =
0 tham gia nhiéu nhat vao viéc thiét lap trang thai ngung tu trong vat liéu Ta;NiSes. Do vay, trong nghién
clru ndy, chung tdi chi tap trung khao sét tinh chat cua phan 4o ciia ham cam ung exciton dong dugc xac
dinh ¢ cong thuc (10) tai xung lugng g = 0.

3. Két qua va thao luan

Dé xem xét sy ton tai cla cac exciton trudc khi trang thai ngung tu 6n dinh anh huong boi mzit can
bang khoi luong, trong phan nay chung tdi bieu thi cac gian do pha nhan dugc tir két qua tinh so phan 4o
cua ham cam ung exciton dong Imy(q, w) dugc xac dinh ¢ cdng thac (10). Chuong trinh tinh s6 duogc
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thiét 1ap véi viéc chon t€ = 1 1a don vi cua ning luong va thay doi t" @é thé hién sy mat can bang khéi
lugng giira cac 16 tréng ¢ dai hoa tri voi cac dién tir & dai dan. O déy, gia tri caa tich phan nhay ndt caa 15
trong dugc lya chon sao cho t" < t€ thé hién 16 tréng nang hon, dinh x& hon dién tir. Trong nghién cau
nay, chdng toi tinh toan sé va&i hé hai chiéu ¢ s6 ndt mang N = 200 x 200 va thé héa u dugc thay ddi
nhung luén dam bao tong mat do hat dién tir va I3 tréng Zka e h(akak)/N =1 tlrc 1a xét hé trong trudng
hop lap day mot nira. Khdng mat tinh tong quat, ching tdi ¢é dinh ning lugng khong tan sic caa phonon
E, = 2 va hiéu hai mic ning luong dai dan va dai héatri E¢ — E" = 2.

Hinh 1 biéu thi phan a0 cia ham cam ung exciton dong tai xung lugng khong Imy(w) =
Imy(q = 0, w) khi thay d6i hang sé lién két dién ta/Id trong - phonon g &ng véi hai gia tri cua tich
phan nhay nat cua 15 trong t" tai nhiét do khong va thé tuong tic Coulomb U = 4,5. Vi tap hop cac
tham sé duoc lya chon ¢ day, hé 6n dinh trong pha ban dan véi dai dan va dai hoa tri cach xa nhau
va ham cam tng exciton dong s& biéu thi su ton tai cua cac exciton trudc khi trang thai ngung tu tré
nén 6n dinh. Hinh 1a cho thiy véi t" = 0,2, dinh nhon don tan s6 thip ludn xuit hién trong quang
phd ciia phan a0 ham cam tng exciton dong tng véi todn b cac gié tri cua hang sb lién két g dugc
lya chon. Diéu nay biéu thi su ton tai cua trang thai két hop cua céc exciton da duoc hinh thanh &
trong chat ban dan truéc khi hé chuyén sang trang thai ngung tu exciton. Tang hang s6 lién két dién
tir - phonon, dinh phé dich chuyén sang trai voi cudng do cao hon va bé rong gan nhu khong dbi thé
hién xu huéng 6n dinh trang thai ngung tu exciton khi g di 16n. Diéu nay hoan toan phi hop voi
gian do pha trong hinh nhé ¢ gitra Hinh 1 thé hién sy ngung tu ciia cac exciton dudi anh huéng cua
lien két dién ta/ld trong - phonon va ciing di duoc thao luan trong cac tai liéu (Subedi, A., 2020;
Yan, J. va nnk, 2019). Hinh nhé ¢ gitra Hinh 1 cho thdy véi U = 4,5 va t" = 0,2, trang thai ngung tu
exciton dugc thiét 1ap khi hing sb lién két dién tir - phonon g > 0,8. Tiang t" tirc 1a giam mat can
bang khéi lwong, ching han khi t" = 0,4, Hinh 1b van cho thiy dinh nhon cudng d6 cao xuat hién
trong quang phé caa phan 4o ham cam tng exciton dong. Vi tri dinh dich chuyén vé phia tan s thap
hon khi ting g thé hién xu huéng cong huong exciton. Tuy nhién, véi g > 0,4, hé di c6 thé chuyén
tir trang thai ban dan sang trang thai ngung tu exciton. Pidu nay khing dinh sy mit can bang khbi
lwong dién tir - 15 trng ¢ anh huong dang ké Ién sy ton tai cua exciton trong hé ban dan nhiét do
thp trudc khi trang thai ngung tu dwoc thiét 1ap. Khi mat can bang khéi lwong nho hay cac 15 tréng
tré nén linh hoat hon lam ting kha ning két cip dién tir - 13 tréng hinh thanh exciton nén chi can lién
két dién tu-phonon nho ciing c6 thé hd trg su ghép cap.

20 T — 10 ; B ; . . ; 15
(a) th=0.2 08| -oo—t=02 ¢ (b) th=0.4
e =04 7
i ¥,
N o= 10
SM \: -~
K
1 2 §<
g=0.1 { Y e~
---9g=03
g=0.5
--—--g=0.6
—aESRe g=0.7
1 T T 0

15 1.0 0.8 0.6 04 0.2 0.0
(0]

Hinh 1. Ham cam uing exciton déng iing véi hai gia tri cua tich phan nhay nat cua 16 trang " khi thay
dsi hang sé lién két g tai U= 4,5 va T=0. Hinh nhé biéu th; gian do pha trang thdi ngung tu exciton trong
mat phang (U, g) #ng vdi 2 gia tri cua t"

Tiép theo, chling t6i xem xét anh huéng cua nhiét do 1én su ton tai cua cac exciton & trén diém chuyén
pha ngung tu exciton. Hinh 2 biéu thi phan 4o caa ham cam @ng exciton dong Véi céc gia tri khac nhau
cua nhiét do khi t" = 0,4, g = 0,2 va U = 3. Trong pham vi ciia cac tham sb nay, hé 6n dinh trong pha ban
kim loai véi dai dan va dai hoa tri xen pha nhau. Gian db pha trong hinh nhé caa Hinh 2 cho thay, hé én
dinh trong trang thai ngung tu exciton dang BCS khi nhiét d¢ du thap. Khi T > 0,25, h¢ ton tai trong pha
ban kim loai nhiét d¢ cao véi dinh don xuét hién trong quang pho phan ao ham cam g exciton dong.
Tuy nhién, cudng d6 dinh thap va bé rong lon, dac biét dinh pho trai dai voi cuong do thap ¢ nhiét do cao
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thé hién thing giang exciton 1a khong dang ké. Giam nhiét do, cuong do dinh tang 1én va vi tri dinh dich
vé phia tan s6 thip. Sy xuat hién cua cuc dai ning lugng thap trong quang phd phan 4o ham cam tng
exciton dong biéu thi sy cong huéng cua céc trang thai két hop exciton hinh thanh trude d6. Dau hiéu
dich dinh phé ciing cho thdy xu huéng xuit hién trang thai ngung tu exciton khi nhiét do dat toi gia tri toi
han. Diéu ndy khang dinh sy ton tai ctia cac cap dién tir - 16 tréng hay exciton trong trang théai ban kim
loai thong thuong trudc khi trang thai ngung tu exciton dugc thiét lap. Két qua ndy trai véi cac quan diém
trude do cia Bronold va Fehske la cac exciton dong thoi hinh thanh va ngung tu ¢ pha ban kim loai con ¢
pha ban dan thi exciton hinh thanh truéc khi ngung tu (Bronold, F. X. va Fehske, H., 2006). Tuy nhién,
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34 ~==T503
821
®
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né lai hoan toan phu hop vai cac két qua nghién cau thuc nghiém gan day & hé ban kim loai Ta;NiSes
(Sugimoto, K. va nnk, 2018; Lee, Jinwon va nnk, 2019).

Hinh 2. Ham cam uing exciton déng khi nhiét dg thay doi vmg véi t" = 0,4 tgi U= 3, g= 0,2. Hinh nhé
biéu th; gian do pha trang thai ngung tu exciton trong mat phang (U, T) g véi 2 gia tri cua t".

00 0.5 10 15

Hinh 3. Ham cam iing exciton dgng khi nhiét dg thay doi vmg véi t" = 0,2 tai U= 3, g=0,2

Cudi cuing, trén Hinh 3 ching tdi biéu thi phan ao caa ham cam tng exciton dong vei cac gia tri khac
nhau cua nhiét do khi t" =0, 2,9 =0,2va U =3. Vi tap hop cac tham s6 nay, gian do pha trong hinh
nho cua Hinh 2 cho thy, hé 6n dinh trong pha ban dan khi nhiét do thap, con khi nhiét o cao, hé ton tai
trong pha béan kim loai. That vay, Hinh 3 cho thiy véi nhiét do cao, T 20,2, phan 40 cia ham cam tng
exciton dong c6 dinh phd cudng do thap va ma rong thé hién sy tdn tai it nhiéu cua cac trang thai két hop
exciton trong pha ban kim loai. Giam nhiét do, dinh phd dich chuyén dan sang trai xudng tan sé thip hon
v6i bé rong thu hep lai va cuong d6 dinh ting 1én rat nhanh khing dinh sy tdn tai cua cac exciton lién két
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chat. Dau hiéu cia dinh phd cuong do cao & day thé hién su gia ting manh m& cua cac exciton lién két
chat trong trang théi ban dan truge khi xay ra qué trinh chuyén pha ngung tu exciton. Piéu d6 tuong ung
véi su hinh thanh cua cac exciton bén ngoai trang thai ngung tu trong chat ban dan. Va khi nhiét do du
thip dudi nhiét d6 téi han, trang thai ngung tu exciton s& duoc thiét 1ap. R6 rang la dau hiéu cua sy ton tai
trang thai két hop exciton tré nén rd nét hon khi hé chuyén sang pha ban dan. Trong trudng hop nay, t" =
0,2 trc 12 mat can bang khéi lwong 16n, 15 tréng dinh xt hon nén su lai héa gitra cac dién tir va 16 tréng
kho xay ra hon lam cho ving ngung tu exciton bi thu hep lai (xem hinh nhé ctia Hinh 2). Do d6 cac trang
thai két hop exciton ciing chi xuat hién & nhiét do thap. Nhiing két qua nghién ciru nay cua ching toi mot
Ian nita da cing ¢ nhitng quan sat thuc nghiém vé su hinh thanh cua exciton ngoai trang thai ngung tu
trén vat liéu ban kim loai (Sugimoto, K. va nnk, 2018; Lee, Jinwon va nnk, 2019).

4, Két luan

Nhu vay, trong bai bao ndy, su ton tai ctia cac exciton & trén diém chuyén pha ngung tu trong vat ligu
ban kim loai, ban dan anh huong bai chénh léch khéi lwong hiéu dung gitra dién tir va 16 tréng da dugc
nghién ctu thdng qua khao sat phan 4o caa ham cam ung exciton dong. Ap dung gan dung Hartree-Fock
khong gici han két hop ly thuyét ham Green cho md hinh Falicov-Kimball mé rong c6 su hién dién cua
phonon, cong thirc xac dinh ham cam wng exciton da dugc tim thiy. Thuc hién chwong trinh tinh sé khao
sat phan 4o ciia ham cam tmg exciton dong theo tich phan nhay nit cua 16 tréng va nhiét do, két qua cho
thdy cac dau hiéu cua su ton tai trang thai két hop exciton & trén cac diém chuyén pha. Trong trang thai
ban kim loai vi lién két dién tir/I3 trong - phonon du I6n va & nhiét do gan nhiét o chuyén pha, mot dinh
ru thé ¢ tan sb thip xuat hién trong quang phd cua phan 4o ham cam ung exciton dong cho biét kha nang
xay ra hién tuong ngung tu exciton. DAu hiéu nay duoc cung cb dang ké khi h¢ ¢ trong trang thai ban dan,
quang pho phan a0 cua ham cam tng exciton dong Xuit hién mot dinh cuong d6 rat cao o nang luong
thap. Diéu d6 chi rd xu huéng on dinh cia trang thai ngung tu exciton khi nhiét do dat t6i gia tri toi han.
Khi mét can bang khdi luong nho, cac 15 tréng tre nén linh hoat hon lam ting kha nang két cap dién tir -
15 trbng hinh thanh exciton nén chi can lién két dién tir-phonon nho hay ¢ nhiét d cao ciing ¢6 thé hd trg
su ghép cap hinh thanh exciton trong hé.

Loi cam on
_ Nghién ctru nay duoc tai tro boi Quy Phat trién khoa hoc va cong nghé Quéc gia (NAFOSTED) trong
de tai md so 103.01-2023.43.
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ABSTRACT

Effect of mass imbalance on the excitonic fluctuation outside the
condensed state in semimetallic and semiconducting systems

Do Thi Hong Hai", Nguyen Thi Dieu Thu, Nguyen Thi Hau
Hanoi University of Mining and Geology

In this paper, we investigate the existence of excitons before the condensation state is established
through the dynamical excitonic susceptibility function in the extended Falicov-Kimball model in the
presence of phonons. By using the unrestricted Hartree-Fock approximation combined with Green's
function theory, the analytical expression of the excitonic susceptibility function was found. From the
numerical results, the phase diagrams addressing the excitonic fluctuation affected by mass imbalance
above the phase transition point of the excitonic condensation state in the semimetallic and
semiconducting system is established. In particular, the sharp low-frequency peak in the imaginary part
spectrum of the dynamical excitonic susceptibility function confirms the existence of excitons outside the
condensed state even when the system is in the semimetallic phase. Our results are valuable in
understanding the dynamics of the exciton condensation phase transition

Keywords: excitonic susceptibility function; excitonic condensed; extended Falicov-Kimball model;
electron/hole-phonon coupling; mass imbalance
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E R(Sfﬁ* HOI NGHI TOAN QUOC KHOA HQOC TRAI BAT
EATR SCIENCES M VA TAI NGUYEN VO'I PHAT TRIEN BEN VIPNG (ERSD 2024)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Anh huéng cia tuong tac dién tir - photon Ién trang thai ngung ty
exciton-polariton trong vi hoc ban dan

Nguyén Thi Hau'2, B Thi Hong Hai'”*, Phan Vin Nham?

Trwong Pai hoc Mo - Bja chat
2Hoc vién Khoa hoc va cong nghé, Vién Han 1am Khoa hoc va Cong nghé Viét Nam
3Truong Dai hoc Duy Tan

TOM TAT

Trong bai bdo nay, ching toi khao sat anh huong ctia twong tac dién tu - photon 1€n trang thai ngung tu exciton-
polariton trong vi hc ban dan. Cac phuong trinh tw hop xac dinh cac tham sé trat ty mo ta cac trang thai ngung
exciton, polariton va photon trong hé dugc xac dinh tir phép tinh gan dung Hartree-Fock trong md hinh 2 chiéu
mo ta hé dién tir, 156 tréng va photon trong cau tric vi hdc. Két qua khang dinh sy ton tai cia trang thai ngung
tu exciton-polariton & nhiét do du nho khi c6 mat cua twong tac dién tir - photon. Nhiét 6 chuyén pha trang
thai ngung tu tang khi tang mat do kich thich va cuong do tuong tac dién tir - photon.

Tir khoa: Exciton; Polariton; ngung tu Bose-Einstein; vi héc ban dan, twong tac dién tir - photon

1. D3t van dé

Ngung tu Bose-Einstein (BEC — Bose-Einstein condensation) 13 mot trang théi trat tu xuat hién ¢ cac hé hat
hozc gia hat boson véi mot lugng 16n cac hat cling tn tai trong mot trang thai luong tir duy nhét. Didu nay xay
ra khi mat do hat/gia hat boson du I6n va dwoc 1am lanh t6i nhiét do thap hon nhiét do t6i han T (T con dugc
goi la nhiét do chuyén pha trang thai BEC). Nhiét do chuyén pha T cang Ién néu khdi luong cac hat boson
cang nho. Do do, dé quan sat duoc trang thai BEC doi hoi hé cac hat boson phai c6 khéi lugng di nho va thoi
gian séng du lon. Exciton-polariton trong vi hdc ban dan 1a mot hé gia hat boson duoc tao thanh do su lai hoa
clia cac exciton trong giéng lugng tir ban din va céc photon bi giam giir trong vi héc (Weisbuch va nnk, 1992).
V6i khéi luong rat nho (c& 10°° khéi lugng caa dién tir ty do) va thoi gian song du dai (c& 270ps & trang thai
can bang), hé exciton-polariton hta hen c6 thé quan sat dugc trang thai BEC ¢ nhiét do phong (Eastham va
Littlewood, 2001). Ngung tu BEC cua exciton-polariton trong vi héc ban dan GaAs dugc quan sét 1an dau tién
trong thuc nghiém vao nam 2002 béi nhém cua Hui Deng va cac cong su, danh ddu budc ngoit quan trong vé
mit nghién ctu thuc nghiém exciton-polariton (Deng va nnk, 2002). Va cho dén nay da co rat nhiéu nhitng
quan sét thuc nghiém khac khiang dinh su ton tai cua trang thai ngung tu exciton-polariton trong cac vi héc ban
dan (Deng va nnk, 2003; Bloch va nnk, 2005; Richard va nnk, 2005; Kasprzak va nnk, 2006; Fei va nnk, 2016;
Schofield va nnk, 2023). Vi tiém nang (ng dung trong cong nghé hién dai, viéc tim hiéu cac yéu té anh huong
ti su hinh thanh trang thai BEC cua exciton-polariton trong cac vi hc ban dan dang dugc cac nha khoa hoc
rat quan tdm nghién ctu trong ca ly thuyét va thuc nghiém. Mat trong nhiing yéu t6 ¢6 anh hudng téi sy hinh
thanh trang thai BEC cua exciton-polariton 1a cudng do tuong tac dién tir - photon. Tuong tac nay khong chi
anh huong dén sy hinh thanh trang thai ngung tu exciton-polariton ma con dong vai tro quan trong trong viéc
xéc dinh cac tinh chat ngung tu cua hé.

Nghién ctru nay sé tap trung khao sat anh huong cua twong tac dién ti-photon dén qua trinh hinh thanh trang
thai ngung tu exciton-polariton trong vi héc ban dan. Phan tiép theo sé& sir dung gan ding truong trung binh
cho mé hinh hai mirc ning lwong dé xac dinh céc tham sé trat tu dic trung cho trang thai ngung tu exciton-
polariton cua hé. Phan 3 trinh bay chi tiét cac két qua tinh sé va phan tich sau hon vé van dé dit ra. Cudi cung,
bai bao s& dua ra két luan tong quét dua trén cac két qua nghién ctru da trinh bay.

2. Mb hinh va tinh toan ly thuyét

*Tac gia lién hé
Email: dothihonghai@humg.edu.vn
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N U N N
H = Saiele+ Zeltihc+ Zowivy —g 2 ehutoh, ~ 2 (Sl +He) @
K K q N q

k,ky ko
trong d6 ba s6 hang dau mo ta h¢ dién tir trén dai dan, 16 trong trén dai hoa tri va photon khong tuong tac, véi
el(e.), hi(h) va y!(w,) bicu dién toan tir sinh (hiy) cua dién tir, 15 tréng mang xung lugng k va photon
mang xung lugng g. Cac h¢ thic tan sic cia dién tir () va 16 trong (&, ) dwoc cho bai biéu thuc:
e/h
E, +8t 7] ?
2
vai t*" [a tich phan nhay ndt cua dién tir va 16 tréng. Su khéac nhau caa tich phan nhay ndt biéu thi méi twong
quan vé khdi luong hiéu dung caa dién tir va 15 tréng. Eq 1a khe ning luong thé hién sy phan tach giita day ctia
dai dan va dinh cua dai hda tri. Trong bai bao nay ching toi xét hé trong vi hoc ban dan do d6 Eq > 0; p la thé
hoéa hoc. Béi vai photon, hé thic tan sic @, dugc cho boi bicu thuc:

@, =/(ca)’ +a? —p ®)

Véi o, 1a nang luong cua photon tai xung luong ¢ = 0.

g" =-2t" (cosk, +cosk, )+

S6 hang thir tu trong phuong trinh (1) mé ta twong tac tinh dién cua dién tir trén dai dan vai 15 tréng trén dai
héa tri v6i cuong do thé tuong tac Coulomb U. S hang cudi ciing trong phuong trinh (1) mé ta twong tac cia
hé dién tu, 16 trbng véi photon véi cudong do twong tac g. N 1a sé nit mang trong giéng luong tir. O day luu ¥
rang anh huong photon Ién sy hinh thanh trang thai ngung tu exciton-polariton phu thuoc vao su chong chap
cuia nang luong Kich thich cap dién tir - 15 trong véi dai nang lwong caa photon. Do do, dé khao sat hé mot cach
thuan loi ching t6i dwa vao tham sé diéu chinh d = @, —E, . Néu d nho thi ning luong kich thich cua cap dién

tir - 15 tréng gan vai day cua dai nang lugng photon do d6 dong gop ciia photon déng vai tro quan trong. Trong
truong hop nguoc lai, néu d 16n thi sy dong gop ciia photon I8n trang thai ngung tu exciton-polariton la it quan
trong.

Cac toan tu tuong téc trong phuong trinh (1) dugc viét lai bang phép gan dung Hartree-Fock, sau khi bo qua
nhitng hang so6 xuat hién trong phuong trinh, ching t6i thu dugc Hamiltonian Hartree-Fock nhu sau:

Hoe = D &0le, + > &N, +A2(e§h'fk + H.c)+2wqy/§y/q +(\/W1"y/§ + H.c) (4)
k k k q

trong dé céc ning luong tan sic tai chuin héa khi co dong gop ciia do dich Hartree-Fock 5 va g duoc Xac
dinh boi:

R XLy ®)
q

g =g —%Z(e&) (6)

q

Trong phuong trinh (4), A va T’ dwoc xac dinh boi:

9 Y
A= \/W<l//0> N zdk (7

-9
r= Nzk:dk ®)

vé6i d, = <e£hfk> =(h.e.)=d l1a mat d¢ cap dién tu - 16 tréng, (v,) la do phan cuc cia photon tai xung

lwong khong. Céc dai lwong trén déng vai trd nhu nhitng tham sé trat tw mo ta trang thai ngung tu cua hé. Tay

thudc vao su canh tranh gitra tham so trat tu trang thai ngung tu exciton A,, = —Wde va tham sé trat tu
k

trang thai ngung tu photon A, = —%<l/l0> ma hé c6 thé tdn tai ¢ trang thai ngung tu exciton, polariton hay

photon.
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Hamiltonian trong phwong trinh (4) dugc chéo héa bang phép bién d6i Bogoliubov, cac toan tir fermion moi
aj,,aj Vatoan tir boson méi b{ dugc dinh nghia:

aj, = &8 +nh, 9)

a;-k =T el' +&hy (10)
) JNT

bl =i +—3,, (11)
q=0

trong d6 cac hé s6 &, ,7, théa man

_ o
&2 =% 1+sgn(§lf+5kh)(ngk) (12)

—e | =h\]
& +§
n? =% 1-sgn (& +§k“)M (13)
k
W, =\j(5ke +& )2 +4|A|2 (14)
Sau khi chéo hoa hoan toan, Hamiltonian trong phuong trinh (4) c6 dang:
Hy. = zEliafka:Lk +ZEk2a;ka2k +zwqb;bq (15)
k k q
& —& W .
véi EX? = Misgn(gke +& )7k 1a cac ning luong gia hat mai cia hé dién ti - 13 tréng. Tir d6 ching

to1 xac dinh dugc céc gia tri trung binh nhu sau:

(ele) =& f (B)+me f (EQ) (16)
(Rhe) =1-7f (B )- & F (EX) (17)
o = (el ) =co-son(a + a0 ) £ (B2) - 1 (E¢)] (18)

k

JNT

@,

(Vaeo) =~ (19)
Giai tu hop cac phuong trinh (5) — (8) va (16) — (19) chung t6i xac dinh duoc cac tham sb trat tu mo ta trang
thai ngung tu cua hé exciton, polariton, va photon trong vi hoc ban dan. Khao sat sy phu thudc xung lugng cua
mat do exciton sé gilp ching ta thay rd ban chat trang thai ngung tu cta hé.
3. Két qua va thao luan

Phan nay biéu thi cac gian do mo ta céc trang thai ngung tu ciia h¢ exciton, polariton va photon trong vi héc
ban dan, cac ket qua tinh s6 dugc chdng téi thuc hién cho hé hai chiéu gom N =200 x 200 ndt mang va chon
t® =1 la don vi cua nang lugng. Khi d6 tat ca cac dai luong déu duoc xac dinh vai don vi t&. Khéng mat tinh
tong quat, ching tdi ¢6 dinh nang lugng cia photon tai xung lugng khdng @, =0.5 va lya chon U = 2.0, tham
sb diéu chinh d = -1 va tich phan nhay nit cua I8 tréng t" = 0.15 dé phi hop vai hé exciton-polariton trong vi
héc ban dan GaAs.

Trudc tién ching t6i khao sat tham so trat tu trang thai ngung tu exciton (A, ) va tham sé trat tu trang thai
ngung tu photon (A, ) theo nhiét d khi thay déi cudng do twong téc dién tir - photon va tong mat do trang

thai kich thich cia hé n = ~ Ra(wdwg) + -~ Ze({efer) + (hfh)).
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Hinh 1. Tham s6 trat ti trang thdi ngung tu cip dién tir - 16 trong A, va photon A ; theo nhi¢r dg img véi
céc gié trj khac nhau cia cuong do twong tac dién tir - photon g khi n = 0.1 (hinh @) va n = 0.2 (hinh b)

Tur két qua trén gian d6 & Hinh 1 ta nhan thay, khi khong c6 tuong tac dién tir - photon, cac gia tri A, va
A, déu nho khong dang ké thé hién hé & trang thai khong trat tw. Vi mot gid tri xdc dinh khac khong cua
héng s6 twong tac g, cd tham s6 trat ty exciton A, va photon A, déu khac khong & nhiét do du thap thé hién
hé ¢ trang thai ngung ty exciton-polariton. Khi tang nhiét do, thang giang nhiét I6n 1am phé v phan nao cac
trang thai lién két nén trang thai ngung tu bi suy yéu. Diéu nay duoc thé hién ¢ su giam nhanh gié tri caa A,
va A, , ching déu bang khong tai cing mét gia tri nhiét o toi han Te. T duoc goi la nhiét do chuyén pha
trang thai ngung tu exciton-polariton. Trén nhiét d t6i han Te, moi trang thai lién két exciton déu bj phé& huy
va hé & trong trang théi plasma cua dién tu, 16 tréng va photon. Téng héng sb twong tac g hay mat do kich thich
n, nhiét do toi han T. tang 1én va gia tri ciia tham s trat ty ciing tang thé hién su on dinh cua cac trang thai
ngung tu. Trén Hinh 1a, khi mat d6 kich thich nhé (n = 0.1), tai gia tri g = 0.5, gia tri cua A,, 16n hon gia tri

cua A, thé hién hé wu tién & trang thai ngung tu exciton. That vy, véi mat do kich thich nho, gid tri cua thé
hoa cach xa ddy cua dai photon nén dong gép cua photon nho dan dén tham s§ trat tu trang thai ngung tu
photon nho trong khi tham s6 trat tu trang thai ngung tu exciton I6n. Hé khi @6 on dinh ¢ trang thai ngung tu
exciton-polariton. Tang hang sb twong téc dién tir - photon 1&n g = 1.0, gia tri cua tham sb trat tw A, va A,
turong dwong nhau. Khi ting mat do kich 1én n = 0.2, Hinh 1b cho thay gié tri cua A, 16m hon gid tri cia A,
. Thét vy, tang mat do kich thich lam tang su xen phu gitra dai hoa tri va dai dan giup ting kha ning ghép cap
dién tir - 16 trong, dong thoi gid tri caa thé hda tién gan téi day cua dai photon lam tang cudng su dong gop cuia
photon. Do d6 gia tri ciia ca hai tham sé trat ty trang thai ngung tu Ay Va Ay déu tiang 1én. Khi dong gop cua
photon tr& nén quan trong va c6 thém dong gop cuia twong tic dién tir - photon g thi tham sé trat ty trang thai
ngung ty photon A, ting nhanh va 16n hon tham sé trat ty trang thi exciton A,, . Tai nhiét do thap, tham so
trat tu trang thai ngung tu photon chiém wu thé hon. .

Nhur vy, ca cuong do tuong téc dién tu - photon va mét d6 kich thich déu c6 vai tro quan trong trong viéc
thict 1ap trang thdi ngung tu va tinh chat cua trang thai exciton-polariton. D€ thay r6 hon anh huéng cua cuong
d6 tuong tac dién tir - photon va nhiét do 1én ban chat trang thai ngung tu, trong Hinh 2 ching tdi khao séat su
phu thuge vao xung lugng cua tham s trat tu n,, (k) = <e£h_*k> =d, khin=0.106mot vai gia tri nhiét o khac

nhau. Pai lugng nay biéu thi su két hop trong khong gian xung luong cua dién tir va 16 trong trong viéc hinh
thanh trang thai exciton va polariton trong hé. Hinh 2 cho thay trong moi truong hop n,, (K) déu dat cuc dai
tai xung luong k = 0 thé hién polariton ngung ty trong trang thai BEC. Tai moi gié‘trj nhiét dg, khi g = 0 mat
do cap dién tir - 10 trong co gia tri rat nho trong toan b khong gian xung lugng. Dicu nay ciing dugc the hién
rat rd trong Hinh 1 bai gid tri caa ca hai tham so6 trat tu trang thai ngung tu déu xap xi bang khéng. Tang hang
s twong tac dién tir - photon Iam mat do exciton n, (K) ting do do6 ca hai tham s trat ty trang thai ngung tu
déu tang (xem Hinh 1a). So sanh Hinh 2a, b, ¢ ta thiy, khi ting nhiét do, ning luong nhiét tang 1én 1am pha v&
su két cap dién tir - 15 trdng nén mat do n,, (K) bi suy yéu. Hinh 2c cho thay, vaéi T = 0.2, chi khi g = 1.0, mat
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do cap dién tir - 16 trong n,,, (K) méi khac khong, con khig =0vag=0.5thi n, (k) hoan toan bj triét tiéu. Diéu
nay hoan toan phti hop vai két qua bicu thi & Hinh 1a, do T =0.2 I6n hon gié trj Tc cia h¢ khig=0va g =0.5.
Q trén nhiét d6 toi han, do nang lugng nhiét qqé 16N, céc trang thai lién két trong hé bi pha v& hoan toan, hé
ton tai trong trang thai plasma ctia dién ti, 16 trong va photon.

@ T=00s TN —eso (b) T=0.1 R () T=0.2
; 8 .

1.0 05 00 05 10 10 05 00 05 10 -10 05 00 05 10
k k

Hinh 2. Mdt d¢ exciton nen(k) theo xung lwong K ing véi mét vai gia tri cua cuong do twong tdc dién tir
- photon gtgin=0.1vanhi¢tdé T=0.05(a), T=0.1 (b) va T = 0.2 (c)

4. Két luan

Nhu vay, bang viéc ap dung gan dung Hartree-Fock, chung t6i d4 tim thdy cac phuong trinh ty hop xéac dinh
cac tham sb mo ta trang thai ngung tu cua hé dién tu, 15 tréng va photon trong ciu tric vi héc. Két qua tinh
toan cho thay tuong tac dién ti-photon va mat do kich thich anh huong tryc tiép dén sy hinh thanh trang thai
ngung tu exciton-polariton. G mat d¢ kich thich thap vai tuong tac dién tir - photon yéu, cac exciton dong vai
tro chinh trong viéc hinh thanh trang thai ngung tu, hé 6n dinh trong trang thai ngung tu exciton-polariton. Tuy
nhién, khi mat do kich thich 16n véi tuong tac dién tir - photon manh, photon déng vai trd quan trong hon, thé
hién hé 6n dinh trong trang thai ngung tu polariton.

Loi cam on
Nghién ciru nay dugc tai tro boi Quy Phét trién khoa hoc va cong ngh¢ Qudc gia (NAFOSTED) trong dé
tai mé s6 103.01-2023.43.
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ABSTRACT

The influence of electron - photon interaction on the exciton-polariton
condensations in semiconductor microcavity

Nguyen Thi Hau'?, Do Thi Hong Hai** Phan Van Nham?®
IHanoi University of Mining and Geology
2Graduate University of Science and Technology, Vietnam Academy of Science and Technology
3Faculty of Natural Sciences, Duy Tan University

In this paper, we investigate the impact of electron-photon interaction on exciton-polariton condensation in
semiconductor microcavity. Applying the Hartree-Fock approximation to a 2D model of electrons, holes, and
photons in a microcavity structure, a set of self-consistent equations determining the excitonic, polaritonic and
photonic condensate order parameters was found. Our numerical results show that the existence of the exciton-
polariton condensation state at sufficiently low temperatures when electron-photon interactions are present.
Furthermore, the phase transition temperature increases as the excitation density and electron-photon
interaction increase.

Keywords: Exciton; Polariton; Bose-Eistein condensation; semiconductor microcavity, electron - photon
interaction
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ket hop vi séng
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TOM TAT

Trong nghién ctru nay chung t6i di khao sat nano hoé - cit mach tinh bot sir dung axit clohidric 0,5 M &
pH 3-4, két hop vi s6ng va siéu am, duy tri nhiét do phan tmg 40 - 60°C. Két qua khao sat dugc danh gia
thong qua phép do phéan bd ¢& hat. Két qua nghién ciru bude dau cho thay, tinh bot san day da dugc cat
mach thanh c6ng, kich thudc hat ¢6 thé dat duéi 100 nm. Nano tinh bot ndy cé kha nang tng dung lam chét
bao géi cac hoat chét, nhur polyphenol.

Tir khoa: “tinh bot”; “cit mach tinh bot”; “axit clohidric HCI”; “polyphenol”

1. Pat vén dé

Vigc bao goi cac thanh phan co chua hoat tinh sinh hoc duge xem nhu 1a mot phuong phap phé bién
trong thyc pham va dwoc pham. Viéc bao goi gitp ting sinh kha dung cia cac hoat chat c6 hoat tinh sinh
hoc trong qua trinh ti€u hod, ting kha ndng hoa tan trong nudc, bao vé khoi céc yéu t6 bat loi nhu trong da
day va giai phong chung dén dugc khu vuc mong mudn dé ting kha ning hap thu. Hién nay c6 rat nhiéu
nha khoa hoc d wng dung viéc bao goi nay dé tang sinh kha dung cua céc hop chat thién nhién, vi du ting
cudng tinh sinh kha dung cua genistein (mét loai isoflavon) bang céch tao phuc véi tinh bot ngd (Shimoni
2011).

Polyphenol 1a mot nhém hop chat hitu co c6 ngudn gdce tir thién nhién hozc téng hop, c¢é chira nhiéu
nhém phenol (hay con goi la hydroxyphenol) trong phan tir. Cac polyphenol c¢é nhiéu tng dung trong cac
linh vuc khac nhau nhu thuc pham, y hoc hay duoc pham. Tuy nhién han ché I6n nhét 1a ciu trdc phic tap
va kich thudc cdng kénh cua polyphenol khién chiing c6 tinh sinh kha dung thap. Bé khic phuc véan dé nay
cac nha khoa hoc di tién hanh gin polyphenol c6 hoat tinh sinh hoc cao 1én céc hat nano c6 kich thuéc nho
hon gitp ting tinh sinh kha dung cua hoat chat (Kuzhithariel Remanan 2022).

Tinh bot 12 thanh phan chinh trong ché d6 an cua mdi con ngudi, né 12 mot loai polysaccharide duoc
nghién ciru 1am vat liéu mang thudc véi nhidu wu diém nhu chiét xuat tir ty nhién, khong doc hai, c6 ngudn
gbc da dang voi gia thanh ré. Kha ning twong thich sinh hoc cao do ¢6 nhiéu nhém hoat dong va dé dang
bién d6i (Min Zhang 2023; Pourjavadi 2024). Tinh bot bao gom amylose c6 ciu tric mach thing va
amylopectin cé ciu tric phan nhanh gidp tao thanh tinh bot c6 kich ¢& pm. Tinh bot d& dang bién déi bang
cac phuong phéap vat ly va hoa hoc dé co duoc kich thudc va tinh chat mong muén &ng dung vao bao goi
cac hoat chat sinh hoc (Zhu 2017). Phwong phap dan truyén dwa trén polysaccharide nhu tinh bot cho thay
t6i wu hon so v6i phuong phap dan truyén dua trén lipid va protein do c6 thé mang duoc ca céc thanh phan
ua nudc va Ky nudc.

Bai bao nay trinh bay két qua nghién ciru budc dau vé cit mach tinh bot trong dung dich axit HCI két
hop sir dung vi s6ng, dinh huéng g dung cho viéc bao goi polyphenol dé tang tinh sinh kha dung.

*Tac gia lién h¢
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2. Thuc nghiém
2.1. Nguyén ligu

- Tinh bot bap Phiic Khanh (dong goi 250 g), bot san day nguyén chét Tan Phat (dong g6i 100 g). Céc
mau tinh bot duoc st dung truc tiep, khong qua tinh ché lai.
- Céc hoa chat chinh: axit clohidric (HCI), natri hydroxit (NaOH) (Merck - buc).

2.2. Phwong phdp nghién ciru
2.2.1. Xar ly mau

Tinh bot dwoc khudy & nhiét d6 thuong cho phan tén tét trong nudc, tiép do thém tir tir dung dich HCI
0,5 M vao hdn dich dén khi dat pH = 3-4 thi siéu &m mau trong thoi gian 15 phut. Sau d6, mau dugc xir ly
biang nhiét, vi song va siéu am két hop. Cudi cung, st dung dung dich NaOH dé két thic phan tng (pH
dung dich dat 6-7). Sau khi phan @ng két thdc, mau duoc siéu 4m tiép 10 phit.

2.2.2. Ky thudt tan xa dnh sang dong (DLS) theo phwong phdp FPS do phén bé ¢ hat

Nguyén ly caa ki thuat nay la dung tia sgi quang chiéu vao mau chira cac hat phan tan, cac hat nay sé bi
tan xa ra cac huéng khac nhau do sy tuong tac giira tia séng va hat. CAc hat trong dung dich chuyén dong
do va cham véi cac phan tir trong dung méi duoc goi 1a chuyén dong Brown. Hat cang nho thi chuyén dong
nay cang nhanh va nguoc lai. Do cac hat lién tuc chuyén dong nén cudng do tan xa anh sang ciing thay ddi
theo. Nhitng sy bién thién nay dwoc ghi lai dé xac dinh tdc do di chuyén cua céc hat tir d6 suy ra ra duoc
kich thuéc hat (Berne 2013). Phan bd kich thuéc hat va phan bé thé zeta ciia mau dwoc xac dinh trén thiét
bi Zetasizer-Nano ZS (hang Malvern — UK) tai Vién Khoa Hoc Vit Liéu - Vién Han 1am Khoa hoc va Céng
nghé Viét Nam.

