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Sw tién héa ciia 16p vo hat nhan
trong cac dong vi giau neutron N=32 va N=34

P6 Cong Cuwong', Bui Duy Linh? Nguyén Pirc Tén!

'Vién Khoa hoc va Ky thudt Hat nhan, Vién Nang lwong Nguyén tir Viét Nam,
179 Hodng Quéc Viét, phirong Nghia P6, qudn Cau Gidy, Ha Ngi, Viét Nam
2Cuc An toan Birc xa va Hat nhdn,

113 Tran Duy Hung, phuong Trung Hoa, qudn Cau Gidy, Ha Ngi, Viét Nam

Ngay nhan bai 15/7/2022; ngay chuyén phan bién 19/7/2022; ngay nhan phan bién 8/8/2022; ngay chip nhén ding 12/8/2022

Tom tit:

Bai bio trinh bay téng quat vé b tri thi nghiém nghién ctru cAu triic ddng vi hat nhin khong bén trong viing tir /Cl
dén ®V ciia du an SEASTAR 3 cung véi s tién hoa ciia 16p vo hat nhan trong cac dﬁng vi giau neutron N=32 va
N=34. Két qua ning lwong kich thich dau tién ciia cac dong vi Cl, Ar va K xung quanh N=32, N=34 thu dwoc tir dw 4n
SEASTAR 3 di dwgc xdc dinh. Sy tién héa ctia 16p vé hat nhan trong cic ddng vi giau neutron N=32 va N=34 dwgc
giai thich 1a do dong gop ciia lwc tensor bén canh lwe xuyén tim va lwe spin - quy dao. Sw xuét hién ciia sé magic
neutron méi N=34 trong Ca dwgc giai thich l1a do anh hwéng ciia luc tensor proton-neutron di kéo neutron ¢ mire
of,, xudng thip hon mirc Ip,, din dén khong chi dio ngwoc neutron ¢ mirc Ip,, va 0f,, ma con lam d¢ r(f)n‘g khe
niang lwong giira hai mirc nay ting lén. Sy thay doi mirc ning lwgng ciia cac vé proton va neutron trong cac dong vi
Cl, Ar va K xung quanh N=32, N=34 giy ra béi luc tensor ciing dwoc ban luin trong bai bao nay.

Tir khéa: 16p vo hat nhan, lyc tensor, phd gamma ciia niing lwgng kich thich, SEASTAR.

Chi s6 phén loai: 1.3

1. Dat van de

Ké tir khi M.G. Mayer (1949) [1] va nhém nghién ciru
ctia O. Haxel va cs (1949) [2] doc lap d& xuit thém thanh
phan thé spin - quy dao trong nghién ctru cu tric hat nhan
nim 1949, miu v6 hat nhan di tro thanh 1y thuyét xwong
sdng clia cac nghién ctru cdu trac hat nhan. Mau vo mé ta
duoc dﬁy dua cac déc trung cAu triic cua hau hét cac hat nhan
bén va cac déng vi phong xa ty nhién da dugc biét dén, dic
biét 1a tinh bén cta cac hat nhan c6 s neutron (proton) 2,
8, 20, 28, 50, 82 va 126 (dugc goi la cac sb magic). Hinh
1 minh hoa so d6 phan 16p ciia cac nucleon trong hat nhan
theo mau vo. Sy phat trién ctia khoa hoc va cong nghé ngay
nay da giup chiing ta tao ra dugc cac dong vi giau neutron
(proton) m&i nim xa ving bén véi thoi gian sdng vo cung
ngan. Két qua cia cac thi nghiém nghién ctu ciu trac hat
nhan xa ving bén trong thoi gian gan dy da cho thdy su
xuét hién cta cac sé magic méi N=16 trong dong vi 2O [3,
4] va N=34 trong dong vi *Ca [5], ctng voi sy bién mat ciia
s6 magic N=28 trong dong vi “Si [6]. Ngudn gdc cua su
thay d6i s6 magic méi trong cac dong vi gidu neutron dugc
giai thich la do déc tinh cua lyc tensor da lam tach phan lop
0d,, raxaphanl6p Is, ,trong **O hodc dao phan 16p Ip, , va
phén 16p 0f; , trong *Ca [7, 8].

*Tac gia lién hé: Email: cuongl981us3@gmail.com
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Hinh 1. S’ dd mirc nang lwong trong mau vé hat nhan (gi¢i han dén
sb hat 50 nucleon), sy tach mirc nhan dwoc khi thém vao sé hang
spin - quy dao [1].

Trong nhitng nim dau thé ky XXI, nhiéu thi nghiém
da duoc thiét lap dé nghién cuu sy tién hoa cla cac lop
nucleon ngoai cung trong cac dong vi hat nhan giau neutron
xa viing bén. Tiéu biéu 1a cac thi nghiém do khdi lugng va
nang luong tach nucleon dya vao phuong trinh Einstein vé
mdi lién hé khdi lugng - ning luong, trong d6 khéi luong
duogc xac dinh tir ty sb giita khdi lwong va dién tich qua do
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Evolution of nuclear shell
structure in neutron-rich nuclei

N=32 and N=34

Cong Cuong Do, Duy Linh Bui?, Duc Ton Nguyen'
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Abstract:

This paper presents an overview of the experimental
setup to study the structure of unstable nuclear isotopes
in the region from “Cl to ®V of the SEASTAR 3 project
and the evolution of shell structure in neutron-rich
nuclei N=32 and N=34. The first excited energies of Cl,
Ar, and K isotopes around N=32, N=34 obtained from
the SEASTAR 3 project were determined. The evolution
of shell structure in neutron-rich nuclei N=32 va N=34 is
explained by the contribution of tensor forces in addition
to central and spin-orbit forces. The appearance of new
magic neutron N=34 in Ca is explained due to proton-
neutron tensor force that pulls neutron 0f5/2 lower than
1p,,level, leading to not only causes the spin inversion of
neutrons at Ip, , and 0f,, levels and enlarges an energy
gap between these levels. The change of proton and
neutron energy levels in Cl, Ar, and K isotopes around
N=32, N=34 driven by tensor force was also discussed in
this article.

Keywords: gamma spectroscopy of excite energies,
nuclear shells, SEASTAR, tensor force.

Classification number: 1.3

l&ch cta céc ion trong truong dién tur [9]. Céc thi nghiém do
ph6 gamma tir cac qua trinh phan ra B [10] hodc tir cac phan
g hat nhan tryc tiép [3-6] cung cap cho chiing ta nhiing
thong tin vé nang lugng kich thich hat nhan, dac biét 1a nang
lwong kich thich cua trang thai 2* dau tién trong cac hat
nhéan chin - chin (day 1a thong tin quan trong dé xac dinh s6
magic mdi) [4, 5]. Bén canh do, cac phan Gmg hat nhan tryc
tiép con la mot cong cu quan trong dé tham do céac thong
tin cau trac khac nhu thoi gian séng cta cac trang thai kich
thich, 6 bién dang t&r cuc dién hat nhan thong qua cac phép
do cuong do dich chuyén dién tor B(cA) trong tan xa phi
dan hoi [11], hodc hé so phé ciia cac ham song don hat. Cac
phan mg truc tiép thuong duoc sir dung bao gdm phan tmg
chuyén nucleon [12], phan @ng loai trir mot nucleon [3] va
cac phan g but nucleon (p,2p), (p,pn) [13]. Dy an “Shell
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evolution and systematic search for two-plus energies at
RIBF” (SEASTAR) l1a mot du an hop tac khoa hoc 16n trén
thé gi61, cd su tham gia cua Viét Nam. Du 4n nay dugc thiét
lap va thyc hién tai Vién Nghién ctru RIKEN (Nhéat Ban) dé
nghién ctru sy tién hoa cua 16p vo hat nhan trong cac dong
vi gidu neutron qua phép do phd gamma kich thich tir cac
phan (ng hat nhén tryc tlep Trong bai bao nay, chung toi
trinh bay tong quan vé cAu tric cua cac dong vi glau neutron
xung quanh N=32, N=34 va cac két qua méi nhét thu duoc
tr cac thi nghiém nghién ctru cac trang thai kich thich qua
phé gamma trong dy 4n SEASTAR.

2. Déi tuong va phuong phap nghién ciiu

Dy 4n SEASTAR c¢6 muc dich nghién ctu cic trang
thai kich thich thong qua viéc do dac nhiéu tham sb lién
quan dén céc san pham ciia phan tng hat nhan, trong d6 ¢
nang lugng gamma phat xa ctia cac hat nhan giau neutron
tir “CI dén "°Zr [14]. Cac thi nghiém ciia SEASTAR lan
thir 3 (SEASTAR 3) tap trung do cac hat nhan trong ving
tir ¥C1 dén V. Hinh 2 13 so d6 bé tri thi nghiém trong dy
an SEASTAR 3. Hé¢ thng gia toc ciia RIKEN, Nhat Ban
[15] gia téc chum so cdp °Zn dén ning lugng 345 MeV/u
voi cuong do 250 pnA va bén vao bia so cép ‘Be dit tai vi
tri 16i vao ctia hé théng phan tach chum hat cia BigRIPS.
Phan tmg phan manh cta chum hat toi trén bia °Be tao ra
san phim 1a hdn hop cac ddng vi gidu neutron (chum thi
cép). Cac manh v& trong hon hop nay dugc phan tach va
nhan dién bang phuong phap TOF-Bp-AE trong BigRIPS
[15] dé xdc dinh chum thtr cap can quan tam. Sau do, chum
hat thtr cap nay dugc dan téi bia phan Gmg tht cip (hydro
long - LH,) dat tai mat phang hoi tu (vi tri F13 trong hinh
2) cua hé pho ké tir SAMURAL Vi tri F13 ¢6 dat 2 dau do
nhép nhay SBT [16] cho phép phat xung, kich hoat viéc ghi
nhan cda cac h¢ ghi nhan tin hiéu trong SAMURAI. Tai
vi tri nay, chum hat t6i thir cdp c6 ning luong c& 200-270
MeV/nucleon. Hai ddu do BDC1 va BDC2 [16] s& theo doi
vi tri ctia chum hat t6i trude khi di vao bia thar cép (LH,)
trong thiét bi MINOS [17]. Phan tng loai bo (knock- out)
mot hodc vai nucleon trén bia proton cling tao ra chum hat
hon hop gdm rat nhiéu hat nhan san pham. Chung dugc
phan tach khi di chuyén trong budng chan khong cta nam
cham siéu ddn (SAMURAI Magnet). C4c hat neutron khong
tich dién c6 duong bay thing va dugc do bai hé NEBULA
[16] va NeuLAND [18], trong khi quy dao bay cua céac hat
¢6 dién tich s€ bi bé cong va dugc do boi hé dau do FDCI,
FDC2 [16]. P mat ning lugng va thoi gian bay ciia cac hat
mang dién tich dugc do bﬁng HODOF24 [16]. Tai vi tri dat
bia thir cép (LH,), thiét bi MINOS c6 kha ning theo ddi quy
dao bay cua cac proton phat tir cac phan ung xay ra trong
bia dé xac dinh vi tri phan (mg. Cac tia gamma tirc thoi phat
ra tir cac hat nhan san pham sau phan ing ¢ bia LH, s€ duoc
do bang hé dau do nhap nhay DALI2+ [19, 20] bo tri xung
quanh MINOS. Hé dau do DALI2+ bao gém 226 tinh thé
Nal c6 hi¢u suat ghi ~26% vd&i tia gamma c6 niang luong 1



MeV va goc ghi do xép xi 4m. Tat ca cécﬂthéng tin vé hat san
pham cudi cung duge ghi nhan trong pho gamma cua h¢ dau
do nhap nhay DALI2+ nay.

Piu do do neutron
NeuL AND NEBULA

1,
o)

“ar . ({0
~250 MeV/u BDCLZ  (p,pm)

HODEF24
. {TOF, AE)

Biéu do do hat tich dién

Hinh 2. B4 tri thi nghiém cia SAMURAI trong thi nghiém SEASTAR 3.
Hinh anh duoc stra ddi tiv trich dan [21].