3. Két qua va thao luan

Qua trinh cit mach tinh bot trong méi trudng axit, ¢o thé str dung céc dung dich axit khac nhau, nhu axit
sunfuric H,SO4 [Kim. H.Y, 2013], HCI [Yuya N., 2013; Dagmara Bajer, 2023], hoac axit citric [G. Chaver,
2022]. Qua trinh ¢6 thé dugc tién hanh & nhiét do thuong hoic ¢ nhiét ¢ khoang 40 — 60°C. Khi thuc hién
& nhiét do thuong, qua trinh c6 thé kéo dai téi 18 ngay [G. Chaver, 2022], khi két hop gia nhiét thi thoi
gian phan @ng c6 thé giam xubng 7 ngay [H.Y. Kim, 2013], hoic 24 gio [Yuya N., 2013]. Theo nghién ctu
cta H.Y Kim thi khi két hop siéu &m trong qua trinh thuy phan, phan tram céc hat nano ting 1én véi kich
thudc hat trung binh giam, cho thay ring tap hop cac hat nano tinh bot duoc phéan tach mot cach hiéu qua
boi nang lugng siéu am [H.Y. Kim, 2013]. Trong nghién ciru nay, chdng t6i lua chon str dung axit HCI, cé
hiéu qua trong cit mach tinh bot ddng thoi dé rira giai. pH lua chon trong khoang 3 — 4 theo nghién ctu
cua Dagmara Bajer [Dagmara Bajer, 2023].

Anh chyp SEM cc mau tinh bot (hinh 1) cho thay tinh bot c6 cau trdc tinh the véi kich thudc hat lon,
trén 10 um, do d6 rat kho tan trong nudce, khi phén tan trong nudc sé lang dong nhanh.

IMS-NKL 2.0kV 5.3mm x2.00k SE(M)

Hinh 1. Anh SEM mau tinh bét bdp (trai) va bét sin day (phai)

Qua quan sat, néu thyc hién phan ng cit mach tinh bot & nhiét do 60°C c6 két hop siéu &m thi sau 2
ngay thyuc hién phan &ng, mau van ling nhanh ngay sau khi khéng khudy mau, tuc 1a kich thuéc hat van
I6n. Do vay, dé ting hiéu qua nano ho4, ddng thoi giam thoi gian phan tng, chiing t6i da két hop sir dung
vi s6ng va siéu am két hop, duy tri nhiét do phan tng 40 — 60°C. Két qua do phan bd cua c&c mau tinh bot
dugc thé hién trén hinh 2 - 5 va bang 1.
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Bang 1. Két qua do phdn bé cé hat cac mau tinh bét
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Két qua cho thay, khi cat mach cac mau tinh bot & nong d6 1% (w/v), vi séng 300w, 25 phut thi mau
tinh bot bip cho thay van c6 kich thudc hat micro (mau B-1%, hinh 2), con dbi véi mau bot sin, kich thudc
hat d4 giam dang ké, xudng dudi 500 nm (mau S-1%-1). O hinh 3, két qua do theo cudng do tan xa va sb
lwong hat déu cho gia tri rit chum, véi kich thudce hat 12 181,6 nm hozc 187 nm. Tuy kich thuéc trung binh
mau lai 12 441,1 nm, chang té trong mau van c6 hat kich thuéc 16n ngoai khoang do cia may, nhung két
qua nay ciing da cho thay, trong diéu kién thi nghiém, da thuc hién thanh céng cat mach tinh bot san day.
Khi thoi gian vi song tang 1én 45 phit (mau S-1%-2), kich thudc hat da giam xudng dugi 100 nm (hinh 4).
Tuy két qua do cuong do tan xa cho két qua kich thudce hat 1én dén 205,6 nm chiém 82% nhung két qua do
s6 lwong hat cho thay cac hat kich thuéc 30,48 nm chiém 99,9% (0,1% Ia hat kich thudce 170,7 nm). Diéu
nay c6 thé giai thich 1a do, céc hat kich thuéc 16n s& c6 cudng d6 tdn xa manh hon cac hat kich thudc nho
du né chiém ty 16 nho hon vé sb luong. Khi do phan bd sb lwong s& giam bét su chi phdi cua nhiing hat c6
kich thuéc 16n va phan anh dung hon vé sé lwong va kich thuéc hat. O diéu kién nay, khi ham luong bot
san tang 1én 2% thi trong két qua do (mAu S-2%, hinh 5) d4 c6 xuét hién hat co kich thude 1000 nm, ching
t6 ndng do tinh bot tang co thé anh huong dén hiéu qua cat mach tinh bot.
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Hinh 2. Két qua do phdn bé cé hat tinh bét bap, mau B-1%
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Hinh 3. Két qua do phdn bé c& hat tinh bét san day, mau S-1%-1
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Hinh 4. Két qua do phdn bé cé hat tinh bét sdn day, mau S-1%-2
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Hinh 5. Két qua do phdn bé c& hat tinh bét san day, mau S-2%
4. Két luan

Céc két qua khao sat so bo cho thay, tinh bot san day da dwoc cat mach thanh cong trong moi truong
axit HCI, pH = 3 - 4. Két qua do phan b6 ¢& hat cho thay cac hat tinh bot c6 thé dat kich thudc nm, thap
nhit cé thé dudi 40 nm. Két hop vi song cling véi siéu am da giup gidm dang ké thoi gian phan ung. San
pham tinh bot nano hoa nay rat co trién vong trong viéc tng dung 1am chat bao géi hoat chat, cu thé la
polyphenol.
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ABSTRACT

Evaluation of the ability to hydrolyze starch in an acidic
environment combined with microwave treatment
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In this study, we investigated the hydrolysis of starch using 0.5 M hydrochloric acid at pH 3-4, combining
microwaves and ultrasound, reaction temperature of 40 - 60°C. The survey results were evaluated through
particle size distribution measurements. Results of this preliminary research show that cassava starch has
been successfully debranched, in which the particle size of less than 100 nm could be reached. This nano
starch has the potential to be used as an encapsulating agent for active ingredients such as polyphenols.

Keywords: “starch”; “hydrolysis”; “hydrochloric acid HCI”; “polyphenol”
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E‘ng HOI NGHI TOAN QUOC KHOA HOC TRAI DAT
SARSH SO VA TAI NGUYEN VOI PHAT TRIEN BEN VIPNG (ERSD 2024)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Hoat tinh sinh hoc va duoc ly cua axit anacardic chiét xuat
tur vo hat diéu

Vii Thi Minh Hong", Lé Thj Vinh
Truong Dai hoc Mo - Dja chat

TOM TAT

Viét Nam la mot trong nam qudc gia dimg dau trén thé gioi vé san xuat hat diéu, trong d6 riéng xuat khau
nhan diéu lun dung & vi tri s6 1 sudt gan hai thap ki. Trung binh, mdi hat diéu chira 35-45% khéi lugng
1a hat va khoang 55-65% la vo. Vo cua hat diéu thuong s& lam chéat dbt, gay lang phi rat I6n boi vi trong
v6 chira 15-30% dau, mot tan hat chira khoang 200 kg nhan hat diéu va 180 kg dau (dau hat diéu hoic dau
vo hat diéu). Axit Anacardic Ia mot hop chat phenolic dugc tim thdy tu nhién ¢ cac bo phan khéc nhau
cua cay diéu (Anacardium occidentale L.) nhung chiém ty 1¢ 16n hon trong chat long vo hat diéu (CNSL).
Axit Anacardic c6 hoat tinh khang viém; chdng oxy héa; khang khuan; tri dai thao duong; giam dau va
tac dung ha huyét ap, ... Bai bao nay s& tom tit cac phan tich va cac nghién ctu vé hoat tinh sinh hoc
cling nhu céc tac dung duoc ly cua axit anacardic chiét xuat tir vo hat diéu.

Tir khoa: axit anacardic; vo hat didu; CNSL

1. Pit véan dé

Trong nhitng nim gan day, theo FAO, nganh xuat khau nhan diéu cua Viét Nam phét trién rét viing
manh va chiém linh thi trudng hang dau trén thé gisi. Pong thoi voi sy phat trién do 1a su gia ting cua
cac chat thai cia nganh nhu vo hat diéu, vo qua diéu, ... Viéc nghién ciu va tng dung cac san pham thai
dé c6 thé tan dung cac chat thai tir nganh céng nghiép san xuit diéu theo cach bén viing va tiét kiém dang
rat duoc quan tam. Trong d6, c6 rat nhiéu san pham da dugc ché tao thanh cong va dang ung dung trong
cac nganh cong nghiép nhu nhién lidu, chit phu gia, bdi tron, dugc pham, cong nghiép son, ...

Dich chiét chat long tir chat thai vo hat diéu (CNSL) 1a dang chat long dic, nhét mau nau dé hodc nau
sam dén vang luc (tiy thudc vao phuong phap chiét), khéng hoa tan véi nudc va hoa tan trong hau hét cac
dung méi hitu co. CNSL ¢6 thanh phan chinh 1a cac hop chat phenolic tu nhién khong bio hoa bao gdm
axit anacardic (axit 2-hydroxy-6-pentadecylsalicylic, AA), cardanol va cardol. Cac ung dung chinh cua
CNSL chi yéu 1a lién quan dén viéc sir dung cardanol va axit anacardic (Fernandes, 2020).

Axit Anacardic 1a thanh phan chinh cua CNSL tu nhién (c6 thé I1én téi 70%, ty theo phuong phap
chiét), AA Ia hop chat phenolic ¢6 hoat tinh sinh hoc va dugc 1y da dugc biét nhu co hoat tinh chdng oxy
héa, khang khuan, Chong ung thu, chéng viém va chéng béo phi. Hoat tinh chdng oxy hoa cua AA thé
hién & kha nang uc ché gbc tu do DPPH (1.1-diphenyl-2-picrylhydrazyl), tac dung chéng béo phi va tiéu
duong do kha ning kich thich qua trinh hap thu va van chuyén glucose, wc ché tyrosinase (lién quan dén
tinh trang khang insulin). AA ciing dugc biét 1a ¢ tac dung tc ché mot sb enzyme nhu wc ché
acetylcholinesterase, prostaglandin synthase, tyrosinase va lipoxygenase (Morais va nnk, 2017). Axit
anacardic 1a chét trc ché cong héa tri dac hiéu cua SARS-CoV-2 protease cystein, wc ché su sao chép cua
SARS-CoV-2 trong dng nghiém & nong do khong doc hai (Zinuo Chen va nnk, 2021). Theo Morais et al
(2017) thi tinh dau vo hat diéu c6 thé 1am thudc trir sdu nho dic tinh khang nam, khang khuan va chéng
mdi mot (Morais va nnk, 2017). AA wc ché hoat dong enzyme x(c tac qua trinh acetyl hda histone (1a qué
trinh diéu hoa qua trinh phién ma gen), axit anacardic con trc ché sy ting sinh va qua trinh tu huy cua cac
té bao ung thu tuyén tién liét, (rc ché su phat trién cua té bao ung thu vi va cac té bao ung thu khac
(Renaud-Young va nnk, 2016). Viéc nghién ctru va tim hiéu hoat tinh ciing nhu tac dung dugc ly cua AA
s& tao co s¢ dinh hudng cho cic nghién ciru sau sic hon trong viéc tao ra cac san phiam c6 tng dung thyc
tién cu thé (Sriram va nnk, 2024).

*Tac gia lién h¢
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Hinh 1. Chdt léng vé hat diéu (CNSL)

2. Axit Anacardic
2.1. Cong tharc cau tgo caa axit anacardic

Acid anacardic la thanh phan chinh cua dich chiét chat long vo hat diéu, 1a din xuét cua axit salicylic
khéc nhau vé s6 lugng va vi tri cua céc lién két doi cua chudi alkyl thé tao nén hdn hop cac thanh phan
monoene, diene va triene. Anacardic thd chira 4 hop chét (a-d) véi cac mirc d6 khong béo hoa khac nhau
cua chudi ankyl R chtra 15 nguyén tir carbon (Hinh 2) tao ra tao axit no va chua no, acid chua no c6 thé
hydro héa thanh no - 1a chét ran két tinh mau tring. Khi két tinh lai, n6 tao thanh cac tinh thé trong sudt,
gidng hinh que. Ciu trac tinh thé cho thy axit anacardic két tinh ¢ dang cau trac don ta voi cac lién két
hydro ndi phan tir manh m& (Malik va nnk, 2013).

A A T N
OH a:R=
COOH

R
Anacardic acid

Hinh 2. Cdu tric cua axit anacardic, c¢6 chudi bén alkyl (R)b&o hoa hodc cé 1 dén 3 lién két déi (a-d).

Trong cac cau trdc trén thi ti 16 ham luogng cua triene 1 cao nhit sau dé t6i diene va monoene, thap
nhét la dang b&o hoa. Viéc ting d6 khdng bao hoa cua chudi bén cua axit anacardic s& 1am ting hoat tinh
ctia n6 chdng lai cac gbc tu do, enzyme AchE, A. salina nauplii, va tinh khang khuan, nhung lai gay giam
do 6n dinh cia AA trong ng dung thuc tién. Lién quan dén hoat tinh khang nam, thi thu dwoc két qua
khéc biét, trong d6 monoene 1a hoat dong manh nhat. Hoat tinh chdng ung thu, chdng béo phi, ... thi dang
bdo hoa lai chiém uu thé. Tém lai, sy thay doi cAu truc cua axit anacardic s& gay ra sy khac biét vé do
phan cyc tir d6 c6 thé 1am tang hodc giam hoat tinh sinh hoc ciia AA (Zinuo Chen va nnk, 2021).

2.2. Quy trinh sin xudt axit anacardic tiv chit long vé hat diéu

Chét long vo hat diéu, t(‘”)n’ tai trong vo hat‘ diéu, thifa luong 16n axit anacardic (khoang 70% theo khéi
lurong) va mot ty 1& nho chat khong axit gom nhicu loai phenol khac nhau, thuong duge goi la phén
cardolic, mot trong s6 d6 1a anacardol (Malik va nnk, 2013).

Ban diu, ngudi ta sit dung hai phuong phap dé san xuit axit anacardic tir chit long vé hat diéu:
Phuong phap thtr nhét, axit anacardic két tia dudi dang anacardat chi thd bang cach dung hop chit bazo
chi phan tng v6i chét 1ong vo hat didu, sau d6 loc hodc ly tdm, v.v., tach lay két tia va dem xtr Iy bing
axit thu dwoc axit anacardic thd. Phuong phap thir 2 13 xir Iy chit 16ng vé hat didu bang natri hodc hop
chat kiém khéc thu dugc gel bao gdm natri anacardate va phan khong c6 tinh axit. Loc gel bang dung moi
thich hop thu ldy natri anacardat thd, xir Iy hop chat thu dugc bang axit s& thu dugc anacardic thd. Tuy
nhién, hai quy trinh san xuat nay khong thu dugc axit anacardic nhu mong mudn. Cac hop chét anacardol
va phenolic khac di khdng c6 tinh axit nhung van phan tmg & mirc d6 dang ké véi cac hop chat chi va
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hinh thanh két tia cing voi anacardate. Do d6, khi axit hoa thi anacardic thu dugc bi nhiém tap chat
phenolic dang ké. Pbi v6i hop chit natri hodc kiém thi phan tmg tao gel chir khong phai két taa, do d6, sé
phai thyc hién qua trinh chiét 1ong-long bang dung méi thich hop nhu hexan, benzen, ete dau mo, hay cac
dung méi twong tu khéc. Nhu vdy, ham luong axit anacardic c6 do tinh khiét khéng cao. Mit khac,
anacardol c6 doc tinh cao va xét vé doc tinh nhu cic hgp chét loai urushiol, rit c6 thé tit ca cac thanh
phan phenolic ctia chat long vo hat didu déu ddc hai, trong khi axit anacardic lai khong doc (Himejima va
nnk, 1991).

Hién nay, viéc san xuét axit anacardic tur ch?it long vo hat diéu duoc thuc hién nhu sau: CNSL duoc
khuay trén véi c&c hgp chat kim loai kiém thd dé tao thanh mudi kim loai kiém thé & dang dung dich.
Phuong trinh phan Gng gitta vOi va axit anacardic nhu sau:

OH O

2 oH 4+ Ca(OH), ——— Calcium Anacardate + 2H,0
R

Anacardic acid

Sau khi tao thanh mudi hoa tan cua axit anacardic, mudi kiém thd duoc tiép tuc thém vao sé€ thu duogc
dang két tua, loc két tua va anacardat d& dang dugc rua sach khdi tap chat bam trén bé mit béng dung moi
thich hop, cong doan nay sé& tach mudi khoi cac thanh phan phenolic doc hai lién két voi no. Cac ion kim
loai kiém thé dugc sir dung trong phuong phap ndy la cac ion canxi, bari va strontium, thuong st dung
nhat 1a CaO hodc Ca(OH); tao mubi anacardat canxi (Roland va nnk, 1991).

Viéc tai tao axit anacardic tir mudi anacardate cua kim loai kiém thé c6 thé duge thuc hién béng cach
xtr 1y anacardate véi bat ky axit nao c6 kha nang thay thé axit anacardic khoi mudi, cu thé 14 axit manh
hon axit anacardic (nhu sunfuric, photphoric, hydrochloric, v.v., va céc axit hitu co) hodc chat tao thanh
mubi v6i kim loai kiém thd kho hoa tan hon anacardat kim loai kiém thd (Roland va nnk, 1991). Axit
Anacardic ciing ¢ thé dugc tach ra khoi hdn hgp bang cach sir dung carbon dioxide siéu t6i han (Rajesh
va nnk, 2006).

3. Hoat tinh sinh hec va dworc ly cia ciia Axit anacardic
3.1. Hogt tinh khdng khuin ciia axit Anacardic

Axit anacardic tu nhién (Hinh 2. véi R ¢6 cdu trac a — d) da duoc phat hién 1a déu c6 tinh khang khuan
manh. M Himejima va cong su (M Himejima va nnk, 1991) da thir nghiém tinh khang khuéan cua ching
chéng lai bon loai vi sinh vat dién hinh 1a Bacillus subtilis - vi khuan gram duong; Escherichia coli - vi
khudn gram am; Saccharomyces cereusiae - mot loai nAm men; va Penicillium chrysogenum - mét loai
nam moéc, dan to1 két luan, hoat dong khang khuan ciia AA chii yéu bi gioi han & vi khuin gram
duong. Véi vi khudn gram duong axit anacardic hoat dong chi yéu nhu chat hoat dong bé mit c6 thé phé
v& mang té bao vi khuén (Gomes Janior va nnk, 2020).

V6i mdi chudi ankyl khac nhau thi hoat tinh khang khuin ciing dat hiéu qua khac nhau. vi dy, hoat tinh
ctia cdu trac dso hitu chudi bén alkyl triene chdng lai S.mutans - khuan chinh giy bénh siu ring
va S.aureus - tu ciu vang, trong khi axit anacardic a voi chudi bén alkyl bio hoa chi ¢ hoat tinh khi nong
do e ché tdi thiéu 1a 800 ug/mL. Hoat tinh khang khuén duoc thé hién trong tht ca cac cAu truc, tuy
nhién, d6i véi cau trac ¢6 chudi bén chwa bio hoa s& khong da 6n dinh cho tng dung thuc té (Zinuo Chen
va nnk, 2021).

3.2. Axit Anacardic la chét chong ung thw

Histone acetyltransferase (HAT) la mgt nhém enzyme xtc tac _qua trinh thém nhom acetyl vao lysine
cua dudi histone, lam long lyc lién két gilta histone va DNA va dan dén sy phan tach chromatin tao diéu
kién cho by may phién ma tiép can va diéu hoa qua trinh phién ma gen (Balasubramanyam va nnk, 2003).

Axit Anacardic khong tham gia tryc tiép hay anh huong truc tiép dén qué trinh phién ma gen nhung lai
{rc ché manh cac phién mi phu thudc HAT va c6 lién quan dén tinh trang giam acetylation histone
H3 va/hodc H4 ddng thoi trong 2 dong té bao ung thu v{ (MCF 7) va ung thu c6 tir cung (HeLa). AA e
ché ca hoat hoa NF-kB — yéu t6 diéu chinh lién quan dén sy song con cua té bao dan dén ting cuong qua
trinh apoptosis, trc ché dang ké hoat dong cua kinase IkBa (té bao u dong lympho T va dong tuy, té bao
phoi nguoi, té bao ung thu phdi, tuyén tién liét va thuc quan) tir d6 ngin ngira hogc diéu tri ung thu. Ciing
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tir viée thu thap cac thong tin Vé AA c6 thé xuét hién cac thyc thé hoa hoc méi cung cp cho qua trinh
kh&m phd va phat trién thuoc chong ung thu (Renaud-Young va nnh, 2016).

(A) Acetyl (B)
5 Unacetylated Acetylated
nucleosome array nucleosome arra
" . ool
CH, CH, @
I
P % "
C|H2 Acetyl-CoA CoA A2
CH 1/
o\ )
—C — € — . Me J
: : -

Hinh 3. (A) Phitc hop HAT xiic tdc qud trinh thém nhom acetyl vio cdc goc lysine (B) M6 hinh mé ta
cach axetyl héa histon tao ra cdc nucleosome lién két long léo (Balasubramanyam va nnk, 2003)

3.3. Axit Anacardic | chdt chéng oxy héa

Céc gbc tu do trong co thé 13 nhimg nguyén tir hay phan tir bi mét, khuyét di mot dién tr & 16p vo bén
ngoai cung, ching tin cong vao cac dai phan tir sinh hoc trong co thé, kich hoat va tao ra chudi cac phan
mg day chuyén, gy 1o hoa, dot bién gen, so vira dong mach,...Chat chong oxy hoa (“chét loai bo gdc tur
do”) 1a cac chit hoa hoc twong tac va 6n dinh cac gdc tu do, khién chiing khong phan tmg duoc trong diéu
kién binh thudng, do d6 e ché sy lan truyén cua cac phan tng diy chuyén, ngin chung giy tén hai cho
cac té bao co thé (Kubo va nnk, 2018).

Xanthine oxidase
(Oxidized forms)

Reduced xanthine oxidase (EI )

Uric acid

[ B ] Xanthine [ A

(=

Xanthine oxidase

(Reduced foems) . Reduced xanthine oxidase (EIl )

>

) H,0, 0;
Hinh 4. [A]: Uc ché sy hinh thanh axit uric, [B]: sita doi phan tir enzym, [C]: thu don O 2~
(Kubo va nnk, 2018).

Axit anacardic a (hinh 1) la chit chong oxy héa, dd dwoc chimg minh kha ning trc ché ddi véi ca
lipoxygenase (LOX - la enzyme oxy hda, xUc tac cho qua trinh oxy héa axit béo khéng bdo hoa), axit
monoene anacardic b da dugc phat hién 1a ¢6 kha ning trc ché canh tranh lipoxygenase-1 d4u nanh, chat
nay x(c tac qua trinh peroxid héa axit linoleic. Hoat tinh chdng oxy héa ciia AA thé hién ¢ kha ning thu
gilr va kha nang wc ché lan truyén géc tu do DPPH 1.1-diphenyl-2-picrylhydrazyl va géc tu do 2,2-
diphenyl-1-picrylhydrazyl. Hoat dong chong oxy héa cua axit anacardic con thé hién & viéc ngan ngira
tao ra cac superoxide (O 27) va loai bo cac géc hydroxyl (OH") do trc ché nhiéu enzyme tién oxy héa khac
nhau nhu xanthine oxyase. Tuy nhién, xanthine oxidase la enzyme xdc tac qué trinh tdng hop acid uric,
{ic ché xanthine oxidase ciing lam giam sinh tng hop acid uric. AA kiém soét sinh téng hop melanin c6
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kha ndng ngan ngira cac sac t6 khdng mong muon nhu melanin (Fatma va nnk, 2015). Do cAc chirc ning
chong oxy héa nay, axit anacardic da dwgc de xuat la mét chat san pham tu nhién c6 hitu ich va vai tro
trong viéc cham soc da, co6 thé tot hon cac san pham khong tu nhién.

3.4. Axit Anacardic la chit chéng viém

Viém I phan ting binh thuong cua co thé chdng lai tic nhan gay viém. Trong qué trinh viém co thé s&
san sinh ra céc chét trung gian gy viém nhu nitric oxide (NO), prostaglandins, histamine, cytokine tién
viém tumor necrosis factor-o (TNF-a) va interleukin (IL-6, IL-1p, ...). Qué trinh &c ché tong hop cac chat
trung gian gy viém la con duong diéu tri cac hoi ching lién quan dén viém Anacardic (Gomes Junior va
nnk, 2020).

AA tc ché su biéu hién qua mic cua yéu td hoai tir khdi u (TNF) -a, ¢6 thé kich hoat cac con dudng
tin hiéu quan trong diéu hoa cac phan ng viém nhu nuclear factor-kappa B (NFkB). Trong cac thi
nghi¢m trén chudt, AA ciing 6 tac dung chbng viém trong TBI. Ngoai ra, voi axit anacardic a (hinh 1) da
dugc chimg minh kha ning e ché ddi endoperoxide synthase (1a enzyme chinh trong qua trinh tong hop
prostaglandin va hoat dong nhu mét dioxygenase va mot peroxidase) tuyén tién liét & ctru (Gomes Junior
va nnk, 2020).

|Edema
| Leukocyte
| Neutrophilic migration
Carrageenan, | Myeloperoxidase activity
prostaglandin E2, 1 Malon:
dextran, histamine, and~. 1 Glutathione reductase
compound 48/80 N | Prostaglandins
i | Histamine,
e, | Oxidative stress
Mus musculus - .....................
/ % TR
2. mm—— :
Naloxene (3 mg/kg) E"% ) /—r. Eoﬂ: i,
?QOH ? // M 6 i
o™ :
NN | Licking
Anacardic acids | Abdominal writhing
| Thermal stimulation letency

Hinh 5. Tac dung chang viém ciia AA trén chugt [Gomes Junior va nnk, 2020]

Céc nghién ctu vé axit Anacardic (Gomes Junior va nnk, 2020) cho thdy tac dung chdng viém dang ké
cia AA do cac tic nhan khac nhau nhu viém phic mac do Carrageenan gay ra, chang phu chén do
prostaglandin E2, dextran hay histamine.

4. Két luan

Mic du cac nghién ctru chi ra rang axit anacardic gdm cac phan tir c¢o hoat tinh sinh hoc, nhung hoat
tinh cta cac hop chit nay khong dit manh dé lam thudc va dbi v6i vi khuan chi tac dung gisi han & vi
khudn gram dwong. Tinh khong 6n dinh cua axit anacardic nhét 1a dang khong bio hoa d, 1a do sy hién
dién cua chudi bén alkenyl dai, khién phan tir nay it hitu ich hon cho muc dich didu tri. Béi vé6i axit
anacardic & dang bio hoa thi hoat tinh sinh hoc va dugc 1y rat rong, tir kha ning chéng oxy héa, khang
khuén, chong viém cho dén chong ung thu, tuy nhién, hoat tinh thé hién thuong ¢ ndng d6 kha cao. Cho
dén nay, da co nhiéu nghién cliru tdi wu hoa hoat tinh sinh hoc cua axit anacardic béng cach két hop axit
anacardic v6i cac hop chat khang khudn khéc hay véi cac dan xuét tong hop cua axit anacardic. Thiét ké
phén tir thubc dua trén khung cua axit anacardic tu nhién, lanh tinh v6i moi truong, dé tlep can nhu
nguyén liéu CNSL ban dau 14 tiém nang thu hit mot s6 nha nghién ciru quan tim dé phat trién.
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ABSTRACT

Biological and pharmacological activities of anacardic acid extract
from cashew shells nut

Vu Thi Minh Hong, Le Thi Vinh
Hanoi University of Mining and Geology

Vietnam is one of the top five countries in the world in cashew nut production, in which cashew kernel
exports have always ranked No. 1 for nearly two decades. On average, each cashew contains 35-45% of
its weight as kernels and about 55-65% as shell. The shells of cashew nuts are often used as fuel, causing
a lot of waste because the shells contain 15-30% oil, one ton of nuts contains about 200 kg of cashew
kernels and 180 kg of oil (cashew oil or cashew shell oil). Anacardic acid is a phenolic compound found
naturally in different parts of the cashew plant (Anacardium occidentale L.) but makes up a larger
proportion in cashew nutshell liquid (CNSL). Anacardic acid has anti-inflammatory activity; Antioxidant;
Antimicrobial; treat diabetes; analgesic and antihypertensive effects, etc. This article will summarize the
analysis and studies on biological activities as well as pharmacological effects of anacardic acid extracted
from cashew shells

Keywords: cashew nut shell liquid (CNSL); Anacardic acid; biological activities
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E‘ng HOI NGHI TOAN QUOC KHOA HOC TRAI DAT
SAR SR M VA TAI NGUYEN VOI PHAT TRIEN BEN VIPNG (ERSD 2024)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Tim hiéu vé tac dung giam dau, chéng viém cua dich cay diéu
Anacardium occidentale

Vii Thi Minh Hong", Nguyén Thu Ha
Truong Dai hoc M¢ - Dja chat

TOM TAT

Viém la phan tmg binh thudng cua co thé trude sy hién dién cua cac tac nhan la, dau 1a cam giac kho chiu
Xuat hién cling véi ton thuong. Nguyén nhan gay viém rat da dang, tir nhidm vi sinh vat, tdc nhan vat Iy,
h6a chat dén cac phan tng mién dich, con nguyén nhan gay dau 1a do cac yéu tb kich hoat cac té bao than
kinh cam giac dé gui thong diép dén ndo thdng qua tay song. Viéc diéu chinh hoat dong cua thu thé dau
hoac céc chét trung gian hoa hoc déng vai tro quan trong trong giam dau va khang viém. Cac san pham
chiét xuét tir Anacardium occidentale (Piéu hay con goi 1a dao 16n hot) giau cac chat hoat dong nhu
alkaloid, flavonoid, tannin, terpenoid va steroid c6 thé can thiép va diéu chinh cac phan ung trung gian
cia co ché truyén tai con dau va gy viém. Bai b4o nay s& tom tit cac nghién ciru vé cac san pham chiét
Xuét tir dich cay diéu Anacardium occidentale c6 tac dung giam dau va chéng viém.

Tir khoa: Anacardium occidentale; chéng viém; giam dau

1. D3t van dé

Cay diéu (con goi 1a dao 16n hot) c6 tén khoa hoc 1a Anacardium occidentale duoc trong chu yéu &
ving Pong Nam Bo va Tay Nguyén cua nudc ta, trong d6 dién tich tréng 16n nhit ¢ tinh Binh Phuéc.
Cay than gé canh rong, tan nhiéu, 14 thuong tap trung & dau canh, loai 14 don than c6 gan hinh mang, qua
diéu c6 hinh qua I hozc hinh tru, hinh nén cut hay tham chi Ia hinh thoi, hat khdng nam bén trong ma 16
ra bén ngoai, phan cudng phinh ra la qua gia. Biém tha vi nhat cua cay diéu 1a khong lang phi bét ci bo
phan nao, nhan, tao diéu dung 1am thuc pham, vo cua hat ép iy dau, l1am thudc, chiét xuat caa 14, vo than,
ré c6 thé chira bénh. V& nhan diéu c6 gia tri dinh dudng cao chira rat nhiéu vitamin va khoang chat, chat
chéng oxy hoa nhu vitamin E, K, B6 va khoang chat dong, photpho, kém, magie, sit va selen; thit tao
diéu ciing an dugc, ching chira nhiéu cac hop chét sinh hoc khac nhu flavonoid, carotenoid va vitamin (C
va A) c6 thé dung 1am nuéc ép, nude ép ndy con cb cd thé chira loét do ung thu, phu chan voi va muyn
coc. Chét nhon tir vo qua duoc dung dé chita cac vét nit & chan. Trong y hoc dén gian, 14 gia dugc dip
I&n cac vét thuong ngoai da va bong, thudc séc tir 14 ding chira dau ring, tiéu chay, nhya tir 14 non va qua
dang nay chdi dung diét ndm va xua dudi con trang. Vo cay dé diéu tri nhidm trung tiéu duong, xuit
huyét, phu né, viém hong, lao, viém & phu nit, chdng oxy héa va cac bénh thoéi héa than kinh, thudc sic
tir vo cdy dung dé chita hen suy@n, cam lanh va nghet miii, dong thoi 1am thudc giai doc ran doc. Dau hat
dugc cho 1a ¢c6 tac dung chdng viém va diét amip, duoc dung dé diéu tri viém nuéu, sot rét va loét giang
mai. Qua dé chira ung thu, stress oxy hoa, chdng giun san, kich thich tinh duc, bang bung, ho ra mau, kiét
ly, sot, chan an, bénh bach tang, tri va loét cing dau va ting duong huyét (Sassi va nnk, 2022; Olajide va
nnk, 2004).

Nhleu tac dung duoc 1y nhu hoat tinh khéang khuén, chdng viém, giam dau, chong oxy hoa, ... cta cac
chiét xudt tir cac bo phan khong an dugce cua cay didu d3 dwoc x4c dinh. Cac chiét xuét cua 14, vo than
hay v6 hat diéu déu chira nhiéu cac hop chat axit phenolic, flavonoid, alkaloid va tannin 1a cac chét chiu
trach nhiém trong dic tinh giam dau chéng viém cua cy didu thong qua con dudng diéu chinh va wc ché
cac chit trung gian gdy viém va gay dau (Olajide va nnk, 2013; Pham, 2023; Gautier Roko va nnk, 2024).
Bai bao ndy s& hudng t6i gisi thidu tom tit cac thanh phin hoa hoc trong cac chiét xudt do va nguyén
nhan céc tac dung dugce 1y c6 hiéu qua cua cac chiét xuat do.

*Tac gia lién h¢
Email: vuthiminhhong@humg.edu.vn
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Hinh 1. Hinh anh than, |4 va qud diéu

2. Co ché giam dau va chéng viém

Viém 12 mot chudi cac phan tng phuc tap cua hé mién dich dbi vai céc kich thich caia mam bénh hoic
yéu t6 khéc, vai nd luc loai bo cac tac nhan cé hai, bao vé céc t6 chic co quan va chira lanh céc ton
thuwong. Phan g viém la su kich hoat phdi hop cuia cac con dudng truyén tin higu diéu chinh mirc d6 san
sinh c&c chét trung gian gy viém hay chong viém va cac bach cau dugc tuyén dung tir mau. Mac du cac
qua trinh phan &ng viém phu thuoc vao ban chat va vi tri cia yéu té kich thich ban dau (ngoai sinh hay
ndi sinh, vi khuan hay khong vi khuan), nhung tit ca chiing déu c6 co ché chung nhu sau: Pau tién la cac
thu thé trén bé mat té bao nhan ra cac kich thich c6 hai; tiép theo cac con duong gay viém duoc kich hoat,
cam bién viém; xuét hién cac chit trung gian gay viém; va cac mo bi tén thuong. Phan ung viém c6 kiém
soét 1a ¢6 loi nhung no ciing tré nén bét loi néu rdi loan diéu hoa (Oishi va nnk, 2018).
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Hinh 2. Cdc con dwong gay viém

Céc chit trung gian gdy viém duoc san xuét bai céc bach cau chuyén biét (dac biét 1a cac dai thuc bao
cu tri tai md va té bao mast) hoic boi cac té bao co trong cac md co thé chia thanh 7 nhém: amin van
mach (nhu histamine va serotonin), peptide van mach, cdc manh bé thé (C3a, C4a va C5a), chat trung
gian lipid, cac cytokine gay viém (IL-6, TNFa, IL-1pB, IL-2, v.v.), chemokine (IL-8, mcp-1, RANTES,
V.V.) VA enzyme phan giai protein nhu cyclooxygenase (COX). C4c chat trung gian tao ra do cac té
bao d4p wng mién dich bim sinh nhu dai thuc bao san xuat ¢d thé anh huong sau sic dén kha nang mién
dich thich wng trong phan ung viém. Céc cytokine nhu interleukin-1p (IL-1p), interleukin-6 (IL-6) va yéu
t6 hoai tr khéi u-o (TNF-a), 1am trung gian cho tinh trang viém théng qua twong tac véi TLR, thy thé IL-
1 (IL-1R), thy thé IL-6 (IL-6R) va thu thé TNF (TNFR). Yéu té hat nhan kappa B (NF-xB) 1a mét yéu tb
phién ma dwoc coi la chat didu hoa trung tim quan trong ciia qué trinh viém (Di Maio va nnk, 2023).

Theo NH Nam (Nam NH, 2006) NF-«xB kiém soét biéu hién cua cac gen ma héa cac cytokine tién
viém (vi du: IL-1, IL-2, IL-6, TNF-a, v.v.), chemokine (vi du: IL-8, MIP-10, MCP1, RANTES, eotaxin,
V.V.), c4c phan tir bdm dinh (vi du: ICAM, VCAM, E-selectin), cc enzyme c6 thé cam tng (COX-2 va
iNOS), c4c yéu td tang truong, mot sd protein giai doan cap tinh va céc thu thé mién dich, tat ca déu dong
vai trd quan trong trong viéc kiém soat hau hét cac qua trinh viém. Cyclooxygenase (COX) la mét loai
enzyme can thiét cho qua trinh téng hop prostaglandin, cé hai phan nhom cia enzyme la COX-1 va COX-
2. COX-1 dugc biéu hién lién tuc trong hau hét cac loai té bao, trong khi biéu hién cua COX-2 duoc kich
thich bai nhiéu yéu t6 bao gdbm cac cytokine gay viém va chiu trach nhiém duy tri qua trinh viém. Axit
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arachidonic dwoc chuyén hoa dé tao thanh eicosanoids nhd COX, tao ra prostaglandin va thromboxan,
hoac bai lipoxygenase, tao ra leukotrien va lipoxin. Céc prostaglandin PGE2 va PGI2 gy gidn mach, va
PGE2 ciing gdy tang cam giac dau va la chat gay s6t manh. Viém ciing dan dén sy nhay cam cua cac té
bao than kinh cam giéc chinh, vé co ban dan dén dau do viém. Thong qua diéu chinh chirc ning tao ra cac
chat trung gian gay viém Ia vai tro diéu tri tiém nang chdng lai viém va cac bénh lién quan téi viém (Chen
va nnk, 2018).

Pau 1a cam giac cuc bo vai tinh chat khé chiu va mac d6 nghiém trong khac nhau & mét bo phan co
thé cu thé. Khi co céc cac kich thich gy ton thuong cac té bao tai chd giai phong ra cac chat trung gian
hoa hoc nhu céc kinin (bradykinin, serotonin, histamin), mot sb prostaglandin E2, chat P... cac chat trung
gian ndy s& tac dong lén thu thé cam nhan dau, lam khir cuc cac thu cam thé va gay ra cam giac dau.
Théng qua soi tryc cua thy thé dau (c6 ¢ & da, mé dudi da, m6 mac, cac mo lién két khéc, phic mac,
mang xuong va bao khap) truyén cam giac dau tir ngoai vi vao tay song roi tir tay song dén hé than kinh
trung wong. Co ché giam dau c6 thé thyc hién bang kha nang ngan chdn sy truyen dan truyen than kinh
qua khap than kinh, hodc lam giam cam giac dau thong qua diéu chinh va lam suy yéu cac chét trung gian
hoa hoc gy dau nhu prostaglandin E2 (irc ché san sinh ra céc chét trung gian hoa hoc gy dau) (Di Maio
va nnk, 2023).

3. Tac dung giam dau, chéng viém cia céc chiét xuit tir diéu
3.1. Tac dung gid@m dau, chéng viém ciia chiét xudt vé hat diéu

Qua diéu 14 loai qua co cau tao dic biét do phan cudng qua phinh to (qua gia hay con goi 1a tio diéu)
dinh vao phan qua that (hat diéu con nguyén vo) nho phia dudi nén con co tén 1a dao 16n hot (tic dao co
hot ndm ngoai qua). Qua diéu tho 12 loai qua kho, khéng ty md, c6 chiéu dai trung binh 2,5 - 3,5 cm, rong
khoang 2cm va day tur 1 - 1,5 cm, ¢ trong luong tir 5 - 9 gam, gdm hai phén chinh 1a 16p vo bén ngoai va
nhan diéu bén trong, v6 hat diéu gém 3 16p. Lop v0 ngoai cung thuong rat cimg (day khoang 2- 3 mm),
thudng c6 mau néu, 16p vo gitra day nhat, x4p, cdu tric t6 ong chira chit 16ng nhét, mau nau do bi sim
mau khi tiép xuc v6i khong khi, goi 1a chit 1ong vo hat didu (con goi 1a CNSL - Cashew nut Shell liquid)
(Akinhanmi va nnk, 2018).

Hinh 3. Hinh anh qud diéu, qud diéu thd, vé hat diéu va dich chiét CNSL

U tinh can 3,3 kg vo hat diéu dé tao ra 1 kg CNSL va khoang 20% dau vo hat dugc tim thay trong
hat diéu tho. CNSL ¢6 thanh phan chinh Ia cac hop chat phenolic tw nhién khong bio hoa bao gom axit
anacardic (chiém khoang 70%), cardanol va cardol. Theo Gautier Roko va cs [Gautier Roko va nnk,
2024] chiét xuét anacardium occidentale chira axit anacardic, cardanol va cardol, c6 dic tinh chdng viém,
giam dau ma khong gay doc té bao o dai thyc bao, 1am ¢ ché quéa trinh tong hop cac chat trung gian gay
viém béang cach ngin chin hoat dong cua 5-lipoxygenase (5-LOX) hoic cyclooxygenase COX-2, COX-1
va TLR4 trong cac té bao hoat héa. Lam giam dang ké biéu hién cytokine gay viém (TNF-o, IL-1p, IL-
6,...) va nguoc lai, lam ting biéu hién chdng viém cua IL-10, tac dung giam dau cta chiét xuét cé 18 dugc
diéu hoa théng qua ca co ché gay viém (do &c ché san sinh ra céc chit giy dau nhu prostaglandin E2
(PGE2), serotonin. Ngoai ra, axit anacardic (AA) chiét xuat tir chat long vo hat diéu trc ché sy hinh thanh
cac chat trung gian gy viém (histamine, serotonia va prostaglandin). Trong cac qua trinh viém, NO la
chat déng vai tro quan trong trong ton thwong mo, AA ¢6 thé e ché san sinh NO (Roko va nnk, 2024).

3.2. Tac dung gid@m dau, chéng viém ciia chiét xudt vé thén cdy diéu

Cay diéu la loai cay than gd, cao khoang 8 dén 12 mét, tan cly rong nhiéu canh, sb lugng canh so cap
va thtr cap nhiéu, bén ngoai than céy diéu dugc bao boc bdi mot 16p vo xu xi va cung. Chiét xuat vo cay
diéu chaa nhiéu hop chat axit phenolic, axit gallic, galloyl hexoside, axit protocatechuic, ..., flavonoid va
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tannin. Chiét xuat vo cay c6 hoat tinh khang viém va giam dau, ngoai ra con c6 thé gay doc té bao manh
hon doi vaéi té bao khoi u (Olajide va nnk, 2004; Olajide va nnk, 2013).

Hinh 4. Hinh anh cdy diéu, Vo than va ld cdy diéu

Olajide va cong su (Olajide va nnk, 2013) nghién ctu chiét xuat vo than cay diéu trong té bao vi giao cua
chuot tiét 16 & co ché chong viém va giam dau cua dich chiét vo than cay diéu. Dich chiét tc ché san xuét
cytokine lién quan dén viém ciing nhu biéu hién gen nitric oxide synthase iNOS va cyclooxygenase-2
COX-2 bing céch chan cac con dudng truyén tin hiéu yéu t6 hat nhan kappa-light-chain-enhancer cua té
bao B hoat héa (NF-kB) va protein kinase hoat hda mitogen (MAPK) trong té bao microglia. Mat khéc,
su uc ché synthase microsomal mPGES-1 gép phan vao tac dung Ién san xuat PGE 2 trong té bao
microglia cling dwoc quan sat.
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Hinh 5. Co ché phan tii vé tic dung chang viém cuia chiét xudt vo than cdy diéu trong té bao microglia
duoc kich thich bang LPS

Ngoai ra mot sb cac bénh nhidm triing ciing dugc diéu tri bang vo cdy cdy didu nhu bénh nim candida,
mét trong nhitng nguyén nhan chinh gay bénh tat va tir vong trén thé gii, vai biéu hién 1am sang khac
nhau, tir nhiém tring néng trén da, hoic trén niém mac, tham chi la nhiém trung lan rong, chéng han nhu
nhiém triing mau, trong qua trinh viém, bénh nim candida 4m dao c6 thé hinh thanh va dai dang Chlet
Xuat tir vo cay dleu c6 tac dung khang nim Candida, ting cuong tac dung cua thudc chéng nim
Fluconazole. Mot s6 tac gia phat hién hop chat axit gallic trong chiét xuat l1am giam phan ung viém bang
cach giam giai phong cac cytokine gay viém, chemokine, phan tir bAm dinh va tham nhiém té bao théng
qua cac con duorng truyén tin higu MAPK va NF-kB. Ngoai ra, axit gallic con irc ché san xuét oxit nitric
(NO), PGE2 va interleukin 6 (IL-6) trong cac dai thuc bao RAW267.4 do LPS gay ra. Dic tinh chdng
viém cua axit protocatechuic 1a do chdng lai sy hinh thanh ROS qué mic do LPS gay ra va 3o héa té bao
(Sofia Encarnagéo va nnk, 2024).

3.3. Tac dung gidm dau, chong viém caa chiét xudt ld hat diéu

L4 diéu thuong tap trung & dau canh, loai 14 don than, nguyén, moc so le, gan hinh mang. L4 diéu c6
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chiéu dai trung binh tir 6 d&én 24 cm, rong tir 4 dén 15 cm, 14 ¢6 hinh thudn hay hinh trimg nguoc, dudi 1a
thuong hoi tron hodc hoi 16m, mit trén nhin bong. Nhiéu nghién ctu cho thay dich chiét xuat I4 hat diu
rat hitu ich trong diéu tri cac tinh trang viém, giam dau, diéu tri dau ring, chita lanh vét thwong, didu tri
bénh thap khop va kiét Iy cung nhidu cong dung chita bénh khéc (Awakan va nnk, 2018; Sassi va nnk,
2022).

Theo DC Pham (Pham, 2023) tong cong c¢6 31 hop chat thuoc nhém ankan, hydrocarbon, idt,
terpenoid, phenolic va flavonoid duoc tim thdy trong dich chiét 14 diéu trong tai Viét Nam. Dich chiét I4
diéu cho thay su c6 mat cua nhiéu hop chit phenolic khac nhau nhu quercetin, myricetin, kaempferol,
catechin, epicatechin, amentoflavone, tetramer cua proanthocyanidin va quercetin glycoside theo Ajileye
va cs [Nadira Ajileye va nnk, 2022] cac hop chét nay duoc biét 1a c¢6 dac tinh giam dau va chdng viém.
Tuong tu nhu cac dich chiét tir vo hat didu va vo than diéu, dich chiét 14 diéu co thé trc ché bai tiét cac
cytokine tién viém nhu TNF- a, IL-1 va IL-6, va ngan chan va diéu hoa hoat dong cua cac enzyme gay
viém nhu 5-lipoxygenase (5-LOX) hoac cyclooxygenase 2 (Cox-2), suw giam muc do san Xuit va biéu
hién cua céc cytokine cung nhu sy didu bién céc yéu té phién ma, chang han nhu yéu t6 hat nhan «-chat
tang cuong chudi anh séng cua céc té bao B da hoat hda (NF-kB) va kich hoat protein-1 (AP-1). C4c tac
dung nay duoc thé hién qua cac hoat tinh cua cac hop chét phenolic va flavonoid,... c6 trong dich chiét.

Tuong tu cc thudc giam dau va chéng viém khong steroid tao ra tac dung diéu tri thong qua viéc tc
ché tdng hop tuyén tién liét va cac chét chiét xuat tao ra tac dung chéng viém tuong ty nhu indomethacin,
do d6 Anacardium occidentalis c6 thé &c ché tong hop tuyén tién liét bang cach wc ché cyclo-oxygenase 2
(COX- 2). Tac dung chéng viém cua chiét xuat d6i vai tinh trang phi chan do histamine gay ra & chudt,
tinh trang viém do carageenan giy ra lién quan dén viéc giai phong timg budc céc chét hoat mach nhu
histamine, bradykinin va serotonin trong giai doan dau va prostaglandin trong giai doan muon cap tinh.
Két qua cho thay dich chiét cd thé chira cac chat bao vé chéng lai tac dong cua histamine, serotonin va
céc enzyme dugc tao ra trong giai doan dau cua ching phu né. Céc thanh phan hoat tinh sinh hoc c6 hoat
tinh chong lai sy giai phdng prostaglandin va cac tac nhan gay viém khéc bang cach wc ché cac chat trung
gian gy viém. Sy hién dién cua flavonoid, alkaloid, cardenolide va saponin trong cac san pham thyc vét
c6 dac tinh giam dau va chdng viém da dugc ching minh (Fernanda va nnk, 2002).

4. Két luan

T6m lai, qua cac nghién ctru da dugc cong bd vé cac dich chiét lién quan t6i vo hat, vo than va 14 diéu
da cho thay ring cac céc dich chiét ndy c6 tac dung giam dau va chdng viém rat manh va lién quan dén
thanh phan cac chét c6 trong dich chiét nhu cac hop chat phenolic va flavonoid, ... Pay 1a li do cho viéc
dan gian da sir dung cay dié trong diéu trj cac tinh trang dau va viém, dong thoi thiy rang né c6 tac dung
giam dau va chdng viém rat manh. Hiéu sudt va ham lugng cua cac hop chat c6 trong dich chiét s& phu
thugc vao cac phuong phap chiét khac nhau, do vdy nghién ciru vé cac thanh phan va tac dung cta céac
chiét xut qua qua trinh danh gia kinh té-k¥ thuat va danh gia cac gia tri dugc 1y cua san pham thu dugc
tir d6 t6i wu hoa cac didu kién san xuat dé co duoc cac san phém chit lugng tét hon, hiéu qua va chi phi
thip hon gép phan xay dung mot cong nghé bén viing 1a diéu kién tién quyét dé bao tro cic ing dung
thuong mai ciia cac san pham thudc.
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ABSTRACT

Analgesic and anti-inflammatory properties of the extract from
Anacardium occidentale

Vu Thi Minh Hong*, Nguyen Thu Ha
Hanoi University of Mining and Geology

Inflammation is the body's normal response to the presence of foreign agents, pain is an unpleasant
feeling that appears along with damage. The causes of inflammation are diverse, ranging from microbial
infections, physical agents, chemicals to immune reactions, and the cause of pain is due to factors that
activate sensory neurons to send messages to the brain through the spinal cord. Modulating the activity of
nociceptor or chemical mediators plays an important role in the treament of pain and anti-inflammation.
Products extracted from Anacardium occidentale are rich in active substances such as alkaloids,
flavonoids, tannins, terpenoids and steroids that can interfere and regulate the intermediate reactions of
the transmit pain and inflammatory responses. This article will summarize research on products extracted
from Anacardium occidentale that have analgesic and anti-inflammatory effects.

Keywords: Anacardium occidentale, anti-inflammatory, analgesic effects
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ERS E’ HOI NGHI TOAN QUOC KHOA HQOC TRAI BAT
SARMATENE 0 VA TAI NGUYEN VO'I PHAT TRIEN BEN VIPNG (ERSD 2024)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Hat nano vang: nghién ciu ché tao va tinh chat

Nguy&n Manh Hung2*, Pao Viét Thang!?2

'B¢ mon Vat Iy, Khoa Khoa hoc co ban, Truong Pai hoc Mo - Dja chat
2Nhém nghién cizu BSASD, Khoa Khoa hoc co ban, Truong Dai hoc Mo - Dja chat

TOM TAT

Céc kim loai quy nhu Ag, Au, Pt ¢ kich thudc nano mét c6 nhitng hiéu g dic biét va céc tinh chit noi
troi. C6 the ké dén sur thay doi mau sic cua cua chiing ¢ cac kich thuéc nano khac nhau; Higu ing plasmon
& bé mit c4c hat nano 1am ting manh kha nang hap thu va tan xa anh sang kha kién; Kha nang tuong thich
sinh hoc tét, tong hop d& dang va cé thé lién hop véi nhiéu loai phéi tir sinh hoc, khang thé va cac nhém
chue dé ung dung chlng trong cam bién phét hién sinh hoa, chan doan y té. Trong bo c4o nay, chung toi
ché tao hat nano vang bang phuong phéap khir hda hoc va di tao dugc cac hat vang dong déu, kich thudc
nano mét; nghién ciru sy thay déi kich thudc hat nano theo ti 1¢ chat khir ciing nhu khao sat sy hap thy dac
trung ctia vang nano.

Keywords: Nano vang; Au; plasmon

1. Giéi thigu

Hat nano vang khong doc, ¢6 cac tinh chat quang hoc va dién tir dac biét do hiéu ung kich thudce luong
tir (quantum-sized effect) tao nén. O kich thudc nano mét, vang thay doi mau sac, chuyén tir mau vang sang
mau do hoac tim nhat (Wang, 2013). Sy chuyén mau nay c6 dugc la do trong phan tir nano vang khong hap
thu 4nh sang c6 budc song nam trong ving quang phd hap thu nhu & vang khéi. Céc nghién ctu thuc
nghiém va ly thuyét da cho thiy, su cong huong plasmon cua hat nano kim loai rat nhay véi kich thudc,
hinh dang hat nano va tinh chat dién mdi caa mdi trudng. Do d6, dic tinh quang hoc caa hat nano vang cé
thé dugc diéu chinh d& dang bang cach thay di kich thudc va hinh dang cia chiing (McConnell et al.,
2000). Nghién ctu gan déy chi ra rang, nhiéu nano kim loai véi cau trdc thap dién, lap phuong tam khéi. ..
déu cho cong huang plasmon bé mit dic trung (Pham, Jackson, Halas, & Lee, 2002).

Do ¢6 hiéu tng cong huong plasmon bé mit duoc ting cudng manh ddi véi cac hat kim loai quy nhu
Au, Ag, Pt ¢ tan sb quang lam cho ching tré thanh cac chét tan xa va hap thu tét 4nh sang kha kién. Ngoai
kha nang hap thy va tan xa dugc ting cuong cua cac hat nano vang, kha ning tuong thich sinh hoc tét, tong
hop d& dang va cé thé lién hop véi nhiéu loai phéi tir sinh hoc, khang thé va cac nhém chuc khién ching
phu hop dé str dung trong cam bién va phat hién sinh hda, chan doan y té (Riboh, Haes, McFarland, Ranjit
Yonzon, & Van Duyne, 2003; Shafer-Peltier, Haynes, Glucksberg, & Duyne, 2003; Storhoff, Elghanian,
Mucic, Mirkin, & Letsinger, 1998) va ting dung diéu tri (Chen et al., 2005; Rosi & Mirkin, 2005).

C6 thé ké dén mot ng dung dang chu ¥ cua hat nano vang la 1am chét trong phan trong viéc ghi nhan
hinh anh té bao va sinh hoc. Po twong phan cua hinh anh té bao va sinh hoc s& gip 1am ting d6 chinh xéc,
kha ning chan doan ung thu hodc céc rdi loan bang cach danh dau va gan nhan cho mé hozc té bao can xac
dinh ¢ nhiing vi tri cu thé cu thé (Jain, Lee, EI-Sayed, & El-Sayed, 2006). C4c chit twrong phan va danh du
hinh anh truyén thong duoc st dung la cac thudc nhuom quang hap thu va huynh quang nhu Malachite
Green va Rhodamine-6G. Ly thuyét Mie chi ra rang, higu suat hap thu cua céc hat nano ti I¢ voi tiét dién
hap thy cit ngang (tiét dien quang) cua ching. Véi cac hat nano vang c6 dang hinh cau, tiét dién quang cua
ching cao hon han so vai tiét dién quang cua cac phan tir thudc nhugm quang thong thuong (Jain et al.,
2006). Chang han nhu, cic hat nano vang dang cau duong kinh 40 nm ¢ tiét dién hap thu 2,93x10% m2
(tng vai hé s6 hip thu mol khoang & ~7,66x10° M-lem™) ¢ budc séng cong huong plasmon 528 nm. Gia
tri nay cao hon 5 bac so véi Indocyanine Green (s = 1,08x10* M-lem™® & budc séng 778 nm), déy 1a thudc
nhudm can hong ngoai (Near InfraRed-NIR) thuong dung trong diéu tri khdi u bang nhiét laser. Gié tri nay

"Téc gid lién he:
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ciing cao hon 4 bac so véi cac thudc nhuom quang cé hé sb hap thu manh nhu Rhodamine 6G (&= 1,16x10°

M-cm™ tai buéc séng 530 nm) va Malachite Green (&= 1,49x10° M-cm™ & 617 nm) (Jain et al., 2006).
Trong béo céo nay, ching toi ché tao hat nano vang bang phuong phép khir don gian, thay doi ti phan

chat khir nham tao ra cac hat nano véi kich thudc khac nhau.

2. Thuc nghiém

Héq chat chinh dugc sir dung trong nghién cuu la axit chloroauric (HAUCI4.3H20; d6 tinh khiét 99%)
va muoi Sodium citrate (NasCsHsO7; d6 tinh khiét 99%).Quy trinh ché tao hat nano vang dugc mo ta trén
Hinh 1.

H.0-DI
18 ml

Khudéy tir HAuCl,
Gia nhiét 80°C 1ml5.103% M

A 4

Dung dich
HAuCl,

Khudy tir Na3CeHsO7
Gia nhiét 80°C 1%

A 4

Dung dich hat
Nano Au

Hinh 1. Quy trinh ché tao hat nano vang

L4y 1 ml dung dich HAUCI,; ndng d6 5.103 M cho vao 18 ml nudc khir ion (Deionized water-DI), khudy
manh va gia nhiét & 80°C. Cho dung dich NasCsHsO7 ndng do 1% (w/v) vao dung dich HAUCIl, dang khuay.
Luong NasCsHsO7 khac nhau cho mdi mau dé khao sat theo ti phin HAUCI4/NasCsHsO7 khac nhau. Sau
mot khoang thoi gian, phan tng cé su chuyén mau sang mau dé dam, khi dé hat nano vang da hinh thanh,
déy chinh 1a mau cta dung dich hat nano vang. Dung dich hat nano vang dugc dé nguéi vé nhiét do phong
va bao quan trdnh sang & nhiét o 4°C.

Bang 1. Ki hiéu cac mau da ché tao trong diéu kién ti 1& dung dich chat khir NasCsHsO7 khac nhau.

Ki hi¢u mau HAuUCI4 NaszCeHsOr Ti I8 HAuCl4/ NasCeHsO7
GNP5 1ml 0,65 ml 1/5
GNP10 1ml 1,30 mi 1/10
GNP20 1ml 2,60 ml 1/20
GNP50 1ml 6,50 ml 1/50

3. Két qua va thao luan

Hé hat nano vang sau khi dwoc ché tao dugc dem do gian dd nhidu xa tia X (XRD), chup anh hién vi
dién tir quét (SEM) va do phd hap thu tir ngoai-kha kién (UV-Vis). Gian d6 XRD dugc thuc hién trén hé
do D8 Advance diffractometer (Bruker, Billerica, MA, USA) sir dung btrc xa Cu-Ka. Anh SEM dugc chup
trén kinh hién vi dién tir quét S-4800 NIHE microscope (Hitachi, Tokyo, Japan). Phé hip thy UV-Vis dugc
do boi quang phd ké Jasco V670 UV-vis.

Hinh 2 Ia gian &6 XRD cua mau GNP20. Két qua trén Hinh 2 cho thay, c6 4 peak nhidu xa Bragg dic
trung ctia vang tinh thé tai cac vi tri 38,2°; 44,7°; 64,7° va 77,7°. Cudng d¢ cac peak kha manh tuong tng
véi cac ho mat phang (111), (200), (220) va (311). Vi tri vati I¢ cuong do cac dinh nhiéu xa XRD ctia mau
GNP20 hoan toan phu hop véi thé chuan JCPDS s6 00-001-1172. Diéu dé chung to, trong dung dich thu
dugc sau qua trinh tong hop 1a cac hat nano vang, véi cau trdc lap phuong tim mat.
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Cwong do (d.v.ty.)
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30 40 50 60 70 80

2-theta (d9)
Hinh 2. Gidn do XRD cua hat vang mau GNP20

Hinh 3 12 anh SEM cuia c4c mau hat nano vang. C4c hat nano vang c6 dang hinh cau véi d6 dong déu
cao va kich thudc hat nano vang phu thudc vao diéu kién ché tao. Theo Hinh 3, khi ting ti phan chat khir
NasCsHsO7, kich thudc hat nano vang tang 1én, tuong g tang tir mau GNP5 dén GNP50. Diéu nay co thé
giai thich tir co ché cua quéa trinh tao ra hat keo nano vang bang phuong phap hoa hoc str dung chat khir
NasCsHsO7 qua 3 giai doan lién tiép cho qua trinh hinh thanh hat keo nano vang bao gom: tao mam, keo tu
va hinh thanh hinh dang hat nano vang (Pei, Mori, & Adachi, 2004; Pong et al., 2007). Giai doan ban dau
ctia phan tng, cac hat co ban nano vang dugc hinh thanh tir cac mam tinh thé dé tir d6 hinh thanh 1én cac
hat keo nano vang. Sau qué trinh tao mam, céc hat co ban nano vang két tu lai véi nhau nh lyc hat Van
Der Waals. Giai doan cudi cing phan wng, hinh dang cu cua cac hat nano vang duoc hinh thanh tir qué
trinh két tu lai boi hién tuong lan chiém Ostwald (Biggs, Mulvaney, Zukoski, & Grieser, 1994). Luc day
cua ion chat khir NasCsHsO7 1am nhanh qua trinh hinh thanh nhiéu cac hat co ban, dan dén lam ting qua
trinh két tu va on dinh bé mit hat nano vang. Py 1a nguyén nhan lam ting kich thudc hat va dat nhanh
trang thai 6n dinh caa dung dich nano vang (Biggs et al., 1994).

IMS-NKL 5.0kV 4.3mm

IMS-NKL 5.0V 4 4mm x150k SE(M)

Hinh 3. 4nh SEM cua cdc méu GNP5, GNP10, GNP20 va GNP50.

Két qua con cho thiy, cac hat vang nano & cac mau véi ti phan chat khir NasCeHsO- khac nhau déu cé
dang ciu, tirc 1a khi thay ddi ndng do ti phan chat khir HAUCIa/ NasCsHsOy tir 1/5 dén 1/50 khong lam thay
d6i hinh thai cua hat nano vang. Tuy nhién, kich thudc trung binh ciia cac hat nano vang cé su thay doi,
tuong ng Vi su thay déi ciia budc song hap thu cuc dai. Hinh 4 12 phd hap thu UV-Vis cua cac hat nano
Au ché tao véi ti phan chét khir khac nhau tuong tng cac mau GNP5, GNP10, GNP20 va GNP50. Trén
phd UV-Vis cua cac mau c6 mot dinh hap thu véi vi tri cuc dai ciia dinh trong khoang 521-525 nm. Pay la
dinh hip thy dic trung cua Au.
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Budc séng (nm)
Hinh 4. Phé hdp thu UV-vis cia mau GNP5, GNP10, GNP20 va GNP50

Khi kich thuéc hat nano vang ting thi budc séng hap thu cuc dai ciia ching s& c6 sy dich chuyén do, tic
1a dich chuyén vé ving c6 budc song dai hon. bay la hién tugng cong hudng plasmon bé mat (Surface
Plasmon Resonance-SPR). SPR 1a dao dong “tap thé” cuia cac electron dan trén bé mat caa cac hat nano khi
c6 &nh sang chiéu t6i. Tan sé cua dao dong cua cac electron phu thudc vao kich thudc, hinh dang va moi
truong dién moi xung quang cac hat nano. Khi kich thudc cua céc hat nano vang tang, thé tich caa hat nano
tang va mat do electron hiéu dung ciing ting 1én. Mat d6 electron s& anh huong dén luc phuc hoi trén cac
electron dan. Khi kich thudc hat nano vang 16n hon, dao dong tap thé cua cac electron trong hat nano xay
ra ¢ nang luong thap hon, tan sé cong huong s& thip hon, tuong ng véi budce song anh sang dai hon, dan
dén @6 dich Chuyen do & dinh hap thu. Két qua nay tuong ty nhu nhom tac gid téng hop nano vang bang
phuong phép chiéu xa st dung poly (N-vinyl pyrrolidone) lam tac nhan 6n dinh (Huang & Yang, 2004)
hozc sir dung phuong phap chiéu xa tia y-%°Co trong qué trinh tdng hop nano vang véi tc nhan én dinh 1a
alginate (Tue Anh, Van Phu, Ngoc Duy, Duy Du, & Quoc Hien, 2010).

Nhu vay, c6 thé thiy rang ti phan chét khir NasCsHsO7 khac nhau c6 vai tro kha rd trong phan tng khir
ion Au®*. Khi tang ti phan chét khir thi téc do phan (ng khir c6 ting, kich thudc hat thay déi. Cac hat nano
vang tang c¢6 thé 1a do cac cluster da két tu lai véi nhau. Tir két qua khao sat, chiing tdi chon ti I¢ 1/20 cho
cac nghién ctu tiép sau.

4. Két luan

Béng phuong phap khir dung dich mudi vang HAuCI,, chiing toi di tdng hop dugc hat nano vang khi
thay doi ti 1& chat khir HAUCI./NazCeHsOy7 tir 1/5 dén 1/50. Két qua thu dugc cac hat nano vang c6 kich
thudc phu thudc vao cac diéu kién ché tao. Trong khoang khao sat, lya chon ti 1& 1/20 dé tong hop duoc
hat nano vang cé dang cau, kich thudc dong déu.
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ABSTRACT

Gold Nanoparticles: Synthesis and Properties

Nguyen Manh Hung>?”, Dao Viet Thang!?
!Department of Physics, Faculty of Basic Sciences, Hanoi University of Mining and Geology
2BSASD Research Group, Faculty of Basic Sciences, Hanoi University of Mining and Geology

Noble metals such as Ag, Au, and Pt at the nanoscale exhibit unique effects and outstanding properties.
Notable phenomena include the change in color at different nanoscale sizes; the plasmon effect on the
surface of nanoparticles significantly enhances the absorption and scattering of visible light; good
biocompatibility, easy synthesis, and the ability to conjugate with various biological ligands, antibodies,
and functional groups for applications in biochemical sensors and medical diagnostics. In this report, we
synthesized gold nanoparticles using a chemical reduction method and successfully produced uniform
nanoparticles at the nanoscale; we studied the change in nanoparticle size according to the ratio of reducing
agents and investigated the characteristic absorption of gold nanoparticles.

Keywords: Gold nanoparticles; Au; plasmon
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SUSTAINABLE DEVELOPMENT

Tong hop va danh gia dac tinh giong thuoc cua mét s6 dan chat mang
khung 2-(5-(pyridin-2-yl)-1H-tetrazol-1-yl)acetamid
Nguyén Viét Hung258*, Tran Phuong Thao? Hoang Vin Hai®, Tran Pinh Hoang?,
Nguyén Phuong Dung?, Nguyén Thi Kim Thoat, Cong Tién Diing?, Hd Manh Hung?,
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L Trieong Pai hoc Mo - Pja chadt
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TOM TAT

Acetylcholinesterase (AChE), mét dich tac dong quan trong va tiém ning trong nghién ciru va phat trién
thuc mai diéu tri va lam cham qué trinh tién trién cua bénh Alzheimer (AD). Nhiéu nghién ciru da chung
minh rang, cac din chat chira vong tetrazol c6 kha niang tc ché AChE. Trong nghién ctru nay, céc dan
chat 1Va, Vb va IVc mang khung 2-(5-(pyridin-2-yl)-1H-tetrazol-1-yl)acetamid da dwgc tong hop tir
nguyén liéu ban dau la 2-pyridin carbonitril théng qua cac phan tng cong dong vong [3+2], phan ng
N-alkyl hoa, phan ung thuy phan ester, phan g acid hoa va cubi cuing 1a amid hoa. Cac dan chat sau khi
téng hop, dugc kiém tra d6 tinh khiét; khang dinh cau tric bang cac phuong phap phd hong ngoai (IR),
phd khéi (MS), phd cong huong tir hat nhan proton (*H-NMR), phé cong huong tir hat nhan carbon (*3C-
NMR); Péanh gi4 dic tinh “giéng thubc” theo quy tic 5 tiéu chi cua Lipinski dwa trén cong cu
SwissADME cuia cac dan chat. Céac két qua kiém tra do tinh khiét, khang dinh cau tric cho thay, ca ba
chét dugc tong hop tinh khiét va phi hop véi cong thirc du kién. Dic biét, khdng c6 chat nao vi pham quy
tac Lipinski. Két qua nay 1a co so dé c6 thé tiép tuc tién hanh thir tac dung @c ché enzym AChE voéi ky
vong gop phan tim kiém chat tiém ning trong diéu tri AD.

Twr khéa: Tetrazol; Acetylcholinesterase; Alzheimer

1. D3t vin dé

Bénh Alzheimer (AD) lan diu tién dwoc Alois md ta vao nam 1906 (H. Hippius va G. Neundorfer,
2003), 1a can bénh thoi hoé than kinh khéng hdi phuc gay mat tri nhd va cho dén nay chwa c6 phuong
phap diéu trj hiéu qua (Moreta va nnk, 2021). Téi giita nhimg nam 1980, cac nha khoa hoc da xac dinh
dugc hai dau 4n sinh hoc quan trong ciia AD bao gom su tich lity cua peptid amyloid beta (AB) trong cac
mang bam va su ting phosphoryl hoa cua protein tau trong dam rdi soi than kinh (NFTs) (Lopez va nnk,
2019). Tur nhitng phat hién ban dau ndy, nhitng nghién ctu bénh ly than kinh cia AD di tiép tuc phat
trién va g6p phan phat hién céc triéu ching 1am sang caa AD ciing nhu bénh sa sit tri tué (Lopez va nnk,
2019; Martins va nnk, 2023). Gia thuyét cholinergic di chi ra rang Alzheimer c6 lién quan dén sy thiéu
hut chat dan truyén than kinh quan trong la acetylcholin (ACh) hozc butyrylcholin. Hién nay, cac lua
chon diéu tri chinh dé diéu tri AD Ia thudc ic ché AChE nhu donepezil, rivastigmin, galantamin, tacrin
(Z. Sang va nnk, 2022). Tuy nhién ca bdn chat déu c6 cac tac dung phu dang ké (L. Hoffman va J.
Bloemer, 2021). Do vay, nghién ciru dé tim ra cac chét irc ché AChE méi van la mot chién lugc c6 tinh
cap thiet.

ACh dugc tong hop ¢ trong cac noron tién synap tir cholin va acetyl-coenzym A (acetyl-CoA) bai
enzym cholin acetyltransferase (ChAT), sau d6 ACh duoc chuyén vao trong boc synap qua kénh van
chuyén ACh. Qua trinh khir cuc & tién synap thiic day qua trinh giai phong ACh tir boc synap vao khe
synap. Tai day, ACh c6 thé gan véi cac thu thé nicotinic hoac muscarinic dan dén phan ung kich thich
hay trc ché dan truyén than kinh. Bén canh d6, ACh cé thé nhanh chéng bi thiy phan va bat hoat boi
enzym AChE tao acetat va cholin. Cudi cing, choline dugc thu hdi tré lai tién synap thong qua kénh vén
chuyén cholin (CHT1) va tiép tuc ti tong hop ACh (Hinh 1) (H Ferreira-Vieira va nnk, 2016; Stanciu va
nnk, 2020).

*Tac gia lién h¢
Email: nguyenviethung@humg.edu.vn
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Hinh 1. (a) Dan truyén than kinh acetylcholin
(1): Téng hop acetylcholin; (2): Thiy phén acetylcholin; (3) Thu hdi choline
*Ch( thich: mitochondrion: ty thé, synaptic vesicle: boc du triz cia synap
(b) Minh hoa cau tric ciia AChE bao gom: viing trung tam hoar dgng (CAS), viing long kénh va viing
ngai bién (PAS) (Colovic va nnk, 2013)

Yan Guo va cac cong su (Yan Guo va nnk, 2020) di chi ra rang cdu tric caa AChE duoc chia 1am ba
hop phan quan trong la ving trung tam hoat dong (CAS) nam & “day” kénh enzym, 1ong kénh hep va
viing ngoai bién (PAS) nam ¢ “miéng” kénh enzym. Nhu vay, cau tric quan trong cua mot chat Gc ché
AChE cén c6 diéu kién hoic c6 kha nang lién két véi viing CAS hoic ving PAS hoic 1a cau ndi lién két
v6i d6 dai va ciu trdc thich hop néi gitra hai phan ciu trac twong tac 1an luot véi viing CAS va ving PAS.
Céc chit wrc ché AChE dugc FDA phé duyét déu c6 cac lién két véi cac amino acid tai viing PAS va/hoic
CAS cua AchE (M. Son va nnk, 2019).

Tetrazol 12 mot hop chét di vong chira mot nguyén tir carbon va bén nguyén tir nito trong hé vong
thom nam canh. V& mat héa hoc, khung tetrazol c6 tinh acid nho sy ¢6 mat caa bén nguyén tir nito va
duoc coi la ciu ding sinh hoc ciia cac nhom acid carboxylic. Nhiéu nghién ciru gan day di chi ra rang,
cac dan chat tetrazol c6 kha nang twong tac v6i mot s dich phén tir tiém ning trong diéu tri Alzheimer,
trong d6 c6 nghién ciru V& cac dan chat tetrazol huéng e ché AchE (Kaushik va nnk, 2018; Kushwaha va
nnk, 2019). Thém véao d6, nhiéu nghién ctu chi ra rang dan chét pyridin thé hién kha ning tc ché AChE
manh théng qua tuong tac ctia chinh vong pyridin véi vung PAS (F. Pandolfi va nnk, 2017).

Trong nghién cau ndy, chdng toi dua trén nhitng phan tich xay dung méi lién hé gitra cu trac va kha
ndng twong tac cua cac nhom chirc Vi AChE dé xuat ciu triic cua bén dan chat mang khung 2-(5-
(pyridin-2-yl)-1H-tetrazol-1-yl)acetamid méi. Cac dan chat sau khi tong hop, duoc kiém tra do tinh khiét
bang hai phuong phép 1a phuong phap sac ky 16p mong (TLC) va phuong phéap do nhiét d6 néng chay;
khang dinh ciu tric qua céc phd IR, MS, H-NMR, 3C-NMR va danh gia dic tinh gidng thudc theo quy
tac 5 tiéu chi cua Lipinski dya trén cong cu SwissADME.