£ 2 ~ ~ ~
3. Két qua va ban luan

3.1. Swtién hoa cia I6p vo neutron va sy xudt hién cua
$0 magic moi N=34

Trudce khi ban luan vé céu tric 10p vo cla cac dong vi
¢6 s6 neutron N=32 va N=34, _chung t61 gidi thiéu lai céu
trac cua dong vi *Ca va sy xuat hién ciia s magic neutron
N=34. Viéc thém vao thanh phan spin - quy dao cua thé
tuong tc, cac tinh toan theo mau vo hat nhén (goi tit [a mau
v6) dd mo ta thanh cong cac dic trung cau trac cta hau hét
cac déng vi tu nhién (bao gdm cac dong vi bén va dong vi
khong bén 6 thoi gian song dai), déc biét 1a cac hat nhan
magic co s& neutron hodc proton bang 2, 8, 20, 28,50... Cac
s0 magic hat nhan nay hoan toan khac biét cac 62, 10, 18,
36... trong cac khi tro dugc giai thich bang vo nguyén t
(khong c6 dong gop cua lyc spin - quy dao). Tuy nhién, mau
vo nay da khong thé dy doan dugc cau trac cua cac dong
vi xa ving bén véi thoi gian séng vo cing ngan (¢ 107
s). Vao dau nhiing nam 2000, cac nha khoa hoc thuc Dai
hoc Tokyo (Nhat Ban) da dé xuat thém vao thanh phan Iyc
tensor trong cac tinh todn mau vé bén canh lyc spin - quy
dao va thé xuyén tam dé giai thich c4u tric cua cac hat nhan
xa ving bén nay [22, 23]. Luc tensor la lyc twong tac giira
cac proton va neutron ngoai cung voi nhau va phu thudce vao
su dinh hudng spin cta cic hat tham gia tuong tac. Trong
do6, luc tensor cta cac nucleon cd dinh hudng spin nguoc
nhau (/+1/2 va [-1/2), hut nhau va cac nucleon c6 cung dinh
hudng spin (cung /+1/2 hoac I-1/2) day nhau. Trong céc hat
nhan N=34, luc tensor (bao gom lyc day f; L5-0p,, va luc
hat nf, -v(f;,,p,,)) trong hat nhan bén ©Ni 1a manh nhat, két
hop véi cac lyc xuyén tam va lyc spin - quy dao hinh thanh
s0 d6 muc nhu & hinh 1. Khi s proton mtrc f,, giam, luc
tensor trén giam, sy can bang nhu hinh 1 dan b1 pha V& véi
phan 16p p,,, bi kéo xuong, trong khi cac phan l6p f , vap,
bi day 1én. Chu y rang, cuong d6 lyc hat . -v Vs, manh hon
“vp,, nhiéu, do d6, khi s6 proton mirc nf gidm thi murc

Vs day manh hon, dan dén sy dao nguoc cua hai mic vf;,
vavp,, 101 tao thanh khe 16p rong giita trong hat nhan 54Ca

JHOAHOC . [

T 7/2

Khoa hoc Tu nhién | Vat |y e

va xuat hién so magic méi [7, 22]. Nhiing tién doan vé sy
xudt hién ctia s6 magic mai N=34 ciia nhém nghién ctru nay
da dugc D. Steppenbeck va cs (2013) [5] chung minh vao
nam 2013 thong qua thi nghiém do nang lugng kich thich
2" tai RIKEN.

bé chung minh sy ton tai cua luc tensor anh huong 1én
su tién hoa cua 16p vo neutron ngoai cung, chung t6i khao
sat nang luong kich thich 27 cia cac hat nhan chén - chin
N=34 va s0 proton ngoai cung ¢ 16p f, , khac nhau. Bit dau
tir hat nhan bén “Ni (8 proton ngoai cung lap day 16p o)
nang lugng kich thich 2* dugc xac dinh tir cac phan ung
chuyén 2 neutron (¢,p) [24] va phan Gmg chuyén hat alpha
(°Li,d) [25] co gia tri 1172 keV la khoang cach cuia khe nang
luong neutron vf, -vp 1 Nhu da ban luan & trén, khi s6
proton trong 16p f,, giam, cudong do luc tensor gidm lam
thu hep khoang cach gitra hai mirc neutron va dua dén ning
luong kich thich 2* giam. Thyc té, ning lugng kich thich
2+ dau tién cua “Fe 1a 824 keV duogc xac dinh tur nhirng
nam 1970 trong phan (mg chuyén alpha (*He, "Be) [26] hodc
tir phan (mg nhiét hach - bdc hoi [27]. Trong khi d6, ning
lwong kich thich 2* ciia cac ddng vi gidu neutron *Cr dugc
quan sat trong thoi gian gan ddy thong qua phd gamma tir
cac phép do phan ra B voi cac gia tri tuong g la 880 keV
[28]. Néang lugng kich thich cua *Ti, hat nhan chan - chan
cubi ciing N=34 va c6 proton nam trén 16p nf,,, dugc xac
dinh qua qua trinh phan rd  1a 1128 keV [29]. Gia tri nang
luong nay cua *°Ti cao hon nhiéu cac gia tri cua “Fe, Cr
(cac hat nhan c6 sb proton nhidu hon) va gin bang gi tri
ctia Ni. Diéu nay duoc giai thich 1a do khi luc tensor giam,
murc Vo f; » bi day 1én cao hon dan t6i sy ddo nguoc cua hai
muc f;, va p, . Ching ta c6 thé thdy 16 sy dao nguoc cac
muc neutron f; ,, p,,nay va tao ra mot khe rong gitra hai
murc voi nang luong kich thich 2043 keV trong hat nhan
54Ca [5]. Bang ching xuét hién sy dao nguoc cua hai muc
/;, vap, nay trong cac ddng vi titalium 1a spin va do chin
1¢ J==1/2 ctia *Ti dugc xac dinh tir phan rd p v6i cau hinh
5 neutron ngoai cung (p,,)*(p, ,)' [30, 31]. Déi nang luong
kich thich 2* va nhiing anh hudng cta luc tensor 1én sy tién
hoa cua 16p vo neutron trong cic dong vi neutron N=32
cling ¢6 xu huéng twong tw nhu cac dong vi N=34. Ning
lugng kich thich 2* ctia *Ni va *Fe dugc xac dinh tir cac
phan tng hat nhan tryc tiép twong Gmg 1a 1332 keV [24, 25]
va 810 keV [26, 27]. Phd gamma tir cac qua trinh phan ra B
da xac dinh mirc nang lugng kich thich 2* cho cac dong vi
3Ti va **Cr tuong ung 1a 1495 keV [32] va 1007 keV [28].
Ning lugng kich thich 2+ dau tién ciia *2Ca tham chi con 16n
hon voi gié tri 2563 keV [33].

3.2. Swtién héa ciia I6p vé proton va két qud thi nghiém
SEASTAR 3

Su tién hoa cua 16p vo nucleon trong céc hat nhan chén
- chdn ¢6 Z<20 trong thi nghiém SEASTAR 3. Trong sd cac
hat nhan chén - chin N=32, N=34, **3Ar |3 nhiing dong vi
thap nhét c6 thé quan sat dwoc ning luong kich thich 2° tir
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thuc nghiém. Ning lugng kich thich 2* cua %Ar ¢ 1656 keV
dugc quan sat 1an dau tién tir phé gamma cta phan tng bt
proton (knock-out) **K(p,2p)Ar [29]. Mac du gia tri nay
thip hon niang lwong kich thich 2* cia *Ca [5], nhung gia tri
nay 1a nang luong kich thich 2* cao nhét trong s6 cac dong
vi Ar, thdm chi cao hon mtc nang lugng kich thich 1554
keV cua “Ar (hat nhan c6 s6 magic neutron N=28). Didu
nay cho thay tinh chat dong 16p neutron N=34 & (p3 AP
trong 22Ar ciing xuét hién. Nang luong kich thich 2 ctia *2Ar
thip hon ctia **Ca 1a do ¢6 thém sy dich chuyén cua proton
tur Is,, dén chua [ép day 0d ., bén canh su dich chuyén cua
neutron tir /p, , dén 0f; ,. Dya vao cac két qua phan tich xap
xi xung song méo (Distorted - wave impulse approximation
- DWIA) cuia phan ing bt proton **K(p,2p)**Ar, nang lugng
kich thich 2* cta Ar dugc xac dinh 13 do su dich chuyén
ddng thoi cua ca proton va neutron.

He s6 pho ctia neutron dich chuyén tir / D dén 0f, , va cla

proton tir /s, , dén 0d,, déu 1a 0,5 [29]. Pbi véi dongzw AT,
pho gamma tu cac phan tng loai trir nucleon *Be(**Ca, *Ar)

X, °Be(*’Sc, °Ar)X va *Be(**Ti, *°Ar)X da xac dinh nang lugng
kich thich cua trang thai 2* dau tién 1a 1178 keV [34]. Phan
tich cac phan tmg but nucleon (knock-out) S'K(p,2p)*°Ar va
STAr(p,pn)* Ar cling ghi nhan duge mirc nang luong kich thich
nay 1a 1150 keV [35]. C6 thé thdy ring, ning luong kich thich
2+ do dugc ctia Ar (N=32) thap hon cua 2Ar (N=34) va hoan
toan trai nguoc voi két qua cia cac hat nhan Z>20 tir Ca dén Ni.

Nhu da ban luan ¢ trén, anh hudng cia luc tensor da lam
dao nguge mue nang lugng Ip,, va 0f;,, cua 16p vo neutron va
hinh thanh 1én hat nhan magic méi (N 34) [5]. Tuy nhién, sy
anh huong cua lyc tensor ciing ¢6 thé lam thay déi so d6 mirc
ning lugng ctia 16p vo proton. Trong phan nay, chung toi thao
luan vé sy tién hoa cua 16p vo proton trong cac dong vi Cl va
K v&i s6 neutron chén tir cac sd liéu thuc nghiém. Bét dau tir 2
dong vi bén ¥’Cl va *¥K véi sb neutron magic N=20, spin va do
chin 1¢ & trang thai ctia hai déng vinay 1a 3/2* dugc xéac dinh tur
céac qua trinh phan ra B [36]. Trang thai kich thich 1/2* véi nang
lugng kha cao vai gia tri 1727 keV trong ¥'CI va 2523 keV
trong *K [37]. Két qua nay cho thdy, cac proton ngoai clng
nam muc Od,, va khoang cach khe nang luong gitra hai mirc
0d,, va Is,, kha 16n. Tuy nhién, khi s6 neutron f, , (20<N<28)
trong cac dong vi Cl va K ting, ning luong leh thich 1/2*
giam nhu minh hoa trong hinh 3. Diéu nay dwoc giai thich 1a do
Iy tensor gilta cua cdc neutron f, , voi proton d,, la Iyc hut va
véiprotons, , la lyc day [22,23]. Luc nay tang lén khi c6 nhleu
neutron 16p f7/2 hon, kéo muc d,, 1én va day muc s " xudng,
dan dén khe nang lugng gitra hai mirc nay giam dan va b dao
nguoc trong cac dong vi K va “4Cl [37]. Bang ching vé sy
dao nguoc proton mirc d,, va s, , trong YK va “*Cl duoc quan
sét tir phan tmg chuyén proton 48Ca(t a) [38] va phan manh
hat nhan “K [39]. Do nhiing han ché ciia ky thuét gia tdc, cac
thi nghi¢m nghién ctru hat nhan giau neutron N=32 va N=34
ctia chudi déng vi Cl va K chi dugc thyc hién trong thoi gian
gin ddy. Pho gamma thu dugc tir cac thi nghiém phan img but
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nucleon trong du an SEASTAR 3 da xac dinh duoc phé kich
thich, spin va d¢ chén 1¢ ciia cac dong vi >'K va “Cl déu la 3/2*
[40, 41]. Két qua nay 1a bang chimg ciia sy khoi phuc lai muc
0d,, va Is,, cia cac proton ngoai cung nhu hinh 1 véi trang
thal kich thlch dau tién 1/2°. Lyc tensor ddy ns VP, Va lue
tensor hut nd, ,-vp, , gidm so v6i luc day (ms oV, va luce hat
(nd,, vf7 ,,) trong cac hat nhan N=28 la nguyén nhan gdy ra hi¢n
tuong nay. Sw gidm cua lyc tensor do neutron mic vp, , gdy ra
su chong chép lén nhau cua proton ¢ hai mirc 0d, , va Is, trong

cac dong vi 44745C] va B4950K

3000 T T T T T

2500 - =-- Cl isotopes T
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1500 |-
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1000 |-

500 — 4
] :\\\\‘\\A
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Hinh 3. Nang Iwong kich thich dau tién ctia cac dong vi Cl va K ¢6 s6
neutron 20<SN<28 [36].

4. Két luan

Bai béo di gioi thiéu tong quat vé bd tri thi nghiém nghién
ctru cAu triic dong vi hat nhan khong bén trong ving tir “’Cl
dén 3V cta dy 4n SEASTAR 3 sir dung phé ké tir c6 do chinh
xac cao SAMURAL Anh hudng ciia luc tensor proton-neutron
1a ngudn gdc hinh thanh sé magic neutron méi N=34 trong
dong vi giau neutron *Ca. Su thay doi cuong do luc tensor
do sy thay dbi s6 proton, anh hudng 1én 16p vo neutron N=34
trong cac dong vi 2Ar, *Ti va Cr ciing di duoc trinh bay
thong qua bang ching thuc nghiém 1 ning lugng kich thich
cla trang thai 2* dau tién. Su anh huong cua lyc tensor khong
chi 1am thay ddi so d6 mirc ctia 16p vo neutron ma con gay ra sur
thay doi so 6 muc cta 16p vo proton. Bao céo ciing giai thich
ngudn gdc cac két qua thi nghiém vé sy dao nguoc cia 16p vo
proton ngoai cuing ¢ hai mirc /s, 7 -0d 4 trong cac dong vi #Cl
va /K, sau d6 16p vo proton ngoai cung dugc khoi phuc trong
cac dong vi “Cl va 'K (N=32).

LOI CAM ON

Nghién ctru dugc thyc hién boi su tai tro ctia B Khoa hoc
va Cong nghé thong qua dé tai “Nghién clru cdu trac cua cac
hat nhén giau neutron 1an can *Ar va ®Ni thong qua thi nghiém
phén tmg hat nhan truc tiép trong ving ning luong trung gian”,
ma sb DTCB.01/21/VKHKTHN. Nhom tac gia xin trin trong
cam on.
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Khao sat qua trinh thuy nhiét TiO, sir dung dung moi sau eutectic
dé ung dung trong pin mat tr0’1 chat mau nhay quang

Nguyén Poan Thanh Thiiy, Nguyén D¢, Ly Huynh Trung L&, Nguyén Tuyét Phwong’
Khoa Hoa hoc, Truong Pai hoc Khoa hoc Tw nhién, Dai hoc Quéc gia TP Hb Chi Minh,
227 Nguyén Van Cix, phuwong 4, qudn 5, TP Ho Chi Minh, Viét Nam

Ngay nhan bai 28/6/2022; ngay chuyén phan bién 30/6/2022; ngay nhan phan bién 22/7/2022; ngay chip nhan dang 26/7/2022

Tom tit:

TiO, thé thwong mai dwge sir dung lam tién chét cho phén ng thiiy nhiét trong dung méi siu (DES) gém choline
chloride/urea theo ty 1¢ mol 1:2 véi thoi gian phan ung va nhi¢t do khac nhau. Hat TiO, sau khi tong hop dwoc ing
dung lam keo TiO, 16p tan xa cho pin mat troi chit mau nhay quang (DSC) nhim ting hi¢u suit hoat dong ciia pin.
Phén tich TiO, tong hop bing phwong phap nhiéu xa tia X (XRD) cho thay khong c6 khac biét vé thanh phin pha, d¢
tinh thé héa so véi miu tién chét. Tuy nhién, hinh dnh kinh hién vi di¢n tir quét (SEM) thé hi¢n hat TiO, thity nhiét
it két tu hon so véi miu khong thity nhiét, dong thoi kich thwéc hat khong dbi trong khoang hon 100 nm. Keo TiO,
dwgc tong hop véi ty 1¢ thé tich dung mdi ethyl acetate/terpineol 12 3:7 va 4:6. San pham keo c6 tinh 6n dinh dwgc
1am 16p tan xa cho pin bing phuwong phap quét mang lua. Pin DSC sir dung keo TiO, tong hop bang phwong phap
thity nhié¢t véi DES & 140°C trong 18, 24 va 36 gio giiip ting hi¢u suit pin 6,7-6,9%, cao hon pin d6i chirng khoing
7%. Nhu viy, miu TiO, bién tinh biang phwong phap thiy nhiét véi DES c6 tiém ning cho mg dung trong DSC.