2. Thuc nghiém
2.1. Nguyén ligu va thiét bi

Hoé chit dwoc mua tir c4c nha cung cip trong nudc hodc nudc ngoai (Merck, Sigma-Aldrich) duoc st
dung tryc tiép khong qua tinh ché. Bia 96 giéng SPL (Han qudc) tip 1000, 200 microlit cia AHL (Pic),
micropipette 1000, 200 microlit Nichiryo (Nhat). Enzym AChE (Sigma-Aldrich, M¥); acetylthiocholin
iodid (ATCI, Sigma-Aldrich, M¥), acid 5,5'-Dithiobis(2-nitrobenzoic (DTNB, TCI, Nhat); galantamin
(TCI, Nhat) duoc st dung trong thi nghiém danh gia kha nang Gc ché AChE cua céc chét da téng hop
dugc. Dung mdi dwoc mua tir cac nha cung cap ciia Merck (Duc), Sigma-Aldrich (M) va Trung Qudc.
Phan tmg duoc theo ddi bai sic ky 16p mong (TLC) sir dung ban mong Merck Kieselgel 60F254 va quan
sat dudi dén UV. Phé hdong ngoai dugc ghi trén may FTIR Affinity-1S-Shimadzu (Nhat Ban) véi ki thuat
vién nén KBr trong vang 4000-600 cm™. Phd cong huong tir duge do trén may Bruker AC-500 MHz véi
chat chuan noi tetramethylsilan (TMS). Pho khdi duoc ghi bang méay Agilent 6530 Accurate-Mass QTOF
LC/MS (United States) theo phuong phap ion héa phun mu dién tir (ESI). Kha nang wc ché AChE dugc
doc trén may doc dia 96 giéng VarioskanLux.
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2.2. Tong hep hoa hoc

Tir chat dau 2-pyridin carbonitril, cac dan chat 1Va, 1Vb, 1Vc mang khung 2-(5-(pyridin-2-yl)-1H-
tetrazol-1-yl)acetamid theo So do 1:

0 o 0
A OH R
N @ | //M OCaHs i) = KU\ (i)~ HLN
| AN N -, H
~ — N . — \ N V) NG
N”CN NN NN NN
N N-N N-N
| 11 111 IVa-c

IVa. R = 4-methoxyphenyl
IVb. R = 2,4-dimethoxyphenyl
IVe. R = pyridyn-2-yl

(i) 1. NaNs, ZnClz, DMF, 120°C, 3h; 2. ethyl 2-cloroacetat, 60°C, 3h; (ii) 1. NaOH, MeOH, nhiét d§ phong, 30
phut; 2. HCI dac, pH=1-2; (iii) amjn devices, HOBt; EDC.HCIZ TEA, DCM, D~MF, n’hiét do phong, 4h.
So do 1. Quy trinh tong quét tong hop cac dan chdt 1Va-c

Hop chat trung gian ethyl 2-(5-(pyridin-2-yl)-1H-tetrazol-1-yl)acetat (11) dwoc tong hop théng qua hai
phan @ng lién tiép trong mot binh phan tng gom phan ng cong dong vong [3+2] tir aryl nitril va azid vo
co tao vong tetrazol, sau d6 1a phan @ng N-alkyl hoa gitra mudi tetrazoat trung gian voi tac nhan la 2-
chloroethyl acetat. Cu thé nhu sau: hoa tan 2-pyridin carbonitril (1) (1,0 duong lugng) trong DMF, thém
tiép NaNs (1,5 duong luong) va ZnCl, (0,1 duong lwong) vao binh phan tng, dun hdi luu & 120°C trong 3
gid. Sau 3 gio, ha nhiét do cua phan wng xudng 60°C, thém vao hdn hop phan wng ethyl 2-cloroacetat (1,5
duong luong), duy tri phan g & 60°C trong 3 gio. Lam ngudi hon hop phan ng, thém tir tir Na,CO3 béo
hoa cho két tua hoan toan rdi loc qua phéu loc Buchner c6 chét trg loc la Celite. Chiét dich loc Vi
ethylacetat (EA), thu pha EA lam khan bang Na,SO4 khan sau d6 c6 quay dudi ap suat thap dé loai dung
mdi va tinh ché bang séc ky cot silica gel sir dung pha dong la EA:n-hexan (2:3) thu dugc hai dong phan
N1 va N2. Sir dung dong phan N1 (I1) dé thuc hién cac phan tng tiép theo.

Hop chét trung gian 111 duoc tong hop bang cach: hoa tan NaOH (2,0 duong lwong) bang lwong nuéc
t6i thiéu, thém vao hé dung dich chat 11 trong methanol (MeOH). Hon hop phan tng dugc khuay trong
khoang 30 phdt ¢ nhiét ¢ phong. Sau dé diéu chinh vé pH = 1-2 bang acid HCI dic, ¢6 quay dudi 4p suat
thip dé thu dugc cin bao gdom hdn hop chat 11 va mudi NaCl. Tiép theo, thém hdn hop
methanol:diclomethan (MeOH:DCM, 2:1) dé hoa tan I11. Loc loai mudi NaCl, sau d6 c6 quay loai bo
dung mai, 1am khd trong tu siy chan khong thu dwoc chat 1.

= HLOH OCHj3 ~ HLN
\ N. N H
% \ /N \ 7 \N
N° NN HOBt, EDC.HCI, TEA, N !

\ o
DMF/DCM, 4h N-N

111 IVa
So' do 2. Quy trinh téng hop ddan chat 1Va tir chat 11

Téng hop N-(4-methoxyphenyl)-2-(5-(pyridin-2-yl)-1H-tetrazol-1-yl)acetamid (1Va) tir chat trung gian
111 duoc tong quat theo So do 2 & trén.

Hoa tan chat Il trong luong vira di DCM, thém lan lwot vao binh phan @ng hydroxybenzotrizol
(HOBt) (1,0 duong lugng), N-(3-dimethylaminopropyl)-N-ethylcarbodiimid hydrochlorid (EDC.HCI)
(1,0 duong lugng), 4-methoxyanilin (1,2 dwong lugng), TEA (2,0 duong lugng) vao binh phan ung.
Thém tiép mot lugng dung mdi DCM vira du, khudy tron trong 4 gio & nhiét do phong. C6 quay loai dung
moi va thém NaHCO3 10% dé trung hoa hé phan ung, chiét hé véi EA thu 16p hitu co. Lam khan 16p hitu
co bang Na,S04 sau d6 c¢6 quay loai EA. Tinh ché bang sic ky cot silica gel vai pha dong la EA:n-hexan,
¢6 quay dudi 4p suit giam, sdy cin dén kho trong ta sdy chan khong thu duoc chat 1Va.

Qua trinh téng hop céc chat Vb, IVc tir chat trung gian 111 thuc hién trong tw nhu chéat 1Va nhung
thay bang nhitng nguyén liéu khac, cu thé nhu sau:

Téng hop N-(2,4-dimethoxyphenyl)-2-(5-(pyridin-2-yl)-1H-tetrazol-1-yl)acetamid (1Vb) tir chat trung
gian 111 véi nguyén liéu 2,4-dimethoxyanilin (1,2 duwong lugng).
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Tong hop N-(pyridin-2-yl)-2-(5-(pyridin-2-yl)-1H-tetrazol-1-yl)acetamid (IVc) t chét trung gian 111
tuong tw chat 1\Va vai nguyén lidu 4-methoxyanilin bang pyridin-2-amin (1,2 duong lugng).

2.3. Thi dé tinh khiét

_ Céc chat myc tiéu sau khi dugc tong hop va tinh ché duoc kiém tra cac chi tiéu hoa 1y, d¢ tinh khiét
bang hai phuong phap 13 phuong phap sac ky 1op mong TLC va phuong phéap do nhiét d§ ndng chay.

2.4. Khing dinh céu trac

_ Céc phuong phap pho IR, MS, 'H-NMR va *C-NMR duoc sir dung dé khang dinh cau triic cia cac
dan chat IVa-c da duoc tong hop.

2.5. Nghién ciru dac tinh giéng thuéc

Dua trén quy tac 5 Lipinski (M. P. Pollastri, 2010) va phuong phép tham thdu BOILED-Egg (Daina A.
va nnk, 2017) tién hanh dy doan dic tinh “giéng thudc” cua cac chat 1Va-c thong qua cac thong s6 MW
(Molecular weight), HBD (Num. H-bond donors), HBA (Num. H-bond acceptors), LogP, N.RB (Num.
rotatable bonds), TPSA (Topological polar surface area), BBB (Blood-brain barrier) tir cdng cu danh gia
d6 gidng thudc SwissADME. Trong d6 cac chét cd hap thu hoic thdm kém khi chét cé: nhiéu hon 5 nhém
cho hydro; phan tir lugng 16n hon 500; IgP 16n hon 5; nhiéu hon 10 nhém nhan hydro.

3. Két qua va thio lugn
3.1. Thik dp tinh khiét
Céc két qua vé chi tiéu hoa ly, hé sb Tuu giit Re va nhiét &6 néng chay (TC:) cua cac chit 1Va-c duoc

trinh bay ¢ Bang 1. ) o N )
Bang 1. Chi so héa ly va higu sudt tong hop cua cac dan chat 1Va-c

x A A Rf
Dan Lz Hiéu suat

% CTPT KLPT | Mausic | ,z _° Tone(°C
chét A | tinghep (%) |  EA:n-hexan (2:1) (°C)
IVa | CisH1aNsO2 | 310.32 | Tring 66 0,53 195,1-196,4
IVb | CisHisNeOs | 340.34 | Tring 56 0,41 193,5-194,6
IVc | CisHuN,O | 281.28 | Tréing 68 0,35 198,6-199,2

Dua trén ket qua xac dinh Ry va nhiét do ndng chay trén c6 thé so by khang dinh tat ca cac dan chat
IVa-c déu tinh khiet va du dieu Kién dé thuc hién cac budc khang dinh cau tric bang cdc phuong phap
pho.

3.2. Khdng dinh cdu trac

Céc dan chat 1Va-c thiét ké tong hop theo so' d6 1. Do tinh khiét ciia chung dwoc xéc nhan bang céch
do nhi¢t d nong chay va sir dung phuong phap TLC; cAu trdc cua chung duoc xac dinh bang phé IR,
HR-MS, NMR. Théng tin chi tiét v& quang phd cua chung duoc dwa ra dudi day.

(0]
4 3 HJ\N,R IVa. R = 4-methoxyphenyl
5 /=< 9 H IVb. R = 2 4-dimethoxyphenyl
L S Ny IVe. R = pyridyn-2-yl
6 "N Rj v IVa-c
1 _

Dan chit 1Va. IR (KBr, cm-1): 3333 (NH amide); 3004 (CH aromtic); 1686 (C=0); 1612 (C=N);
1534, 1446 (C=C aromatic). IH-NMR (500 MHz, DMSO-d6, ppm): ¢ 10,51 (s, 1H, NH), 8,76 (d, J = 4,0
Hz, 1H, H6), 8,17 (d, J = 8,0 Hz, 1H, H3), 8,03 (td, J1 = 7,5 Hz, J> = 1,5 Hz, 1H, H4), 7,57 (t, J = 6,0 Hz,
1H, H5), 7,51 (d, J = 9,0 Hz, 2H, H2’, H6’), 6,92 (d, J = 9,0 Hz, 2H, H3’, H5"), 5,76 (s, 2H, CH,-CO),
3,73 (s, 3H, OCH3). *C-NMR (125 MHz, DMSO-d6, ppm): J 164,7 (C=0), 162,8 (N=C-N), 156,2 (C4"),
150,7 (C2), 146,6 (C6), 138,2 (C4), 131,7 (C1’), 125,8 (C3), 122,9 (C5), 121,4 (C2’, C6°), 114,5 (C3’,
C5°), 55,9 (OCH?3), 55,6 (CH,-CO). HR-MS (ESI) m/z C1sH1aNsO2: [M+H]* du kién = 311,1251, két qua
thuc nghiém = 311,1256.

DAn chit IVb. IR (KBr, cm-1): 3277 (NH amide); 3067 (CH aromtic); 1673 (C=0); 1617 (C=N);
1555, 1418 (C=C aromatic). 1H-NMR (500 MHz, DMSO-d6, ppm): ¢ 9,82 (s, 1H, NH), 8,76 (d, J = 4,5
Hz, 1H, H6), 8,17 (d, J = 8,0 Hz, 1H, H3), 8,03 (td, J; = 8,0 Hz, J> = 1,5 Hz, 1H, H4), 7,72 (d, J = 14.0
Hz, 1H, H6%), 7,57 (t, J = 6,0 Hz, 1H, H5), 6,66 (d, J = 2,5 Hz, 1H, H3"), 6,49 (dd, J1 =85 Hz, J, =25
Hz, 1H, H5’), 5,84 (s, 2H, CH,-CO), 3,87 (s, 3H, 2-OCHj), 3,76 (s, 3H, 4-OCHj3). 3C-NMR (125 MHz,
DMSO-d6, ppm): ¢ 164,7 (C=0), 163,3 (N=C-N), 157,7 (C4’), 151,9 (C2), 150,7 (C2’), 146,6 (C6),
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138,2 (C4), 125,8 (C3), 123,9 (C5), 122,9 (C27), 119,9 (C1°), 104,6 (C5”), 99,4 (C3), 56,3 (2-OCHs, 4-
OCHs), 55,8 (CH,-CO). HR-MS (ESI) m/z CisH1sNeOs: [M+H]* du kién = 341,1357, két qua thuc
nghiém = 341,1360.

DAn chét IVc. IR (KBr, cm-1): 3232 (NH amide); 3055 (CH aromtic); 1719 (C=0); 1600; 1577
(C=N); 1546; 1437 (C=C aromatic). 1H-NMR (500 MHz, DMSO-d6, ppm): 6 11,19 (s, 1H, NH), 8,76 (d,
J =45 Hz, 1H, H6), 8,39 (d, J = 4,0 Hz, 1H, H3"), 8,18 (d, J = 7,5 Hz, 1H, H3), 8,05-7,99 (m, 2H, H4,
H6’), 7,82 (t, J = 8,0 Hz, 1H, H5’), 7,57 (t, J = 6,0 Hz, 1H, H5), 7,18 (t, J = 6,5, 1H, H4"), 5,89 (s, 2H,
CH,-CO). BC-NMR (125 MHz, DMSO-d6, ppm): § 164,7 (C=0), 164,3 (N=C-N), 151,7 (C2), 150,7
(C1°), 148,7 (C6), 146,6 (C5°), 139,0 (C3°), 138,2 (C4), 125,8 (C4’), 122,9 (C3), 120,6 (C5), 114,1 (C6"),
55,9 (CH,-CO). HR-MS (ESI) m/z CisH1N7O: [M+H]* du kién = 282,1098, két qua thuc nghiém =
282,1099.

Ghi chii: §: d¢ dich chuyén hoa hoc (ppm); s: miii don (singlet); d: miii déi (doublet); t: miii ba
(triplet); m: miii da (multiplet)

Két qua pho dd cua cac dan chat 1Va-c cho thay déu xuat hién cac pic ion cd gia tri baing [M+H]* voi
cuong d6 manh. Bo dich chuyén héa hoc, dé boi cua pic va cac hiang sé cong huong phi hop véi cac
proton va nguyén tir carbon trong phd *H-NMR, 3C-NMR phul hop véi cong thirc du kién caa 3 dan chét
da tong hop.

3.3. Bdnh gid dac tinh “giéng thugc”

Cac thong sb vé dac tinh “gidng thubc” dya trén cong cu SwissADME (Hinh 3) duoc trinh bay tom tit
o Bang 2.
Bang 2. Céc thdng s¢ tinh chdt giong thudc dua trén cong cu SwissADME cua dan chat 1Va-c

4 HJ\N,R IVa. R = 4-methoxyphenyl
5 ( \, Ny H IVb.R = 2,4.—d.imethoxyphenyl
] N/ q /N IVa-c IVe. R = pyridine-2-yl
1 N-N
Din chat IVa IVb IVc
Molecular weight (g/mol) 310,31 340,34 281,27
Num. H-bond donors (HBD) 1 1 1
Num. H-bond acceptors (HBA) 6 7 6
LogP 1,19 1,20 0,58
Num. rotatable bonds 6 7 5
Topological polar surface area (TPSA) (A2?) 94,82 104,05 98,48
Blood-brain barrier (BBB) permeant No No No
Gastrointestinal absorption High High High

Nhu vay, ca 3 chat deu c6 tinh chat giong thudc theo quy luat Lipinski va co kha nang hap thu cao qua
duong tiéu hoa nhung kha nang hap thu qua hang rao mau nao con han ché. bac biét, hai thong s6 logP
va TPSA cua IVc co gia tri tuong dbi gan véi gia tri cua thude co thé hap thu qua hang rao mau ndo theo
phwong phap thdm thau N&o hoic Ruét (BOILED-Egg) (0,4 < logP < 6,0 va TPSA < 79 A2). Qua d6 cho
thdy tiém nang nghién ctru sdu hon vé& nhém naphthalene va pyridine trong chat c ché AChE & néo cua

bénh nhan Alzheimer.

[oiecuie 1
HoOo®

[Moteculed _____________________________________________Jo
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Ve
Hinh 3. Théng sé giong thuac theo cong cu SwissADME cho ddn chdt 1Va-c

4. Két luan

Trong nghién ctru nay, chung t6i da téng hop thanh cong 3 dan chat mang khung 2-(5-(pyridin-2- -yb)-
1H-tetrazol-1-yl)acetamid tir nguyén li¢u ban dau 1a 2-pyridin carbonitril théng qua hai phan tng lién tiép
trong mot binh phan ing gom phan tng cong dong vong [3+2] tir aryl nitril va azid v6 co tao vong
tetrazol, sau d6 1a phan @ng N-alkyl hda giita mudi tetrazoat trung gian véi tac nhan la 2-cloroethyl acetat.
Céc chat tong hop dam bao do tinh khiét, pht hop vai cong thuc du kién théng qua khang dinh cau trdc
bang cac phuong phap phd IR, MS, NMR. Két qua thir dic tinh gidng thudc theo cong cu SwissADME,
quy tac 5 Lipinski va phuong phap tham thau BOILED-Egg cho thdy, ca 3 chat déu c6 tinh chit giéng
thudc va c6 kha nang hap thu cao qua duong tiéu hoa nhung kha néng hap thu qua hang rao mau nao con
han ché. Dac biét, hai thong sb logP va TPSA cua Ve c6 gié tri trong dbi gan V6i gia tri cua thudc co thé
hap thu qua hang rao mau ndo. Qua dé cho thay tiém nang cua nhitng khung céu tric nay trong viéc téng
hop cac dan chit irc ché AChE trong néo cia bénh nhan Alzheimer.

Loi cam on

Nghién ciru nay duoc tai tro boi Quy DSi moi sang tao Vingroup (VINIF) trong Dy An méd sé
VINIF.2022.DA00061.
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ABSTRACT

Synthesis and evaluation of drug-like properties of some derivatives
bearing 2-(5-(pyridine-2-yl)-1H-tetrazol-1-yl)acetamide scaffold

Nguyen Viet Hung®?>8", Tran Phuong Thao? Hoang Van Hai®, Tran Dinh Hoang?,
Nguyen Phuong Dung?* Nguyen Thi Kim Thoa!, Cong Tien Dung?, Ha Manh Hung?,

Nguyen Thi Thu Hien?

1 Hanoi University of Mining and Geology
2 Hanoi University of Pharmacy
3 Pheninkaa University
4Viet Nam University of Traditional Medicine
®BSASD research group, Faculty of Basic sciences, Hanoi University of Mining and Geology
®HiTech-CEAE Research Team, Hanoi University of Mining and Geology

Acetylcholinesterase (AChE) has become an important and potential target in the research and
development of new drugs for treating and slowing the progression of Alzheimer's disease (AD). Many
studies have demonstrated that derivatives containing the tetrazole heterocycles have the ability to inhibit
AChE. In this study, derivatives IVa, 1Vb and IVc bearing the 2-(5-(pyridine-2-yl)-1H-tetrazol-1-
yl)acetamide scaffold were synthesized from the starting material 2-pyridine carbonitrile through [3+2]
cycloaddition reactions, N-alkylation reactions, ester hydrolysis reactions, acidification reactions and
finally amidation. After synthesis, the derivatives are tested for purity; Confirming the structure by
infrared spectroscopy (IR), mass spectrometry (MS), proton nuclear magnetic resonance spectroscopy
(*H-NMR), carbon 13 nuclear magnetic resonance spectroscopy (*C-NMR); Evaluate drug-like
properties according to Lipinski's Rule of Five, BioLed-Egg methood based on the SwissADME tool’s
results of derivatives. The results showed that all three synthesized substances were pure and consistent
with the expected formula and there are no substances that violate the Lipinski Rule of Five. In particular,
the 1Vc derivative have values relatively close to the values of drugs that can be absorbed through the
blood-brain barrier. Thereby showing the potential of these structural frameworks in synthesizing AChE
inhibitor derivatives in the brains of Alzheimer's patients.

Keywords: Alzheimer; Acetylcholinesterase; Tetrazol
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E‘RSE* HOI NGHI TOAN QUOC KHOA HOC TRAI DAT
SARSH SO VA TAI NGUYEN VOI PHAT TRIEN BEN VIPNG (ERSD 2024)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Khao sat tinh chét caa vat liéu nano phét quang chuyén doi nguoc
chira Er¥* va Tm*

Ha Thi Phugng?, L& Thi Vinh? Phan Diéu Hang!, Nguyén Thu Thuy’, Pao Thi Ngoan, Tir Anh Phong?,
Nguyén Thi Nguyét!, Hoang Xuan Cuong?, Nguyén Thi L&*, Hoang Thi Thu Trang?,
Chu Nong Quéan Huan?®, Tran Thu Huong*"

Truong Pai hoc Y Ha Noi
2 Truwong Pai hoc Mo - Pia chat
8 Truong THPT Na Bao
4Vién Khoa hoc vt liéu, Vién Han lam Khoa hoc va Cong nghé Viét Nam

TOM TAT

Vit liéu nano phat quang chuyén d6i nguoc NaYFs: Yb®/ (Er®*, Tm3*) duoc tong hop bang phuong phap
thuy nhiét. Cau tric, hinh thai hoc va tinh chat quang cua vat liéu duoc quan sét trén thiét bi phan tich
nhidu xa tia X, phd hong ngoai, kinh hién vi dién tir phat truong va phd huynh quang. Vat liéu ¢ dang
hat cau véi duong kinh khoang 100 + 300 nm, phat quang manh trong ving do. Cac két qua khao sat cho
thay, vat liéu nano NaYFs: Yb3*/ (Er®*, Tm®) c6 trién vong lam tac nhan phat hién té bao ung thu tng
dung trong y sinh.

Tir khéa: NaYF4: Yb3*/(Er®*, Tm®); vat liéu nano; phuong phap thay nhiét; phat quang

1. Pit van dé

Céc nha khoa hoc trén thé gioi di va dang quan tam nghién ciu cac vat liéu nano phéat quang chira dat
hiém do nhiing tinh chat quang vat ly hap dan cua chang (Y. Li va nnk, 2022; T. Grzyb va nnk, 2021; H.
Chen va nnk, 2022; S. Balabhadra va nnk, 2020). Uu diém cuia cac hop chat phat quang chtra dat hiém la:
Thoi gian séng huynh quang dai, than thién voi moi truong va con ngudi nén ching 1a vat lidu co s va
rat hiru fch cho viéc ché tao cac cong cu danh dau huynh quang (phét hién va nhan dang té bao ung thu),
lam cam bién cho viéc xét nghiém va chan doan anh huynh quang (E. Hong va nnk, 2019; J. Grube va
nnk, 2023; J. Grube va nnk, 2022; J. Chen va nnk, 2012). Hon nita, cic vat liéu phat quang chira dat hiém
kich thugc nano c6 do on dinh cao, d& ché tao, d& chirc nang héa bé mat. Bac biét, vat lidu c6 hiéu ung
chuyén nguoc duoc ang dung trong phat hién, nhan dang té bao dang 1 vain dé néng dugc nhiéu nha khoa
hoc trén thé gisi quan tam (D. Vennerberg va nnk, 201; S. Cui va nnk, 2022; ; Y. Ma, 2015). Mét trong
nhitng ng dung chinh cua loai vat liéu nay 1a lam cong cu phat hién té bao, xac dinh séom bénh ung thu.
Vit lidu duoc lya chon 12 vat liéu chira ion dat hiém (Er®*, Tm3*)/Yb3* ¢6 hiéu g chuyén déi nguoc cao,
c6 kha nang trng dung hiéu qua trong y sinh.

O Viét Nam, mot s nhém céc nha khoa hoc ciing da tap trung nghién ciru hé vat liéu phat quang
chuyén déi nguoc NaYF, chira Yb3*/ Er®* va da dat dwoc nhiing két qua ban dau (T.T. Huong va nnk,
2021; L.Q. Minh, 2012; T.T Huong, 2020). Tuy nhién, hé vat liéu c6 mat dong thoi ca hai ion kich hoat
(Er®* va Tm3) /Yb®* con chua duoc d& cap nhiéu. Theo bai b4o ndy, ching tdi tién hanh tdng hop va khao
sét tinh chét cua vat liéu nano phét quang chuyén ddi ngugc chtra dong thoi Erd* va Tm3* trén nén NaYF,
nhiam danh gi4 kha nang tng dung cua vat lidu dé phét hién, ¢anh dau mot vai loai t bao ung thu in vitro.

2. Co s6 ly thuyét va phuwong phap nghién ciu
2.1. Hoa chit va phwong phdp chudn bi mau

Hoa chat: Cac hda chat dung dé ché tao vat lieu NaYF4: (Er¥, Tm®)/Yb% gom : Y(NO3)3.6H,0
(Sigma, 99,9%); Yb(NO3)3.5H,0 (Sigma, 99,9%); Er(NOs)s.5H,0 (Sigma, 99,9%); Tm(NQOs3)s.5H,0
(Sigma, 99,9%); NaF (Merck, 99%); NaOH (Merck, 99%); C,HsOH (Sigma, 99,9%); C,H4(OH), (Merck,
99,9%); nudce khir ion.

*Tac gia lién h¢
Email: lethivinh@humg.edu.vn
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Céc phép do miu

Kich thuéc, hinh thai hoc cua vat liéu dugc quan sat trén kinh hién vi dién tir (FESEM, Hitachi - field
emission scanning electron microscopy). Cau tric cua vat liéu dugc xac dinh bang phwong phap do nhidu
xa tia X trén hé nhidu xa ké D5000 Siemens vai A= 1,5406 A. Phé hdng ngoai dugc khao sat trén may do
phd hong ngoai FTIR - IMPACT 410-Nicolet. Phé huynh quang cua vat liéu duoc do trén hé do phd ké
phéan giai cao, Model: Microspec-2356 (My), vai budc séng laser kich thich tai 980 nm.

2.2. Qué trinh thuc nghiém

Vit lieu nano NaYF,: (Er®*, Tm®)/Yb% duoc tong hop theo phuwong phap thuy nhiét. Quy trinh tong
hop vat liéu dugc md ta nhu sau: Cho vao binh phan tng cac dung dich: NaOH, C2HsOH, Cz2H4(OH)g,
Y(NOs)s; Yb(NOs)s; Er(NOs)s; Tm(NOs)s va nudc. Khuay déu hdn hop dung dich nay trong 15 phut roi
nho tir tir dung dich NaF vao va khuay tiép trong 6 gid & 150 °C. Hon hop thu dugc chuyén vao binh teflon
dung trong Autoclave va tién hanh @ nhiét ¢ 200 °C trong 8 gio. San pham thu dwoc duoc li tAm, rira sach bang
nude khir ion roi dem sy & 60 °C trong 24 gio.

3. Két qua va thao luan
3.1. Cdu trtc tinh thé va hinh thai hec

—— NaYF,: (Er”*,Tm>)/ Yb*
Cubic
Il Hexagonal

Cuong do (d.v.t.d.)

. eVt

30 40 50 60 70 80

2-Theta (do)

Hinh 1. Gidn do nhiéu xa tia X ciia mau NaYF,: Yb3*/ (Er®*, Tm3*) 4 nhiét ¢ 200 T trong 8 gio

D¢ xéc dinh cu tric cua vat ligu NaYFs: Yb*/(Er®*, Tm*) tong hop dugc, ching t0i da tién hanh
phan tich gian d6 nhidu xa tia X thong qua phuong phéap do nhiéu xa tia X (Hinh 1). Tir gian d6 nhiéu xa
tia X cho thay vi tri cua cac vach nhiéu xa chinh c6 cau tric pha cubic o -NaYF4 (pht hop véi the chuin
JCPDS sb 77-2042) va mét s6 vach c6 cau tric pha hexagonal p -NaYF, (pht hop véi cac két qua trén thé
chuan JCPDS s6 28-1192). Theo thé chuén cho thay, mau NaYFs: Yb*/(Er**, Tm*) la hdn hop cia pha
cubic o -NaYF, va pha hexagonal B -NaYF.. Ngoai ra, nhan thdy cac dinh nhiu xa sic nét va cao trong
gian dd XRD c6 thé suy luan rang cac mau duoc két tinh tét.
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Hinh 2. Phé hong ngogi cia mau NaYF4: Yb3*/ (Er®*, Tm3*) 4 nhiét ¢ 200 T trong 8 gio

Phé hdng ngoai cua vat liéu phat quang chuyén ngugc NaYF,: Yb3*/ (Er¥*, Tm3*) duoc trinh bay trén
Hinh 2. Két qua phan tich phé hong ngoai thu duoc cho thay, trén mau vat lisu NaYF,: Yb3/ (Erd*, Tm3*)
xuat hién dinh hap thy tai 3490 cm™ (dic trung cho dao dong hoé tri lién két O-H cua hoi nudc hap thu)
va dinh hip thu tai 2920 cm™ (dic trung cho dao dong hoa tri lién két -C-H). Céac dinh hap thy nam trong
khoang 1100 cm™ - 1600 cm™ 1a dao dong bién dang cua lién két -C-H, -C=0. Mt khac, cac nguyén tir
dat hiém Er, Tm, Yb lién két vai vat liéu nén NaYF4 thé hién qua cac dao dong & cac tan sb thap tuong
g véi cac s6 song trong khoang 400 cm™ - 800 cm™.

IMS-NKL 5.0kV 5. 4mm x50.0k SE(M) K "' {.00um

Hinh 3. Anh FESEM cia mau NaYF4: Yb3*/ (Er®*, Tm®*) 4 nhiét ¢ 200 <C trong 8 gio
Hinh théi hoc cua cac mau duoc trinh bay trén Hinh 3. Qua anh FESEM cho thay, vat liéu NaYFa:

Yb3/(Er¥*, Tm3") tdng hop dugc 6 dang hat cau véi duong kinh khoang 100 nm + 300 nm. C4c hat kha
ddng déu va khong bi két dinh.
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3.2. Tinh chdt phat quang

NaYF: Yb"/ (Er", Tm")

650
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ol 1 R L A 1
500 600 700

Budce song (nm)

Hinh 4. Phé huynh quang cua mau NaYF,: Yb3*/ (Er3*, Tm®*) 4 nhiét ¢ 200 < trong 8 gio.

Diéu kién dé vat liéu ung dung duoc trong y sinh 1a ching phai ¢6 cAu tric én dinh, kich thuéc nano va
phét quang tot. Két hop cac nghién ctru vé ciu tric, hinh thai hoc, ching t6i tién hanh khao sét tinh chat
phat quang cua vat li¢u nano NaYFs: Yb*/ (Er**, Tm*) bang cach do phé huynh quang (Hinh 4). Két qua
cho thay vat liéu phat quang chuyén ddi nguoc trong ving do (ng véi cac dinh phéat xa nam trong viing c6
budc séng tir 300 dén 800 nm. Tai budc song 450 nm, 480 nm ing véi chuyén doi 1D, — 3Fs, 1G4 — °He
cua ion Tm®*; tai cac budc séng 520 nm, 540 nm va 650 nm tng véi cac chuyén di?Hize — *lise, *Sae
— 411572 VA *Fo2 — 1152 twong 1rng cua ion Er®* khi kich thich tai buéc séng 980 nm.

4. Két luan

Di tong hop thanh cong vat liéu nano phat quang NaYF4: Yb3*/(Er¥*, Tm3*) bang phuong phép thiy
nhiét. Vat liéu tdng hop duoc c6 dang hat cau véi duong kinh khoang 100 -+ 300 nm, ¢6 ciu triic hdn hop
pha cubic a va pha hexagonal . Vat liéu phat huynh quang tét & 4nh sang do tng véi cac chuyén doi dac
trung D, » 3|:4, 1G4 — 3Hg cna ion Tm3+; 2H110 — *l1spp , 4San — 4lisp VA *Fopp — *lisp tuong tng cua
ion Er®* khi kich thich tai budc séng 980 nm. Két qua cho thay vat liéu nano NaYFs: Yb®/(Erd*, Tm3)
thich hop dung dé tao cong cu phat hién, danh dau té bao ung thu tng dung trong y sinh.

Loi cam on
Nghién ctu ndy dugc hd trg kinh phi tir e tai mé s VAST 03.03/23-24 thugc Vién Han lam Khoa
hoc va Cong nghé Viét Nam. Cac tac gia xin chan thanh cam on Truong Pai hoc Y Ha Noi da tao diéu

kién dé thyc hién dé tai cap co s¢ theo quyét dinh s6 698/QD-DHYHN vé viéc phé duyét nhiém vu khoa
hoc cong nghé cap co s& cta Truong Pai hoc Y Ha Noi nam 2024,
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ABSTRACT

Survey on the properties of upconversion luminescent materials
containing Er®* and Tm?"*

Ha Thi Phuong?, Le Thi Vinh?, Phan Dieu Hang?, Nguyen Thu Thuy?, Dao Thi Ngoan?,
Tu Anh Phong?, Nguyen Thi Nguyet!, Hoang Xuan Cuong?, Nguyen Thi Le3, Hoang Thi Thu Trang?,
Chu Nong Quan Huan?®, Tran Thu Huong*”

'Hanoi Medical University
2Faculty of Basic Science, Hanoi University of Mining and Geology
3Na Bao High School
“Institute of Materials Science, Vietnam Academy of Science and Technology

In this report, we present several results on the synthesis of NaYF,: Er®*/Tm® nanomaterials using the
hydrothermal method. We find suitable conditions to control the particle size of the material. The
morphology, structure, and optical properties of the nanomaterials were observed using field emission
electron microscopy, infrared spectroscopy, X-ray diffraction analysis, and fluorescence spectroscopy.
The NaYFs: Yb*/ (Er®*, Tm3*) material has a particle shape with a diameter of about 100 to 300 nm,
emits strong fluorescence in the red region. The survey results show that NaYFs: Yb*/(Er®*, Tm3")
nanomaterials have potential as agents for detecting cancer cells in biomedical applications.

Keywords: "NaYFs: Yb**/(Er®*, Tm®)"; "nanomaterials"; "hydrothermal method"; "“fluorescence"
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E RSE HOI NGHI TOAN QUOC KHOA HQOC TRAI BAT
SAR SO VA TAI NGUYEN VO'I PHAT TRIEN BEN VIPNG (ERSD 2024)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Anh huéng cia hat nano TiO2 ti qua trinh két taa dién hoa cua niken

Lé Thi Phwong Thao'>%", Nguyén Manh Ha'

1B mdn Hoa hoc, Khoa Khoa hoc co ban, Trueong Pai hoc Mé - Pia chat
2Nhém nghién cizu BSASD, Khoa Khoa hoc Co ban, Truong Pai hoc M6 - Pja chdt
3Nhém nghién cizu manh HiTech-CEAE, Trung tm Phan tich, Thi nghiém Céng nghé cao,
Truwong Pai hoc M6 - Dja chat

TOM TAT

Lép ma niken va 16p ma t6 hop Ni-nano TiO; da dwoc tao thanh trén nén dong tir dung dich niken clorua
bang k¥ thuat dién phan. Lop ma to hop két hop dugc tinh chat cia hat nano TiO; va tinh chét cia kim loai
nén Ni nén thé hién do bén, do cing va kha nang chdng an mon cao hon 16p ma niken nguyén chat. Anh
huong caa hat TiO, dén qué trinh hinh thanh 16p ma niken da duoc danh gia thong qua két qua do duong
cong phan cuc cua ddng trong dung dich niken clorua va anh chup FE-SEM bé mat cac 16p ma theo thoi
gian ma khéc nhau. Két qua cho thiy, hat TiO, dwoc dong két tia mét cach co hoc vao 16p ma niken nhung
¢6 anh huong téi sy tao mam cua tinh thé niken dan dén vira c6 thé 1am tang cudng tinh chét cho lop ma
niken vira 1am thay d6i hinh thai hoc bé mat I6p ma, do d6 lam tang tinh ky nudc va tang kha ning chéng
an mon cua lép ma.

Tirkhéa: “TiO,”; “lop ma té hop™; “niken”; “dién phan™; “tinh ky nudc”

1. D3t van dé

Lép ma t6 hop dién hoa (composite electroplating - CEP) thu duoc bang phwong phap dién phan c6 chua
cac hat ran phan b dong déu trong toan bo thé tich 16p ma. Su ¢6 mit caa hat ran trong thanh phan 16p ma
s& lam ting cudng co tinh, d6 bén dn mon, do bén mai mon (Sknar, Sknar et al. 2023) ciing nhu dem dén
cac tinh chat mai cho 16p ma t6 hop so véi 16p ma kim loai ban dau nhu tinh ky nuéc, tu lam sach, diét
khuan ...(Zhao, Zhao et al. 2022; Sknar, Sknar et al. 2023). Nhitng tinh chat trén chi yéu phy thudc vao dic
tinh va ham lugng hat to hop trong I6p ma (Alireza et al. 2021).

C4c hat ran nho su khudy tron trong dung dich dién phan, di chuyén toi bé mat dién cuc va dugce dong
két taa cung vai kim loai ma. Sy ¢6 mat cua cac hat t6 hop & gan khu vuc catdt ciing nhu sy ddng két tua
vao 16p ma c6 thé ¢ anh huéng téi qua trinh ma nhu anh hudng dén téc do ma, téc d6 tao mam tinh thé,
dan dén anh huéng dén hinh théi hoc bé mat va tinh chat I6p ma (Protsenko and Danilov 2022).

Dé danh gia anh huong cua hat t6 hop t6i qué trinh ma cé thé st dung céc phuong phéap dién hoa nhu
phuong phép do duong cong phan cuc, do tong tré, do thé zeta; dé danh gia anh hudng cua hat rin dén tinh
chat 16p ma c6 thé sir dung két hop cac phuong phép va k¥ thuat danh gid tinh chat cia I6p ma nhu phuwong
phap do SEM, do phé nhiéu xa tia X (XRD), do d6 cung I6p ma, do d6 bén an mon, d6 bén mai mon,...

Trong bai béo nay, ching tdi trinh bay két qua danh gia anh huong cua hat nano TiO, dén qua trinh hinh
thanh va phat trién cua I6p ma niken tao thanh tir dung dich niken clorua théng qua két qua do dwdng cong
phan cuc va cac hinh anh SEM chup bé mit 16p ma.

2. Thuc nghiém
2.1. Piéu kién tgo lép ma té hop

Lép ma td hop Ni-TiO2 trén nén ddng thu duoc tir dung dich ma cé thanh phan: NiCl,.6H,0 1 M, H3BOs3
0,5 M, natri lauryl sunphat 0,1 g/L, TiO, 6 g/L. Hat TiO, (dang anatase, 8 + 10 nm) duoc phan tan déu
trong dung dich ma nho sy khudy tron bang may khudy tir nhiét trudc khi ma 2 gio va lién tuc trong qué
trinh ma. Nhiét d6 qua trinh ma Ia 55 - 60°C, pH dung dich dugc duy tri la 4.

*Tac gia lién h¢
Email: lethiphuongthao@humg.edu.vn
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_Catot la céc tim dong do dién tich 2 cm x 2 cm x 0,3 mm dugc mai bong nhe, tay dau m va hoat héa
bang dung dich HSO4 10% trong 20 gidy truéc khi ma. Mau ma xong dugc rira sach dudi voi nudc roi ria
bang axeton va say kho ¢ 60°C. Dién cuc anét la cac tam niken mong c¢é dién tich I6n hon catot 3 - 4 lan.

2.2. Piéu kién do dac

Puong cong phan cuc (DCPC) catdt khao sat qué trinh ma Ni duoc do trén thiét bi Autolab PG302 tai
Vién Hoa hoc - Vat liéu, Vién Khoa hoc va Cong nghé Quan su: Dung dich khao sat la dung dich chira
NiCl; 1 M, H3BO3 0,5 M, natri lauryl sunphat 0,1 g/L v&i ham lugng TiO, thay dditr 0+ 10 g/L. bién cuc
lam viéc 1a dién cuc Cu cb dinh dién tich 1 cm?; dién cuc d6i 1a dién cuc Ni; dién cuc so sanh 1a dién cuc
bac — bac clorua bdo hoa Ag/AgCI; viing quét thé: tir thé mach ha (OCP) dén -1,2 V; téc do quét 5 mV/s;
nhiét do 55°C.

Hinh thai cau tric bé mit 16p ma duoc xac dinh théng qua anh hién vi dién tar quét SEM chup trén thiét
bi Hitachi S-4800 tai Vién Khoa hoc Vit liéu, Vién Han 1am Khoa hoc va Céng nghé Viét Nam, d6 phéng
dai téi 100.000 lan.

3. Két qua va thao luan
3.1. Két qud do dwong cong phan cuc

Két qua do dudng cong phan cuc catdt caa dién cuc Cu trong dung dich NiCl, 1 M + HsBO3 0,5 M +
natri lauryl sunphat 0,1 g/L (dung dich D1) do & 55°C dwoc thé hién trén hinh 1.

Két qua tir hinh 1 cho thay, dién thé phong dién cua Ni2* trong dung dich khao sét 1a khoang -0,67 V
(Ag/AgCl), am hon dién thé phong dién cia hidré nén trong qua trinh ma niken ludn ludn c6 sy thoat khi
H,. Tuy nhién, trong dung dich niken clorua, su khir ion Ni?* Xay ra truéc roi sau d6 hidrd nguyén tir méi
duoc tao thanh va bam vao bé mat dién cuc da duoc két taa niken. Ca hai qua trinh nay chi xay ra sau khi
ion CI" duoc giai phong khoi bé mit dién cuc ¢ mot dién thé du &m (Orindkova, Streckova et al. 2006).
Theo cac tac gia nay thi qué trinh ma trong dung dich niken clorua dién ra theo co ché sau:

Niz* + CI- == NiCI* 1)
NiCI* == NiCl*nip phu) (2)
NiCl"(nip ph) + & — NiClnip ph) 3)
NiClnipphyy + € = Ni+ ClI @)

Dau tién, xay ra phan ung (1) trong dung dich, sau d6 cac ion NiCl* khuéch tan tir trong dung dich toi
bé mat dién cuc va hap phu trén bé mit dién cuc theo phan tng (2). O dién thé am it, phan ung (3) xay ra
cham va quyét dinh téc do cua qué trinh, phan wng (4) xay ra véi téc d6 nhanh hon. O dién thé &m nhiéu
xay ra sy giai phong khi Hz; céc phan tng (1)-(4) xay ra dong thoi véi cac phan tng (5)-(7):

Ni+H"+e— Ni_H(hép phu) (5)
2Ni-Hnip phy— 2Ni + Hp (6)
Ni-Hnip phyy + H" + e — Ni+ H, (7)

O dién thé &m nhiéu hon nita, toc d ciia qua trinh dwoc quyét dinh dong thoi boi sy khuéch tan caa cac
phan tir trong dung dich t6i bé mit dién cuc va su hap phu caa ching trén bé mat dién cuce, twong tng véi cac
phan ang (5), (7), (2).

Trong dung dich nghién cttu, cac khoang thé trén tng véi cac giai doan a-b, b-c, c-d trén hinh 1. O giai
doan c-d, mat d6 dong ting manh chimng to su két taa Ni rd rét. Tuy nhién, cling véi qué trinh nay con cé
su khtr ion H* manh mé tao ra nhiéu khi H & dién cuc.

-0.08 4 6024810

-0.07 d Ky higu TiO, (g/L)
1 o 0

-0.06 -
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Hinh 1. BCPC catét cua dién cuc Cu trong dung  Hinh 2. BCPC catét cua dién cuc Cu trong dung
dich D1, 55°C, khuay dung dich, téc dé quét 5 dich D1 chia TiO2 0 + 10 g/L, 55°C, khudy dung
mV/s dich, toc dé quét 5 mV/s
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Puong cong phan cuc cua niken khi trong dung dich ma cé thém hat TiO, (hinh 2) van c6 cing hinh
dang nhu khi do trong dung dich D1 ban dau (hinh 1) véi cac ving thé tuong ung a-b, b-c, c-d, chung to
cac giai doan xay ra trong qua trinh ma khéng thay déi. Phan cyc catt hau nhu khong thay déi khi c6 thém
hat TiO2 trong dung dich véi ndng d6 2 - 6 g/L nhung ting nhe khi nong d6 TiO2 trong dung dich ting tir
6 g/L dén 10 g/L (hinh 2). Hién twong néy 1a do khi Iwong hat trong dung dich ting 1én d&én 8 — 10 g/L, cac
hat tro nano TiO; dugc hép phu nhiéu vao bé mit catot 1am giam s6 luong ion dén di¢n cuc dan dén lam
giam téc d phong dién va ket tua cua ion kim loai ma, nén phan cuc catot tang. Tuy nhién, sy thay doi nay
rat it, hon nira luong hat rat nho so véi nong do ion Ni2* trong dung dich. Do vy, thuc té anh huéng cua
TiO2 dén d6 phén cuc 1a khong dang ké, cac hat rén chi bam co hoc 1én dién cuc ma khdng tham gia vao
qua trinh phong dién trén dién cuc va khdng anh huéng tai qua trinh ma Ni.

3.2. Két qud chup SEM bé mgt lép ma

Anh FE-SEM chup bé mit I6p ma Ni va l6p ma t6 hop Ni-nano TiO; (ma tir dung dich D1 chira 6 g/L
TiO;) & mat @6 dong 3 A/;imz, thoi gian tir 30 gidy dén 2 phit véi cac d6 phong dai khic nhau dugc the
hién trén hinh 3 - 4 cho thay sy phat trién tinh thé cta tirng I6p ma.

4 , -

§ 2o x1o$oo fpm 2011 coﬁums

Hinh 4. Anh FE-SEM cac mau ma Ni (a, b, ¢) va Ni-nano TiO: (d, e, f) véi thoi gian mg 1 phat, 2 phut,
20 phat
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Véi thoi gian ma rat ngan, 30 gidy, 16p ma mic du chua che pha déu toan bo bé mat nén (hinh 3, 16p ma
Ni, d6 phong dai 50.000) nhung bé mit 16p ma kha ddng déu, sy phét trién tinh thé 6n dinh, dinh hinh hinh
thai hoc bé mat 16p ma. Py 1a mét 16p ma khong min gom cac hat nhu cay gai voi chiéu dai ¢& 2 - 3 pm.
Khi trong dung dich ma c6 thém hat nano TiO; thi su gan bam va dong két tua trén 16p ma cua cac hat nano
TiO, d4 anh huong toi sy phét trién tinh thé va tao mam tinh thé, dan dén 1am xuat hién hinh dang nhu bong
hoa trén bé mat I6p ma.

Khi thoi gian ma tang 1én 1 phut, hinh thai hoc bé mat I6p ma Ni hau nhu khéng thay d6i (hinh 4), cac
tinh thé tlep tuc phét trién tao ra hinh thai hoc bé mat nhu mau ma trong 30 gidy. Trong khi do, trén bé mat
I6p ma t6 hop Ni-nano TiO, di xuét hién thém rat nhiéu cac “bong hoa” vdi kich thuéc 16n hon so véi mau
ma ma trong thoi gian 30 gidy. Hién tuong nay la do, trén nén ciu tric khdng phang caa Iop ma Ni, su co
mit cac hat TiO, d4 lam anh huong dén toc do tao mam va tée d6 phat trién tinh thé cua niken, nhung kha
nang han ché sy phaét trién tinh thé 1 nhidu hon, nén dan dén tao ra I6p ma c6 dang nhénh, trén cac nhanh
I6n c6 cac nhanh nho hon phét trién theo cac hudng khac nhau tao nén cau tric c6 dang nhu canh hoa hong.
Thoi gian ma tiép tyuc tang 1én (hinh 4), cac “hat” ctia cac 16p ma tiép tuc phat trién 1on hon, trong d6 nhiéu
hat hinh cay gai trén bé mat 16p ma Ni phat trién to 1én dan chuyén sang dang hinh phién.

Anh SEM chup bé mit 16p ma Ni va 16p ma té hop Ni-nano TiO2 & mat 6 dong 3 A/dm2, thai gian 20
phiit dwoc thé hién trén hinh 4. Anh chup nay cho thay, hinh thai hoc bé mat cua cac 16p ma nay tuong tu
nhu cac 16p ma tuong (g & thoi gian ma 2 phat. Lép ma t6 hop Ni-nano TiO; tao thanh & didu kién nay
6 10,53% (vé khéi lwong) TiO, trong 16p ma, hinh théi hoc bé mat dong déu va c6 d6 nham 16n hon so
vé6i 16p ma Ni nguyén chat ¢ ciing diéu Kién, do d6 tinh ky nudc cao hon (goc tiép xtc twong ung la 164,7°
va 125,79).

Céc 16p ma t6 hop thudng c6 cau trdc tinh thé min hat hon so véi I6p ma kim loai nguyén chat (Low,
Wills et al. 2006). Tuy nhién, khi lwong hat trong dung dich ma tiang dén mét gié tri nhat dinh thi lai lam
tang d6 nham cua I6p ma. Mot sb 16p ma t6 hop c6 dd nham I6n hon 16p ma kim loai nguy@n chét va do
nham cua I6p ma tang theo ham luong hat trén 16p ma (Daemi, Mahboubi et al. 2011). Bdi véi cac 16p ma
niken duoc khao sét, I6p ma kim loai niken nguyén chat dwoc tao thanh tir dung dich niken clorua khéng
phai 12 16p ma min hat nhung c¢6 d6 nham chua cao vé6i dang hinh phién, ciu tric bé mat khong ddng déu,
nén tinh ky nuéc thip véi goc tiép xdc chi dat 125,7°. Trén nén ciu trdc ndy, sy c6 mat cac hat TiO, dé anh
huéng toi sy phat trién tinh thé, tao ra I6p ma cé dang nhénh, trén cac nhanh 16n (kich thudc micro) ¢é cac
nhénh nho hon (kich thudc nano) phat trién theo cac hudng khéc nhau tao ra cau tric ¢ dang nhu canh hoa
hong. Do vay, 16p ma té hop tao thanh tuy gdm céc hat c6 kich thudc I6n hon nhung ddng déu hon, do thd
nham I6n hon, goc tiép xtc dat 164,7°,

Dé dat duoc tinh chét siéu ky nudc thi bé mit ran can hai yéu té 1a cu trdc c6 thir bac va niang luong bé
mit thap. Tuy nhién, cac bé mat ran phang du c6 niang lwong bé mat thap nhét thi géc tiép xuc ciing chi dat
120°, do vay ciu trdc c6 thir bac gdm hai ti 1& micro/nano la yéu t quyét dinh tinh siéu ky nudc cua bé mat
ran (Barati Darband, Aliofkhazraei et al. 2020). Vi 16p ma Ni-nano TiO;, sy c6 mit cua cac hat nano TiO2
da giup tao ra cu tric c6 thir bac dan dén 1am ting tinh ky nudc so véi 16p ma niken.

4. Két luan

Két qua do duong cong phan cuc cho thdy, anh huéng cua TiO, dén do phan cuc 13 khong dang ké, cac
hat rdn TiO2 chi bam co hoc 1én dién cuc ma khong tham gia vao qua trinh phong dién trén dién cuc va
khong 1am thay ddi co ché ciia qua trinh ma niken. Tuy nhién, su dong két tia cia cac hat nano TiO; vao
I6p ma niken di anh huong téi su phat trién caa céc tinh thé niken, dan dén hinh thai hoc cua bé mat 1op
ma thay di, theo hudng lam ting d6 nham cua 16p ma, do vay tinh ky nuéc cia 16p ma té hop Ni-TiO2 cao
hon han so véi l6p ma niken nguyén chat.
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ABSTRACT

Effect of TiO2 nanoparticles on the electrochemical precipitation of
nickel

Le Thi Phuong Thao!2%", Nguyen Manh Ha!

'Hanoi University of Mining and Geology
2BSASD research group, Faculty of Basic sciences, Hanoi University of Mining and Geology
3HiTech-CEAE Research Team, Hanoi University of Mining and Geology

Nickel plating and Ni-nano TiO, composite plating were created on copper from nickel chloride solution
using an electrolysis process. Compared to pure nickel plating, the composite plating has greater durability,
hardness, and corrosion resistance because it combines the qualities of TiO2 nanoparticles and the Ni base
metal. The effect of TiO- particles on the creation of the nickel plating layer was assessed using the results
of measuring the polarization curve of copper in nickel chloride solution and FE-SEM images of the plating
layers' surfaces at various plating times. The findings demonstrate that while TiO; particles mechanically
co-precipitate into the nickel plating layer, they also have an impact on the nucleation of nickel crystals,
which can modify the surface morphology of the plating layer and improve its characteristics, including its
hydrophobicity and corrosion resistance.

Keywords: “TiO2”; “composite electroplating”; “nickel”; “electrolysis”; “hydrophobicity”
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SAR SO VA TAI NGUYEN VO'I PHAT TRIEN BEN VIPNG (ERSD 2024)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT
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SKhoa K3 thudt phdn tich, Truong Pai hoc Cong nghiép Viét Tri

TOM TAT

Kha ning hap phu ciia khoang sét haloysit viing Thach Khoan, Pha Tho dbi vai céc ion kim loai nang Cu?*,
Co?", Ni2* trong méi trudong nude da dugc khao sat. Anh huong cua cac yéu té: thoi gian hip phy, pH dung
dich, khéi lwong vat liéu, ndng d6 ion ban dau dén kha ning hap phu cua haloysit ddi véi cac ion Cu?*,
Co?*, Ni2* da dugc nghién ctru. Két qua cho thay, & diéu kién téi uu, hidu suat hap phu cia haloysit di vai
Cu?*, Co?*, Ni?* trong tng dat 85,59%, 76,36%, 85,79%. Ding nhiét hdp phu duoc danh gia theo 2 mo
hinh 12 mé hinh Langmuir va mé hinh Freunlich. Dong hoc hap phu duoc dénh gia theo md hinh gia dong
hoc bac 1 va gia dong hoc bac 2. Két qua cho thdy qué trinh hap phu phd hop nhét véi mé hinh dang nhiét
Langmuir va tuan theo quy luat gia dong hoc bac 2.

Tur khéa: “hap phu”; “haloysit”; “kim loai nang”

1. Pit van dé

Ddng, coban, niken 1a nhimng nguyén t5 kim loai c6 nhiéu g dung trong cdng nghiép, doi Song, ddng
thoi ciing 1a nhitng nguyén t6 ¢6 vai trd quan trong dbi véi co thé nguoi. Dong la mot nguyen t vi lugng
va la kim loai dwoc sir dung nhiéu trong san xuét d6 dung, day dién, duong ong san xuat déng thau (Corami
A. va nnk, 2008); coban la mét nguyén té vi lwong thiét yéu, c6 mat trong tat ca cac co quan va té bao cua
co thé, ciing 1a mot thanh phan quan trong trong qué trinh téng hop vitamin B12 va mot s6 enzym (Ma F.Q.
va nnk, 2023); niken dong vai trd quan trong trong qua trinh téng hop hong cau va Ia kim loai c6 (ng dung
nhiéu, dac biét trong luyén thép, pin sac, Iam chat x(c tac va duc tién (Raval N.P. va nnk, 2016). Tuy nhién,
néu con ngudi tiép xic hoac hap thu cac kim loai ndy & mic ndng d6 cao hon lugng cho phép thi s& gay
nhiéu anh huong dén sirc khoé: dong cd thé gdy doc hai nghiém trong, anh huong dén than va ton thuong
da day gay ndn mira, tiéu chay hodc mat sirc; coban lam xuét hién cac triéu ching hd hap, 1am tén thuong
phdi, suy giap, viém da, bénh tim, mat thinh giac va thi luc; niken c6 thé gay ra cac tac hai nhu gay pha
hity té bao, 1am hong gan va tim, 1am giam su ting truong té bao, gay ung thu va khién hé than kinh bi anh
huong.

Dé xir ly cac ion kim loai nang trong nudc ¢ thé sir dung cac phuong phap nhu két tua hoa hoc, chiét,
trao dbi ion,..., trong d6 hap phu la mot phuwong phéap hiéu qua, chi phi thap, van hanh don gian, c6 thé sir
dung nhiéu loai chat hap phu khac nhau tuy theo muc tiéu va muc dich sir dung (Amal M. Badran va nnk,
2023). Céc chat hap phu ¢ ngudn gdc tu nhién hién nay rat dugc quan tam nghién ciru, nhu cac vat liéu
sinh hoc (mai cua, cang tbm, vay c4, voé triang, mun cua, ngd, vo cam) (Anastopoulos 1. va nnk, 2016), cac
khoang sét nhu montmorillonit (Zhou F. va nnk, 2021), kaolinit (Zhang A. va nnk, 2023),...

Haloysit (HAL) 1a mét trong nhiing khoang vat tu nhién thuoc nhém kaolin (gom cé khoéng vat kaolinit,
dickit, nacrit va haloysit). Cong thac hoa hoc cua haloysit khi ngadm nuéc 1a AlzSi;Os(OH)4.2H,0 va khi ¢
dang khir nuéc 1a AlSi,0s(OH)s. HAL c6 thé ton tai dudi nhiéu dang hinh thai khac nhau nhu dang 6ng,
dang cau va dang I6p. HAL dang dng duoc cho 1a phd bién nhat, trong khi d6 cac khoang vat kaolinit, dickit

*Tac gia lién h¢
Email: lethiduyen@humg.edu.vn
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va nacrit chu yéu c6 hinh thai dang tim va 16p. Do ¢6 nhiing dic tinh uu viét nhu cau truc siéu nho dang
dng, khong doc, do bén co hoc cao, gia thanh ré nén gan day HAL duoc céc nha khoa hoc quan tam va ap
dung nhiéu trong cac linh vuc ing dung khac nhau nhu trong dwgc pham, y hoc, thuc pham, vat liéu cao
cap, nong nghiép va moi truong (Durguta E. va nnk, 2023). HAL duoc danh gia 1a mot loai vat liéu hap
phu tiém nang véi gia thanh re va c6 hi¢u qua trong viéc loai bo cac ion kim loai nang va hop chit hitu co
gy 6 nhiém (Mohamed A. Abdel-Fadeel va nnk, 2018).

Vit liéu haloysit viing Thach Khoan, Phii Tho di dwoc nghién ctru vé dic trung hod Iy (Bui Hoang Béc
va nnk, 2018) va nghién ciru kha niang ang dung trong xir Iy kim loai 6 nhiém trong méi trudng nudc cho
két qua kha quan (BuUi Hoang Bac va nnk, 2022; Lé Thi Phuong Thao va nnk, 2023). Bai b&o nay s trinh
bay két qua nghién ctru kha niang hp phu cia vat liéu haloysit nay véi 3 ion kim loai nang la Cu?*, Co?* va
Ni2* (ky hiéu chung la M?*).

2. Thuc nghiém
2.1. Lay mdu haloysit va nghién citu dic trung héa ly ciia vt ligu

Mau haloysit nghién ciu dugc lay sau cong doan tuyén ciia mo kaolin Lang Pdng, Thach Khoan, Phu
Tho. Cac mau sau d6 dugc tron déu va dugc tach loc sir dung phuong phap sang ray uét cé kich ¢ mat
luGi 32 pm. Mau dudi mit sang dwoc gan loc va duoc dem di sdy kho ¢ nhiét d6 60°C. MAau sau khi khd
dugc sir dung dé thi nghiém va phan tich trong cac budc tiép theo. Dé kiém tra su ton tai cua haloysit trong
cac mau, cac phuong phap phén tich kinh hién vi dién tir quét (SEM) két hop do phé tan xa ning luong tia
X (EDS) (Quanta 450 - FEI) va kinh hién vi dién tu truyén qua (TEM) (méay TEM 1010 - Jeol) duoc str
dung. Thanh phan pha cia haloysit duoc xac dinh bang phuong phap nhiéu xa tia X (XRD) (D5005
Siemens) (Bui Hoang Bic va nnk, 2018).

2.2. Kho sét Cac yéu té anh hwiong dén kha ning hip phu M?* bang haloysit

Kha nang hap phu M2* ciia haloysit duoc nghién ciu bang cach cho mot lugng vat liéu haloysit vao binh
chara 50 mL dung dich chira ion M2* ¢ cac diéu kién can nghién ciu. Hon hop sau d6 duoc khudy bang may
khudy tir véi tée d6 400 vong/pht. Sau khi hip phu, loc tach chét rin, 1y phan dung dich dé dinh lwong
ion M?* con lai bang phwong phap khdi phd Plasma cao tan cam ang (ICP-MS) (ICAP Q ICP-MS - Thermo
Scientific (Puc)). Cac yéu to anh huéng dén qua trinh hdp phu duoc khao sat gom: thoi gian tiép xdc
(10 + 120 phat), pH (2,3 + 6,9), khéi lugng HAL (0,3 + 1,2 g), ndng d6 dung dich M?* ban dau (10 + 80

mg/L).
Dung luong hap phu va hiéu suat hip phu duoc x4c dinh bang phuong trinh (1) va (2):
Q =(Co-C).V/m 1)
= (Co — C).100/C, (2)

Voi: Q (mg/g) va H (%) 1a dung luong hap phu va hiéu suat hap phu; Co (mg/L) vaC (mg/L) 1a ndng do
ion M?* ban dau va con lai sau hap phu; V (L) 1 thé tich dung dich hap phu; m (g) 1a khoi lwong HAL.

Kha nang hap phu M?* cia haloysit duoc tinh toan duwa trén duong hap phu dang nhiét Langmuir va
Freundlich (R.R. Sheha, 2007).

Phuong trinh tuyén tinh Langmuir: — = C. +L (3)
Q Qm KL'(gm
Phuong trinh tuyén tinh Freundlich: LnQ = LnKg + E.LnC (4)
n

V6i Ce (mg/L) la ndng d6 ion M?* con lai & trang thai can bang, Q (mg/g) 1a dung luong hip phu & trang
thai can bang, Qm (mg/g) 1a dung lugng hap phu cuc dai, K. 1a hiang sé Langmuir, Kr va n 1a cac hang so
Freundlich.

Dong hoc cua qua trinh hip phu dwoc nghién ciru theo mé hinh déng hoc gia bac 1 (phuong trinh 5) va
mo hinh d6ng hoc gia bac 2 (phuong trinh 6) (Sheha R.R., 2007).

IN(Qe — Qp) = INQe — Ku.t (5)
t/Qu = t/Qe + 1/(k2.Q%) (6)

Trong d6, Qe (Mg/g) va Q; (mg/g) twong ung 1a dung luong hap phu & trang thai can bang va ¢ thoi diém

t, k (phat™) va ko (g/mg/pht) lan luot 1a cac hang sb toc do bac 1 va bac 2.

3. Két qua va thao luan
3.1. Vat ligu haloysit

Ddc diém cua haloysit i , , .
Hinh anh phan tich SEM (hinh 1) cia mau haloysit say khé cho thay trong mau phan tich c6 cac khoang
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vét dang hinh que nam chdng 13n 18n nhau tao thanh nhitng 16p béng. Két qua phan tich EDS ghi nhan sy
c6 mat ciia cac nguyén té chinh trong khoang vat nay 1a Al, Si va O, twong tng véi ¢ong thirc hda hoc cua
khoang vat nhém kaolin (Al,Si,0s(OH)..nH,0). Két qua phan tich TEM cho thay haloysit c6 dang hinh
ng, chiéu dai 6ng bién doi tir 250 dén 1250 nm, dwong kinh ngoai cua dng khoang 50 +>100 nm, dwdng
kinh trong ctia 5ng phan b chu yéu & kich thuéc 4,3 nm. Dién tich bé mit (Sger) cua vat liéu haloysit dugc
xac dinh nam trong khoang 15,7434 m%g - 22,0211 m?/g. Gia tri pH ma tai d6 bé mat vat liéu trung hoa
dién tich (pHezc) dugc xac dinh bang phuong phap do d6 léch pH. Két qua cho thiy, HAL c6 pHpzc = 5,99
(BUi Hoang Bic va nnk, 2018).

Hinh 1. Hinh anh SEM (Ay), két qua EDS (A,) va anh TEM (B) cua haloysit

3.2. Anh huéng ciia cac yéu té dén khd nang hap phu cac ion kim logi M?* ciia haloysit
3.2.1. Anh huong cua thoi gian hap phu

Anh huong cua thoi gian tiép xtc dén hiéu suat va dung lugng hap phu M2* cuia haloysit theo thoi gian
dugc thé hién trén hinh 2. Két qua cho thdy, khi thoi gian tiép xuc tang, hiéu suat hip phu ting. Trong
khoang thoi gian khao sét tir 10 phut dén 120 phut, hiéu suat hap phu ting nhanh & 60 phut dau, sau dé ting
cham va én dinh tir 60 — 80 phut ddi vai qua trinh hap phu Cu?* va Co?*. B4i véi qua trinh hdp phu Ni2* thi
hiéu suit tang dan khi thoi gian ting dén 80 phut, sau d6 gan nhu 6n dinh. Hiéu suit hap phu cia HAL d6i
v6i Cu?* va Ni?* cao hon va ting theo thdi gian nhanh hon so véi Co?*. Tuy nhién, sau 80 phat thi qua trinh
hip phu ca 3 ion déu di dat trang thai can bang. Do vay, thoi gian 80 phut 1a phi hop dé lwa chon cho cac
nghién ctu tiép theo cua qua trinh hap phu M2+,

80 100

—e—Cu 90 —e—Cu R
04 | Co —e—co /‘
——Ni 804 [~A—Ni
&
60 - 704

60
50 4

50 4

Hiéu suét, %
Hiéu suat, %

404 20

304
30 4

204

204

10

20 25 3.0 35 4.0 45 5.0 55 6.0 6.5 7.0 75
pH

0 2’0 4’0 6’0 5’0 1(’)0 1%0
Thei gian, phat
Hinh 2. Anh hirong cua thoi gian tiép xiic dén Hinh 3. Anh huong ciia pH dén hiéu sudt hdp phu
hiéu suat hap phu Co(M2*) = 50 mg/L; muaL = 0,5 g; t = 80 phat
Co(M?*) =50 mg/L; muaL = 0,5 g;
pH (Cu?*, Co?*, Ni?*) = 5,25; 6,09; 5,9

3.2.2. Anh huong cua pH

Viéc loai bo ion M2 phuy thudc nhiéu vao pH cua dung dich vi pH 1am thay di tinh chat bé mat cia chét
hap phu. Bé dam bao hiéu suat hap phu duoc xac dinh chinh xé4c, khéng bi anh huong do su két taa cac
M(OH), thi anh hwong cua pH téi qua trinh hap phu cac M?* da dugc khao sat xung quanh gia tri pHpezc
ctia HAL (5,99) va < 7. Két qua bién thién dung luong va hiéu suat hap phu theo pH duoc thé hién trén
hinh 3. Két qua cho thay, trong khoang pH khao sat, higu suat hip phu tang khi pH ting. Két qua nay dugc
giai thich Ia do trong méi trudng axit, HAL bi proton hoa, khi d6 bé mat cua hat sé tich dién duong dan dén
lam giam sb lwong thm hap phu cia HAL va xay ra sy hap phu canh tranh gitra ion H* va ion M, do do6
lam giam kha nang hap phu. Khi pH ting, mat do dién tich dwong cua bé mat giam dan, kha nang hap phu
M2* sg tang dan cho dén khi pH > pHpzc thi bé mat cua hat tich dién &m s& thuan loi cho su hap phu M2+,
Tuy nhién, dé c6 thé xir Iy lwvong I6n ma khéng phai diéu chinh pH, gia tri pH ban dau cia dung dich Cu?*
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(5 25); Co?* (6,09); Ni?* (5,9) gan bang hoac I6n hon so v6i pHezc duoc lya chon cho qua trinh hap phu
céc ion M?* ¢ nhitng nghién cuu tiép theo.

3.2.3. Anh hwong cia khéi lrong haloysit

Hinh 4 thé hién két qua khao sat anh huong cia khdi lugng HAL dén hiéu suat hap phu cac ion M?* voi
diéu ki¢n st dung 50 mL dung dich M2 50 mg/L, khéi lugng HAL thay doi trong khoang tir 0,3 dén 1,2 g.
Két qua nghién ctiu cho thay, khi khéi luong chat hap phu tang tir 0,3 glen08g thi hiéu suat hap phu tang
nhanh tuong tng véi su tang cua cac tam hap phu. Tuy nhién, khi khéi lugng vat ligu tlep tuc ting l1én dén
1,2 g thi hiéu suat hip phu tang cham va giir gan nhu 6n dinh do qua trinh hap phu tién téi trang thai can
béng. Dé dat duoc hiéu suat hap phu tuong dbi cao nhung khong sir dung luong vat liéu nhiéu, khbi lugng
0,8 g HAL dugc chon dé nghién ctru xtr ly cac ion kim loai nang M2+,

“e—C 100
o I ——Cu
—— Ni 904 —e— Co
801 —— i
°\°~ 704 j\: 501
‘Z. 60 - xg- 704
T T
50 4 60
40 4 50
0.2 074 076 OTB 170 172 0 1’0 2’0 3’0 4’0 5’0 6’0 7’0 8’0 90
Khéi Iwvgng haloysit, g Néng do ion ban dau, mg/L
Hinh 4. Anh huong cua khoi leong HAL Hinh 5. Anh huong ciia nong dé ion ban dau
den higu suat hap phu den hiéu suat hap phu
Co(M?*) =50 mg/L; t = 80 phat; pH (Cu?*, Co?*,  t =80 phit; muaL = 0,8 g; pH (Cu?*, Co?*, Ni?*)
Ni**) = 5,25; 6,09; 5,9 =5,25; 6,09; 5,9

3.2.4. Anh hwong cua nong dé ion ban dau

Két qua khao sat qua trinh hap phu véi nong do M?* ban déu thay doi tir 10 mg/L dén 80 mg/L (hinh 5)
cho thay, khi ndng d6 M?* tang, hiéu Suat hap phu giam dan. Khi nong do ion M?* ban dau thap, dién tich
tiép xuc gitra dung dich M2* va pha ran haloysit 16n, kha nang hap phy ion M2* [én haloysit thuan loi. Tuy
nhién khi ndng do dung dich ting 1én, luong ion M?* tang nhung kha nang hip phu cua haloysit d bio hoa
va khong ting 1én nita, do vay hiéu suét hip phu s& giam. Dé dat dwoc hiéu qua hap phu cao, nong do M
thich hop duoc chon trong khoang 20 + 40 mg/L. Tai ndng d6 M2* 40 mg/L, hiéu suét hap phu Cu?*, Co?,
Ni2* twong (g dat 85,59%, 76,36%, 85,79%. Nhu vay, hiéu suat hap phu cia HAL dbi véi Cu?* va Ni2
gan twong dwong nhau va cao hon so véi Co?*.

3.3. Pwong ding nhigt hap phu

Tién hanh hap phu M2* ¢ diéu kign thich hop da duoc nghién ctu: 0,8 g haloysit/50 mL dung dich M?*
€6 nong d6 ban dau thay doi, thoi gian tiep xuc 80 phU'gé pH tu nhién (pH ban dau), nhiét do phong (25°C),
sau d6 xac dinh nong do M?* con lai & trang thai can bang (Ce), tir d6 co thé tinh dugc cac gia tri InCe, InQ,
ti s6 Ce/Q va xady dung phwong trinh dang nhiét Langmuir (hinh 6) va Freundlich (hinh 7).

16

y =0,29218x + 0,76314 1o ¥=0.33419x + 176165 84
84 RZ =0,98875 R? =0,99361 y =0,26745x +1,12818
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— 64
% 6| ) 10 )
= E >
o o] Q4
D 44 = o
] O 64 8}
2 1 24
(Cu?) 2
- - . .
-—— (Co™) (N
0 5 10 15 20 25 30 O +—r———T—T—T 7T T 0-— y y
0 5 10 15 20 25 30 35 40 0 10 20 30
Ce (mg/L)
C, (mg/L) C, (mglL)

Hinh 6. Puong dang nhiét hap phu M2* theo Langmuir
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Hinh 7. Puong ddng nhiét hap phu M?* theo Freundlich

Dua vao db thj clia dudng hap phu dang nhiét, xéc dinh duoc cac hang sé thuc nghigm. Két qua thu dugc
dua ra trén bang 1 cho thay, su hap phu M2* trén haloysit tuan theo md hinh hap phu dang nhiét Langmuir,
phu hop vai nhiéu két qua dung vat liéu haloysit hap phu kim loai, chat mau htru co da duoc céng bo (Ma
F.Q., 2023).

Bang 1. Cac hang sé thic nghiém Qm, Ki, K, n trong phuong trinh Langmuir va Freundlich
cia qua trinh hap phy M?*

M2 Langmuir Freundlich

Qm Kc R? n Ke R?
Cu? 3,42 0,38315 0,98875 2,8615 1,09046 0,95912
Co? 2,992 0,190 0,9936 2,320 0,636 0,9623
Ni2* 3,739 0,237 0,9931 2,25596 0,85847 0,97071

3.4. Béng hoc ciia qua trinh hdp phu

Dua vao két qua nghién ctru anh huong cia thoi gian hap phu téi dung lwong hip phu M?* trong diéu
kién: ndng d6 M2* ban dau 40 mg/L, khéi luwgng haloysit 0,8 g & pH ban dau va tai nhiét do phong (25°C)
xay dung duoc dd thi cua phuong trinh dong hoc hip phu gia bac mét (theo phwong trinh 5) va gia bac hai
(theo phwong trinh 6), két qua thé hién & hinh 8 va hinh 9. Dya vao cac dd thi thu dwoc trén hinh 8 va 9
tinh dugc cac hang sé toc d6 hdp phu (k) va dung lwong hap phu & trang théi can bang (Qe). Két qua tinh

toan dugc trinh bay trong bang 2.

Ln (Qe-Q)

(cu®)

Ln(Q.- Q)

y =-0,05982x + 0,13118

Ln@Q. - Q)
I S T )
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® R?=0,94374 R?=0,97832 R?=0,92685
7 T T T T T
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Hinh 8. M0 td s6 liéu thuc nghiém hdp phu M?* bang phicong trinh dé

ng hoc hdp phy gid bdc 1

50 35
.
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Hinh 9. M6 td s6 li¢u thuc nghiém hdp phu M?* bang phirong trinh déng hoc hdp phu gia bdc 2
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Két qua cho thay, ddi véi ca 3 ion kim loai, gia tri hé s6 hdi quy cua phwong trinh dong hoc gia bac 2
(R?) déu cao hon han so véi hé s6 hdi quy ciia phuong trinh dong hoc gia bac 1, dat xap xi 1. Hon nita, theo
két qua ¢ bang 2, gia tri Qe tinh theo phuong trinh dong hoc hap phu gia bac 2 cua 3 kim loai déu gan véi
gia tri Qe x4c dinh tir thyc nghiém hon so vdi gia tri Qe tinh theo phwong trinh dong hoc hap phu gia bac 1.
Céc két qua thuc nghiém nay chiing to qua trinh hap phu M?* bang haloysit tudn theo phuong trinh dong
hoc hap phu gia bac 2. Hang sb toc d6 hdp phu xéac dinh déi véi Cu?*, Co?, Ni?* lan lugt c6 gi4 tri bang
0,0223; 0,122; 0,00711 g/mg/phut.

Bang 2. Céac gia tri k va Qe tinh theo phuong trinh déng hoc gid bdc mét va gia bdc hai

M2 Phuong trinh déng hoc gid bdc mot | Phuong trinh dong hoc gia bac hai Q. thuc
Qe | 2 Qe ko 2 nghiém

(mgig) | fePnt | R (mglg) | (g/maiphary | R (mg/g)

Cu? 4,182 0,0671 0,94374 3,251 0,0223 0,99502 2,854
Co? 1,118 0,059 0,9783 2,655 0,122 0,9998 2,580
Ni2* 9,813 0,0683 0,92685 4,724 0,00711 0,9911 3,651

4. Két luan

Kha ning hap phu cua khoang sét haloysit viing Thach Khoan, Phi Tho ddi véi céc ion kim loai nang
Cu?*, Co%, Ni?* trong méi truong nude da dugc khao sat. Két qua nghién ciru cho thay, thoi gian tiép xc,
pH dung dich, khdi lwong vat liéu haloysit, ndng d6 ion ban dau déu c6 anh huong téi hiéu suit hip phu.
Kha nang hap phu ciia HAL ddi voi Cu?* va Ni2* co cao hon so voi Co?* mét chit, vai higu suat hap phu
dat dugc twong (ng 1a 85,59%, 85,79% va 76,36% & diéu kién téi wu trong didu kién khao sét: thoi gian
tiép xuc 80 phat, khéi lwong HAL 0,8 g/50 mL dung dich M2* ndng d6 40 mg/L, pH tu nhién, nhiét do
phong. Qua trinh hap phu cua ca 3 ion kim loai déu phu hgp véi mé hinh ding nhiét Langmuir va tuan theo
quy luat gia dong hoc bac 2 véi hang sb toe do tuong tmg ddi véi qua trinh hap phu cua Cu?*, Co?*, Niz*
lan luot c6 gié tri bang 0,0223; 0,122; 0,00711 g/mg/phut.
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ABSTRACT

Research on the adsorption capacity of haloysite clay mineral for
Cu?*, Co?, Ni?" ions

Le Thi Phuong Thao23, Nguyen Viet Hung"2, Ha Manh Hung'2, Cong Tien Dung®?, Le Thi Thu?,
Bui Hoang Bac*, Nguyen Thi Lan Anh®, Le Thi Duyen??%"

'Faculty of Basic sciences, Hanoi University of Mining and Geology
2BSASD research group, Faculty of Basic sciences, Hanoi University of Mining and Geology
3HiTech-CEAE Research Team, Hanoi University of Mining and Geology
“Faculty of Geosciences and Geology Engineering, Hanoi University of Mining and Geology
Viet Tri University of Industry

The adsorption capacity of haloysite clay mineral in Thach Khoan, Phu Tho area for heavy metal ions
Cu?*, Co?*, and Ni?* in agueous environment was studied. The effects of adsorption period, solution pH,
material mass, and initial ion concentration on halloysite's capacity to adsorb Cu?*, Co?*, and Ni%* ions were
investigated. The results demonstrate that, under ideal conditions, haloysite's adsorption efficiencies for
Cu?, Co%, and Ni** were 81.66%, 76.36%, and 82.59%, respectively. The adsorption isotherm was
assessed using two models: the Langmuir model and the Freunlich model. The adsorption kinetics were
assessed using the pseudo-first-order and pseudo-second-order kinetic models. The results indicated that
the adsorption processes were best suited to the Langmuir isotherm model and obeyed the pseudo-second-
order kinetic rule.