Tir khda: dung moi shu DES, phwong phap thiy nhiét, pin mat troi DSC, TiO,.

Chi s6 phdn logi: 1.4

tam nhiéu. Cn phai néi & dién cuc TiO, dugc ché tao tir
2 loai gom: TiO,-HT (Hafl transparent: ban truyén qua) co
vai tro hap thu chat mau nhay quang va TiO,-D (Diffusion:
tan xa) giup tan xa anh sang chiéu tdi, tuy vao muc dich sir
dung keo TiO, ma ta lya chon phuong phap diéu ché TiO,.
M&i phuong phap téng hop TiO, s& thu dugc sin pham c6
thanh phén pha, kich thudc, hinh dang hat, mic dg tinh thé
héa... khac nhau. Tuy nhién, ddi véi yéu cau TiO, dugc
sir dung 1am 16p tan xa trong pin DSC c6 nhing dic diém
sau: thong thuong co dang pha anatase; do tinh thé hoa
cao; ¢ thé tao cau triic mang xdp; iv) Kich thudc hat vai
tram nm. Cac phwong phap tong hop TiO, da cong b hién
tai déu c6 kha nang tmg dung lam keo D trong DSC nhu
phuong phap sol-gel [8], thuy nhiét [9]... M.A. Khan va
cs (2010) [10] da tong hop TiO, bang phuong phap sol-gel
ung dung trong pin DSC cho hi¢u suat hoat dong 7,59%.
Trong nghién ctru nay ciing cho thiy sy anh hudng nhiét

1. Dét van dé

Pin mat troi chit mau nhay quang (Dye -sensitized solar
cell - DSC) la mét trong nhiing van d& ma linh vuc nang
luong quan tdm nghién ctru hién nay. Nam 1991, B. O’regan
va cs (1991) [1] 1an dau tién cong bd nghién ctru vé DSC vai
hiéu suat chuyén ddi 7,1-7,9%. Céu tao ciia pin gdm 3 phan
chinh: (i) Pién cuc lam viéc tir kinh dan dién duoc phia mot
16p oxide ban dan (thuong l1a TiO,) duogc tam chat mau nhay
quang (Dye); (ii) Dién cuc d6i twong tu kinh dan phu mot
16p xtic tac (thuong la Platin); (iii) Gitta hai dién cuc chua
hé dung dich dién ly gom cép chét oxy hoa khir (I71,) pha
trong dung moi thuong la acetonitrile [2, 3]. DSC ¢6 nhiing
vu diém ndi bat nhu quy trinh ché tao don gian, gia thanh
thép, it doc hai va déc biét hoat dong tbt trong moi trudong
anh sang yéu... [1, 4]. Vi nhiing loi thé d6, cac nghién ctru
vé DSC dugc cong bd nhim hudng t6i muyc tiéu thuong
mai hoa [5]. Nhimng nghién ctru vé DSC tap trung trén ting

d6i tugng cu thé nhu cai thién chit mau nhay quang, dung
dich dién ly, thay d6i chat xuc tac 1am dién cuc déi [6, 7]...
Ngoai ra, cac nghién ctru lién quan dén qué trinh tong hop
hodc bién tinh bé mit TiO, nham tao ra 16p phan xa dé tang
kha nang hap thu anh sang trong pin DSC ciing dugc quan

*Tac gia lién hé: Email: ntphuong@hcmus.edu.vn
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d6 nung dén thanh phan pha, tir 46 anh huong dén hiéu suét
pin. Nghién ctu cua L.S. Chougala va cs (2017) [11] cling
téng hop TiO, bang phwong phap sol-gel nhung lai cho hiéu
suat thap hon, chi khoang 5%. Nhu vay, phuong phap tong
hop TiO, da anh huéng dang ké dén keo TiO, thanh pham.
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Abstract:

Raw TiO, powder from a commercial source was used
as a precursor in the hydrothermal process with deep
eutectic solvent (DES) of choline chloride and urea
with a molar ratio of 1:2 at different temperatures and
interval times. The synthesised TiO, was further utilised
to produce diffracting TiO, paste for application in
dye-sensitised solar cells (DSCs) to improve the power
conversation efficiency of devices. The TiO, product
analysed by X-ray diffraction (XRD) showed a similar
phase and crystallinity to the raw material. However,
scanning electron microscope (SEM) images showed
that the hydrothermal TiO, product had less particle
aggregation than the raw one. The particle size was
exceedingly 100 nm. The TiO, pastes were prepared
with a mixture of ethyl acetate and terpineol at volume
ratios of 3:7 and 4:6. The paste was suitable to make thin
films by the screen-printing method as a diffusion layer
in cells. DSC devices using the TiO, produced by the
hydrothermal process with DES at 140°C for 18, 24, and
36 hours, respectively, enhanced the power conversion
efficiency by 6.7-6.9%, which was higher than the ones
using raw TiO, by about 7%. Therefore, TiO, powder
modified by the hydrothermal process in DES solvent
has great potential for application in DSC manufacture.

Keywords: deep eutectic solvent (DES), dye-sensitised
solar cell (DSC), hydrothermal method, TiO,.
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Thong thudng, phuong phap sol-gel sir dung dé tong hop
TiO, ¢6 kich thudc hat tir vai nanomet dén vai chuc nanomet
phu hop cho keo TiO,-HT. Tuy nhién, viéc d4p dung phuong
phap sol-gel khong phii hop trong quy trinh ché tao keo
TiO,-D do hiéu suét thap, thanh phan pha dé& thay doi [12].
Trong khi d6, phuong phép thily nhiét tong hop TiO, co
hiéu suat cao, kich thudc hat va thanh phan pha phu hop véi
yéu cau tong hop keo TiO,-D. Mot diém dang chu y 1a TiO,
thanh pham phu thudc vao dung méi su dung thiy nhiét [6,
9]. Céc nghién ctru tong hop TiO, bang phuong phap thity
nhiét thuong dugc thuc hién trong moi truong kiém nong do
cao hodc moi truong acid [13]. TiO, sau khi thuy nhiét da
thay doi kich thude hat, nhém chiic bé mat va mirc do phan
tan hat. Dua vao nghién cuu cua Q. Wang va cs (2018) [14]
d3 tong hop thanh cong TiO, bing phuong phap thiy nhiét
DES dong vai tro la dung moi cho qua trinh thuy nhiét. Viée
su dung DES co6 thé cai thién bé mat vat liéu cling nhu kha
nang phan tan hat TiO, trong keo. Hon nita, DES cling dam
béo yCu to an toan hon so vdi st dung moi truong kiem hay
acid [13, 14]. DES duoc tao thanh tir hdn hgp cua acid va
base Lewis (hodc Brensted) thong qua cac lién két hydrogen
[15]. N6 gdm céc ion c6 kich thudc 16n, khong ddi xing va
¢6 niang luong mang tinh thé thap, do d6 DES thudng c6
nhiét do nong chay thép [16, 17]. Bén canh d6, DES c¢6 mdt
s tinh chat vat 1y nhu d6 bén nhiét cao, 4p sudt hoi thap va
dac biét khong doc hai, c6 kha nang phan huy sinh hoc cao
[18, 19]. Do do, su dung DES lam dung moi cho qua trinh
thily nhiét TiO, gitp ddm bao an toan vé miat k¥ thuat va
than thién véi méi trudng hon. Tuy c6 nhiéu wu diém nhung
DES chua duoc nghién ctru, tng dung phd bién cho DSC.
Da s cac nghién ciru cong bd chii yéu sir dung DES lam
chat phu gia cho dung dich dién ly [20-23].

Trong nghién clru nay, chung t6i cai thi¢n vat li¢u TiO,
bang phuong phép thiy nhiét trong moi truong DES dé tang
kha nang phan tan, tu d6 ung dung trong pin DSC. DES
dugc didu ché tir hé hai cAu tr gdm choline chloride (ChCl)
va urea theo ty 1€ mol 1:2. TiO, sau khi thuy nhi¢t duoc
phan tich bang XRD, SEM dé danh gid thanh phan pha,
do tinh thé héa, hinh thdi bé mat va kich thudc hat. Sau
do, TiO, tiép tuc dugc Gmg dung lam keo tan xa cho dién
cuc trong DSC. Ty I¢ thé tich ethyl acetate:terpineol trong
thanh phan ché tao keo dugc thay ddi tir 1:9 dén 4:6 nham
khao sat, danh gia kha nang ung dung cac hé keo cho pin.
Céc pin dugc danh gia hiéu suit chuyén doi quang ning
bang phuong phap do dudng dic trung dong - thé (J-V). Cac
thong s pin cua cac dién cuc tir keo TiO, tong hop co ty
1¢ dung méi khac nhau duoc so sanh v6i pin chuan (pin st
dung keo lam tir TiO, thd). Céc két qua phan tich 1am rd su
anh huong cua TiO, sau thuy nhiét dén hoat dong pin DSC.
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2. Déi tuong va phuong phap nghién ciiu

2.1. Cai thi¢n vit liéu TiO, bang phwong phdp thiiy
nhiét va danh gia sdn pham

Diéu ché DES: Cac hoa chit gdm ChCl (Sigma-Aldrich)
va urea (Sigma-Aldrich) duoc sdy chan khong dé loai bo
hoi nuée trude khi sir dung. Can va tron hon hop theo ty 1&
mol ChCl véi urea 1a 1:2. Hon hop duoc khudy tir cho dén
khi tan hoan toan tao thanh dung dich trong sudt. Két qua
phan tich tong hop DES da dugc nhom cong bd trude day
[20].

Thuy nhié¢t TiO,: Can 2,00 g TiO, th6 (>99,0%, Merck
KGakK, buc) cho vao hon hop DES da chuan bi; tién hanh
khudy tir két hop gia nhiét & 80°C trong 30 phut. Sau do, hdn
hop duoc rung siéu am trong 30 phiit dé phan tan hoan toan
TiO, trong DES. Hdn hop dugc chuyén vao binh thiy nhiét
bang teflon (Autoclave teflon) va thily nhiét tai cac nhiét do
140, 160 va 180°C trong 18 gio. Sau qua trinh thiy nhiét,
dung dich thu dugc tich thanh hai 16p riéng biét. Tién hanh
loc rira pha rin bang nudc cat dé rira sach hét DES va sdy ¢
100°C trong 12 gid. Sau d6, san pham dugc nung ¢ 500°C
trong 1 gio. Quy trinh thuy nhiét TiO, v6i DES tai 140°C
trong 24 va 30 gio dugc thuc hién twong tu.

Céc mau duoc ky hiéu lan lugt TiO, tho: mAu tién chat;
TiO -X-t: mau TiO, thuy nhiét X°C trong t gio (vi du: TiO -
140 18: mau TiO, thuy nhiét 140°C trong 18 gio).

San pham dugc phan tich bang XRD trén thiét bi Bruker
X-ray Diffraction - D8 Advance. Kich thudc tinh thé duoc
trich xudt tir dinh nhiéu xa 25,4° va tinh theo phuong trinh
Debye Scherrer. Hinh thai bé mat san pham duoc phan tich

bang SEM (SEM_ S4800 Hitachi). Phan mém Imagel dugc
su dung dé x4c dinh kich thude hat trung binh.

2.2. Tong hop keo TiO,, ché tao pin DSC va dinh gid
hiéu qud hoat dong ciia pin

Can 1,5 g TiO, thuy nhi¢t tai 140°C trong 18 gi¢ phan tan
trong dung méi ethyl acetate (Sigma-Aldrich) va terpineol
(Sigma-Aldrich) v&i ty 18 thé tich thay d6i gom 1:9, 2:8, 3:7
va 4:6. Can 0,1 g ethyl cellulose (Sigma-Aldrich) va chat
phan tan Triton X-100 (Sigma-Aldrich) thém vao hé; tiép
tuc phan tan boi hé khudy truc két hop rung siéu 4m lién tuc
trong 6 gio, sau khi phan tan thu dugc keo TiO, dong vai
trd nhu keo D. Tuong tu, tién hanh tong hop keo su dung
TiO, tho va thuy nhi€t 140°C trong 24, 30 gi¢ voi ty 1€ dung
moi ethyl acetate v6i terpineol 1a 3:7 dé so sanh hiéu qua
hoat dong clia mdi 102_}1 T1Q2 trong pin DSC. Keo T1O2 tao
thanh dugc str dung dé ché tao pin DSC. Quy trinh ché tao
pin DSC da dugc cong bd chi tiét trude day [20]. Dién cuc
lam viéc ché tao tir kinh dan phu 16p TiO,-HT va TiO,-D,
sau do duoc nung 500°C va ngam chat mau N719 trong 12
gio. Pién cyc ddi twong tu 16p kinh din phu keo platin va
nung 450°C. Hai dién cuc dugc ghép voi nhau va tiém dung
dich dién ly gdm cdp 6xy hoa khir I/ I, trong acetonitrile vao
gitia 2 dién cuc. Banh gla hi€u qua hoat dong pin DSC bing
duong dic trung dong thé (I-V) trén hé do dién hoa Versa-
STAT 3 v6i cudng do chiéu xa 1000 W/m?,