Keywords: “haloysite”; “adsorption”; “heavy metal ion”
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E‘RSE’ HQI NGH] TOAN QUOC KHOA HOC TRAI PAT
EARTH SCIENCES AND VA TAI NGUYEN VOI PHAT TRIEN BEN VNG (ERSD 2024)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Anh huéng ctia Sr 18n cau trdc tinh thé va tinh chat vat Ii cia vat ligu
Ba1xSrkTiOs (x =0+ 0,4)

Pao Viét Thang!23”, Nguyén Manh Hung!?2
B¢ mon Vat Iy, Khoa Khoa hoc co ban, Truong Pai hoc Mo - Dja chdt
2Nhém nghién cizu BSASD, Khoa Khoa hoc co ban, Truong Pai hoc Mo - Dja chat
3Nhém nghién cizu mgnh HiTech-CEAE, Trung tm Phan tich, Thi nghiém Céng nghé cao,
Truong Dai hoc Mo - Pja chat

TOM TAT

Vit liéu BaTiOs pha tap Sr duoc ché tao bang phuong phap phan ung pha ran. Cac dic trung vé cau trdc,
tinh chat quang hoc, tinh chét dién cua vat liéu duoc khao sat bang cac ky thuat khac nhau nhu: Gian d6
nhidu xa tia X (XRD), ph tan xa Raman, phd hap thu quang hoc, phé tré khang. Két qua phan tich XRD
va pho tan xa Raman cho thiy Sr da duoc thay thé vao vj tri Ba. Su thay thé Sr vao v tri Ba trong cu
trdc mang tinh the da lam giam hang s6 mang. Phan tich phd hip thu cho thiy khi ting ndng d6 Sr, b
hap thu dich vé phia buéc séng ngan d6 rong vang cdm quang hoc (Ey) tang. Pha tap Sr vao vat li¢u
BaTiOs ciing lam cai thién tinh chat dién méi cua vat liéu nay. Tinh chat dién moi cua vat liéu dugc cai
thién khi nong do pha tap Sr ting. Trong béo co nay, anh huong cia ndng do pha tap Sr2* 1én cau tric,
tinh chat quang hoc va tinh chat dién ciing duoc thao luan chi tiét.

Tir khéa: Vat liéu BaTiOs; XRD; Raman; hap thy; tré khang

1. D3t van dé

BaTiOs la mot vat liéu thudc ho perovskite ABOs Vi Ba?* & vi tri A, vi tri B 1a Ti**. Tuy thuoc nhi¢t
do ma BaTiOs ton tai ¢ cac cau tric thuoc nhom khong gian khac nhau (Mi, Zhang et al., 2020). Cac kiéu
cau trdc tinh thé cua BaTiOs; dugc md ta trén Hinh 1.

luc giac 1460°C

9 120°C
T ¢
I&p phuong soc .
a \ /] b
t giac ey .
. Eie
ek ‘"i
tryc thoi ’.
/ V
mat thoi

............ » hudng phén cyc

Hinh 1. Cac dang cau tric cua tinh thé BaTiOs

C6 thé thdy & nhiét do 1on hon 1460 °C, BaTiOs ton tai ¢ ciu tric luc giac, khong c6 tinh ap dién. O
nhiét d6 nho hon 1460 °C, BaTiOz chuyén thanh dang lap phuong va c6 tinh ap dién (Horchidan,
Padurariu et al., 2020; Jaffari, Zafar et al., 2021). Khi giam nhiét 6 xudng dén 120 °C, cau trdc tinh thé
bi kéo dai theo mot canh 1am cho mang tinh thé tir lap phuong tro thanh tir gidc c/a > 1. Su chuyén pha
chu trac thuong kém theo bién ddi bét thuong cua hang sb dién mdi, 1am phét sinh phan cuc dién theo

*Tac gia lién h¢
Email: daovietthang@humg.edu.vn
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phwong [001]. Khi nhiét d6 giam xudng 5 °C, cau tric tinh thé thay d6i theo hudng kéo dai khi lap
phuong doc theo dudng chéo ciia mot mat bén va su phan cuc dién xay ra theo phuong [011]. O nhiét do
thap hon khoang (-90 °C) c6 su kéo dai theo dudng chéo cuia khéi lap phuong tao thanh khdi mat thoi, sy
phan cuc dién duoc xay ra theo theo phwong [111] cua tinh thé. Nhu vay, & nhiét d6 phong vat liéu
BaTiOs c6 ciu trdc tir giac.

Céc nghién ciru trude day da cho thdy cu tric tinh thé va dic tinh dién moi caa BaTiOs phu thudc vao
nhiéu yéu t6 nhu kich thudc, loai tap chit, khuyét tat va ung suat (Cortés-Vega, Montero-Tavera et al.,
2023; Ismail, Osman et al., 2016; Khan, Riaz et al., 2022). Do vay, khi thay thé mot phan céc ion khac
vao vat liéu nén BaTiOs s& 1am thay d6i mot sé tinh chit vat ly cua ching (Muhammad, Khalil et al.,
2020).

Trong bao céo nay, vat liéu BaTiOs pha tap Sr2* véi cac nong do khéac nhau (x= 0,0 + 0,4). Béo céo
ciing chi ra anh huong cua ndng do pha tap 1én cau trac, tinh chét quang hoc va tinh chat dién cua vat ligu
nén BaTiOs.

2. Thuc nghiém

Vit liéu Bai,SrTiOs duoc ché tao bang phuong phap phan tng pha ran. Cac héa chat duoc sir dung
gdém c6 BaCOs 99,33%; TiO, 97%; SrCOs 95%; Fe,Oz 99,99% va etanol 96%. Dau tién, cac hda chét
dugc can khdi luong véi ty phan tuong Gng. Tiép theo, hdn hop héa chit dwoc nghién trong con etanol
trong thoi gian 2 gio mdi mau. Sau d6, mau duge ép thanh vién nén duong kinh 10 mm, ¢ ap suit 8 MPa.
Budc tiép theo, hé mau duoc nung so bd & nhiét 800 °C trong thai gian 6 gio. San phdm thu dugc tiép tuc
nghién trong con etanol trong thoi gian 2 gio méi mau. Cac budc tiép theo 1ap lai nhu trén. Cubi cing, hé
mau duoc nung thiéu két & nhiét 900 °C trong thoi gian 8 gio ta thu duoc hé mau vat liéu BayxSryTiOs.

Cau tric tinh thé cua hé vat lidu duoc khao sat bang phép do gian d6 nhidu xa tia X (trén hé do DS-
Advanced, sir dung bude song CuKa), phd tan xa Raman (trén hé do Labram-1B, budc song kinh thich
514 nm), phd hap thu quang hoc (thuc hién trén hé do Jaco V670 UV-Vis), phd tré khang duoc thuc hién
trén hé do Le Croy.

3. Két qua va thao luan

Hinh 1a la gian d6 nhiéu xa tia X cua hé vat liéu Ba;«SrxTiOs (x = 0,0 + 0,4). Nhu quan sat thay trén
Hinh 1a, cac dinh nhidu xa xuat hién tai cac vi tri c6 goc 26 vao khoang 22, 32, 39, 45, 51, 56 va 66°. Cac
dinh nhidu xa xuit hién phu hop véi thé chuan JCPDS s6 01-089-1428. Theo thé chuan nay, cac dinh
tuong &ng v4i ho mat phang mang (001), (100), (101), (110), (111), (002), (200), (102), (201), (210),
(112), (211), (202) va (220).
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Hinh 1. (a) Gi‘dn dé nhiéu xq tia X cua h,évvdt lieu I‘3a1>xerTi03 (x=0,0+0,4);
(b) Hang so mang tinh thé thay doi theo nong dé pha tap Sr¥*

Phan tich gian do nhidu xa tia X (XRD) cho thiy cac mau x = 0,0 = 0,3 két tinh don pha trong cAu triic
tr giac thuoc nhém khong gian Pamm. Gian dd XRD cua mau x = 0,3 cho thiy c6 su mé rong cac dinh
nhiéu xa. Khi ndng d6 pha tap Sr ting téi x = 0,4 ¢6 su chuyén pha ciu tric tir ttr giac sang lap phuong.
Ngoai ra, trén gian dd XRD ta con quan sat thay cac dinh nhidu xa c6 xu huéng dich vé phia goc 20 I16n
khi nong d6 Sr?* tang, tirc 1a ¢6 sy co 6 mang. Hang sb mang tinh thé duoc xac dinh bang phan mém
UnitCell, két qua duoc chi ra trong Hinh 1b. Két qua cho thay khi nong do Sr?* ting tir x = 0,0 téi x = 0,3
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thi hang s6 mang a va ¢ déu giam, khi nong d6 Sr?* ting dén x = 0,4 ¢6 su chuyén pha ciu trdc tir tir giéc
sang lap phuong nén a = ¢. Nguyén nhan dan t6i hing sé mang giam la do ban kinh ion Sr2* (1,44 A) nho
hon ban kinh ion Ba?* (1,61 A).

Hinh 2 biéu dién ph tan xa Raman cia hé Bai»SrTiOz ¢ nhiét do phong. Tir phé Raman ciia mau x =
0,0 dem so sanh véi két qua nghién ctru truge day cho théy dinh rong & s6 song 264 cm™ twong tng Vi
mode dao déng A; (TO) dinh nhon & sé séng 307 cm™ &ng voi mode dao dong B: va E(TO + LO), cac
dinh trong khoang s6 song 470 + 600 cm™ 1a sy chdng chap cua mode E(TO) va A; (TO), trong d6 Ay(TO)
nam ¢ phia s6 séng cao hon so v&i E(TO). Vi tri cac dinh phd tan xa Raman cua cac mau dugc chi ra
trong Bang 1.

A (TO)
= ' . B_E(TO+LO)
‘; E(TO)A (TO)
NS
S [ M
b=
eh
: -
=] R‘“—f‘/ \\J‘I ™~ 4 ™. x=0
o K - m T
=] f \ x=02
g \
5 A~ /
5 M \\ )
o et ~20.3
x=0.4|
1 1 1 1 1
100 200 300 400 500 600 700

S song (cm'!)
Hinh 2. Phé tan xa Raman cua hé vt liéu Bay,Sr,TiOs (x= 0,0 + 0,4)

Bang 1. Vi tri cdc dinh phé tan xg Raman cua hé vt ligu BaySrTiOs

M Ay(TO) B, va E(TO+LO) E(TO) va Ay(TO)
(cm?) (cm™) (cm™)
x=0,0 263 307 518
x=0,1 258 308 521
x=0,2 252 307 521
x=0,3 243 307 519
x=0,4 239 307 521

Pho tan xa Raman c6 sy thay d6i khi nong do Sr?* tang va thay d6i manh & x = 0,4. Khi nong d6 Sr?*
tang thi dinh phd & vi tri s6 séng 264 cm™ dich vé phia s6 song nho hon, cac dinh con lai dich khong dang
ké vé phia sé s6ng 16n hon. Véi mau ng véi ndng do pha tap x = 0,4, cudng do cia cac dinh giam manh,
dac biét 1a dinh & vi tri s6 séng 307 cm™ gan nhu bién mat. Theo cac nghién ciru trude day cho thay dinh
& vi tri s6 séng 307 cm® duoc ky hiéu By la dinh nay dic trung cua tinh thé BaTiOs trong ciu trlc tir giac
(Kadhane, Baraskar et al., 2020). Dinh nay c6 cudong dé giam manh (hoic bién mat) khi tinh thé cé cau
trdc lap phuong. Do d6, dinh nay duoc dung dé phén biét giira pha ciu tric lap phuong va tir gi4c. Do dé,
can cir vao sy thay ddi cuong do dinh & vi tri s6 séng 307 cm™ trong phé tan xa Raman cua cac mau, ta co
thé két luan rang c6 su chuyén pha ciu trdc & khi ndng do pha tap Sr?* tang dén x = 0,4. Piéu nay ciing
phtl hop vai két qua phan tich gian d6 XRD nhu d4 dé cap t6i ¢ trén.

Hinh 3a Ia pho hap thy cua hé vat ligu BaixSrTiOs dugc do trong khodng budc séng 340 + 420 nm.
Nhu quan sat thay trén Hinh 3a, bo hap thy it thay doi khi nong do Sr?* tang. Két qua phén tich cho thay
d6 rong vang cim quang hoc cia mau chua pha tap (x = 0,0) 1a 3,06 eV, két qua nay 1a phu hop véi cac
céc nghién ciru truge day (Dang, Thanh et al., 2011; Kato, Nakajima et al., 2021). Sy phu thugc d6 rong
viing cAm quang hoc cua vat liéu Bal.xerTiO3 theo néng d6 pha tap Sr2* dwoc chi ra trong Hinh 3b. Két
qua phan tich cho thiy cac miu c6 bd hép thu trong khoang tir 406 dén 395 nm, &ng véi do rong ving
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cam quang hoc thay doi tir 3,06 dén 3,14 eV. Ta thiy do rong viing cdm quang hoc ting khi nong do Sr*
ting tir X = 0,1 dén x = 0,2, sau d6 hau nhu khong thay doi khi ting nong do pha tap Sr?".
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Hinh 3. (a) Pho hap thu cia hé vt liéu Bai«SrTiOs (x = 0,0+0,4); (b) D¢ rgng viing cam
quang hoc thay déi theo néng dé pha tap Sr?*

Bé rong ving cim quang hoc cua cac mau duoc xac dinh la khoang cach giita mirc ning lugng 2p-O
va muc 3d(ty)-Ti (Kato, Nakajima et al., 2021). Bd hap thu co ban thu dugc khi electron dich chuyén tir
2p ctia O% Ién tyy cua Ti**. Bo hap thu thay d6i khong dang ké 1a do orbital s, p caa nguyén tir A (Sr, Ba)
hau nhu khong anh hudong dén bé rong dai hoé tri ABOs. Su thay doi nho nay 1a do su khéc nhau giira
ning lugng ion hod ctia Sr?* va Ba?*.
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Hinh 4. Phé tré khang cua hé vat liéu BayxSrTiOs (x= 0,0 + 0,4)

Hinh 4 la két qua do pho trer khang va dwong 1am khép ciia hé Bai,SrTiOs trong dai tan s6 khao sat
tu 10 Hz den 5,3 MHz & nhiét d6 phong. Két qua lam khép 50 liéu thuc nghiém cho thay pho tre khang
cua cac mau co dang cung tron. Cac cung nay déu c6 tam nam duéi truc thyc. Két qua cung cho thay 0
tar] s6 cao thi gia tri tro khang cua cac mau hau nhu khong thay doi, né chi thay doi manh khi & tan sb
thap.
Phé tro khang cia mau x = 0,0 ¢6 dang cung tron khong di qua gdc toa d6 ma cit truc thuc Z' tai mot
diém cach gdc toa dd mot khoang 10° Q. Véi mau nay, sy dong gop cua bién hat va noi hat vao tré khang
la chu yéu (Kadira, Sayouri et al., 2019). Khi thay thé mot phan vi tri Ba2* bai Sr2* thi phd tro khéng cua
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cac mau c6 dang cung tron di qua gbc toa d6. Nhu vay, trong khoang tan sé khao sat thi sy dong gop noi
hat vao trg khang ciia cac mau nay la chii yéu. Ta thay ban kinh cung tron tang khi nong d¢ pha tap Sr?*
tang tir x = 0,1 dén 0,3 va c6 gia tri 16n hon nhiéu so véi mau x = 0,0. Khi nong d¢ pha tap tang dén x =
0,4 thi ban kinh cung tron giam nhung van lén so véi mau x = 0,0. Két hop véi két qua do phd hap thy,
ching t6i cho rang mot phan Sr2* da thay thé vao vi tri cia BaZ*, 1am hang sé dién mdi cia cac mau ting.
Bén kinh cung tron cua mau x = 0,3 I6n nhat va giam manh véi mau ang véi ndng do x = 0,4, diéu nay
chang to ¢6 sy bién d6i manh vé hang s6 dién mdi ¢ nong do x = 0,4. Két qua nay hoan toan phi hop cac
két qua thu khi phan tich vé gian dd6 XRD va phé Raman ¢ trén. Nhu vdy, bang cach thay thé mot phan
Sr2* vao Ba?* da cai thién tinh chat dién moi ciia BaTiOs, tir 6 cho phép du doan tinh chat dién cua vat
liéu dugc cai thién ¢ nhiét @6 phong.

4, Két luan

Vit lieu BaTiOs pha tap Sr véi nong d6 (x = 0,0 =+ 0 4) dugc ché tao thanh cong bang phuong phap
phan tng pha ran. O nhiét do phong vat liéu BaTiO3 c6 cau truc tir gi4c véi hang s6 mang tinhthé a=b =
4,002 A, ¢ =4,010 A. Hang s6 mang tinh the a va ¢ giam khi nong do pha tap tang tir x = 0,0 dén x = 0,3.
Cé su chuyen pha tir c4u trdc tu giac sang lap phuong khi ndng do pha tap ting dén x = 0,4. Khi ion Sr?*
duoc thay thé vao vi tri Ba?* trong mang nén BaTiOs lam d6 rong vang cdm quang hoc tang tir Eq = 3,06
eV dén 3,14 eV, tinh chit dién moi cua vat liéu nay ciing dugc cai thién.
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ABSTRACT

Effect of Sr on the crystal structure and physical properties of
Ba1xSrxTiOs materials (x =0 + 0.4)

Dao Viet Thang??3*, Nguyen Manh Hung'2

!Department of Physics, Faculty of Basic Sciences, Hanoi University of Mining and Geology
2BSASD Research Group, Faculty of Basic Sciences, Hanoi University of Mining and Geology
3HiTech-CEAE Research Team, Hanoi University of Mining and Geology

Sr-doped BaTiOs; material was synthesized by solid state reaction method. The structural
characteristics, optical properties, and electrical properties of materials are investigated using different
techniques such as: X-ray diffraction (XRD) pattern, Raman scattering spectrum, optical absorption
spectrum, impedance spectrum. The results of XRD analysis and Raman scattering spectrum show that Sr
has been replaced at the Ba position. The substitution of Sr at the Ba position in the crystal lattice
structure reduced the lattice constant. Absorption spectrum analysis shows that the absorption edge shifts
toward short wavelengths, and the optical band gap (Eg) increases as concentration of Sr increases. Sr-
doping into BaTiOs material also improves the dielectric properties of this material. The dielectric
properties of the material improve as the concentration of Sr increases. In this report, the effects of the
concentration of Sr on the structure, optical properties and electrical properties are also discussed in
detail.

Keywords: BaTiO3z material; XRD; Raman; absorption; impedance
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E RS&' HOQI NGHI TOAN QUOC KHOA HQC TRAI BDAT
e . VA TAINGUYEN VOI PHAT TRIEN BEN VIPNG (ERSD 2024)
SUSTAINABLE DEVELOPMENT

Chiét xuat va danh gia hoat tinh sinh hoc cua polyphenol trong thuc vat

Nguyén Thi Kim Thoa!, Nguyén Manh Ha!, Nguyén Van Thing?, Tran Buc Trung?,
Lé Thi Phuong Thao'34*
1B mdn Hoa hoc, Khoa Khoa hoc co ban, Trieong Pai hoc Mo - Pia chat
2L ép Hoéa dwoc K68 - Trirong Pai hoc M6 - Dja chdt
3Nh6ém nghién cizu BSASD, Khoa Khoa hoc Co ban, Truong Pai hoc Mé - Pia chdt
4Nhém nghién cizu mgnh HiTech-CEAE, Trung tdm Phan tich, Thi nghiém Cdng nghé cao,
Truwong Pai hoc M6 - Dja chat

TOM TAT

Polyphenol la chat chuyén hoa thir cap duoc thuc vat tong hop va co ciu trac da dang. Céc polyphenol tu
nhién da thu hut dugc sy quan tam I6n trong y hoc, thuc pham va my pham nho tac dung chdng oxy hoa,
chéng viém, chéng ung thu va didu hoa mién dich. Céc hop chit ndy phan b trong thuc vat khong ddng
déu vai do &n dinh khéac nhau, do d6, can hra chon phuong phép chiét thich hop dé thu hdi polyphenol muc
tidu tir cac nguyén liéu ban dau khac nhau. Cac phuwong phép chiét xuat théng thuong hay dwoc sir dung dé
chiét xuat cac hop chit phenolic gom chiét long - ran, chiét long - 16ng, chiét soxhlet hoic ngam chiét. Bai
bao nay s& gidi thiéu mot sé két qua chiét xuat polyphenol tir thuc vat va danh gia hoat tinh sinh hoc caa
dich chiét thu duoc.

Tur khéa: polyphenol; chiét xuat; khang khuan; chéng oxy hoéa

1. D3t van dé

Cac hop chat thién nhién di va dang chiém vi tri quan trong trong nganh san xuat dugc phdam va nhiéu
linh virc khéc. Nhiéu hop chat nay cé thé duoc dung 1am nguy@n mau hoic cac cau tric mo dudng cho viéc
phat trién dugc pham ciing nhu cac san pham khac dap wng nhu cau cudc séng. Theo wdc tinh cua To chuc
Y té thé gioi, hién cd khoang trén 80% dan s thé gisi sir dung ngudn duoc liéu dé diéu tri bénh va cham
soc suc khoe.

Polyphenol (hay con goi la phenolic compounds) 1a mét nhém hop chat hiru co ma trong phan tir ¢6
chira nhiéu nhém phenol. Cac polyphenol ¢é nhiéu tng dung trong nhiéu linh vyc khac nhau. Trong cong
nghiép thudc da, polyphenol duoc sir dung lam tannin dé két tua protein trong da va lam cho da bén va dai.
Trong cong nghié¢p thuc pham, polyphenol duoc sir dung lam chat bao quan, chét tao mau, chat tao mui va
chit tang cuong huong vi. Trong y hoc va dugc pham, polyphenol dugc st dung lam chat tri liéu hoac chét
phong ngira cho nhiéu bénh 1y nhu bénh tim mach, bénh tiéu dudong, viém, ung thu va bénh Alzheimer.

Bai bao nay sé giai thiéu cac dic diém chung cua polyphenol, phuong phap ngam chiét va danh gia hoat
tinh sinh hoc cua dich chiét polyphenol tir thuc vat.

2. Gigi thiéu vé polyphenol

Polyphenol 13 mot nhém hop chat hitu co c6 ngudn gdc tir thién nhién hozc téng hop, c¢é chira nhiéu
nhom phenol (hay con goi la hydroxyphenol) trong phén tur. Polyphenol ¢6 hon 8000 loai da dugc xac dinh.
C6 nhiéu cach phan loai cac polyphenol, trong d6 cach phéan loai dugc chap nhan rong rdi nhit la chia
polyphenol thanh hai nhém: flavonoid va polyphenol khéng flavonoid. Céac polyphenol khéng chua
flavonoid bao gém axit phenolic (phenolic acids), tannin va stilben (Anand va nnk, 2022). Flavonoid va
céc axit phenolic 12 phé bién nhat, chiém tuong ung khoang 60% va 30% tng sé polyphenol ty nhién
(Zhou va nnk, 2016).

Céc tinh chit vat ly caa polyphenol phu thuc vao sé lugng va dic diém caa cac nhém phenol trong
phén ta.

- Polyphenol thudng c6 trong lwong phén tir tir 500 dén 4000 Da (don vi Dalton), tan trong nuéc vira
phai, c6 5-7 vong thom trén 1000 Da.

- Polyphenol ¢6 kha ning hap thu anh séng trong vaing tir ngoai - kha kién (UV-Vis) va tu phat huynh
quang do c6 nhan thom.

*Tac gia lién h¢
Email: lethiphuongthao@humg.edu.vn
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Bang 1. Céc logi polyphenol (Zhou va nnk, 2016)

Phan loai Chat dai dién Nguén
flavonoids anthocyanins delphinidin, pelargonidin, | qua mong, nho, anh
cyanidin, malvidin dao, man, lyu
flavanols epicatechin,  epigallocatechin, | tdo, 1&, céac loai dau,
epigallocatechin gallate (EGCG), | ché, ca cao, ruou vang
procyanidins
flavanones hesperidin, naringenin trai cay ho cam quyt
flavones apigenin, chrysin, luteolin mui tay, can tay, cam,
hanh tay, tra, méat ong,
giavi
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Hinh 1. Cdu tric héa hoc ciia mét sé polyphenol (Wang va nnk, 2020)
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Céc tinh chat hoa hoc ciia polyphenol lién quan dén sy tham gia ciia cac nhoém phenol vao cac phan tng
oxy héa - khu, tao lién két hydro, tao lién két cong héa tri (Waterman, Peter G., and Simon Mole, 1994):

- Polyphenol c6 vai tro 1a chat chdng oxy héa manh, cé thé bat cac goc tw do va ngin ngira sy oxy hoa
ctia c4c chat khéc.

- Polyphenol ciing c6 thé tao lién két hydro véi cac phan tir nude hodc cac nhém hydroxyl khac, 1am
tang do tan va 6n dinh cua phan tir.

- Polyphenol tao lién két cong hoa tri véi cac nhém phenol khéc hoic cac nhém hydroxyl khac, tao thanh
cac phén tir 16n hon va phuc tap hon.

- Polyphenol ¢6 thé tao lién két hydro vai cac ion kim loai, tao thanh céc phtic kim loai c6 mau sic khac
nhau.

- Polyphenol ciing c6 kha nang tao phiic voi cac protein, cac chét hiru co chira amin.

Cac polyphenol c6 nhiéu tng dung trong nhiéu linh vuc khac nhau. Trong cong nghiép thudc da,
polyphenol - tannin duoc su dung dé két tua protein trong da va 1am cho da bén va dai. Mot s polyphenol
thuong dugc str dung 1am thude nhuom. G An Do, vo qua luu co nhiéu tannin va cac polyphenol khac, hodc
nudc ép cua nd, dugc st dung trong nhuém vai phi tong hop Trong cong nghiép thyc pham, polyphenol
duoc sur dung lam chat bao quan chat tao mau, chat tao mui va chat ting cuong huong vi. Polyphenol cé
kha ning chéng oxy hoa bai cac goc tu do, khang viém, khang khuan nén dugc ing dung trong y hoc 1am
chat tri liéu hoac chat phong ngira cho nhidu bénh 1y nhu bénh tim mach, bénh tiéu duong, viém, ung thu
va bénh Alzheimer (Anand va nnk, 2022).

3. Nghién citu chiét xuat polyphenol va danh gia hoat tinh sinh hec ciia dich chiét

Qué trinh trich ly duoc biét dén rong rai nhu 1a mot qua trinh tach chiét chat c6 hoat tinh sinh hoc tir
nguyén liéu thuc vat. Dung mdi acetone, ethanol va methanol da dwoc st dung rong rii dé chiét xuat cac
thanh phan polyphenol tir nguyén liéu thuc vat, dic biét la céc loai thao moc va cdy thude. Hiéu suét trich
ly khéng chi phu thugc vao dung moi ma con vé phuong phép trich ly. Phuong phap trich ly phai ¢am bao
trich ly dugc cac hop chat muc tiéu ma khong lam bién doi tinh chat héa hoc cua ching. Mot 6 yéu t6 co
thé anh huong den toc do trich ly va chit lugng cua cac hop chat polyphenol mang hoat tinh sinh hoc dugc
chiét xuét, bao gdm phuong phép trich ly, loai dung méi, nong d6 dung méi, thoi gian tiép xdc hai pha,
nhiét d9, ty 1€ nguyén liéu va dung mdi cing véi kich thude hat nguyén liéu (Dai, J., R. J. Mumper, 2010).
Phwong phap chiét xuat cac hop chét polyphenol khéc nhau cho tung loai nguyén liéu thuc vat va mot
phuong phép trich ly hop chét phenol 1y twéng cho mot nguon nguyén ligu riéng biét phai duoc thiét ké
riéng va téi wu hoa (Silva, E. va nnk, 2007). VV&i qué trinh trich ly polyphenol tir dau nanh (Glycine max L.)
thi dung mai acetone 70% la phu hop nhat. Cac polyphenol thu duoc ¢ kha ning trung hoa goc tu do
DPPH (1,1-diphenyl-2—picrylhydrazyl) dat 78,96 + 0,34% (Duong Thi Phugng Lién va nnk, 2014). Khi
sir dung dung mdi ethanol thi ham lugng polyphenol cua dich chiét t6 moc (Caesalpinia sappan), clc hoa
vang (Chrysanthemum indicum) va sai dat (Wedelia chinensis Osb. Merr) twong tmg thu dwoc 12 5,817
0,055; 5,034 + 0,046 va 4,625 + 0,069 mg axit chlorogenic/100 mg dwoc lidu; hoat tinh chéng oxy héa
tuong ung 13 0,512 + 0,012; 0,424 = 0,006 va 0,312 + 0,009 mg Vitamin E/100 mg duoc liéu, t&c dung ac
ché su phat trién caa vi khuan E. coli ATCC25922 dat (véi dudng kinh vong v khuan cua dich chiét
ethanol ndng d6 1.000 mg/mL) tuong tng 1a 25,15 + 0,45; 23,25 + 0,35 va 22,35 + 0,65 mm) (Nguyén Thi
Thanh Ha va nnk, 2021). Dung méi ethanol ciing duoc st dung dé chiét xuat polyphenol tir cay sa ké. Cao
chiét thu duoc tir dich chiét nay ¢ diéu kién: dung mdi ethanol 69% két hop siéu am, nhiét do 69°C, thoi
gian 15,98 phut va ty 1¢ nguyén ligu/dung méi 1/30 (w/v) cé ham luong polyphenol, flavonoid lan luot 1a
227,38 + 1,27 mg GAE/g cao chiét (GAE: gallic acid) va 113,36 + 2,07 mg QE/g cao chiét (QE: quercetin),
c6 kha ning trung hoa tot cac gdc tu do 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ECso =
56,57 £ 0,10 pug/mL) va 2,2-diphenyl-1-picrylrylhydrazyl (ECso = 68,85 = 0,53 pg/mL) va nitric oxide
(ECso = 77,21 + 0,84 pg/mL) (Nguyén Thi Ai Lan, Tran Chi Linh, 2022). Béi véi 14 cay dau tam (Morus
alba L.), diéu kién tdi wu dé chiét xuat la: nong d6 dung moi ethanol 80%; ty 1¢ dung moéi/duoc liéu 34
(mL/g); nhiét do chiét xuat 49°C; thoi gian chiét xuit 49 phat. Tai diéu kién chiét t5i wu, ham lwong téng
polyphenol va tong flavonoid thu dwoc lan luot 12 170,06 + 1,97 (mg Gallic Acid/g chit kho) va 26,11 +
0,49 (mg Rutin/g chat kho). Khd ning chéng oxy héa (mau thir 1a 1,1- -diphenyl-2-picrylhydrazyl - DPPH)
cua dich chiét ¢ diéu kién téi wu c6 gia tri 1Cso = 42,07 pg/mL (Doan Thi Ai Nghia va nnk, 2024). Cac
nghién ctu trén m6 hinh dong vt thi nghiém cho thay chiét xuét 14 trau c6 kha niang chong lai chat gay ung
thu c6 trong thudc 14, uc ché sy phat trién ung thu tien liét tuyén. Két qua nghién ciru cac cao chiét 14 trau
khong (Nguyén Thi Kim Anh va nnk, 2024) cho thay, ham luong flavonoid cua cac cao chiét ethanol,
hexan, ethyl acetate lan luot 1a 49,71, 37,40, 21,34 mg QE/g va ham luong phenolic lan luot 12 684,23,
368,34, 318,82 GAE/g. O nong d6 25 pg/mL, ca 2 loai cao chiét ethanol va ethyl acetate déu gay doc manh,
trc ché hau hét té bao ung thu vii 4T1 nhung khong c6 anh huong gi toi kha nang phat trién cua té bao binh
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thuong fibroblast. Khi sir dung dung méi methanol (diéu kién chiét: 120 phuat, 65°C, ti 1¢ vat liéu/dung moi
1/36 (w/v)) thu duoc chiét xuat giau polyphenol va saponin tir qua Musa balbisiana (mot loai chudi) cho
théy c6 hoat tinh khang lipase va hoat tinh trc ché té bao ung thu vit MCF-7 cao (Nguyen Thi Thu Huyen
va nnk, 2024) Hoat tinh khang Ilpase cua dich chiét duoc danh gia thong qua x¢t nghiém lipase tuyen tuy,
hoat tinh chéng ung thu cua dich chiét dwoc danh gia thong qua kha nang chong tang sinh trén té bao ung
thu vit MCF-7 bang xét nghlem sulforhodamine B. Két qua cho thay, dich chiét c6 kha ning tc ché té bao
lipase va MCF-7 véi gia tri 1Cso la lan luot 14 48,82 + 1,21 pug/mL va 289,5 + 8,7 ug/mL. Nhirng két qua
nay cho thay dich chiét thu duoc tir qua M. balbisiana c6 tiém nang duoc sir dung nhu mot tic nhan dé hd
trg giam béo phi va tic ché sy tang sinh té bao ung thu va.

Véi xu huéng sir dung céc quy trinh hoa hoc xanh nhiam nang cao hiéu suét chiét tach, giam thoi gian
phan ung, tiét kiém ning luong, sir dung dung mdi than thién moi truong, cac nghién cau chiét xuat
polyphenol da sir dung dung méi ethanol it do¢ hai ma lai hiéu qua thay thé cho dung méi methanol hay n-
hexan (Nguyén Thi Ai Lan, Tran Chi Linh, 2022; Nguyén Thi Kim Anh va nnk, 2024; Nguyén Dao Thanh
Huwong va nnk, 2022 ; Nguyen Thi Thu Huyen va nnk, 2024; V6 Mong Tham va Xuan Phuong Nguyén
Tran, 2023). Bén canh d6, két hop véi ky thuat siéu &m s& cho higu qua chiét cao hon. Nhom tac gia (L&
Huy Hoang va nnk, 2023) da nghién ctru diéu kién chiét xuat trén co so 3 phuong phap (phuong phap ngam,
phuong phap dun hdi luu, phuong phép chiét xuét hd tro siéu 4m) dé thu nhan céc dich chiét toan phan cua
qua mang tang khd Litsea cubeba (Lour.) Pers va khao sét hoat tinh khang khuén, chéng oxi héa in vitro
va kha ning han ché sy hong thit tuoi. Két qua nghién cau cho thay, céc cao chiét qua mang tang cé hoat
tinh chdng oxi hoa va cé kha ning khang cac vi khuan Bacillus subtilis, Bacillus cereus va Salmonella
typhi. Trong do, cao chiét toan phan bang phuong phap chiét xuat hd trg siéu 4m c6 ham lugng polyphenol
va flavonoid tong sé la cao nhat (ham luong TPC 1a 276,38 + 11,88 mg GAE/g, ham lugng TFC 14 72,53
+ 6,43 mg QE/g) voi hoat tinh chéng oxi hoa 1a cao nhét (gia tri 1Cso 1a 114,46 pg/mL) va hoat tinh khang
khuan (duong kinh vong khang khuan & cac vi khuan B. subtilis, B. cereus, S. typhi lan luot 1a 16,8 + 0,5
mm; 13,5 + 0,4 mm; 13,3 + 0,4 mm) 12 manh nhat. Ngoai ra, cao chiét qua mang tang bing phuong phap
chiét xuat hd tro siéu am & ndng do 0,5% c6 kha ning han ché sy hong thit twoi trong thoi gian du trir lanh
7 ngay. Khi nghién ctu anh huong cua phuong phap chiét va thoi gian chiét cua qua trinh chiét xuét
polyphenol tir cay ngai ciu (Artemisia vulgaris L.) (Iiy phan trén mat dat caa Ngai cau khd), nhém nghién
ctru (Nguyen Thi Thu Huyen va nnk, 2024) nhan thy, véi ca 2 phuong phap chiét ngdm va siéu am, khi
tang thoi gian chiét thi déu cho ham luong polyphenol téng sé ting. Trong do, &6 chénh léch cia phuong
phap siéu 4m dang ké hon so vai @ chénh léch cua phuong phap ngam, cu thé: khi chiét bang cach ngam
thi khi ting thoi gian ngadm thém 20 gio (tir 16 1én 36 gio) thi ham lugng polyphenol tong sé chi ting gip
1,3 lan; con khi chiét bang siéu am thi khi ting thoi gian chiét thém 45 phat (tir 15 18én 60 phat) thi c6 su
tang ham lugng polyphenol tong s6 vuot troi - xap xi 2 lan. Nhu vay, chiét xuit ngai ctiru bang phuong phap
chiét c6 hd tro siéu am 1a phuong phap chiét tot hon, ham lugng polyphenol thu dugc cao hon va thoi gian
chiét nhanh hon dang ké. Str dung dung méi ethanol (> 99,8%) két hop siéu &m, nhom tac gia (Nguyén Thi
Kim Anh va nnk, 2024) thu dwoc ham lugng phenolic dat 368.34 GAE/g cao chiét. Ham lugng phenolic
thu duoc trong nghién ciru ndy khi sir dung song siéu 4m cao hon céac két qua cua nhitng nghién ciru khéac
khi chi sir dung phuong phap chiét ngdm. Cac két qua tong ham lugng phenolic tir 14 trau da duoc béo céo
tr nhiéu nghién ciru véi phuong phap chiét ngam cho két qua ham luong phenolic thap, chi dao dong tir
31,25 - 47,48 mg CAE/g, tir 0,29 - 2,62 mg GAE/qg, tir 49,89 - 55,35 mg GAE/g (c6 hd trg loai khi oxy
bang xa khi nitrogen). Trong khi d6, khi str dung phuong phap chiét song siéu am thi thu dwoc tong phenolic
cao hon, dat 289,63 - 320,65 GAE/g, 124,42 mg GAE/g. Séng si€u &m va&i nang lugng cao cd kha nang pha
V& cAC CAu trac cua té bao thuc vat, tir d6 giai phong cac hop chat phenolic. Do d6, khi st dung séng siéu
am thi ham lugng polyphenol tong trong dich chiét tir qua kho qua ring cho két qua cao hon so v6i phuong
phép chiét thong thuong, ké ca ddi véi ddi tuong qua chin va qua xanh, hay ddi vai ca 2 loai dung méi la
ethanol va methanol (V& Thi Bich Ngoc va nnk, 2023). N6i chung, khi sir dung phwong phéap chiét ngam
két hop séng siéu &m s& chiét xuat dwoc polyphenol tir cac duoc lidu khéc véi hiéu qua cao nhat (Nguyén
Thi Ai Lan, Tran Chi Linh, 2022; Nguyen Tan Thanh va nnk, 2023; V& Mong Thim va Xuan Phuong
Nguy&n Tran, 2023; Medina-Torres va nnk, 2017).

4. Két luan

Bai béo da trinh bay cac dic diém vé cau triic, tinh chat va mot s6 tng dung dién hinh ciia cac polyphenol
tu nhién; két qua chiét xuat polyphenol va danh gia hoat tinh sinh hoc dich chiét chira polyphenol cua mot
s loai thyc vat. Cac két qua cho thay, voi phuong phap ngam chiét, cac yéu té nhu loai dung méi, nong do
dung méi, thoi gian ngam chiét, ti I¢ dung méi/nguyén liéu, nhiét &6 déu anh huong téi higu suat qua trinh.
Khi két hop véi ki thuat siéu am thi hiéu qua chiét xuat s& tang 1én dang ké. Hoat tinh sinh hoc cua dich
chiét dugc dénh gia thong qua kha nang khang khuan, chong oxy hoa.
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ABSTRACT
Extraction and evaluation of biological activity of polyphenols in plants
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Polyphenols are secondary metabolites synthesized by plants and have diverse structures. Natural
polyphenols have attracted great interest in medicine, food and cosmetics due to their antioxidant, anti-
inflammatory, anti-cancer and immunomodulatory effects. These compounds are unevenly distributed in
plants with different stabilities, hence an adequate extraction process is required to recover target
polyphenols from various starting materials. The most frequent extraction procedures for phenolic
compounds are liquid-solid extraction, liquid-liquid extraction, soxhlet extraction or leaching. This article
introduces some results of polyphenol extraction from plants.

Keywords: polyphenols; extraction; antioxidant; anti-microbial
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E RSE HOI NGHI TOAN QUOC KHOA HQOC TRAI BAT
SAR SO VA TAI NGUYEN VO'I PHAT TRIEN BEN VIPNG (ERSD 2024)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Cac hop chat triterpenoid phan 1ap tir 14 loai xoan dao
Melia Toosenden

Nguyén Thi Kim Thoa", Nguyén Thi Thu Hién
Truong Dai hoc Mo - Dja chat

TOM TAT

Bang cac phuong phap sic ky két hop, ba hop chét triterpenoid, 1-acetyltrichilinin (1), trichilinin B (2), and
I-cinnamoyltrichilinin (3) da dugc phan lap tir can chiét methanol cua 14 cdy xoan dao Melia toosenden.
Cau trdc cua cac hop chat nay duoc xac dinh bang phuong phap phd cong huong tir hat nhan NMR ciing
nhu két hop so sanh véi cac hop chat tham khao.

Twr khéa: Melia toosenden; triterpenoids; 1-acetyltrichilinin; trichilinin B; I-cinnamoyltrichilinin

1. Mé dau

Chi Xoan (Melia) thudc ho Xoan (Meliaceae), phan bé nhiéu & khu vuc chau A, phan 16n 1a cay gd, 14
thuong kép mét 1an 16ng chim (Hui Chang va nnk, 2023). Loai xoan dao Melia toosendan dugc tim thay
nhiéu & viing Tay Béc Viét Nam, Tay Nam cua Trung Qudc, c6 qua va ré trong dan gian thuong dugc ding
dé trj cac bénh giun sén, 14 sic diét con trung (Yi Zhang va nnk, 2010; Chi, 2021). Cac nghién ciru héa hoc
dd cong bd thanh phan héa hoc dugc phan lap tir 14, qua cua Melia toosendan bao gdém limonoid,
triterpenoid, steroid, lignan,... (G. Y. Zhu va nnk, 2014; Lee, 2023). Bai b4o nay théng béo két qua vé viéc
phan lap va xac dinh ciu tric cua ba hop chét triterpenoid tach tir dich chiét methanol cua Ia loai Melia
toosendan.

2. Thuc nghi¢m va phwong phap nghién ciu
2.1. Mau thuc vt

Mau 14 lodi xoan dao Melia toosendan duoc thu héi tai tinh Son La, Viét Nam. Tén khoa hoc duoc
TS. Nguyén Thé Cuong, Vién Sinh thai va Tai nguyén Sinh vat, Vién Han 1am Khoa hoc va Cong nghé
Viét Nam giam dinh. Mau tiéu ban duoc Iuu tai phong Nghién ctu cau tric, Vién Hoa sinh bién, Vién Sinh
thai va Tai nguyén sinh vat, Vién Han 1am Khoa hoc va Cong nghé Viét Nam.

2.2. Hoa chdt thiét bi

Scc ky lép mong (TLC): Thuc hién trén ban mong trang sin DC-Alufolien 60 Fass (0,25 mm, Merck),
RP-18 Fas45 (0,25 mm, Merck); phat hién chét bang dén tir ngoai ¢ hai buéc séng 254 nm va 365 nm hozc
dung thudc thir 1a dung dich H2SO4 10% duge phun déu 1&n ban mong, sdy khd rdi ho nong tir tir dén khi
hién mau.

Sdc ky cét (CC): Puoc tién hanh vai chat hap phu 1a Silica gel c6 ¢ hat 1a 0,040 - 0,063 mm (230 - 400
mesh), pha dao RP-18 (30 - 50 um, Fuji Silysia Chemical Ltd.), diaion HP-20 (Misubishi Chemical
Indutries Co., Ltd.)

Phé céng hwong tir hat nhan (NMR): Do trén may Bruker DRX 500 (*H-NMR, 500 MHz; *C-NMR,
125 MHz) cua Vién Hoa hoc, Vién Han Iam Khoa hoc va Cong nghé Viét Nam.

2.3. Phan ldp céc chat

L4 loai xoan dao Melia toosendan sau khi phoi kho, nghién thanh bot min (4,0 kg), dugc ngam chiét voi
methanol (3 Ian x 10 L) bang thiét bi siéu am (¢ 50°C, mai lan 1 gio). Céc dich chiét duwoc gom lai, loc qua
gidy loc va cét thu hdi dung méi dudi &p suét giam thu duoc 450 g can chiét methanol. Can chiét nay dugc
hoa vao nudc cit 4m va tién hanh chiét phan b 1an luot vai n-hexan, ethyl acetate, thu duoc can n-hexan
(MTH, 100 g), ethyl acetate (MTE, 150 g) va I6p nuec (MTW, 350 g).

Phan nudc MTW duoc cit loai bo dung méi hitu co, sau d6 dua 1én cot sic ky trao ddi ion Diaion HP-

*Tac gia lién h¢
Email: nguyenthikimthoa@humg.edu.vn
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20 v6i hé dung moi ting dan ndng do methanol trong nudc (25, 50, 75, 100 %) thu duoc ba phan doan
chinh, MTW1-MTWS3. Phan doan MTW3 tiép tuc duoc chay sic ky trén cot silica gel véi hé dung moi
gradien CH,Cl;:MeOH (20:1— 0:1, v/v) thu dugc 4 phan doan nhé hon, MTW3A-MTW3D. Phan doan
MTW3B duoc phan tach trén sic ky cot RP-18 véi hé dung mai rira giai acetone:H,0 (1:1) thu duoc hop
chat 2. Hop chat 1 va 3 thu dwoc tir phan doan MTW3C khi tién hanh sic ky cot RP-18 véi hé dung moi
rua giai acetone:H,O (1:1).

o 23
/ (e}

2 .

9 18 R

Hinh 1. Cdu tric héa hoc cua cac hop chat 1-3
1-Acetyltrichilinin (1): chat bot vo dinh hinh, mau tring; Ca2Ha200; khéi lwong phan tu: 570; 'H- va
13C-NMR (DMSO-dg): xem bang 1.
Trichilinin B (2): chat bot vo dinh hinh mau vang; CssHas0g; khdi luong phan ta: 610; *H- va 3C-NMR
(DMSO-dg): xem bang 1.
I-Cinnamoyltrichilinin (3): chat bot vo dinh hinh, mau tring; CasHas0s; khéi lwong phan tir: 658; 1H-
va ¥C-NMR (DMSO-ds): xem bang 1.

3. Két qua va thao luan

Hop chét 1 thu duge dudi dang chit bot mau tréng. Trén phé IH-NMR cua 1 xuét hién tin hiéu cta bbn
nhém methyl tai on 0,97 (s), 1,05 (s), 1,09 (s) va 1,17 (s), ba nhom acetyl tai on 1,89 (s), 2,02 (s) va 2,09
(s), 5 proton oxymethine tai dn 4,12 (m), 4,18 (m), 4,59 (m), 4,90 (m) va 5,06 (m), mot proton olefine tai
on 5,68 (d, J =1,2 Hz). Ngoai ra, trén phé nay Xuat hién bo ba proton thom tai oy 6,24 (brs), 7,20 (s), 7,33
(brs) goi y sy xuat hién di vong thom. Trén phd 3C-NMR va HSQC cua hop chat 1 xuat hién tin hiéu cong
hudng cia 32 nguyén tir carbon, bao gdbm 7 carbon methyl, 4 carbon metylene, 12 carbon methine va 9
carbon khong lién két véi hydro. Trong dé, c6 ba carbon carbonyl tai 8¢ 170,0, 170, 2 va 170,6, séau carbon
olefine tai ¢ 111,6, 123,0, 124,4, 140,2, 142,1 val56,8, nam carbon oxymethine tai d¢c 71,7, 72,2, 72,5,
77,2 va 78,0. Phén tich phd 'H-NMR va 3C-NMR cia hop chat 1 goi y day 1a hop chét khung triterpenoid
v6i 3 nhom thé acetyl va mot di vong furan. Dong thoi so sanh di liéu phd NMR cuia 1 véi s6 liéu phé cua
1-acetyltrichilinin (Mohamed.S R va nnk, 1988) thi thiy phu hop vé cac gia tri cua 8¢ tai cic vi tri twong
ung.

Trén phdé HMBC cua 1, dua vao cac twong tac HMBC giita H-18 (61 1,05) v6i C-12 (8¢ 77,2)/C-13 (8¢
51,4)/C-14 (8¢ 156,8)/C-17 (8¢ 50,3) va tuong tac HMBC gitra H-12 (Jn 5,06) v&i nhom carbony (3¢ 170,8)
cho phép xac dinh vi tri nhom acetyl tai C-12. Tuong tu, twong tac HMBC gitta H-19 (61 0,97) v6i C-1 (8¢
72,5)/C-9 (8¢ 34,3)/C-10 (d¢c 38,9), gitra H-29 (dn 1,17)/H-28 (Jn 3,58) vadi C-3 (6¢ 71,7)/C-4 (3¢ 42,2)/C-
5 (8¢ 39,6) va tuong tac gilta H-3 (dn 4,90) v&i nhém carbonyl (8¢ 170,2) chiing t6 vi tri hai nhom acetyl
cOn lai tai C-1 va C-3.

Tuong tac HMBC gitra H-30 (o1 1,09) véi C-6 (8¢ 72,2)/C-7(5¢c 73,9)/C-8 (8¢ 45,2)/C-14 (3¢ 156,8) va
tuong tac giita H-15 (0w 5,68)/H-18 (dn 1,05) voi C-14 (8¢ 156,8) da chirng minh vi tri lién két doi tai C-
14/C-15 va nhém hydroxyl tai vi tri C-7. Ngoai ra, twong taic HMBC giita H-17 (61 3,02) vai C-20 (8¢
124,4)/C-21 (3¢ 140,2)/C-22 (3¢ 111,6) ciia vong furan cho phép xéac dinh vi tri lién két cua vong furan tai
C-17. Tir nhitng phén tich phé NMR cua 1 nhu trén, xac dinh dwoc hop chét 1 13 1-acetyltrichilinin.

Hop chét 2 thu duoc dudi dang chit bot mau tréng. Trén phé IH-NMR ctia 2 xuét hién tin hiéu cua 4
nhém methyl tai dw 0,92 (s, H-18), 0,99 (s, H-19), 1,09 (s, H-30) va 1,19 (s, H-29), 4 nhém methyl lién két
v6i nhom hut electrone tai on 1,73 (d, J = 7,2, H-4"), 1,81 (s, H-5), 1,86 (s, 12-Ac (Me)), 1,88 (s, 3-Ac
(Me)), 5 proton oxymethine tai o 4,13 (m, H-7), 4,19 (d, J = 2,4, H-1), 4,63 (brs, H-6), 4,91 (brs, H-3) va
5,03 (td, J = 1,6, 8,0, H-12), hai proton olefine tai dn 5,67 (d, J =1,2 Hz, H-15), 6,94 (m, H-3'). Trén phd
13C-NMR va HSQC cua hop chét 2 xuit hién tin hiéu cong hudng cua 35 nguyén tir carbon.
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Bang 1. S liéu phé H- va ®C-NMR cua hop chdt 1- 3 va cac hep chat tham khao

C 1 2 3
8c* dc™  §*C (Jin Hz) oc* dc*®  drac (Jin Hz) dc® 8¢ §n2C (Jin Hz)
1 725 725 418 (m) 725 724 419(d,24) 726 725 425(m)
2 275 27,50 2,14 (m) 274 2713 2,15 (m) 273 273 2.22(m)
3 716 717 4,90 (m) 718 717 4,91 (brs) 71,7 716 4,93 (brs)
4 22 22 - 24 4 - 23 423 -
5 396 306 264(d,124) 396 395 273(d,124) 396 396 2,80 (d, 12.4)
6 722 722 459 (brs) 719 718 4,63 (brs) 722 122 469 (brs)
7 739 739 412(d,24) 740 739 413 (m) 740 739  416(d, 2.)
8 452 452 - 454 454 - 453 453 -
9 343 343 2,76 (m) 344 343 2,77 (m) 344 344 2,91(m)
10 390 389 - 395 394 - 394 393 -
1,04 (m)/ 1,05 (m)/ 1,10 (m)/
11 4 24 350 23 22 390 23 242 300
12 770 772 506 (m) 72 111 ggf 16 771 772 504 76)
13 514 514 - 514 513 - 514 514 -
14 1566 1568 - 1574 1573 - 1572 1572 -
15 1229 1230 568(d,30) 1227 1227 567(d,12) 1227 1228 570
16 366 366 247 (m) 367 366 %‘5“1‘ émgl 366 366 250 (m)
17 503 503 3,02 (m) 504 503 2,99 (m) 504 503 2,99 (m)
18 266 266 1,05(s) 289 268 092(s) 268 268 0,95 (s)
19 152 153 0,97 (s) 153 152 0,99 (s) 152 152 1,03(s)
20 1243 1244 - 1245 1244 1244 1244 -
21 1401 1402 7,20 (s) 1403 1402 7.18(s) 1402 1402 7,14 (s)
22 1115 1116 624(brs) 1117 1117 621(d,04) 1116 1116 6,17 (d, 0,4)
23 1420 1421 733(brs) 1421 1420 7,30 (brs) 1420 1420 7,25 (brs)
3-Ac
ooy 100 1702 - 1702 1702 - 1701 1702 -
12-Ac
oy 1106 1708 - 1708 1708 1708 170,9
?MAe(): 210 211 2,02(s) 209 209 188(s) 210 211 1,84(s)
1(%\;@)‘3 213 213 189(s) 213 213 186(s) 212 211 1,95(s)
28 779 780 3,58 (m) 781 780 3,58 (m) 779 780 gée(s))(dd, 78,
29 195 195 1,17(s) 197 197 1,19(s) 196 196 122 (s)
30 157 158 1,09 (s) 153 151 1,09 (s) 152 152 112(s)
' 1700 1698 - 1660 1664 - 1654 1655 -
2 212 212 2,09(s) 1287 1284 - 1180 1179 6,37 (d, 16,0)
3 1379 1379 694 (m) 1455 1455 7,71(d, 16,0)
¥ 144 144 173(d,7.2) 1341 1340 -
5 119 119 1,81(s) 1280 1280 7.45(d, 3,6)
6 1200 1290 7,37 (brs)
7 1305 1306 7,36 (brs)

aPo trong DMSO-ds, °125MHz, °500MHz, #5¢ cta 1-acetyltrichilinin (Mohamed.S va nnk, 1988) do trong DMSO-
ds, £5c cua trichilinin B (Mohamed.S va nnk, 1988) do trong DMSO-ds, $5c caa I-cinnamoyltrichilinin (Mohamed.S va

nnk, 1988) do trong DMSO-ds

So sanh phd cong huong tir NMR ciia hop chat 2 so voi 1 thay co su twong dong ¢ nhiéu vi tri, chi khac
& chd trén phd BC-NMR cuia 2 xuét hién thém 3 tin hiéu carbon, va trén phd 'H-NMR ¢6 thém tin hiéu ctua
1 nhém methyl, 2 proton olefine so v4i hop chét 1. Déng thoi, su dich chuyén tin hi€u cong hudng tir cua
nguyén tir C-1' (5C 166,4) trén phd 3C-NMR cua hop chit 2 so véi hop chét 1 (8C 169,8, C-1) goi ¥ vé
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su thay d6i nhom thé tai vi tri C-1'. Thém vao d6, trén phd HMBC ciia hop chat 2, tuong tac giita H-4' (Ju
1,73)/H-5' (o1 1,81) v6i C-2' (3¢ 128,4)/C-3' (8¢ 137,9) va tuong tac gitra H5' (on 1,81) véi C-1" (3¢ 166,4)
da xéc dinh su thay thé nhom acetate bang nhom tiglate tai C-1. So sanh s liéu pho NMR cta 2 véi s6 ligu
d4 cong bd ctia hop chit trichilinin B (Mohamed.S R va nnk, 1988) thdy c6 su twong dong. Do vay, co thé
khang dinh hop chat 2 Ia trichilinin B.

Hop chat 3 thu dugc dudi dang chét bot mau tring. Phan tich dit liéu phd 'H- va 3C-NMR cuia hop chét
3 cho thay kha twong dong véi hop chat 1 ggi ¥ hop chét nay ciing 1a mét triterpenoid. Sy khéc biét gira
dir liéu phd NMR ciia hai hop chét nay, d6 1a trén ph6 2C-NMR cua 3 xuét hién thém tin hi¢u ciia thm
nguyén tir carbon olefine tai 6¢c 117,9, 128,0 (x2), 129,0 (x2), 130,5, 134,1 va 145,5; trén phé IH-NMR cua
3 khi so sanh véi dit lidu phd ctia 1 ciing xuat hién thém tin higu ctia mot bd proton thom tai oy 7,36 (1H,
brs), 7,36 (2H, brs) va 7,45 (2H, d, J = 3,6 Hz) va hai proton olefine tai o 6,37 (d, J = 16,0 Hz) va 7,71
(d, J=16,0 Hz). Biéu nay goiy su thay d6i nhém acetate tai vi tri C-1 cua hop chat 1 thanh nhém cinamate
& hop chit 3. So sanh s6 liéu phd NMR ciia 3 véi s6 liéu pho cua I- -cinnamoyltrichilinin (Mohamed.S R va
nnk, 1988) thiy c6 su twong dong. Dya vao nhiing phan tich trén, hop chat 3 duoc xac dinh la I-
cinnamoyltrichilinin

Céc hop chét 1, 2, 3 da duoc phan lap true ddy tir qua cia lodi Melia toosendan (Zhang va nnk, 2012;
Zhu va nnk, 2014).

4. Két luan

Tir 14 lodi xoan dao (Melia toosendan) sir dung cac phuong phéap sic ky két hop da phan 1ap duoc ba
hop chat triterpenoid, 1-acetyltrichilinin (1), trichilinin B (2), and I-cinnamoyltrichilinin (3). Cau truc cua
cac hop chit nay dugc xac dinh bang phuong phap phd cong huéng tir hat nhan mét chiéu va hai chiéu
(1D-, 2D- NMR) két hop ddng thoi so sanh véi dir liéu phd caa cac hop chat da cong bé trudce day.
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ABSTRACT
Triterpenoids from leaves of Melia toosendan
Nguyen Thi Kim Thoa*, Nguyen Thi Thu Hien
Hanoi University of Mining and Geology

Using combined chromatographic methods, three triterpenoids, 1-acetyltrichilinin (1), trichilinin B (2),
and I-cinnamoyltrichilinin (3) were isolated from the methanol extract of the leaves of Melia toosendan.
Their structures were established on the basis of NMR spectroscopic evidence and comparison with those
reported in the literature.

Keywords: Melia toosenden; triterpenoids; 1-acetyltrichilinin; trichilinin B; I-cinnamoyltrichilinin
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E RS&' HOI NGHI TOAN QUOC KHOA HQC TRAI BAT
SARR SR e VA TAI NGUYEN VO'I PHAT TRIEN BEN VIPNG (ERSD 2024)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Céc hop chat serquiterpenoid dugc phan lap tir hoa cuc trang
Chrysanthemum sinense

Vii Kim Thu” )
Truong Dai hoc M¢ - Dja chat

TOM TAT

Hoa clc tring Chrysanthemum sinense dugc sir dung trong nhiéu bai thudc dan gian, trong d6 16p chét
terpenoid thé hién nhiéu hoat tinh tét. Bai b4o nay cong bb két qua nghién ctru phan lap va xac dinh cu
trdc hoa hoc caa bén hop chat sesquiterpenoid thugc dan xuit bisabolene 1a indicumeone (1), indicumone
11-methyl ether (2), (9E)-4-oxo-7-hydroxy-11-hydroperoxy-bisabola-2,9-diene (3) va (-)-delobanone (4)
duoc phan lap tr hoa cua loai Chrysanthemum sinense. CAu trac hda hoc cua bon hop chat xac dinh bang
phan tich s6 liéu phd NMR va so sanh véi tai liéu tham khao.

Tir khéa: Chrysanthemum sinense; hoa clc tring; sesquiterpenoid; terpenoid; bisabolene

1. Pitvén dé

Chi Cuc (Chrysanthemum) thudc ho Cuc (Asteraceae) c6 nguon gdc tir Pong A va dong bac chau Au
gom céc loai than thao, tiéu moc. Hoa clc trang co tén khoa hoc 13 Chrysanthemum sinense Sabine. duoc
str dung nhu duoc ligu trong mot sb bai thudc dan gian dé tri gout, sbt, thap khop, viém nhiém, dau dau,
r6i loan thi luc va ung thu. Cac nghién ciru héa hoc da cong bd thanh phan héa hoc cua Chrysanthemum
sinense gém cac flavonoid, dan xuit cua acid caffeoyl quinic, phenolic, terpenoid va hoat tinh tc ché
enzyme xanthine oxidase gitip ngan ngira va diéu tri c4c bénh lién quan dén bénh gout, hoat tinh wc ché
géc tw do NO lién quan dén phat trién thudc chdng viém, chéng ung thu va bao vé té bao khoi tén thuong
do oxy héa cua cac hop chat phan lap (Bui Hiu Trung, 2009; Nguyen MTT, 2006; Ton Quang That,
2024). Bai bao nay thong béo két qua nghlen ctru viéc phan lap va xac dinh cau truc bén hop chat
serquiterpenoid dugc phan 1ap tir hoa cdc trang Chrysanthemum sinense bang phan tich sb liéu phd NMR
va so sanh vai tai liéu tham khao.

2. Phwong phap nghién ciu va thuc nghiém
2.1. Mdu thuec vat

Hoa clc tring Chrysanthemum sinense Sabine. duoc thu hai tai huyén Mé Linh, Ha Néi vao thang 10
nam 2021 va dugc giam dinh boi Tién si Nguydn Thé Cuong, Vién Sinh thai va Tai nguyén Sinh vat.
Mau sau khi duoc 1am sach, siy kho, xay nhé thu duoc 2,8 kg bot.

2.2. Phuwong phép chiét tach
Dung méi st dung la n-hexane, chloroform, ethyl acetate, acetone, methanol, ethanol.

Séc ky 16p mong duoc thuc hién trén ban mong trang sin DC-Alufolien 60 Fass (Merck), RP18 Fasss
(Merck). Phat hién vét chat bang cach phun dung dich H,SO4 10% trén ban mong va siy néng bang sing
nhiét khoang 1 phiit dén khi hién mau.

Séc ky cot pha thuong su dung chat hap phu Ia Silica gel (¢ hat 0,040 — 0,063 mm, 230 - 400 Mesh)
va chit hap phu RP-18 (30 - 50 um, YMC Co., Ltd) hay Diaion HP-20 (MilliporeSigma™ Supelco) ding
cho sic ky cot pha dao.

2.3. Cdc phép do phé

Phd NMR sir dung may Bruker 600 MHz tai Vién Hoa hoc. Pho khdi lugng phun mu dign ESI-MS
dugc do trén may Agilent 1100 LC-MSD Trap cua Vién Hoa sinh bién. B9 quay cuc dugc do trén may
JASCO P-2000 Polarimeter cua Vién Hda sinh bién thuoc Vién Han Iam Khoa hoc va Cong nghé Viét
Nam.

* Tac gia lién h¢
Email: vukimthu@humg.edu.vn
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2.4. Phan ldp cac hep chat

Bot khd hoa cuc tring Chrysanthemum sinense (2,8 kg) duoc ngdm chiét xuat bang song siéu am voi
ethanol ba lan (mdi 1an 10 L, 30 phat ¢ nhiét do phong). Sau khi loai bo dung méi thu dugc 600 gam dich
chiét tong CS. Hoa tan CS véi 1,0 L nude va lan luot chiét véi dung méi n-hexane, ethyl acetate thu duoc
cac phan doan n-hexane (CS1, 50,0 gam), ethyl acetate (CS2, 55,0 g) va I6p nuéc (CS3).

Phan doan CS1 duoc tach thd trén cot sic ky silica gel (CC) (5x15 cm), sir dung hé dung mdi n-
hexane/acetone (50/1, 20/1, 10/1, 2/1, viv, mdi lan 500 mL) thu dugc bdén phan doan, CS1A (8,0 g),
CS1B (7,0 g), CS1C (15,0 g) va CS1D (5,0 g). CS1C dugc tach trén cot silica gel CC (3x10 cm) bang hé
n-hexane/EtOAc (ting dan do phan cuc: 4/1, 2/1, 1/1 va 0/1, mdi lan 200 mL) thu dugc bén phan doan
CS1C1 (2,0 g), CS1C2 (3,0 g), CS1C3 (1,5 g) va CS1C4 (1,7 g). Phan doan CS1C3 duge dua 1én cot RP-
18 (2x25 cm) rira giai bang acetone/nuéc (3/1, viv, 800 mL) thu dugc bén phan doan CS1C3A (100 mg),
CS1C3B (600 mg), CS1C3C (110 mg) va CS1C3D (2,0 g). CS1C3A dugc tach trén cot silica gel pha dao
rira giai bang acetone/nuéc (4/1, viv, 800 mL) thu duoc hop chat 1 (5,0 mg). CS1C3B duoc tach trén cot
silica gel pha thuong voi hé dung méi chiroform/methanol (4/1, v/v, 800 mL) thu duoc hop chat 4 (10,0
mg). Phan doan CS1C3C dugc tach trén cot YMC véi hé dung moi methanol/acetone/nuéc (4/1/0,5,
vIvlv, 700 mL) thu duoc hop chét 2 (4,0 mg). Hop chat 3 (15 mg) thu dwoc tir phan doan CS1C3D khi
chay sic ki cot pha dao rira giai bang hé dung méi acetone/nudc (3/1, viv, 600 mL).

- Indicumenone (1): dang dau khong mau, ESI-MS: [M+H]* tai m/z 253,2, cong thic phan tir CisH2403
(M = 252). Sé liéu phd H- va 3C-NMR (CDCls), xem Bang 1.

- Indicumenone 11-methyl ether (2): dang dau khong mau, ESI-MS: [M+H]* tai m/z 267,3, cng thic
phan tir C1H2603 (M = 266). S6 liéu phé *H- va 3C-NMR (CDCls), xem Bang 1.

- (9E)-4-oxo0-7-hydroxy-11-hydroperoxy-bisabola-2,9-diene (3): dang dau khéng mau, ESI-MS:
[M+H]* tai m/z 269,1, cong thirc phan tir CisH2404 (M = 268). Sé lidu phd *H- va 3C-NMR (CDCls),
xem Bdng 1.

- (-)-Delobanone (4): dang dau khong mau, ESI-MS: [M+H]* tai m/z 237,4, cdng thic phan ti:
C15H2405 (M = 236). S6 liéu pho H- va 3C-NMR (CDCls), xem Bang 1.

3. Két qua va thao luan

Hop chit 1 thu dwoc dudi dang chat dau, khong mau. Trén phd *H-NMR cua hop chét 1 xuét hién tin
hiéu cua 3 proton olefin tai &4 5,68* (1H), 5,72* (1H), 6,75 (1H, br d, J = 5,4 Hz), tin hiéu cua 4 nhém
methyl bac ba tai 64 1,16 (3H, s), 1,31 (3H, s), 1,31 (3H, s), 1,78 (3H, s), proton cua 3 nhém methylene tai
on 2,13 (1H, m)/2,21* (1H), 2,24* (1H)/2,66 (1H, br d, J = 16,0 Hz), 2,27* (1H)/2,39 (1H, dd, J = 1,2,
15,0 Hz). Ngoai ra, con c6 su xuit hién caa proton nhém methine tai 8y 2,24* (1H). Phd 3C-NMR cua
hop chét 1 cho biét sy c6 mat cua 15 nguyén tir carbon, trong d6 c¢6 1 carbon carbonyl tai 8¢ 200,6 (C-4),
4 carbon olefin tai ¢ 121,1 (C-9), 135,3 (C-3), 142,9 (C-10), 145,0 (C-2), 8 carbon aliphatic tai 6c 15,6
(C-15), 23,8 (C-14), 27,3 (C-1), 29,8 (C-12, C-13), 38,9 (C-5), 42,4 (C-8) va 44,2 (C-6) va 2 carbon rugu
bac ba tert tertiary alcohol tai 6¢ 70,7 (C-11) va 72,9 (C-7). So sanh vai tai liéu tham khao cé su trung
khop vé mat s6 lieu phd, do vay hop chat 1 1a mot sesquiterpenoid dugce xac dinh 1a indicumenone
(Trifunovi¢ S, 2006).

Hinh 1. Cdu truc héa hoc cua cac hop chdt 1 +4

Hop chat 2 thu dugc dudi dang chat dau khéng mau. Pho NMR cia hop chat 2 twong ty nhu hop chat
1 Vi c4c tin higu dic trung ctia 2 ndi doi (3 proton olefin), 1 nhém carbonyl, 4 nhém methyl. Tuy nhién
hop chat 2 ¢6 16 nguyén tir carbon do sy xuat hién thém mot nhém methoxy -OCHj tai C-11 thay thé cho
nhém hydroxyl trong hop chat 1. Nhém methoxy dugc thé hién tai tin hiéu 8y 3,14 (3H, s) va 5c 50,4 (11-

1497



OCHj) 1am tin hi¢u 3¢ ciia C-11 di chuyén vé 72,8 ppm. Két hgp so sanh vdi tai ligu tham khéo, s6 ligu
pho cua hop chat 2 va sé liéu phd cua indicumenone 11-methyl ether c6 su trung khép. Do d6, hop chat 2
duogc xac dinh la indicumenone 11-methyl ether (Smitt O, 2002).

Bang 1. Sé liéu pho tH- va 13C-NMR cua cac hop chat 1 =4

1 2 3 4
c Sa,b Sil’c 6a,b Sillc Sa,b Sil‘c Sa,b 5;&
¢ (mult., J = Hz) ¢ (mult, J=Hz) | ¢ | (mult,J=Hz)| ¢ |(mult,J=Hz)
1 27,3 2,27* 27,2 2,30* 27,3 2,27* 27,2 2,23*
2,39 (dd, 1,2, 15,0) 2,40 (dt, 1,2, 15,0) 2,40 2,40
2 | 1450 6,75(brd,54) | 144,7| 6,75 (brd, 54) [145,3] 6,76 (br d, 6,0) | 145,0| 6,75 (br d, 6,6)
3 135,3 - 1354 - 135,3 - 135,3 -
4 | 200,6 - 200,1 - 200,9 - 200,4 -
5 38,9 2,24* 39,0 2,24* 38,9 2,24* 39,0 2,25*
2,66 (br d, 16,0) 2,66 (br d, 16,0) 2,67 (br d, 16,0) 2,63 (br d, 19,2)
6 44,2 2,24* 44,3 2,25* 42,7 2,24* 44,4 2,25*
7 72,9 - 74,8 - 73,0 - 73,3 -
2,13* 2,11 (m) 2,12 (m) 2,20*
8 42,4 221* 42,8 2 21* 44,4 2 3% 39,5 2.24%
2,03*
9 | 1211 5,68* 124,0 5,60* 125,3 5,69* 22,3 2.06*
10 | 1429 5,72* 140,5 5,63* 138,7 5,70* 1239 | 5,12(t, 6,6)
11 70,7 - 72,8 - 81,8 - 132,3 -
12 | 298 1,31 (s) 25,9 1,26 (s) 244]  1,33(s) 57| 1,69 (s)
13 | 29,8 1,31 (s) 25,9 1,26 (s) 243 1,31(s) 17,7 1,62(s)
14 | 238 1,78 () 24,0 1,78 (s) 1,77 () 240| 1,78(s)
23,9
15 | 156 1,16 (5) 15,6 1,17 () 156]  1,18(3) 156  1,18(s)
11-
OCHs 50,4 3,14 (s)

3 Do trong CDCls, "150MHz, ©600MHz, * tin hiéu chdp.

Hop chat 3 1a chat dau khdng mau. Phé NMR cua hop chit 3 ¢6 cac tin hiéu dic trung twong tu hop
chat 1 va hop chét 2 gdm 2 ndi d6i, 1 nhém carbonyl, 4 nhém methyl phit hop véi CTPT 1a CisH2404 (M
= 268). Hop chét 3 1a mot sesquiterpenoid c6 15 nguyén tir carbon, su khac biét véi hop chat 1 va 2 1a tin
hiéu carbon khong lién két véi H caa C-11 da dich chuyén vé han truong thap tai 8¢ 81,8 ppm phu hop
V6i sy ¢6 mat ciia nhom hydroperoxy —OOH. Két hop so sanh vaéi tai liéu tham khao, hop chét 3 dugc xéac
dinh Ia (9E)-4-oxo-7-hydroxy-11-hydroperoxy-bisabola-2,9-diene (Trifunovi¢ S, 2006).

Hop chat 4 thu dwoc dudi dang chat dau khdng mau. Hop chét 4 ciing 1a mét sesquiterpenoid khung
bisabolene tuong tw nhu hop chét 1, 2 va 3 c6 2 lién két doi, 4 nhém methyl bac mot, 1 nhém carbonyl.
Tuy nhién phd *H-NMR chi c6 2 proton olefin tai 84 5,12 (1H, t, J = 6,6 Hz), 6,75 (1H, br d, J = 6,6 Hz)
chung t6 da c6 sy dich chuyén cua 1 ndi déi. Két hop vai tin hiéu caa 2 nhém methyl da dich chuyén vé
truong thap hon tai 84 1,62 (3H, s) va 1,69 (3H, s) goi ¥ mot lién két doi da dich chuyén vé vi tri gin 2
nhém methyl tai C10-C11. Két hop véi so sanh tai liéu tham khao, hop chat 4 dwoc xac dinh 13 (-)-
delobanone (Smitt O, 2002).

4. Két luan

Bai bao nay cong b két qua nghién ciru phan 1ap bon hop chét tir can chiét n-hexan cua hoa loai hoa
clc tring Chrysanthemum sinense. Cau tric héa hoc cua bon hop chit dugce xac dinh 1a bén hop chét
sesquiterpenoid thudc dan xuat bisabolene: indicumeone (1), indicumone 11-methyl ether (2), (9E)-4-
oxo-7-hydroxy-11-hydroperoxy-bisabola-2,9-diene  (3) va (-)-delobanone (4). Cac hop chét
sesquiterpenoid dwoc biét dén c6 nhiéu hoat tinh sinh hoc qui bau do d6 loai hoa clc tring
Chrysanthemum sinense htra hen 1a duoc liéu tiém ning dé tiép tuc nghién ciru hoat tinh sinh hoc theo
hudéng tao ra san pham chiam soc strc khoe cong dong.
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ABSTRACT

Sesquiterpenoid compounds isolated from the flowers of
Chrysanthemum sinense

Vu Kim Thu*
Hanoi University of Mining and Geology

The flowers of Chrysanthemum sinense are used in some folk medicines, with terpenoid compounds
showing numerous beneficial activities. This paper reports the results of the isolation and chemical
structure determination of four sesquiterpenoid compounds belonging to bisabolene derivatives:
indicumeone (1), indicumone 11-methyl ether (2), (9E)-4-oxo-7-hydroxy-11-hydroperoxy-bisabola-2,9-
diene (3), and (-)-delobanone (4) isolated from the flowers of Chrysanthemum sinense. The chemical
structures of these four compounds were determined by NMR spectral analysis and comparison with
reference data.

Keywords: Chrysanthemum sinense; hoa clc tring; sesquiterpenoid; terpenoid; bisabolene
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Xay dung thi nghiém ao: “Khao sat hién tuong
nhicu xa anh sang” bang ngdn ngt lap trinh Python

Téng B4 Tuén®, Lé Pac Tuyén, Bii Hiru Nguyén, H6 Quynh Anh, Pao Viét Thing
Truong Dai hoc Mo - Dja chat

TOM TAT

Gan day, viéc ung dung khoa hoc may tinh dé mé phong trong giéo duc va dao tao da va dang thu hut duoc
su quan tam cua cong dong cac nha khoa hoc. Mét trong nhiing linh vuc duoc quan tdm nghién ciru la xay
dyng cac thi nghiém vat Ii 40. Ngoai nhiig wu diém la tiét kiém thoi gian, kinh phi, nguyén vat liéu, tranh
rai ro nguy hiém trong diéu kién thuc, thi nghiém 4o con gidp chling ta quan sat truc quan nhiing qué trinh
vt Ii gan ding qua trinh thyc té. Trong bai b4o nay ching toi tap trung gidi thidu ly thuyét vé hién tuong
nhidu xa anh sang va nghién ctu xay dung wng dung Khao sat hién twong nhidu xa cua anh sang bang ngén
ngit lap trinh Python. Giao dién cua tng dung dugc xay dung don gian, d& twong tac, c6 thé mang lai hiéu
qua cao trong qué trinh day hoc Vat 1i dai cwong tai Trudng Pai hoc Mé - Dia chét.