3. Két qua va ban luan

3.1. Phan tich dainh gia TiO, bién tinh bang phuong
phdp thiiy nhiét két hop véi DES

TiO,-180-18 )
‘:T TiO,-160-18 i ‘|l 1 .
@ [ adln n 3
- [0}
8 .
o T
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TiO, - Anatase | ‘ ¥ T T T T T
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Hinh 1. Gian d6 XRD TiO, th va TiO, thay nhiét 140, 160 va 180°C trong 18 gio.
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Hinh 1 thé hién gian d6 XRD cua TiO, thé va TiO,
thuly nhiét trong 18 gio tai cac nhiét do gém 140, 160 va
180°C. TAt ca cac mau déu c6 céc tin hiéu dic trung tai vi
tri 2-theta 1an luot 1a 25,4, 37,5 va 48,1°, twong tng voi
cac mat mang (101), (004) va (200) cia pha anatase [24].
Gian d6 XRD cho théy, cic mau c6 dudng nén thip, dinh
nhiéu xa nhon, ching to TiO, ban dau va sau thuy nhiét déu
c¢6 do tinh thé hoa cao, khong c6 tin higu cua tap chat hay
thanh phan pha thtr hai. Kich thudc tinh thé ctia mau duoc
tinh toan theo phuong trinh Debye Scherrer [11]: d=0,9A/
Bcosh, trong do6 kich thudc tinh thé d (nm) tinh theo A 14
budc séng tia X thiét bi do c6 gia tri bang 1,5418 A; B 1a
1/2 bé rong dinh nhiu xa 16n nhét tai vi tri 6 (goc nhiu
xa) ¢6 cuong do 1on nhat khoang 25,4°. Két qua tinh toan
cac mau & bang 1 cho théy, TiO, c6 kich thudc tinh thé dao
ddng trong khoang vai chuc nanomet. Dong thoi, TiO, sau
khi thity nhiét c6 kich thudc tinh thé nhé hon so véi TiO,
tién chét, ddc biét mau TiO, thuy nhiét & 140°C c kich
thudc tinh thé nho nhat khoang 39 nm. Két qua XRD d thé
hién nhiét d6 thiy nhiét khong thay doi cdu truc tinh thé,
thanh phan pha, nhung anh huong dén kich thudc tinh thé.
Dong thoi, nhiét do thily nhiét 140°C thap nhat nhung TiO,
thu duoc lai ¢6 kich thudc tinh thé nhé nhat. Do do, thuy
nhiét & 140°C duogc st dung dé khao sat yéu td thoi gian
thuy nhiét. biéu nay nham muc dich tiét kiém vé mat nang
lugng, dam bao an toan khi tién hanh thuc nghiém nhung

van cho két qua bien tinh TiO, 6n dinh.
TrO,-140-30
TiO,-140-24

TiO,-140-18

Cwong do (a.u)

TiO, thé | |

TiO, - Anatase
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Bang 1. Bang gia tri kich thwérc tinh thé cta cac mau dworc tinh toan
ttr gian d6 XRD theo phwong trinh Debye Scherrer.

Tén miu Kich thwérc tinh thé (nm)
TiO, tho 55,8
TiO,-140-18 39,0
TiO,-160-18 46,7
TiO,-180-18 51,9
TiO,-140-24 49,9
TiO,-140-30 49,8

Quan sat gian d6 XRD méu TiO, thuy nhiét & 140°C
trong cac khoang thoi gian khac nhau (hinh 2) ciing thu
dugc pha anatase duy nhét, do tinh thé cao va khong 1an pha
tap. Két qua tinh toan & bang 1 cho thay, viéc kéo dai thoi
gian thity nhiét dén 24 va 30 gid lam ting kich thudc tinh
thé 16n hon so véi mau TiO,-140-18.

Quan sat anh SEM cdc mau TiO, trudce va sau khi thiy
nhiét & hinh 3 cho thay TiO, thd va sau thity nhiét déu c6
dang hinh cdu. Tuy nhién, hat TiO, ciia mau sau thiy nhiét
phan bb dong déu hon va giam sy két tu so voi TiO, tién
chat. Dong thoi, quan sat hinh SEM mau TiO,-140-24 (hinh
3E) va TiO,-140-30 (hinh 3F) cho thay, TiO, sau khi thuy
nhiét c¢6 hat phan bo déu nhat, duong bién cia cac hat o
hon. Trong nghién ctru ndy, ching t6i st dung phan mém
Imagel dé xac dinh kich thuée hat, két qua duoc thé hién
& bang 2. Nhin chung tat ca cac miu co kich thudc hat hon
100 nm. Két qua cho théy, qua trinh thuy nhiét tai nhiét do
va thoi gian khac nhau khong anh huéng dén hinh thai bé
mdt, kich thugc hat TiO,.

Cwong do (a.u)
E—— —
_o—"'"_f__'-

I’I | ".. J __T.r:._.. 14030
: | e Tl 14024
/J AN R
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Hinh 2. Gian d6 XRD mau TiO, thé va TiO, thay nhiét 140°C trong 18, 24 va 30 gio.
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Hinh 3. Anh SEM & d6 phong dai 70k clia cac mau: TiO, thé (A), TiO,
thay nhiét 18 gi® tai cac nhiét dé6 khac nhau 140°C (B), 160°C (C),
180°C (D) va & do phéng dai 60k mau TiO, thay nhiét tai 140°C trong
24 gi® (E), 30 gio (F). TAt ca cac mAu trén thang do 500 nm.

Bang 2. Kich thwéc hat trung binh mau TiO, thé va sau thuy nhiét
dworc xac dinh bang phan mém ImageJ.

Miu Kich thwéc hat trung binh (nm)
TiO, tho 123+32
TiO,-140-18 123432
TiO,-160-18 117+31
TiO,-180-18 121434
TiO,-140-24 123£37
TiO,-140-30 12640

Céc két qua phan tich XRD va SEM ciia cac mau TiO,
chting t6 qua trinh thay nhiét khong 1am thay d6i thanh phan
pha, mtc do tinh thé hoa, hinh thai va kich thudc hat TiO,
s0 v6i mau tién chat ma chi anh huong dén kich thudce tinh
thé. Nhiét d6 thity nhiét qua cao (hon 140°C) va qua trinh
kéo dai thoi gian thily nhiét (hon 18 gio) khong chi bat lgi
vé mit ning luong, tinh an toan ma con 1am tang kich thudc
tinh thé so véi TiO,-140-18. Pé danh gia kha nang sir dung
TiO, thuy nhi¢t lam 16p vat li¢u tan xa, vat ligu TiO, thuy
nhi¢t dugc st dung lam keo D trong DSC v6i cong thue keo
dugc chiing t6i khao sat, danh gia trong phan tiép theo.

JHOAHOC . [

3.2. Phén tich dwong cong dong - thé (J-V) pin DSC
ché tgo tir keo TiO, thuy nhiét

Nhu ching t6i da d& cap o phan trén, qua trinh thuy
nhiét taﬂi 140°C thu dugc TiO, c6 thanh phan pha, kich Ehué’c
tinh the, hinh thai va kich thudc hat phu hop hon d¢ ung
dung cho 16p keo tan xa trong DSC. Trong phan ché tao keo
chung 6i chi tién hanh khao sat sy anh huong ty 1¢ dung
moi ethyl acetate véi terpineol trén nhom mau TiO,-140°C.
Céac mau dugc ky hi¢u ah-x:y (véi a: thoi gian thuy nhiét,
x:y lan luogt 13 ty 18 ethyl acetate véi terpineol) so sanh véi
pin su dung TiO, thd ky hi¢u thé - 3:7 (hinh 4).

— 18h-1:9
—18h-2:8
1 |——18h-37
—— 18h-4:6

Mat d6 dong ngan mach (mA.cm-?)

0 T T T T T T T

0,0 01 02 03 04 05 06 07 03
Thé mach h& (V)

Hinh 4. Bwéng cong déc trwng J-V clia cac pin ché tao tir dién cwc
TiO, thay nhiét & 140°C trong 18 gi®’ véi cac ty 1é dung méi ethyl
acetate va terpineol 1an Iwot 13 1:9, 2:8, 3:7 va 4:6.

Két qua trich xuét tir dudng J-V (bang 3) cho céac gia tri
thong sb cua cac pin sir dung keo TiO, thuy nhiét 18 ‘gic‘r tai
140°C voi cac ty 1€ dung moi ethyl acetate:terpineol 1an lugt
la: 1:9, 2:8, 3:7 va 4:6, tuong tng vdi cac mau ky hiéu tir
18 gio - 1:9 dén 18 gio - 4:6. Quan sat két qua thu dugc cho
thdy, cc pin c6 gia tri thé mach ha (V,,.) chénh léch khong
dang k€. Tuy nhién, gia tri mat do dong ngan mach (J¢.) cua
2 loat pin 3:7 va 4:6 cao hon 12% so véi céac ty 1¢ con lai,
hiéu suét chuyén déi ning luong cua cac linh kién nay l1an
luot 12 6,72 va 6,91%, cao hon khoang 3% so voi cac linh
kién str dung keo véi cac ty 1€ dung moi khac. Nhu vay, keo
TiO, véi ty 1€ ethyl acetate va terpineol 1a 3:7 va 4:6 (;(') kha
nang ung dung lam dién cuc cho pin DSC véi hi¢u suat cao.
Vi két qua khao sat ty 16 dung méi, chiing toi chon ty 18 3:7
dé danh gia kha ning tng dung TiO, thuy nhigt tai 140°C
trong thoi gian lan lugt 18, 24 va 36 gio. Cac pin voi TiO,
thity nhiét déu c6 gia tri Voo Jsc \{2‘1 PCE cao hqn $0 VOi pin
st dyng TiO, thé khoang 7%. Bi@u nay chq thay, qué t’I‘iIﬂ}
thuy nhiét méac du khong thay do6i dang ké cac yéu to vé
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thanh ph?m pha, kich thudc, hinh thai hat..., nhung chinh
kha niang giam két tu cac hat gop phéan ting kha niang phan
tan TiO, trong h¢ keo tir d6 tang hi¢u qua 16p keo tan xa, gop
phan ting hiéu suit pin cao hon so v&i TiO, th6. So sanh
cac pin str dung TiO, voi thoi gian thuy nhiét khac nhau cho
thay hiéu suét pin thay d6i khong dang ké. Do do, viéc kéo
dai thoi gian thiy nhiét khong anh huong dén TiO, (thong
qua két qua XRD, SEM) va kha ning mg dung trong DSC
(két qua phan tich pin). Cac két qua trén cho thay, cac linh
kién pin mat troi st dung hé keo véi ty 1€ dung moi ethyl
acetate va terpineol 1a 3:7 hodc 4:6 déu cho hiéu suit cao va
6n dinh (hinh 5).

Bang 3. Cac théng s6 Jg, V., FF (hé s6 I’ép day) va PCE (higu suat)
cua cac pin che tao tir TiO, thé va TiO, bien tinh bang phwong phap
thay nhiét & 140°C trong cac khoang thoi gian 18, 24, 30 gio véi ty 1€
dung méi ethyl acetate:terpinol khac nhau.

Jsc Voc FF PCE
Raw3:7 15,3£0,2  740+8 56+1 6,27+0,07
18 gio-1:9 14,0£0,0 755+l 6240 6,56+0,02
18 gio-2:8  14,7+0,0 741+6 57+2 6,15+0,26
18 gio - 3:7  15,740,0 74947 57+0 6,72+0,08
18 gio-4:6 16,0£0,4  739+6 59+1 6,91+0,08
24 gio-3:7  16,5+0,0  748+2 55+4 6,77+0,44
30 gio-3:7 15,8+£0,7 746+6 59+1 6,91+0,27

Mat dé dong ngdn mach (mA.cm-)
©o
1

0 T T T T T T T
0,0 01 0,2 03 04 0,5 0,6 0,7 08

Thé mach hé (V)

Hinh 5. Pwéng cong dic trwng J-V clia cac pin ché tao tir dién cwc
TiO, thuy nhiét véi ty 1&é dung méi ethyl acetate va terpineol la 3:7 so
véi pin chuén (st dung TiO, tho).
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4. Két luan

TiO, thé sau khi dugc thuy nhi¢t véi DES gdm choline
chloride/urea theo ty 1€ 1:2 tai cac nhié¢t d0 va thoi gian khac
nhau thu duoc san pham TiO, ¢ c4u triic va hinh thai khong
thay do6i dang ké so vdi tién chat. Thong qua két qua phan
tich XRD va SEM cho thdy, nhiét do thay nhiét cang cao
(hon 140°C) khong chi bét loi vé mit ning luong ma con
lam ting kich thudc tinh thé so voi miu TiO,-140-18. Két
qua khdo sat qua trinh thuy nhiét theo thoi gian tai nhiét
d6 140°C ciing cho thdy, viéc kéo dai thoi gian thity nhiét
khéng tac dong céu trac, thanh phan pha tinh thé hay hinh
thai, kich thudc hat va thoi gian thuy nhiét 18 gid dugc xem
1a ¢6 lgi vé mit ning lugng. Tuy nhién, két qua anh SEM
cho théy, céac hat TiO, sau khi thuy nhi¢t da giam kha nang
ket ty, kich thuée hat khodng 100 nm phu hgp tng dung lam
keo tan xa cho DSC. Kha ning ting dung nhém mau TiO,-
140°C vao quy trinh ché tao dugc khao sat da cho nhiing tin
hi€u kha quan khi img dung vao DSC. Véi cac ty 1€ dung
moi ethyl acetate va terpineol 1an lugt thay doi tir 1:9 dén
4:6 thé hién rd pin c6 ty 18 3:7 va 4:6 c6 hiéu suét dat gia tri
(>6,7%) cao hon so v&i cac pin con lai. Cac két qua trén cho
thdy, viéc str dung dung méi xanh DES trong qua trinh thuy
nhi¢t TiO, lam giam sy két tu so v&i mau ban dau va duoc
ung dung cho pin DSC c¢ hi€u suat cao, 6n dinh. Diéu nay
chtng t6 quy trinh tong hop keo TiO, dap tng tt yéu cau
ché tao pin mat troi DSC trong dicu kién phong thi nghiém
hién co, tr d6 md ra mot hudng ung dung nham muc dich
thuong mai hoa trong tuong lai.

Nghién ctru dugc tai trg boi Truong Pai hoc Khoa hoc
Tu nhién, Pai hoc Qudc gia TP HO Chi Minh, ma sb dé tai
T2021-09. Céc tac gia xin chan thanh cam on.
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Du béo bién doi dia co hoc trong khoi da co durt gay
xung quanh cong trinh ngam chiu dong dat
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Tom tit:

Dirt giy 1 cu tric dia chit thwong din dén céc tai bién dia chét trong xiy dung cong trinh ngim ngay trong diéu
kién binh thuwong va dac biét khi xuit hién dong dit nén cin phai nghién ciru cin trong. Bai bdo gidi thiéu mot s0
két qua md phéng s vé qua trinh lan truyén séng dia chén, bién di trang thai ing suit - dich chuyén trong khoi
da c6 dirt gy nhé véi géc caim 45°, xung quanh ham tiét dién tron, sir dung phwong phap phin tir roi rac (Universal
distinct element code - UDEC). 3 trudng hop dwee md phéng gom: a) Him nam trong phin da vach, dirt gdy nim
cach tAm ham 10 m trén truc thing dirng; b) Pt giy chay qua tim him va ¢) Him nim trong phén da tru, dirt giy
cach tdm ham 10 m trén truc thang dirng. Cac két qua nhin dwoc cho thiy anh hudng rat ro nét cia thé nam va vi
tri cia dut gay dén bién doi dia co hoc trong Kkhdi da, gop phan thiét ké hop ly duong hiam chiu dong dit.

Tir khéa: dong dat, dwong him tiét dién tron, khéi da cé dirt giy, lan truyén séng, trang thai ing suit - dich chuyén.

Chi s6 phén loai: 1.5

1. Dat van de

Nhiéu sy kién dong dat di xay ra trén thé gii va pha
hay nghiém trong cac cong trinh ngam, do vy chu y tic
dong cua dong dat khi thiét ké, xay dyng cong trinh ngdm
trong ving timg c6 hoat dong dong dét 1a can thiét. P co
nhiéu cong trinh nghién ctru vé tac dong cua dong dat dén
cong trinh ngdm, nhu nghién ciru 1y thuyét trong cac cong
trinh [1-3], quan tric va thi nghiém [4-8], tir d6 c6 nhidu
giai phap thiét ké khac nhau da dugc d& xuit va gidi thidu
[9-14]. Tuy nhién, do xuét phat tir cic quan diém, gia thiét
khac nhau (cac diéu kién bién gia tinh, dong), nén cac dé
xuét thiét ké cling da dang va c6 nhiing khac biét dang ké,
da duoc so sanh trong nhiéu tai liéu chuyén mén. Ngoai ra,
khoi dat d von di 1a méi truong phtic tap vé thanh phan
vat chit va dic diém cdu trac. .., nén can thiét phai xac tién
nghién ctru anh hudng cia cac yéu t6 khac nhau, lién quan
dén sy lan truyén ctia song dia chin ciing nhu cic qué trinh
bién ddi co hoc trong khéi da khi chiu tic dong dia chan.
Cho dén nay ciing di c6 nhiéu cong trinh nghién ciru van
dé nay va cho cac Kkét qua dinh tinh, dinh lugng thu vi, gitp
ngudi thiét ké co thé phén tich, ap dung dé dam bao két qua
thiét ké hop 1y hon, tury thudc vao diéu kién cu thé [15-17].

“Tac gia lién hé: Email: ngphichhumg@gmail.com
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Mot trong nhimng yéu t6 ciu tao dia chat c6 anh huong
dang ké dén biéu hién dia chén cua cong trinh ngam 1a sy
c6 mat cua cac dit gdy (d6i pha hiy), xuat hién ¢ cac mirc
d6 khac nhau trong khéi da do cac hoat dong dia kién tao dé
lai. Ké tiép cac két qua da khao sat, dugc gioi thi€u trudc do
[16, 17], bai bao nay gidi thidu mot sé két qua nghién ciru
anh huong cta vi tri tuong ddi gitra dut gay nho va dudng
ham dén cac biéu hién dia chén, bang md phong sb theo
phuong phap phan tir 1di rac (UDEC - Universal distinct

element code).

2. Doi tuong va phuong phap nghién ciiu

Mién khao sat c6 chiéu dai 160 m va chiéu cao 100 m;
duong ham dugc ddo nam chinh giita mién khao sat, tim
ham c6 toa d6 (x=50, y=50), dudng kinh bang 8 m. Khbi da,
ngoai trir dut giy, dwoc gia thiét 1a dan hoéi, dong nhat voi
mat d6 bang 2,5 g/cm?, mé dun truot bang 4,0 GPa, mé dun
nén thé tich bang 6,6 GPa. Séng dia chin lan truyén theo
huéng tir phia dudi 1én. Hinh 1 13 so db bai toan cing ludi
sai phan, thé ndm cua cac dut giy cho 3 truong hop duoc

khao sat va cac di¢u kién bién tuong Gng.
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Abstract:

Faults are a type of geological structure that often leads
to geological disasters in underground structures under
normal conditions and especially when earthquakes occur,
thereby requiring careful study. This article introduces
some numerical simulation results on the seismic wave
propagation process, on changes in stress and displacement
states in the rock mass with a small fault of a dip angle of 45°,
around a circular cross-section tunnel, using the discrete
element method (Universal distinct element Code - UDEC).
Three cases are simulated: a) The tunnel is located in the
hanging wall rock, the fault is located 10m from the centre
of the tunnel on the vertical axis; b) The fault runs through
the centre of the tunnel and c¢) The tunnel is located in the
footing wall rock, the fault is located 10m from the centre of
the tunnel on the vertical axis. The results obtained show a
very clear influence of the position and location of the fault
on the geomechanical changes in the rock mass around the
tunnel, contributing to the reasonable design of tunnels
subjected to earthquakes.

Keywords: circular tunnel, earthquake, faulted rock mass,
stress-displacement state, wave propagation.

Classification number: 1.5
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Hinh 1. So’ d6 tdng quat clia bai toan va cac diéu kién bién twong tng.

Dut giy duoc coi 1a nho (khong chu y bién do hay chiéu
rong cua d6i pha huy hay doi dut gdy), c6 goc cim 45° va
cit qua mit cit ngang cta dudong ham, co hé sd do cung
phap tuyén bang 20 MPa/m, do clng tiép tuyén bang 1,5
MPa/m va goc ma sat bang 30°. 3 trudng hop duoc khao sat
v6i dut gdy nam & cac toa do khac nhau, cu thé: a) But giy
nam phia duéi dudng him, cach tim dudng ham 10 m; b)
Put giy chay qua tim ham; ¢) Pt gdy nam phia trén dudng

ham, cach tim ham 10 m.

3. Két qua va ban luan

Mot s6 két qua mod phong duogce thé hién & cac hinh 2 dén
5. Hinh 2 minh hoa quy luat phan b cac thanh phan Gng
sudt chinh 16n nhit (bén phai) va cac Gmg suat chinh nho
nhat (bén trai) trén toan mién khao sat, sau khoang 2 gidy

dong dat.

Hinh 3 minh hoa su phin bd cta cic véc to ing suat
chinh 16n nhét va nhé nhat tai mdi diém ¢ ving gan bién
duong ham, v6i phuong, chidu tac dung va cudng do cia
céc thanh phan ng sudt dugc thé hién boi 2 doan thing
tryc giao v6i nhau. Miii tén trén cac doan thang chi hudéng
tac dung (kéo hay nén), thé nim cua cac doan thing (d6
nghiéng cta cac doan thing) cho biét phuong tac dung va
chiéu dai cac doan thing tuong ng voi cuong do cia cac
thanh phan tmg suat. Khi can khao sat dinh lugng c6 thé cho

xuat cac gia tri ¢ t&p dit licu sO.
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Hinh 2. Phan bé (¢ng suét chinh I&n nhét (trai) va nhé nhat (phai) khi chiu dong dat sau khoang 2 giay.

Mtrc d¢ dam nhat trén hinh 3 phan anh mirc d¢ tap trung
(g suét tai thoi diém nay. Cac mili tén mau xanh dugc st
dung trén hinh 3 nhiam cho théy 13 hon su bién dong vé
huéng tic dung cta cac thanh phan tng suat chinh, tuong
dbi so véi thé nam cua cac dit giy. Tir d6 ¢6 thé rit ra nhan

dinh sau:

LHORHOC [

C6 su bién dong rat rd rang khi khdi d4 co dut giy va
chiu tai trong dong (hinh 2), néu so sanh véi quy luat phan
b tmg suat & truong hop quen biét khong co dit giy. Co sur
khac nhau rd rang vé quy luat phan bd g sudt tai cic ving
phia trén va dudi dit gy, cling nhu gitra cac truong hop dut

gdy nam & cac vi tri khac nhau.
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Hinh 3. Phan b6 cac thanh phan (rng suat chinh gan bién dwéng ham

Néu nhu & trang thai tinh, phan bd cac ung suét chinh
(16n nhét va nhoé nhét) it nhidu con c6 hudng song song va
vudng goc vai truc cua dudng ham, thi khi co dong dit, cac
thanh phan tng suit chinh c6 hudng tac dung it nhiéu gan
song song va vudng goc v4i hudng cim cua dut giy (hinh
3). Anh hudng rd nét nhit nhan thay khi dit giy chay qua
tam ham.

Hinh 4 cho thay cac két qua vé trang thai dich chuyén
toan phan trén toan mién khao sat, boi quy luat phan bd cia

cac véce to chuyén vi khi c6 dong dét sau khoang 2 gidy.

JHOAHOC . [

trang thai tinh (phai) va khi chju dong dat sau khoang 2 giay (trai)

Hinh 5 thé hién két qua mo phong dich chuyén ¢ ving
gan bién dudng ham: bén trai cho truong hop & trang thai
tinh va bén phai cho trudng hop dong tai thoi diém dong dat

sau khoang 2 gidy, tuong img véi 3 vi tri ciia dut gay.

Tu cac nhiing két qua nhan dugc co6 thé rit ra cac nhan

X€t sau:

Vi sy 6 mit cua dirt gdy, dich chuyén xay ra trong khdi
da bi chi phéi rat ro rét do hiéu ung phan xa ctua cac mat dut
gdy dbi voi song dia chan va phy thudc vao vi tri cia dat
gay (hinh 4).
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Hinh 4. Quy luat phan b cac véc to chuyén vi toan phan khi chiu dong dat sau ~2 giay.

Néu nhu dudi tic dung thuan tiy cia luc trong truong
(tac dong tinh) trudng chuyén vi & ving gan bién duong
ham c6 bién dbi khong nhiéu 1dm so voi truong hop khong
c6 dut gy (hinh 5, bén trai), thi & trang thai chiu dong dit
hudng dich chuyén truong chuyén vi bi chi phdi 16 rét boi
vi tri twong ddi cua dit gdy. Cu thé, hudng va cudng do ciia
cac vée to chuyén bi x4o tron kha phic tap. Trong truong
hop dugc khao sat cho thay: a) O trang thai tinh, gia tri cuc
dai clia véc to chuyén vi trén viing gan bién ham 1a 16n nhat
khi dut gdy ndm phia du6i va nho nhét khi dit giy niam phia

JHOAHOC . [

trén ham (trong d4 vach hay noc ham) do bi chi phdi boi kha
nang trugt doc theo dit giy; b) Khi chiu dong dat gia tri 16n
nhét ctia véc to dich chuyén khi dut giy nam phia nén him
nho hon so véi truong hop dit giy cit qua tim dudng ham
va c6 gia tri 16n nhat khi dut giy nam phia néc ham. Piéu
nay phan anh rat rd nét hiéu ung phan xa, do sy c6 mat cia

cac dut gay.

Su c6 mat cua cac dut gdy trén mat cat ngang, & cac vi

tri khac nhau cho thay bién dang ctia ham hinh tron khong

1
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hoan toan con 1a hinh bau duc (ovan) cin xtng rd rét, dé
nhan thdy qua cac véc to chuyén vi xuit phat tir bién duong
ham vé&i huéng va cudng do phirc tap, do anh hudng cia
hiéu tmg phan xa cia mat dut giy. Bién dang hinh bau duc
(khi ham c6 tiét dién tron) hodc hinh binh hanh (khi him c6
tiét dién hinh vuong hodc chit nhat) cia chu tuyén hodc két
cau chong duwong ham chi hinh thanh khi séng cét truyén
vudng goc hodc gan vudng goc véi truc duong ham [2, 3,
5, 13].

4. Két luan

Trén co so cac két qua da tong hop c6 thé rit ra cac két
luan chung sau: sy c6 mit cua dut giy giy ra xao dong vé
phan bd tng sut, dich chuyén trong khéi da ngay ¢ trang
thai nguyén sinh, ¢ trang thai tinh va déac biét ¢ trang thai
khdi da chiu tai trong dong; sy cd mat cua dut gay gay hi¢u
g phan xa song tng suat, chi phdi su bién doi va phan bd
céc thanh phan tng suat va dich chuyén; qué trinh bién ddi
cac thanh phan tmg sudt va dich chuyén rat da dang, phu
thudc vi tri xut hién cua dat gy cling nhu dac diém lan
truyén song.