Tir khda: M6 phong; thi nghiém vat Ii a0; nhiéu xa anh sang; python

1. Gigi thiéu

M6 phong la két qua cua su két hop gitra cong nghé va |i thuyét. Trén thé gisi, viéc sir dung cac md hinh
vat I md phong giai phau sinh hoc da ¢6 tir nhiéu thé ky, truéc ca thoi ky may tinh dién tir ra doi. Cac nha
khoa hoc di sir dung may tinh dé nghién ciru thiét ké md phong trong cac linh vuc y khoa (Rosen, 2008),
hang khéng (Caliskan va nnk, 2009), thién van hoc (Norman va nnk, 1980). Su phét trién khong ngirng cua
cdng nghé may tinh va nén gido duc dan dén xut hién nhiéu cac trung tdm nghién ciru md phong trong hai
giai doan 1990 - 2000 va 2001 - 2009 (Forbus, 1996), thé hién su phat trién manh mé& ciia md phong trong
khoa hoc, doi sdng va gi4o duc.

Hién nay cac phan mém thi nghiém 4o di va dang duoc nhidu nhém tac gia trong va ngoai nudc xay
dung bang nhiéu ngdn ngir khac nhu Java, Mathlap, C#...(Design Simulation Technologies, 2024; Python
Software Foundation, 2024; Hunter, 2007). Tuy nhién khi xay dung cac thuat toan mé phong bang cac ngdn
ngit trén thi twong d6i phirc tap, kho tly bién. Sy ra doi va phat trién cia ngon ngit 1ap trinh Python (Python
Software Foundation, 2004) 1a mét ngén ngit lap trinh ma nguon ma, rét linh hoat da tré thanh mot cong
cu hitu ich dé cac nha nghién ciru xay dung céac ung dung mo phong cac hién tuong vat ly, hdéa hoc... Qua
thuc té da chitng minh thi nghiém o dong gop vai tro rat hiéu qua vao qua trinh day hoc noi chung, va dac
biét trong giang day vat Ii, 1a mot mén hoc khoa hoc ty nhién c6 nhiéu hién twong khong thé thay trong
phong thi nghiém nhung nhd ki thuat mé phong ngudi hoc ¢6 thé dé dang tiép can véi céc hién tuong d6
mét céach tryc quan. Thay vi thuc hién thi nghiém trong phong véi thiét bi va vat liéu thuc, nguoi ding cé
thé twong tac v6i cac mé hinh va tinh huéng théng qua méy tinh. Thi nghiém vat Ii 40 ¢6 nhiéu wu diém la
tiét kiém chi phi, thoi gian, nguyén vat liéu, an toan va dé dang tiép can. Hon nira, thi nghiém vat li o
tuong cho phép ngudi ding diéu chinh cac bién 50 va quan sat két qua ngay lap tuc, cung cap hinh anh va
giai thich ro rang gilp nguoi hoc hiéu sau hon vé cac khéi niém vat Ii. Trong khudn khé cua béo cao nay
nhom téc gia bao cao két qua xay dung thi nghiém ao: “Khao sét hién tugng nhidu xa 4nh sang bang ngén
ngir lap trinh python” phuc vu cho cbng tac giang day mon Vat Ii dai cuong tai Truong Pai hoc M6 - Dia
chat.

2. Co st ly thuyét

Nhiu xa 4anh sang la hién twong &nh sang bi thay d6i phuong truyén khi di qua khe hep tuong duwong
budc séng hoac gan mép cac vat can. Hién tugng nay cung vai hién tuong giao thoa 1a mot trong cac hién
tuong ching to anh sang ¢ ban chat song va né thé hién su twong tac giira 4nh sang va cac vat thé ma n6

* Tac gid lién h¢
Email: tongbatuan208@gmail.com

1500



gap phai. Vat can c6 thé la cac vat chin sang nho, hodc cac man chin trén d6 co rach cac khe hep hoic 16
tron. Khi kich thugc cuaa 16 tron hoic khe hep 16n thi trén man dat phia sau cé ving béng téi va ving bong
sang phan biét rat rd rét. Tuy nhién khi kich thuéc cac chuéng ngai vat thu nho ¢& vai lan budc séng anh
sang thi ranh gigi nay khéng con rd rang nhu trudc, trong viing tbi xuat hién cac vanh sang va trong ving
sang xuat hién cac vanh téi tay thudc vao kich thuéc khe hep.

2.1. Nhiéu xa qua mét khe hep

C6 mdt ngudn sang don sic, budc song A, thau kinh Lo khe K ¢6 bé rong: AB =b. Thau kinh L cho anh
hi tu cua chum tia song song qua khe. Két qua cuia thi nghiém trén man thu dugc h¢ van sang tb1, c6 tinh
chat dbi ximg, & gitra 1a van sang nhét, hai phia dén vén t6i va van sang c6 cuong do yéu hon van chinh
gitta.

Hinh 1. M6 hinh th/ nghiém nhiéu xa qua khe
Tuy thudc vao goc nhidu xa @ ma diém M trén mit phang tiéu cta L co thé 1a van t6i hodc sang.
Néu ¢ = 0: Tiéu diém anh F 13 hoi tu cua chum tia song song, giao thoa véi nhau, do chiing déng pha
ting cuong 1an nhau nén tai F 1a van sang goi la cuc dai gitra.
Néu ¢ # 0: Chia khe AB thanh nhitng dai vé cling c6 d6 rong dx, song song véi cac canh AB cua khe.
Céc dai nay 1a cac ngudn sang tht cip (theo nguyén li Huyghen - Fresnel). Duéi day chiing ta s& 4p dung
nguyén li chong chat anh sang di tim duoc cudng do séng tai M trén man.

Bién do dao dong cua séng thir cAp phét ra tir dai nay Ia: % dx
E, 2T b bE, 2
dE = —dx.cos(wt ——x.sin@p) - E = f dE = f —.cos(wt ———x.sin @)dx
b A o o b A
Pt k = Zsin g, ta co:
PEq Eo . :
E= f —.cos(wt — k x)dx = —[sin(wt — kb) — sin(wt)]

o b bk

. mb .
Eo sm(Tsm ®) b .
E = —F"——cos(wt —TSII’IQO)
Z sing
< mh . It AL AA £ 23R N sinu \ NS . . N
batu = — sing, taco bién dg song tai diém M 1a Eyy, = E —, hén cuong d6 song anh sang tai M la

sinu

Iy =lo™ @)
Tim diéu kién cho cuc dai va cuc tiéu nhiéu xa
Diéu kién dé tai M xuét hién cyc tiéu nhidu xa 1a cuong do6 sang tai d6 bi triét tiéu, ta c6:
I<p=0—>u=k1r—>”bs;mp=kr[
- sing = k% 2

Véik =+1’+2 ...; (k = 0 tring v6i van chinh gitta cuc dai, nén khong dugc chon)
Diéu kién dé tai M xuét hién cuc dai nhidu xa la cudong do sang tai d6 dat gia tri 16n nhét, ta co:

1501



sinnbsin(p b si 12
_ 2 | _ mbsing _ m . _
I(p—l()(—)m—lﬁ 7 —;+k7‘[—>sm(p—(k+g);
A

V6ik = 1;+2 ...; (k = 0,—1 nam trong khoang chinh giita cuc dai, nén khong dugc chon)

Biéu thirc cuong d6 sang bac Ik cua cuc dai bac k

(258 (ardp)’ mO?P

Vay tai tiéu diém F cua thiu kinh ta c6 cudng d6 sang 1a 16n nhat duoc goi la cuc dai chinh (&ng véi
g6c nhiéu xa ¢ = 0). Xen giita cac cuc tiéu nhiu xa con c6 cac cuc dai khac nhung c6 cuong do nho
hon cyc dai chinh rat nhiéu va giam rat nhanh. Vi tri cuc dai dugc xac dinh gan ding tir diéu kién:

sing = (k + %)% (4)
Véik =1;42 ..
Trén man quan sat dat tai ti€u dién cua thau kinh L hai cuc tiéu do cach nhau 1 khoang
AL =2 )

Hinh anh vén sang va vén t6i khong phu thudc vao vi tri cia khe. Néu dich chuyén khe song song véi
chinh n6 thi hinh anh nhiéu xa khong thay doi. Néu thay ngudn sang O bang mot khe sang dit vudng goc
v6i mit phing hinh v& thi mdi diém cua khe sang s& cho ta mot hé thong cac diém sang trén man quan sat.
Hinh anh nhiéu xa 14 cac véan sang, tdi song song v4i nhau va song song véi khe.

Cong thire (5) thdy ring néu bé rong b ctia khe AB giam thi d rong ciia anh nhiéu xa cua cuc dai chinh
tang 1én dan dan va trai rong ra. Nguoc lai néu tang dan do rong b thi vi tri cac cuc tiéu cang dich lai gﬁn
tam F, van gitra hep dan va sang hon va khi d6 rong cua khe dang ké D[] A ta thay tai F mot anh rd nét
ctia ngudn sang O. Vay hién twong nhidu xa khong con quan sat duoc nita, anh nhiu xa tring véi anh
quang hinh hoc.

Chi khi mat song 14 16n v6 han thi dinh luat truyén thang méi la dung. Nhu vay thuyét song khong nhiing
khong mau thuin véi véi dinh lut truyén théng ma con chi ra gidi han ap dung cta dinh luat. Dinh luat chi
ap dung khi gitra ngudn va man khong ¢ man chén, tic 1a mat song 16n vo han va khi mit séng bi gidi han
b6i mot 16 O thi hién tugng nhidu xa bit diu anh huong khi ti s kich thude 15 so v6i bude song trong
khodang ¢& vai chuc dén vai tram lan.

2.2. Nhiéu xa qua nhiéu khe hep

Nhiéu xa qua nhiéu khe hep. B& rong mdi khe 14 b, khoang cach giira cac khe 1a d. Cac khe hep 1a cac
ngudn két hop 6 hai hién tugng cing xay ra: Nhiéu xa qua cac khe va giao thoa trén man nén hinh anh
trén man rat phirc tap.Ta phén tich timg anh hudng ctia ngudn.

M

o=dsin ¢
Hinh 2. Nhiéu xa qua nhiéu khe hep
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Theo két qua cua phan trudc, cac tia sang vai goc nhiéu xa ¢ thoa mén sing = kA /b thi cac khe déu
cho cuc tiéu nhidu xa c6 cudng d6 sang bi triét tiéu hoan toan. Cac diém nay goi la cac Cuc tiéu chinh trong
d6 k = +1,42 ... véi k = +1 goi 1a cyc tiéu chinh tha nhat, k = +2 goi la cac cuc tiéu chinh tht hai. ..

Tiép sau day chung ta di tim dac diém phan bd cudong d6 sang giira hai cuc tiéu chinh qua hé nhiéu khe
hep, céc khe hep céch nhau khoang cach d (thoa man diéu kién b < d < 2).

Xét hién tuong xay ra véi hai khe hep lién tiép nhau. Ta c6 hiéu quang 16 ctia hai tia sang nhidu xa theo
phuong 1éch goc ¢ so véi phuong ngang 1a: § = d sin ¢

Néu tai M la cac van sang thi § = kA — d sin @ = kA

- sing = kA/d (6)
trongdd k =0,+1,4+2 ...
Véi k = 01ng véi cac tia nhiéu xa theo phuwong @ = 0 goi cuc dai chinh giira.
Mgt khac vi d > b nén - 2 < “2 < 2 do 6 giira hai cyc tiéu chinh c6 nhiéu cac cuc dai chinh ang véi k =
1,42 ..

Cuébi cuing ching ta xét sy phan bb cudng d6 séng gitr hai cuc dai chinh lién tiép. Tai diém chinh giia
cua hai cuc dai chinh ta c6 cyc tiéu giao thoa do hai khe gay ra. Do d6 hiéu quang 16 cua hai tia séng xuét
phét tir hai khe nay 1a: 6§ = (k +1/2)A - dsing = (k +1/2)A

- sing = (2k + 1)A/2d (7)
Tuy nhién tai diém nay chua chéc di 1a diém t5i vi con phu thudc vao sb khe hep.
+ N=2 khe: Piém chinh giira hai cuc dai chinh 1a diém t5i goi 1a mét cuc tiéu.
+ N=3 khe: Con dao dong do tia khe thir 3 gdy ra khong bi khir. Giira hai cuc dai chinh 1a mot cuc dai, cuc
dai nay kém sang hon nhiéu nén goi 1a céc cyc dai phuy, gifra cac cuc dai phu la cuc tiéu phu.
+ N bat ki nguoi ta di chimng minh duoc réng’ gilta hai cyc dai chinh ké tiép c6 (N-1) cuc tiéu phu va
(N-2) cuc dai phu (Duong Hai Triéu, 20Q6). Neéu s0 khe 16n thi be rong cyc dai chinh thu hep va céc cuc
dai chinh cang sang va thanh nét. Anh nhiéu xa ctia hé nhiéu khe 1a cac vach sang song song cach déu nhau.
2.3. Gigi thigu ngbn nga ldp trinh Python

Python & mot ngon ngit 1ap trinh manh mé va pho bién trong nhiéu linh vuc khoa hoc, bao gom ca vat
ly. Nho ca phap don gian va thu vién phong ph, Python da trg thanh cong cu hiru ich trong viéc giai quyet
cac bai toan vat li, md phong, xir ly dir liéu, va truc quan héa két qua.

& python’ . .

About Downloads Documentation Community Success Stories News Events

Intuitive Interpretation

Calculations are simple with Python, and expression syntax is
straightforward: the operators -, -, and ' work as
expected; parentheses | | can be used for grouping. More

about simple math functions in Python 3.

5.666666666666667

5

Hinh 3. Giao dién website www.python.org

Céc nha nghién ctru da xay dung dwoc nhiéu thu vién tinh toan khoa hoc va méd phong nhu Numpy,
Matplotlib, Vpython... 1am cong cu dé tao ra cd&c moé hinh a0, hd trg phan tich hién twong phuc tap nhu
chuyén dong Brown, vat Ii luong tir... Trong pham vi dé tai, s& xay dung thi nghiém 4o “Khao sét hién
tuong nhidu xa anh sang”. Ung dung s& tich hop cac thanh tac vu va truedng nhap dir liéu nhu sé khe hep
(N), d6 rong céc khe hep (b), khoang céch céc khe (d), khoang cach tir céc khe hep dén man anh. Khi tham
s6 dau vao thay déi thi hinh anh phan bé do sang va hinh anh phd nhiéu xa dugc minh hoa ngay trén giao
dién bang cach sir dung céc thu vién Matplotlib (Hunter, 2007). T hinh anh truc quan nay s& gitp cho viéc
day hoc vé hién twong nhiéu xa &nh sang rat truc quan va sinh dong.
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G @ % matplotiiborg/stable/plot types/indexitd-and-volumetric-data * B SO0 @

@ Daugiétaisan-cd.. @ [0 Brackets - A mode [ 96 de thivaa I G gg dich - Tim tré @ 3cichtichcdthov. J Han 2000 cdu trdc & Hoclidu » [ Tat ca déu tra
Q © 39(stable) v
mat f tlib Plot User Tutorials Examples Reference Contribute Releases
P guice
o Qv
Pairwise data v bar3dix, y. z dx, dy, dz) plot(xs, ys, zs) quiver(X Y, Z U, V. W) -
Statistical distributions
Statistical distributions v ed data
v oy rregularly gridded data
v grm ] . 1 3D and volumetric data
e | |

scatter(xs, ys, zs) stem(x, y, 2) plot_surface(X, ¥, Z)

/

plot_wireframe(X, Y, Z)

Hinh 4. Giao dién website wvw.Matplotlib.org
Tom lai, Python 1a mot cong cu linh hoat va dé hoc, gitp cac nha vat i thuc hién cac mé phong, tinh
toan va phan tich mot cach hiéu qua. Nho cac thu vién va cong ddng hd trg manh mé, Python da va dang
tro thanh lva chon phé bién cho cac nha vat Ii trong nghién ctu va giang day.

3. M6 phéng va thao luan

Dura trén co s |i thuyét & trén va phan tich sy phu thuoc caa phd nhidu xa vao hinh dang cua cac chudng
ngai vat nhu kich thudc cua khe hep, khoang céch cua cac khe, khoang cach tir cac khe dén man. Ching
t61 da nghién ciru va xay dung tng dung « Khao sat hién tuong nhidu xa anh sang” bang cach st dung ngon
ngit 1ap trinh Python. Ung dung duoc viét véi ngdn ngir md ngudn ma don gian, tu nhién nén co thé cai
tién, bd sung theo nhu cau cua ting hoc phan. Trén giao dién c6 tich hop cac truong, thanh diéu chinh do
rong cua khe, khoang céch cac khe d¢én man anh. Khi thay déi cac thong sb bang cach kéo va tha chuot,
nhap thong sé dau vao (sb khe bat ky). Tir d6 thay qua trinh hinh anh phé nhidu xa trén man hinh kém theo
db thi phan bé do sang trén man. Dudi day 1a mot sé két qua khi chay tmg dung véi céc thong s6 dau vao
hién thi trén man hinh.

) ERSD 2024_Khdo sit hign tugng nhidu xg dnhssng ThsTongBaT.. — O X

@ ERSD 2024_Kho sét hién tugng nhiu xa dnh séng_ Ths Téng B3 Tusn HUMG

o —

Budc sng anh sang (nm): I Buréc song anh sang (nm): M

B réng khe (mm) H D06 rong khe (mm): E

Khoang cach gitra cac khe (mm): " wm Khoang cach gitra cac khe (mm): iy sl
Khoang céch t&i man chin (m) E Khoang céch téi man chén (m): [l s

Phan bd 6 sdng va phé nhidu xa 4nh séng

Hinh 5. Phan bé cuong dg sang va phé nhiéu xa &nh sang cia dnh sing c6 buéc séng 500 nm, khodng
cach téi man chdn 2 m qua 1 khe c6 bé réng khe hep (a) 2mm va (b) 0.1 mm
Trén hinh 5a l1a hinh anh giao dién caa (ing dung “Khao sat hién tugng nhiéu xa cua anh sang” qua mot
khe hep c6 budc song 12 500 nm, bé rong khe la 2 mm, khoang cach tgi man chin 2 m. Ung véi kich thudc
15 tron bang 4000 lan budc song thi hién tugng nhidu xa thé hién chwa rd rang, hinh anh phé 1a mét viing
vach sang c6 kich thuéc gan bang kich thuéc ciia khe hep.Tuy nhién, néu giir nguyén khoang céch tir khe
hep téi man va budc séng anh sang chiéu téi man dong thoi giam kich thude cia khe hep xudng 0.1 mm
(kich thuéc so vai budc séng 1a 200 1an d6 dai bude song) thi thay & trung tam sang nhét va cuong do giam
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dan vé hai phia (hinh 5b), d6 1a hinh hién twong nhiéu xa qua mot khe hep, tinh chat séng cua 4anh sang d
biéu hién rat rd hon trong truong hop nay.

Tiép theo chiing ta thay ddi s6 khe hep va thu dwoc mot sé két qua dudi day. Két qua nay co thé giai
thich trén c6 thé giai thich sau khi bi nhiéu xa qua khe hep, cac chum tia lai giao thoa véi nhau, nén phé
nhidu xa phuc tap hon. Trong hinh 6 12 hinh anh phan bé cudng d6 sang va phé nhidu xa anh séang qua 2
khe hep cuia anh sang c6 budc séng 500 nm, bé rong khe hep 0.1 mm, khoang cach tsi man chan 1a 2m:
Khoang céch khe (hinh 6a) 0.5 mm va (hinh 6b) 1.5 mm. Khi ting khoang céch giira cac khe ching ta thiy
hinh anh van sang sit lai gan nhau hon. Néu giit nguyén khoang céach cac khe téi man, khoang cach cuaa céc
khe, budc song, dong thoi thay doi sé khe trén man thi ta thay giita cac cuc dai chinh lai xuat hién céc cuc
dai phu. Truong hop c6 3 khe (hinh 7a) thi hinh anh cho théy, gitra 2 cuc dai chinh lién tiép xuat hién 1 cuc
dai phu va 2 cyc tiéu phuy, cuong d6 ciia cuc dai phu rat nho so véi cuc dai chinh. Trén hinh 7b xuat hién 3
cuc dai phu va 4 cyc tiéu phu gitra hai cuc dai lién tiép.

Céc hinh anh thu dugc khi chay chuong trinh rit phi hop vai co s ly thuyét & trén vi vay céc két qua
nay c6 rat dang tin cay va co thé &p dung dé niang cao hiéu qua cia qué trinh giang day hién twong nhiéu
xa anh sang.

@ ERSD 2024_Khao sat hién tugng nhiéu xa anh sang_ Ths Téng B4 Tusn HUMG €D ERSD 2024_Khao st hién tugng nhidu xa énh sang_Ths Téng 83 Tuin HUMG
s ==
- -
— —
Khoang céch gitra cac khe (mm) E &
Khoang cach t&i man chén (m) E Khoang c4ch t6i man chén (m) E

Phan bd 86 sang va phd nhidu xa anh sang Phan bé d9 sang va phé nhidu xa anh sang

I

Hinh 6. Phan b curdng dg séng va phé nhiéu xa &nh sang qua 2 khe hep ciia dnh sing 6 budt séng 500nm,
bé rong khe hep 0.1 mm, khodng cach téi man chan la 2m: Khoang cach khe (a) 0.5 mm va (b) 1.5 mm

. ) CRSD 2024_Khdo sat hign tugng nhibu xa anh sang_ Ths Téng B4 Tuzn HUMG
@ ERSD 2024_Khio sét hién tugng nhidu xa énh séng_ Ths Teng B3 Tuan HUMG

- —
) Buéc song anh sang (nm): m
D6 rong khe (mm) D4 rong khe (mm): I s

Khoang cach gira cac khe (mm): M ) Khoang cach gitra cac khe (mm): Il sl
Khodng c4ch t6i man chan (m) E Khoang cach t¢i man chan (m): E

- Phan b da sang va phd nhigu xa anh sang
Phan b6 45 sang v phd nhidu xa dnh sing '

i

Hinh 7. Phan bé cuong dg sang va hinh dnh phé nhiéu xa ciia dnh sdng cé buréc séng 500 nm, bé réng
khe hep 0.1 nm, khodng cach khe 1a 0.5 nm, khodng céach téi man la 2 m, qua :(a) 3 khe hep, (b) 4 khe
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4, Két luan

Trong bai bao nay chung t6i da bao cao két qua xay dung thi nghiém ao: “ Khao sat hién tuong nhidu xa
anh séng bang ngdn ngit lap trinh Python”. Giao dién ciia ting dung duoc xay dung don gian, d& tuong tac.
Céc két qua thu dugc khi thay d6i cac tham sé dau vao, cho hinh anh phé nhidu xa va d6 thi phan bé cuong
d6 séng rat phi hop véi co sa ly thuyét caa hién tuong nhidu xa anh sang, vi vay ¢ kha nang mang lai hiéu
qua cao trong qua trinh day hoc Vat 1i Pai cuong tai Trudng Pai hoc M6 - Bia chat. Tuy nhién van con mot
sd van dé chua dugc dé cap dén nhu cac chuéng ngai vat 14 dia tron, vat ¢ cac hinh dang khac nhau. Ching
t6i tiép tuc Mo rong va nghién ciru sau hon nhirng van dé nay trong thoi gian toi.
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ABSTRACT

Building a Virtual Experiment: “Investigating the phenomenon of
light diffraction” based on the Python programming language

Tong Ba Tuan*, Le Dac Tuyen, Bui Huu Nguyen, Ho Quynh Anh, Dao Viet Thang
Hanoi University of Mining and Geology

The scientific community has recently become interested in the use of computer science for simulation
in teaching and training. The creation of virtual physics experiments is one field of study that has attracted
interest. Virtual experiments not only help us avoid hazardous situations in real life and save time, money,
and resources, but they also enable us to visually study physical processes that closely resemble real-world
processes. In this article, our focus is on the theoretical foundations of the phenomenon of light diffraction
and the building of an application based on the Python programming language to research this phenomenon.
The application’s user interface is made to be straightforward and simple to use, which might result in high
impact.

Keywords: Simulation; virtual physics experiments; light diffraction; python
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ERS E’ HOI NGHI TOAN QUOC KHOA HQOC TRAI BAT
SARMATENE 0 VA TAI NGUYEN VO'I PHAT TRIEN BEN VIPNG (ERSD 2024)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Tong hop va danh gia dic trung vat liéu nano NaYF4 Yb*/Er*@SiO;

L& Thi Vinh%, Ha Thi Phuong?, Tran Thu Huong®"
Trieong Pai hoc M6 - Pja chadt
2Bg mon Hoéa hoc, Truong Dai hoc Y Ha Ngi
3Vién Khoa hoc vat liéu, Vién Han 1am Khoa hoc va Céng nghé Viét Nam

TOM TAT

Trong bai b4o nay, chdng toi trinh bay mot s két qua nghién ctu vé tong hop va khao sat tinh chat quang
cua vat ligu nano NaYF4:Yb¥*/Er¥*@Si0.. Sau khi dugc tong hop bang phuong phap thiy nhiét, vat liéu
nano NaYF4: Yb*/Er¥* (dang hat, duong kinh 100 + 200 nm, cau tric tinh thé hexagonal) dugc tiép tuc boc
bang I6p SiO; rdi tién hanh khao sét tinh chat quang. Két qua thu dugc cho thay, vat liéu NaYF4:Yb3*/Ers
@Si0; phat huynh quang trong viing mau anh sang do @ng véi cac chuyén doi 2H11/2 — 4I15/2 (520 nm),
“Sarz — “l1si2 (550 nm) va *Fe2 — “lis2 (650 nm) cua ion Er**. Vit ligu nay rat co trién vong dé nhan dang
té bao, dac biét 1a mot sb loai té bao ung thu.

Tir khoa: Phuong phap thuy nhiét; phat quang chuyén ddi nguoc; NaYF4:Yb3*/Ers*

1. it van dé

Cac vat lieu nano phat quang chuyén doi nguoc ¢6 wu thé so véi vat ligu phat quang thong thuong: su
dung ngudn kich thich hong ngoai than thién véi co thé nguoi, khong gay bién doi té bao c6 thé xuyén
dugc vai milimet vao mé ngudi nén sé tac dung sau hon vao ving ton thuong. Trong sé céc loai vat ligu
phét quang chuyén doi nguoc, vat liéu nén NaYF4 pha tap ion dat hiém Er3*, Yb®, Tm®, Ho3* s tao hiéu
g phét quang chuyén ddi nguoc vai hiéu suat phéat quang cao, bén trong cac diéu kién khac nhau (N. Niu
va nnk, 2012; J.H. Lin va nnk; S. Abbasi-Moayed va nnk, 2020).

Viéc sur dung céc vt liéu ndy trong sinh - y hoc dé dat nhitng thanh cong nhét dinh ca vé chan doan va
diéu tri in VItrO va in vivo véi mot sé thanh tuu ndi bat nhu: Chup hinh anh té bao ung thu, phat hién virut,
nhan dang té bao, ... (P.P. Nampi va nnk, 2022; M.Huang va nnk, 2017; W. Li va nnk, 2022; V.T. Vera va
nnk, 2021; M. Lin va nnk, 2012; G. Chen va nnk, 2014). Trong nudc, mot s6 nhém cac nha khoa hoc da
nghién ctru hé vat liéu phéat quang chuyén doi nguoc chira nguyén tb dét hiém & cac hinh thai hoc khac nhau
va budc dau da thu duoc mot sé két qua kha quan (Ha Thi Phuong va nnk, 2019). Dé tiép tuc phat trién
theo hudéng nghién ctru ndy, ching toi tién hanh tdng hop vt liéu nano NaYF4: Yb**/Er¥* véi 16p boc SiO;
v6i muc dich ting cuong kha nang phat quang ciia vat liéu nham ng dung trong nhan dang mot sé té bao
ung thu.

2. Co 6 ly thuyét va phwong phap nghién ctru
2.1. Hoba chdt va phwong phdp chudn bi mdu

Héa chét: Cac mudi dat hiém Y(NOs)3.6H20; Yb(NOs3)s.5H,0; Er(NOs)3.5H20 déu c6 do sach 99,9%
cua hang Sigma); Tetraethyl orthosilicate (99%, Merck); acetic acid (99%, Merck); NaF (99,5%, Merck);
NaOH (99%, Merck); C2HsOH (99,9%, Sigma); C2H4(OH)2 (99,9%, Merck,); nudc khir ion.

Cic phép do miu

Kich thuéc, hinh thai hoc caa vat liéu duoc quan sat trén kinh hién vi dién tir (FESEM, Hitachi - field
emission scanning electron microscopy). Cau trdc cua vat liéu duoc xac dinh trén hé do nhiéu xa tia X
(Siemens D5000 véi A= 1.5406 A trong khoang 10°< 6 < 80°). Phd hong ngoai dugc khao sat trén méay do
phd hong ngoai FTIR - IMPACT 410-Nicolet. Phd huynh quang cua vt liéu dugc do trén hé do pho ké
phéan giai cao, Model: Microspec-2356 (My), vai budc song laser kich thich tai 980 nm.

2.2. Qua trinh téng hep vat ligu
2.2.1. Tong hop vat liéu

* Tac gia lién hé:
Email: huongtt.ims@gmail.com
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Vit lieu NaYF4: Yb*/Er®* dugc tong hop bang cach:

Cho tir tir lan luot cac dung dich NaOH, C,HsOH, Y(NOz3)s, NaF vao binh phan ung rdi khuay tir 30
phut thu dwoc dung dich A. Sau d6, cho Ethylene glycol, dat hiém Yb(NO3)s; Er(NO3)s vao dung dich A.

H&n hop dung dich dwoc khudy tir 120 phit va dat nhiét ¢ 100°C, thu dugc dung dich B. Dung dich B
dem thay nhiét 200 °C trong 6 gio. Sau d6 dem dung dich da thary nhiét ly tm 5000v/5 phut, loc rira 3 1an
bang H,O/EtOH (1:1), siy & 70°C trong 24 gio, thu dugc chat bot NaYF,:Yb3*/Ers*,

2.2.2. Boc 16p SiO2 trén vat ligu chuyén doi nguroc NaYF4:Yb3*/Er3*

Cho mét lugng Tetraethyl orthosilicate, Ethanol vao binh, khudy tir trong 10 phut. Cho tiép H,O va acetic
acid vao dung dich trén va khudy trong vong 1gi¢ duoc dung dich C.

Tiép theo cho vat ligu NaYF4:Yb3*/Er®* da tong hop duoc o trén ciing véi Ethanol va nho tir tir vao dung
dich C, tiép tuc khuay tir trong 24 gio. Dung dich thu duogc dem di ly tam, rira, loc 3 1an bang H,O/EtOH
=1/1. Vat liéu thu duoc 12 NaYF4 Yb*/Er3* @SiOs.

3. Két qua va thao luan
3.1. Hinh thai hgc cia vt ligu

Hinh thai hoc cuia cAc mau NaYF4: Yb3*/Er3* va NaYF4 Yb¥*/Er3*@SiO,, duoc thé hién trén Hinh 1, cho
thay, cac hat dong déu, co kha niing phan tan tot trong méi truong nudc. Cac hat cuia mau NaYF4:Yb3/Ers*
(hinh 1a) c6 duong kinh khoang 100 + 200 nm. Kinh thuéc hat cia mau NaYF4: Yb**/Er**@SiO; (hinh 1b)

tang nhe (khoang 5 + 20 nm) so véi mau (a). Két qua nay c6 thé 1a do da tao duoc 16p vo silica 1én vat ligu
NaYF4:Yb3*/Ers*,

\

IMS-NKL 5.0kV 4.7mm x50.0k SE(M)

IMS-NKL 5.0kV 4.8mm x50.0k SE(M)

(a) NaYF4:Yb3*/Ers (b) NaYF4:Yb*/Er*@SiO,
Hinh 1. Anh FESEM cuia (a) NaYF4:Yb3*/Er3*, (b) NaYF4:Yb**/Er¥*@SiO, 1 nhiét ¢ 200 <C trong 6 gio.

3.2. Cdu trac caa vit liéu

— NaYF4 YB3 E  @sio,
I () Hex NaYFy4

T
10 20 30

S
=500 |
»
=
H
oL
g.
Lol b aly
40 50 60 7

0

2 Theta (do)

Hinh 2. Gidn dé nhiéu xg tia X mdu nano NaYF4:Yb3*/Er¥*@SiO; u nhiét ¢ 200 < trong 6 gic
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Hinh 2 1a gian d6 nhidu xa tia X caa NaYF4:Yb3*/Er¥*@SiO, u nhiét & 200°C trong 6 gio. Két qua cho
thay mau xuat hién cac dinh nhiéu xa dac trung & cac goc 260: 17,0°; 29,9°; 30,8°; 34,7°; 39°; 43,5°; 46,5°;
53,2°; 55,3°; 62,3° tuong wng tring véi vi tri cac dinh nhiéu xa cia the chuan JCPDS s6 28-1192 cua pha
tinh thé p -NaYF, (hexagonal) ciia thu vién ICDD vakhong quan sét thay cac dinh la cta cac tap chat khac
trén gian d6 XRD ciia mau. Do d6, vat liéu NaYF4Er¥*/Yb3* két tinh, tinh thé c6 c4u triic don pha p -NaYF,
(hexagonal).

3.3. Phé héong ngogi

Viéce kiém tra xem vat liéu NaYF4: Yb**/Er¥*@SiO; duoc boc SiO; thanh cong hay khong duogc xac dinh
bang pho hong ngoai bién doi Fourie, trén duong phd ciia vat liéu (Hinh 3) ¢6 cac pic dinh 1an luot tai cac s6
song 3646, 1640, 1039 va 776 cm'! trong tmg vi dao dong - C = C -, dao dong ddi xtmg ctia - CHs , - Si - O
- Si -va dao dong udn cta - C - OH. Cac dao dong trén tuong ing véi cac lién két - C=C -, - CH3, - Si- O -
Si -, - C - OH cuiia mau. Piéu nay chimg t6 mau vat liéu di duoc boc thanh cong 16p vo SiO,. Cac dao dong
trong khoang < 700 cm® twong tmg véi cac lién két ctia cac dat hiém Yterbi (YD), Erbi (Er), Yttri (Y) cia mau
nano.

NaYF :Yb2* e @S0,

Do truyén qua (%)

L e e L o e B e e e e B S S m S e S S Sy e |
4000 3500 3000 2500 2000 1500 1000 500

S séng (cm'l)
Hinh 3. Phé hong ngoai mau nano NaYF,:Yb3*/ Er3*@SiO; u nhiét ¢ 200 <C trong 6 gic

3.4. Tinh chdt phét quang csa vt ligu

——(1) NaYF:Yb*'/Er*
——(2) NaYF,:Yb*/Er*@SiO,

(2)

Cudng dé (d.v.t.d)

(1)

T T T
500 600 700

Budce song (nm)

Hinh 4. Phé hupnh quang ciia cdc mau nano NaYF4:Yb3*/Er3*(1); NaYF4:Yb3*/Er¥*@Si0; (2)
u nhiét ¢ 200 °C trong 6 gio.
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Két hop cac nghién ctru vé hinh thai hoc, ciu trdc, ching tdi tién hanh khao sét tinh chét phat quang cua
cac vat ligu da duoc tong hop thdng qua phd huynh quang. Tai budc séng kich thich lex = 980 nm, ca 2
mau NaYF4: Yb*/Er¥* va NaYF: Yb*/Er¥*@SiO; u nhiét & 200°C trong 6 gio déu phéat quang tdt, tai cac
dinh phat xa tir 510 - 570 nm va tir 630 - 700 nm, ang véi cac chuyén doi 2Hiy, — *lis2 (520 nm). Sz —
411512 (550 Nm) va *Far2 — 1152 (650 nm) cua ion Erd*. Nhu vay, cac mau vat liéu tong hop déu phat xa ¢
ving 4nh sdng mau dé tai cic budc sdng cua ion Er¥*. Hon niva, cudng do phat quang cua vat liéu dugc boc
I6p SiO2 cao hon mau khong boc 35% (Tran Thu Huong va nnk, 2009)

4, Két luan

D3 tong hop thanh cong vat liéu phét quang chuyén doi nguge NaYF4:Yb3*/Er* phat quang trong ving
do, vt liéu c6 dang hat, dudng kinh tir 100 nm dén 200 nm, cau trdc pha hexagonal p-NaYFa.

Pi boc thanh cdng vat liéu trén bang 16p SiO2 tao t6 hop nano y sinh NaYF4:Yb3*/Er¥*@Si0; véi cuong
d6 phat quang duoc ting cudng. Do do, vat lidu c6 trién vong tng dung phét hién va nhan dang mot sé té
bao ung thu.

Loi cdm on

Nghién ciru nay dugc hd trg kinh phi tir Dé tai ma s6 VAST 03.03/23-24 thudc Vién Han 1am Khoa hoc va
Cdng nghé Viét Nam.
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ABSTRACT

Synthesis and Characterization of NaYF:Yb*/Er**@SiO
nanomaterials

Le Thi Vinh* Ha Thi Phuong? Tran Thu Huong®"
1 Hanoi University of Mining and Geology
2Department of Chemistry, Hanoi Medical University
3Institute of Materials Science, Vietnam Academy of Science and Technology

In this paper, we report several findings on the synthesis of the luminescent nanomaterial
NaYF4:Yb*/Er**@SiO,. The NaYF4: Yb®/Er®* nanomaterials in the form of particles with diameters
ranging from 100 to 200 nm, were synthesized using the hydrothermal method. These materials were then
coated with a SiO; layer and possess a hexagonal crystal structure (). An investigation of the optical
properties of NaYF4Yb3*/Er**@SiO, shows that the material emits fluorescence in the red region,
corresponding to the transitions 2Hi12 — #1152 (520 nm), *Sziz — 1152 (550 nm) and *Foz — *l1s/2 (650 nm)
of Er¥* ion. These results hold potential for identifying cancer cells and applications in biomedical
fluorescence labeling.

Keywords: Hydrothermal method; upconversion luminescence; NaYF4:Yh3*/Ers*
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