Nhitng bién dong da dang va phirc tap nay sé& dan dén
su bién hinh, pha hoai da dang khi d4 xung quanh khoang
tréng ngam ciing nhu két cau chdng. Do vay, dé c6 thé Iya
chon va thiét ké dugc két cau chong hop 1y can thiét phai
tién hanh mo phong s6 dé du bao cac kha nang bién dong
c6 thé xay ra cho ting truong hop cu thé, chir khong thé chi
thiét ké theo cac quy dinh, chi din, huéng dn it nhidu duoc
xay dung tir cac bai toan vai cac diéu kién gia tinh.
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Dinh lwgng catalpol trong cu oiong Dia hoang 19 thu hi & Phi Tho
bdng sac ky long hiéu nang cao

Pham Thanh Loan”
Vién Nghién ciru Ung dung va Phat trién, Truong Dai hoc Hing Virong, phuwong Néng Trang, TP Viét Tri, tinh Phii Tho, Viét Nam
Ngay nhén bai 19/9/2022; ngay chuyén phan bién 22/9/2022; ngay nhan phan bién 3/10/2022; ngay chip nhan ding 7/10/2022

Tom tit:

Hoat chét catalpol trong cu giéng Dia hoang 19 1a thanh phé‘in hoéa hoc quan trong c6 tac dung ha duwong huyét, loi
tiéu, nhuan trang; diung trong hd tro diéu tri bénh dai thao dwong, thiéu mau nio cuc bd, mit tri nhé va duge Duge
dién Viét Nam V (2017) quy dinh 1am chit danh diu dé kiém tra chit lwrgng dwge li¢u. Nghién ctru nay nhim xiy
dung quy trinh dinh lugng catalpol trong ci giéng Dia hoang 19 bang sic ky 16ng hiéu nang cao (HPLC) dé phuc vu
cong tic danh gia chit lwgng duwoc lidu. Két qua di lua chon dwge diéu kién sic ky phu hop 1a sir dung ¢t gemini
C18 (250x4,6 mm, 5 pm), detector 210 nm, pha dong acetonitrile - acid phosphoric 0,1%, toc dé dong 0,6 ml/phut.
Dién tich pic va ndng dé catalpol c6 twong quan tuyén tinh chit (r=0,9999), dang ham Y = 21887X + 26213. Quy
trinh c6 d9 diing, dd lip lai tot véi RSD<2%. Két qua dinh lwgng catalpol trong ci giong Dia hoang 19 dat 1,25%.

Phuong phip HPLC dwoc dp dung 1a phit hop dé dinh hrgng catalpol trong cii giong Dia hoang 19.

Tir khéa: catalpol, Pia hoang 19, dinh lwong, sic Ky 16ng hiéu ning cao (HPLC).

Chi s6 phén loai: 1.6

1. Mé dau

Gidng Dia hoang 19 duoc cong nhén 14 gidng méi va luu
hanh ¢ Viét Nam tir thang 8/2020 [1]. O Viét Nam ngudn
giéng va dugc liéu Dia hoang déu duoc nhép tr Trung Qudc,
nén cac mau nghién ctru dé danh gid, xay dung chat luong
cho duoc liéu ndy co ban 1a duge phan tich trén mau nhap
ndi [2-4]. Hién tai, chua c6 cong bd danh gia chit lugng
duoc liéu gay trong tir gidng Dia hoang 19 tai Viét Nam.
Hoat chét catalpol la thanh phén héa hoc quan trong, duoc
Dugc dién Viét Nam V nim 2017 [4] quy dinh lam chét
danh dau dé kiém tra chat lugng dugc li¢u Dia hoang. Hoat
chit catalpol thudc nhém iridoid glycosid, c6 tic dung ha
duong huyét, loi tiéu, nhuan trang [5, 6], hd tro diu tri bénh
thiéu mau ndo cuc bd, mét tri nhd [7, 8]. Catalpol kich thich
lam tang sir dung glucose thong qua ting tiét B-endophin tir
tuyén thuong than va kha ning tong hop glycogen & chudt
dai thao duong, do d6 lam ting sir dung glucose dé giam
duong huyét [9, 10]. Catalpol c6 tac dung trc ché cac phan
g viém trong té bao hinh sao thong qua trc ché hoat dong
ctia nf-kB - yéu t6 quyét dinh 16n ddi voi co ché chong viém
day than kinh [11]. Do véy, hoat chat catalpol dang dugc
quan tim nghién ctru, phét trién thanh nguyén li¢u thudc.
Két qua nghién ciru gop phan xdy dung phuong phap danh
gia chat lugng duoc lidu giy trong tir gidng Dia hoang 19
tai Viét Nam.

*Email: loandhhv@gmail.com
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2. Vat liéu va phuong phap nghién ciiu
2.1. Vit ligu

Mau nghién ciru 1a cii trong tir gidng Pia hoang 19 dugc
thu hoach tai xa Dan Quyén, huyén Tam Nong, tinh Phu
Tho vao thang 3/2021, ché bién theo Duoc dién Viét Nam
V, chuyén luén Dia hoang [4], ma s6 DPH1901, mau dugc
lIuu tai Trung tdm Dugc li€u, Vién Nghién ctru Ung dung
va Pht trién.

2.2. Héa chit, nguyén ligu

Chat chuan catalpol dat do tinh khiét 98,2% (Chengdu
Herbpurify, Trung Qudc), sb 16 RFS-Z0051180315, mau
duoc Iuu tai Trung tdm Dugc li€u, Vién Nghién ctru Ung
dung va Phat trién. Cac hoa chit khac gdm acetonitril
(Merck), acid phosphoric (Merck), methanol (Merck), nudc
ct hai 1an dat tiéu chuan chay may HPLC.

2.3. Thiét bi, dung cu

May HPLC Shimadzu, can di¢n to (Thuy Sy).

2.4. Diéu kién sic ky

Cot gemini C18 (250%4,6 mm, 5 um), detector & budc
song 210 nm, téc d6 dong 0,6 ml/phit, thé tich tiém 10 pl,
pha dong acetonitril (ACN) - acid phosphoric 0,1% (5/95,
v/v) [4].
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Quantification of catalpol in root of
Rehmannia glutinosa varieties 19 collected
in Phu Tho province by
high-performance liquid chromatography
Thanh Loan Pham”

Institute of Applied Research and Development,
Hung Vuong University, Nong Trang Ward, Viet Tri City, Phu Tho Province, Vietnam

Received 19 September 2022; revised 3 October 2022; accepted 7 October 2022
Abstract:

The active ingredient catalpol in the Rehmannia glutinosa
variety 19 roots is an important chemical component.
Catalpol has hypoglycemia, diuretic, and laxative
effects; it is used to support the treatment of diabetes,
ischemic cerebral, and dementia, and it is regulated
by Vietnamese Pharmacopoeia V (2017) as a marker
to check the quality of medicinal herbs. This study
aimed to develop a procedure for quantifying catalpol
in the root of Rehmannia glutinosa varieties 19 by high-
performance liquid chromatography (HPLC) to evaluate
the quality of medicinal herbs. The research results have
selected suitable chromatographic conditions using
the Gemini C18 column (250x4.6 mm, 5 pm), detector
at 210 nm, mobile phase acetonitrile - phosphoric acid
0.1%, and flow rate at 0.6 ml/min. The peak area and
catalpol concentration have a strong linear correlation
with r=0.9999, Y = 21887X + 26213. The procedure has
good accuracy and repeatability with a relative standard
deviation (RSD) <2%. Quantitative results of catalpol in
the root of the R. glutinosa varieties 19 reached 1.25%.
The HPLC method is suitable for quantifying catalpol in
the root of R. glutinosa varieties 19.

Keywords: catalpol, high-performance liquid
chromatography (HPLC), quantification, Rehmannia
glutinosa varieties 19.

Classification number: 1.6
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2.5. Dung dich chuin

Hoa tan catalpol chuan trong methanol dé dugc dung
dich ¢6 ndéng d6 1000 pg/ml.

2.6. Dung dich thir

Tién hanh can 0,8 g bot dugce liéu, thém 50 ml MeOH,
cho trong binh, lic déu rdi can. Pua mau vao chiét hdi luu
1,5 gio, dé ngudi va céan lai, rdi thém MeOH vira du dén
lwong ban déu, lic déu, loc qua mang 0,45 pum [4].

2.7. Thim dinh quy trinh dinh lugng

Tham dinh quy trinh dinh lugng catalpol gdm céc chi
tiéu nhu d6 thich hop, do dac hi¢u, do lap, tuong quan tuyén
tinh, d§ ding, gidi han phat hién (LOD) va gidi han dinh
luong (LOQ) theo Théong tu sé 32/2018/TT-BYT cua B
truong Bo Y té nam 2018 [12] va Quyét dinh s6 07/2013/
QP-QLD cuia Cyc Quan Iy Duoc, Bo Y té [13].

D¢ thich hop: Chuan bi dung dich catalpol chudn (ndng
d6 200 pg/ml), tién hanh sic ky 6 lan. Xéac dinh cac thong
s6 thoi gian luu (T, ), dién tich pic (Spic), gia tri binh quan,
do 1éch chuan twong doi (RSD) cua S . Néu RSD<2% thi
hé thong c6 tinh thich hop cao [12, 13].

D¢ dac hiéu: Tién hanh phan tich cac mau tréng, dung
dich catalpol chuén, dung dich thtr, dung dich thtr thém
chuan catalpol. Mau tring phai khong dugc cho tin hiéu
phan tich [12, 13].

B¢ Igp: Tién hanh sic ky 6 1an ddi véi dung dich thir.
Néu RSD<2% thi quy trinh c6 d¢ 1ap tt [12, 13].

Twong quan tuyén tinh: Tt dung dich chuan 1000 pg/ml
tién hanh pha 5 miu ¢6 ndng d6 25, 50, 100, 200 va 400 pg/
ml rdi tién hanh phan tich HPLC. Khao sat sy twong quan
cia S voi nong do catalpol theo ham Y = aX + b bang
phuong phap binh phuong t6i thiéu. Néu hé s tuong quan
r>0,999 thi quy trinh dinh lugng c6 do tuyén tinh tot [12,
13].

D¢ dung: Nghién ctru sir dung dung dich thir lam dung
dich khong thém chuén. Dung dich thém chuan duoc tao
ra bang viéc lay dung dich thir va thém mot luong catalpol
chuin & cac ndng d6 10, 50 va 100 pg/ml vao mau thir. Moi
murc thém chuén ldp lai 6 1an. Ham lugng catalpol duoc tinh
dwa vao ham Y = aX + b. Do dting phai ndm trong khoang
98-102%, khoang xac dinh c6 RSD<2% [12, 13].
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Gioi han phat hién (LOD) va gioi han dinh lvong (LOQ):
Dung dich thir dugc pha loang thanh cac mau LOD1, LOD2,
LOD3, LOD4... Lan luot tiém 10 pl tng mau vao hé théng
HPLC. Xéc dinh ty I¢ S/N (Signal to Noise ratio), S 1a chiéu
cao tin hiéu cta chit catalpol, N 1 nhidu dudng nén. LOD
dugc chap nhan tai ndng do c6 S/N=3. LOQ duoc chip
nhan tai ndng do c6 S/N=10 [12-14].

3. Kétqua
3.1. Khao sat quy trinh dinh lugng

Quy trinh dinh luong catalpol duoc tién hanh khao sat
cac diéu kién sic ky trén hé thdng phan tich HPLC [4], két
qua di Iya chon diéu kién sic ky phi hop 1a st dung cot
gemini C18 (250x4,6 mm, 5 um), detector 210 nm, pha
dong Acetonitril (ACN) - acid phosphoric 0,1% (5/95, v/v),
toc do dong 0,6 ml/pht, thé tich tiém 10 pl, thoi gian phan
tich 17,8 phut.

3.2. Tham dinh quy trinh dinh lwong

D¢ thich hop: Két qua danh gia do thich hop cia quy
trinh dugc téng hop trong bang 1 cho thiy, do 1éch chuin
tuong d6i cia T, (RSD=0,17) va S (RSD=0.21) déu
<2%, h¢ thong HPLC c6 tinh thich hgp cao va dam bao do
on dinh cta quy trinh dinh luong catalpol [13].

Bang 1. Két qua tham dinh tinh thich hop cla hé théng HPLC.

Thir tw Thoi gian luu (phat)  Dién tich pic (mAU.s)
1 17,9 4372062

2 17,93 4382001

3 17,95 4389020

4 17,88 4393934

5 17,87 4390001

6 17,91 4398390

Xtb 17,91 4387568

RSD (%) 0,17 0,21

D4 ddc hiéu: Két qua danh gi do dac hiéu cua quy trinh
dugc thé hién trén sic ky @6 (SKD) ¢ hinh 1 cho thdy, mau
trang (1) khong cho pic nao trén SKP. Trén SKD dung dich
thtr (3), dung dich thtr thém chuin (4) cho mot pic ¢o thoi
gian luu twong ting so voi cua catalpol trén SKP dung dich
chuin (2), T, cua catalpol ¢ 3 mau (2, 3, 4) 1a tvong duong
nhau (khoang 17,8 phut). Quy trinh dinh luong va hé théng
HPLC c6 d6 dac hi¢u cao [13].
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Hinh 1. Sic ky db danh gia do dic hiéu cta quy trinh. 1: mau tréng;
2: dung dich chuan catalpol; 3: dung dich thtr dwoc liéu; 4: dung dich thir
dwoc liéu thém catalpol.

Twong quan tuyén tinh: Két qua danh gia twong quan
gi&a} S, voi péng do catalpol cho thdy, ching ¢ twong quan
tuyén tinh rat chat (r=0,9999>0,9990) va dugc mo phong
bang ham Y = 21887X + 26213 [13] (bang 2, hinh 2).

Bang 2. Twong quan giira S, v&i ndng do catalpol.

Nong do (ug/ml) 25 50 100 200 400

S (mAU.s)

e 548627 1091755 2291810 4385020 8776140
Y =21887X + 26213

R?=0,9998; 1=0,9999

)

3 10000000
= Y =21887X + 2621
= 8000000 887X+ 26213
2 R2=0.9998
= 6000000
o)
= 4000000
o
B 2000000

0

0 100 200 300 400 500
Nong dj (ug/ml)

Hinh 2. D6 thj biéu dién méi twong quan gitva S, v&i néng do
catalpol.

Do lap: DO 1ap cua quy trinh dugc danh gia qua 6 lan
thir 1ap miu, két qua cho thay, ham luong trung binh cua
catalpol trong mau dugc liéu Pia hoang 19 1a 1,249%, véi
RSD=0,59%<2% (bang 3), nhu vay quy trinh c6 d¢ lap
cao [13].
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Bang 3. Két qua danh gia do lap lai dung dich thi.

Chi tiéu Lipl Lip2 Lip3 Lip4 Lip5 Lip6
Khoi lugng 0,820 0881 0813 0,842 0818 0,836
duogc liéu (mg)

Lefia rrirs 1242 1246 1251 1253 1255 1,264
catalpol (%)

Ham luong

trung binh (%) 1,249

RSD (%) 0,59

D¢ diing: Két qua danh gia do dung cua quy trinh cho
thiy, ty 1& thu hdi catalpol dat 98,13-100,4% (bang 4) va
nam trong gi6i han cho phép (98-102%) véi RSD 0,83-
1,51% (RSD<2%) cho thdy quy trinh c6 do ding cao [13].

Bang 4. D6 ding cua quy trinh.

Nong d9 chudn Nong do thu D) ding RSD

Thychign o (ug/ml)  hdi (ug/ml) (%) (%)
10 9,89 9890 0,85
Trongngay g, 49,85 99,70 0,94
(n=6)
100 98,13 98,13 1,48
o 10 9,84 98,40 1,06
Cac ngay
lién tiép 50 49,84 99,68 0,83
(n=6) 100 100,40 10040 1,51

LOD va LOQ cua catalpol: Gia tri LOD va LOQ cua
catalpol da duoc xac dinh tai néng do 2 pg/ml cho ty 1€ S/N
1a 3 (LOD=2,0 pug/ml), tai ndng do 6,6 pg/ml cho ty 1& S/N
la 10 (LOQ=6,6 pg/ml).

4. Ban luan

Quy trinh dinh lugng catalpol duogc thuc hi¢n bé“mg
phuong phap HPLC ¢6 wu diém vé do nhay cao, tinh chinh
xac, dg tin cay, dé thyuc hién, chi phi hop ly. Hién nay,
tai Viét Nam, cc trung tdm kiém nghiém va phong kiém
nghiém ctia cac cong ty dugc pham déu duoc trang bi hé
thong phan tich HPLC. Do vay quy trinh nay d& 4p dung,
c6 tinh phé bién cao trong thuyc tién kiém nghiém dugc ligu,
phuc vu cong tac danh gia chét lugng cua co quan quan 1y
nha nude va hoat dong san xuat ciia cac cong ty duoc pham.

Nghién ciru di tién hanh tham dinh quy trinh dinh
luong catalpol, két qua cho thdy, quy trinh dat tinh thich
hop cua h¢ théng, do dac hiéu tot, tuong quan tuyén tinh
chat (r=0,9999), ty 1& thu hdi cao (99,2%) va c6 do dung,
do6 lap cao (RSD<2%), dap tg yéu cau cua B Y té [12,
13]. Két qua nay twong dong véi nghién ctru ciia T.H. Won
va cs (2010) [15] khi dinh lugng catalpol trong 21 mau ct
bia hoang thu thép tai Trung Québc, Han Quéc bé“lng HPLC
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dd xac lap tuong quan tuyén tinh chat giira S va nong
do catalpol (r=0,9985), d6 thu hdi dat 100,1%, ham luong
catalpol trung binh 1a 0,91%. C.Y. Guo va cs (2004) [16]
cling di xac l4p twong quan tuyén tinh chat (r=0,9997), do
thu hoi dat 98,7% trong nghién ctru dinh lugng catalpol
trong ct Dia hoang. Trong mdt nghién ctru khac, Y. Wang va
cs (2016) [17] da dinh lugng catalpol trong 14 cdy Pia hoang
bang HPLC, két qua cho thay c6 twong quan tuyén tinh chit
(r=0,9998), d6 thu hdi dat 102,6%. Nhu véy, phuong phap
dinh luong catalpol trong cu va 14 Dia hoang bang HPLC la
phu hop.

Nghién ciru nay di Iya chon thanh phan pha dong, ty
1¢ acetonitril (ACN) - acid phosphoric 0,1% (5/95, v/v) la
thich hop, don gian va hiéu qua dé xac dinh sy hién dién
va ham luong cua catalpol bang HPLC. Hé dung méi ding
trong nghién ctru khac biét voi hé dung moéi pha dong dugc
sir dung trong mot s nghién ctru khac nhu nude - acetonitril
(95/5, v/v) [17], nude - acetonitril (99,6/0,6, v/v) [16], nudc
- acetonitril (90/10, v/v) [15], etyl acetat - n-butanol - nudc
(2:1:3, v/v/v) [18].

Phuong phap chiét mau hoi luu 1,5 gio véi methanol
10i loc qua mang 0,45 pm duogc sir dung trong nghién ctu
1a don gian, tiét kiém thoi gian, chi phi thap so v6i phuong
phap chiét miu trong phén tich sic ky d6i dong toc do cao
1a mau thir chiét hoi luu 2 1an véi ethanol 75%, duge ¢d dac
va hoa tan lai trong nudc rdi chiét xudt véi etyl acetat va
n-butanol [18].

Ap dung quy trinh xay dung trong nghién ctru vao dinh
luong catalpol ctia ca Dia hoang 19 da cho két qua 1a ham
luong catalpol dat 1,25%, cao hon gép 6 lan theo quy dinh
ciia Dugc dién Viét Nam V (2017) (ham luong catalpol
>0,2%) [4] va cao hon 1,4 lan so v6i két qua dinh lugng
trong nghién ctru cia T.H. Won va cs (2010) [15]. Nhu Véy,
duoc liéu gay trong dam bao chét lwong tot, 1am co so dé
mo rong gdy trong gidng Dia hoang 19 tai khu vuc trung
du mién ni phia Bic, gop phan tao ngudn nguyén liéu chat
luong tdt cho cac cong ty duoc pham.

Hién tai, chua co cic cong bd cua tac gia khac vé xdy
dung quy trinh dmh lugng va danh g1a chét luong dugc lidu
gay trong tr glong bia hoang 19. Két qua nghién ctru nay
g6p phan xay dung quy trinh dinh luong catalpol cho dugc
li¢u Dia hoang 19 tai Viét Nam.

£ ~
9. Ket luan

Nghién ctu da xay dung dugc quy trinh dinh luong
catalpol trong cu gidng Pia hoang 19 thu hai tai Phu Tho
bang HPLC véi diéu kién sic ky cot gemini C18 (250x4,6
mm, 5 um), detector 210 nm, pha dong acetonitril - acid
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phosphoric 0,1%, toc o dong 0,6 ml/phut. Két qua tham
dinh quy trinh cho thiy c6 sy twong quan tuyén tinh chat
gilra S, va ndng d6 chat dang ham Y = 21§87X’+ 26213,
r=0,9999. Quy trinh c6 tinh thich hop h¢ thong tot véi cac
thong s séc ky dat RSD<2%; d¢ dac hiéu cao, d¢ 1ap lai t6t
v6oi RSD<2%; LOD 1a 2 pg/ml, LOQ 1a 6,6 pg/ml, phu hop
dé dinh lugng catalpol trong cti Dia hoang 19.

LO1 CAM ON

Két qua nghién ctru duogc tai trg kinh phi tir dé tai doc
1ap cap qudc gia, ma sé PTDL.CN-03/17. Tac gia xin chan
thanh cam on.
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Diic diém hinh tha, giai phdu va dinh lrong axit corosolic trong 13
Béing ling 0i (Lagerstroemia calyculata Kurz) tai ving Dong Nam Bo, Viét Nam

T6 Minh Ti', P§ Thi Xuyén2, Hoang Thi Tuyét!, Phan Vin Truéng', Ping Minh Ta!, Pham Thanh Huyén'
1Vién Duoge liéu, 3B Quang Trung, phieong Trdng Tién, qudn Hoan Kiém, Ha Ngi, Viét Nam
Trweomg Pai hoc Khoa hoe Ty nhién, Pai hoc Quéc gia Ha Ngi, 334 Nguyén Trdi, phiong Thanh Xudn Trung, qudn Thanh Xudn, Ha Ngi, Viét Nam
Ngay nhan bai 14/11/2022; ngay chuyén phan bién 18/11/2022; ngay nhan phan bién 8/12/2022; ngay chip nhan ding 12/12/2022

Tém tit:

Muc tiéu: M ta dic diém hinh thai, gidi phu (than, 14) va dinh lugng axit corosolic trong 1 ciia loai Bing ling di
(Lagerstroemia calyculata Kurz) thu thip tai ving Pong Nam B§. Pdi twong va phuwong phap nghién ctru: Sir dung
phuong phap hinh thai so sanh dé xac dinh tén khoa hoc loai. Nghién ciru diic diém giai phiu theo phwong phap ciia
N. Ba (2009) [1] va dinh lwong ham lwong axit corosolic trong la theo Dwoge dién My (USP 40), ¢6 sw diéu chinh dé
phit hop véi diéu Kién ciia phong thi nghiém. Két qua: Loai Bing ling 6i cé dic diém hinh thai la cAy gd 16m, rung
14, cao 30-35 m, than c6 v6 nhin. L4 hinh mac thudn, gan bén 9-11 d6i, c6 16ng. Cum hoa hinh chiy, hoa trfmg nhé.
Qua nang hinh tring, nirt thanh 6 manh. Hat nhiéu, mau niu, nhin. Giai phiu than c6 md din thir cip 12 mot tru
din lién tuc, tru dng libe kép va gan 14 10i rd & ca hai mit. Bén ngoai biéu bi ¢é 16ng da bao hinh sao. Rii ric trong
mé mém c6 cac hat tinh thé. Khi khong chi c6 & mit dwéi ciia 14. Dinh lrgng axit corosolic trong 3 miu 14 Bing
ling 0i dat 0,05-0,12%. Két ludn: Nghién citu nay da mé ta chi tiét dic diém hinh thai, gidi phiu va dinh lwong axit

corosolic trong 3 miu 14 ciia Bang ling 6i thu thap tai ving Pong Nam Bj.

Tir khéa: axit corosolic, Bing ling 6i, dic diém hinh thai, giai phdu, Lagerstroemia calyculata Kurz.

Chi sé phin logi: 1.6
1. Dat van de

Chi Bing lang Lagerstromeia L. (thudc ho Bang ling
Lythraceae) 1a dang cdy gb hodc cdy bui, cum hoa hinh
chily, dai hoa hinh chudng hodc 6ng, thily dai va trang hoa
6-9, qua hoa gd, hat c6 canh. Chi bao gdm khoang 60 loai va
phéan bd chi yéu & cac khu vue nhiét doi va can nhiét d6i dat
thip tir An D6 dén Trung Qudc, khu vuc Malaysia va mé
rong dén bic Uc [2-4]. O Viét Nam, chi Bang ling da ghi
nhéan khoang 20 loai, phan bd chu yéu & cac tinh phia Nam
v6i khi hau nhiét d6i dién hinh [5]. Chi Br:ing lang duogc
nhiéu nguoi biét dén vi c6 mot s6 loai duoc trong 1am canh
trong vuon va ven duong. Nhiéu loai thudc chi Bang ling rat
giau cac hgp chét hoat tinh sinh hoc, ¢6 tinh dugc 1y cao, co
thé lam giam luong dudng va cholesterol trong mau, giam
nguy co méc bénh tim mach, nhiém khuan, chéng béo phi
[6]. Dic biét, hoat chat axit corosolic trong 14 cta chi Bé’lng
lang duogc tng dung rong rai trong y dugc hoc, c6 tac dung
diéu tri tiéu dudng, chdng béo phi, chdng viém, chong ting
lipid mau. .. Axit corosolic ¢6 dic tinh chéng ung thu va tac
dung vo hai ddi véi cac té bao binh thuong. Véi co ché hoat
dong manh mé cua axit corosolic, chét nay da duogc dé xuat
nhu mot tic nhan dé phong ngira va diéu tri ung thu biéu mo
té bao gan (HCC) lién quan dén bénh gan nhiém md khong
do rugu (NAFLD) [7]. Axit corosolic ciing c6 thé lam giam

“Tac gia lién hé: Email: huyenptnimm@gmail.com
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kha ning ting sinh cua cac t& bao c6 ndng do glucose cao
va tiép tuc trc ché sy phat trién ciia khéi u bang cach vo
hi¢u hoéa con duong CDKI19/YAP/O-GIcNAcylation [8].
Ngoai ra, axit corosolic ¢6 hoat tinh khoi phuc thong lugng
autophagic va cai thién chirc ning cia ty thé, axit corosolic
bao vé chéng lai nhiém doc tim do doxorubicin (chét co tac
dung chdng ung thu hiéu qua) gay ra [9].

Trong d6, loai Bang lang 6i (Lagerstroemia calyculata
Kurz) thudng gip & cac tinh phia Nam, moc trén dét hoi 4m
vung rung nii [10, 11]. Tuy nhién, cho t6i nay chua c6 cong
trinh nao nghién ctru vé dic diém hinh thai, giai phiu va
dinh luong axit corosolic trong 14 cua loai Bang ling 6i tai
Viét Nam (chu yéu cac nghién ctru duoc thyc hién trén loai
Bang lang nudc). Vi vay, trong bai bao nay, dic diém hinh
thai, giai phau (than, 13) va dinh lugng axit trong 1a ctia loai
Bing lang 6i thu thap tai ving Pong Nam Bo da dugc phan
tich, mo ta chi tiét 1am co s& cho cac hoat dong nghién ctu
phat trién duoc liéu caa mot sb loai thude chi Bé‘mg lang.

2. D6 tuong va phuong phap nghién ciiu
2.1. Péi twong

Céc mAau tiéu ban va mau 1a Bang ling 6i dugc thu thap
0 céc tinh ctia vung Dong Nam B¢ vao thang 3, 6 va 9/2022
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Morphology, anatomy, and quantitative
determination of corosolic acid in Lagerstroemia

calyculata Kurz in the Southeast region, Vietnam
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Abstract:

Objectives: Todescribethemorphological characteristics,
anatomy (stem, leaves), and quantify the corosolic acid
in the leaves of Lagerstroemia calyculata Kurz collected
in the Southeast region, Vietnam. Subjects and methods:
Using the comparative morphological method to
determine the scientific name of species. Studying the
microscopic characteristics of Lagerstroemia calyculata
Kurz according to the research method of N. Ba (2009)
[1] and quantifying the content of corosolic acid in the
leaves according to the United States Pharmacopeia
2017 (USP 40), with adjustments to suit the conditions of
the laboratory. Results: Lagerstroemia calyculata Kurz
is tree, deciduous, height 30-35 m, smooth bark. Leaves
lanceolate, lateral veins 9-11 pairs, hairy. Inflorescence
paniculate, small white flowers. Capsules ovoid,
6-valved. Seeds are numerous, brown, and smooth. The
stem has a bicollateral vascular bundle, conduction
tissue arranged continuously, double phloem pillars and
leaf veins exposed on both sides. The outer epidermis has
multicellular stellate hairs. Scattered in soft tissue there
are crystalline particles. Stomata are present only on the
underside of leaves. The quantification of corosolic acid
in three leaf samples of Lagerstroemia calyculata Kurz
was from 0.05 to 0.12%. Conclusions: This study has
detailed morphological, anatomical characteristics, and
quantitative determination of corosolic acid in three leaf
samples of Lagerstroemia calyculata Kurz collected in
the Southeast region.

Keywords: anatomy, corosolic acid, guava crape
myrtle, Lagerstroemia calyculata Kurz, morphological
characteristics.

Classification number: 1.6
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trong thoi gian ra hoa va qua. Tiéu ban clia mau dugc giam
dinh tén khoa hoc va luu gitt tai Phong Tiéu ban cua Vién
Dugc li¢u (NIMM).

2.2. Phuwong phap nghién cvu

- Phuong phép hinh théi so sanh dugc 4p dung dé xac
dinh tén khoa hoc ctia loai [12]. Trén co so cidc mau nghién
ctru, ¢o su so sanh va ddi chiéu véi khoa phan loai, ban mo
ta trong céc tai lidu va tiéu ban miu type.

- Nghién ciru dic diém giai phau than va 14 cua Bing
lang 6i theo phuong phap nghién ctru cia N. Ba (2009) [1].

- Phuong phap dinh lugng ham luong axit corosolic
trong 14 theo Dugc dién My (USP 40), c6 su diéu chinh dé
phu hop véi diéu kién cua phong thi nghiém [13]. Phuong
phép dugc danh gia va thim dinh dé dam bao d¢ chinh xéac
cho phép phan tich. Cac mau duoc liu dugc chiét lap lai 3
lan rdi dinh lugng lay két qua trung binh. Tién hanh sic ky
theo diéu kién da mé ta dbi voi cac dung dich chuin c6 ndng
do6 tir 13,75 dén 220 pg/ml.

< s A
3. Ket qua va ban luan

3.1. Péc diém hinh thdi ciia loai Bing ling 6i thu thép
tai vang Dong Nam B¢

- Tén Viét Nam khac: Bang ling cuom, Bang ling nudc,
Bing lang 1a hep, Sang 1¢, Thao lao.

- Tén khoa hoc: Lagerstroemia calyculata Kurz.

- Tén dong danh (synonym): Lagerstroemia angustifolia
Pierre ex Gagnep., Murtughas calyculata (Kurz) Kuntze.

- Typus: Collector not indicated, Myanmar; Kurz
mentions ‘Martaban’.

Pdc diem: Cay than g 16n, rung 14, cao 30-35 m, dudng
kinh 40-80 cm. Than c6 banh, vo mau vang nhat, xen nhiing
manh mau nau luc rit nhn, thit mau vang nhat, nhiéu xo.
Canh manh, c6 16ng mau vang. L4 don, moc cach, hinh mac
thudn, kich thude cd (6,5)11-13%(2,5)3,8-5,1 cm; géc tu,
hoi I¢ch, dinh kéo dai thanh miii nhon hoac nhon thon, mép
la nguyén, mat trén va mat dudi phu day 16ng mau vang
nau. Gan chinh ndi rd & mat dudi, phé’ing o mat trén, c6 1ong
mau vang nau; gan bén 9-11 d6i. Cudng 14 dai 4-6 mm, cd
16ng. Cum hoa hinh chuy, moc & ngon, co nhiéu long vang,
dai 12-20 cm. L4 béac nho dai khoang 2 mm, rong 0,2 mm,
phii dy 16ng vang hinh sao. Nu hoa hinh qua 1é thuén dai,
kich thudc cd 4-6x2-2,5 mm; dinh c¢6 nim dai khoang 0,5
mm, ¢6 nhiéu 16ng vang hinh sao, cudng hoa gia dai khoang
1 mm. Hoa tring nho, dai hinh chuéng nhiéu 16ng hinh sao,
phia dinh mang 6 thuy hinh tam giac nhon ¢ dinh; thuy dai



dai 0,15-0,2 mm, rong 0,1 mm. Canh hoa 6, hinh elip hoi
thuén hay hinh tim nguogc, dai 9-11 mm, rong 4-6 mm bao
gém cd mong vubt dai khoang 0,4-0,5 mm; mép canh hoa
hoi gon séng, dinh canh hoa 10m vao gitta khoang 0,1 mm.
Nhi nhiéu, gﬁn b?lng nhau, dai khoang 0,9-1,2 cm; bao phén
det, dai khoang 1 mm, mau vang, dinh trung d6i thap hon 2
d4u bao phan. Nhuy dai khoang 1 ¢cm; bau nhuy hinh elip,
dai khoang 2,4-2,8 mm, rong khoang 1,5-1,8 mm, c6 16ng &
xung quanh phan dau bau nhuy, bau 5-6 6, co 1ong & dinh,

(D)

Khoa hoc Tu nhién | Khoa hoc su s6ng s

voi dai khoang 7-8 mm; niim nhuy dang dau, rong hon dau
voi nhyy. Qua nang hinh trimg thuén, dai 13-15 mm, rong
khoang 7-9 mm, dai ton tai ciing qua, khi truéng thanh thuy
dai quay nguoc vé phia dudi qua, qua chim trong 1/4 dai,
trén dinh qua c6 tim 16ng mau tring va voi nhuy ton tai
cung qua dai khoang 1 mm. Qua khi gia chuyén sang mau
do6, kho nat thanh 6 manh tir trén xudng, cubng qua gia dai
1,5-3 mm. Hat nhiéu, c6 canh nho & mot dau, det, kich thude
¢& 9-11x3-4 mm, mau nau, nhan (hinh 1 va 2).

(B)

Hinh 1. Loai Béng lang di (Lagerstroemia calyculata Kurz) ngoai tw nhién. (A) Dang séng; (B) Than; (C) Canh mang hoa; (D) Hoa né; (E) Qua gia.

JHOAHOC . [
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(A) (B) ©

X) (M) ™)

Hinh 2. Hinh thai la va co’ quan sinh san ctia Bang ldng 6i. (A) L4 non; (B) L& mét trén va mét dwdi; (C) La béc; (D) Nu hoa; (E) Hoa
n&; (F) Canh hoa; (G) Nhi; (H) Nhuy; (1) V&i nhuy va ndm nhuy; (J) Qua non mang dai ton tai; (K) Qua non da tach dai; (L) Qua b ngang
va bd doc; (M) Qua gia; (N) Hat.

Sinh hoc va sinh thai: Moc trong rung nua rung 14, & do Phén bo: Tai vung Dong Nam B nhu tinh Binh Duong
cao dudi 800 m, cdy ua loai dét sdu c6 do6 4m trung binh. (An Pién, Bén Cat; Phudc Hoa, Phu Gido), Déng Nai (Ma
Tai sinh béng hat va choi déu tt. Téc do sinh truong cham.  Da, Hiéu Liém cta Vinh Curu; Séng Tréu, Trang Bom; Tan
Mua hoa thang 5-7, mua qua thang 8-11 (c6 thé ton tai dén  Hiép, Bién Hoa), Binh Phudc (Bu Gia Map, Bu Gia Mép),
thang 2 nam sau). 0 Son La, Thanh Hoa, Nghé An, Quang Binh, Quang Tri,
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Thira Thién Hué, Gia Lai, Kon Tum, Dik Lik, Lam Déng...
Trén thé gidi c6 0 Lao, Campuchia, Thai Lan, Myanmar,
Malaysia.

Cong dung: Gb tot, dung x¢ van, dong thuyén. Theo
klnh nghiém cua nhan dan vung Bong Nam B9, Bang lang
61 thuong dugc dung dé chira ly, vét thuong mém, ndm
ngoai da, ghé 10, hic lao, eczema (vo than).

3.2. Pdc diém gidi phdu thin va ld Bang ling bi

Thdn: Tiét dién ngang than hinh vuéng véi mot cap canh
1om va mét cap canh 16i nhe hay phéng. Biéu bi gém mot
16p té bao nho khong déu nhau, bén ngoai c6 cac 1ong da
bao hinh $a0. Tiép dén 1a m6é mém vo véi 4-5 16‘p té bao hinh
da giac xép sit nhau. Cac t& bao mo cimg xép thanh vong
bén ngoai bo mach va phan bd rai rac trong mo mém rudt.
Mo dan thu cap 1a mot tru dan lién tuc, tru ong libe kép. Mo
mém rudt gdm cac té bao hinh da giac véi cac kich thude
khéc nhau (hinh 3).

r

bt

Hinh 3. Bac diém giai phau than loai Bing lang 6i. 1: lat c&t ngang than
non; 2: lat ct ngang mdt phan than; T: 16ng; E: biéu bi, P: mé mém; S: mo
clrng, X: xylem (g8), Ph: phloem (libe)).

)m@h 2236um

3 100 pm

Hinh 4. Dac diém giai phau la loai Bing lang 6i. 1: 14t cat ngang gan 13;
2: lat cat ngang mot phan than 1a; 3: lat c&t ngang mot phan phién 14; 4: bé
mét khi khdng & mat dudi 14; E: biéu bi, P: md mém, S: mé cirng, X: xylem
(gd), Ph: phloem (libe); Ue: biéu bi trén; Le: bidu bi dudi; Pm: mé giau; Sm:
mé xdp; St: khi khéng.

JHOAHOC . [
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La:

+ Gan la: Gan 14 16i rd ¢ ca hai mat. Biéu bi trén va biéu
bi dudi gdm mét 16p té bao nho. Bén ngoai biéu bi ¢6 16ng
da bao hinh sao. B6 mach xép thanh vong cung, libe kép.
Céc t& bao md cimg dang té bao da xép thanh vong bén
ngoai bé mach. Rai rac trong mdé mém co céc hat tinh thé
(hinh 4).

+ Phién 14: Biéu bi trén va biéu bi dudi gdm mot 16p té
bao. Té bao biéu bi trén c6 kich thudc tuong dbi 16n, té bao
biéu bi dudi co kich thude nhé hon. Bén ngoai biéu bi co
céc 1ong da bao hinh sao. M6 giau gom 2-4 16p té bao. Mo
x6p gom 6-8 16p té bao kich thudc nho. Khoang chira khong
khi nhé. Khi khong chi c6 & mit dudi cia 14, loai khi khong
kiéu hdn bao, kich thudc khoang 22,6 um (hinh 4).

3.3. Pinh lwong axit corosolic trong ld ciia loai Bang
ling i
Bang 1. Méi quan hé tuyén tinh gitra ndng dé va dién tich cta pic axit
corosolic.

Nong dp (ng/ml) 275 S5 110 220
Dién tich pic
(mAU.s)

13,75 22

40418 51022 83206 187009 402398 800434

300000

v =3741,5x- 18773
R*=0,9993

800000
700000
600000 + Dién tich pic trung binh
500000
Linear [Dién tich pic trung
binh)

400000

300000

Dién tich pic (mAU.s)

200000

100000

o
0 50 100 150 200 250

Nong do (ug/ml)

Hinh 5. Do thi biéu dién sy phu thudc tuyén tinh gitra néng do axit
corosolic va dién tich pic.

Két qua bang 1 va hinh 5 cho thdy, c¢6 su phu thudc tuyén
tinh gitra dién tich pic trén sic ky do va ndng do corosolic
trong dung dich theo phuong trinh y= 3741,5x - 18773 v&i
hé sé twong quan tuyén tinh r=0,9993, chung to duong
chuan dugc xay dung c6 do tuyen tinh cao dam bao dé thuc
hién phép phan tich dinh lugng axit corosolic trong Bang
lang 6i. Nhu vay, phuong phap phan tich dinh luong axit
corosolic ddi v&i duge liu 14 cdy Bang lang 6i 1a dang tin
¢y, c6 thé ap dung trong cac nghién ctru sau nay.

Két qua bang 2 cho thay, 3 miu la Bang ling 6i c6 ham
lugng axit corosolic dao dong trong khoang 0,05-0,12%.
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Trong d6, mau 14 c¢6 ham lugng axit corosolic cao nhat thu
tai xd Ma D4, huyén Vinh Ctru, tinh Dong Nai. Cac két qua
nay cao hon so vi cong bd ciia M.O. Kim va cs (2020) [14],
nhom tac gia da cong b ham luong axit corosolic trong
L. calyculata 1a 0,158 mg/g, tuong duong 0,0158%. Hién
nay chua co quy dinh vé ham luong axit corosolic trong
L. calyculata. Tuy nhién, theo quy dinh cia Dugc dién My
(USP 40), ham lugng axit corosolic trong L. speciosa (L.)
Pers khong thip hon 0,2% tinh theo khéi lugng kho tuyét
dbi [13]. Mac du, L. calyculata khong c6 ham luong axit
corosolic cao nhu L. speciosa nhung loai nay c6 thé trg
thanh mot nguf")n dugc liéu cung cép axit corosolic tu nhién,
hay vi thudc thay thé cho L. speciosa va cac loai khac trong
chi bang ling.

Bang 2. Ham lwong axit corosolic trong la ctia cac mau Bing lang éi.

Thw Ham lugng axit corosolic

tw L Noilay trong dwoc li¢u (%)”
Bu Gia Map, Bu Gia

1 B06.04 Map. Binh Phusc 0,05+0,03

2 Boeoy MaDa Vinh Ciru, 0,1240,01
Dong Nai

3 BO6.15 Pk‘nrcc Hoa, Phu Giao, 0,0940,01
Binh Duong

*: ham lwgng tinh theo khoi lwgng kho kiét.
4. Két luan

Nghién ctru nay d mé ta chi tiét dac diém hinh thai, giai
phau va dinh luong axit corosolic trong 3 mau 14 cia Bang
lang 6i thu thap tai ving Pong Nam Bg. Qua dé bd sung
dan liéu vé nghién ctru phan loai va ham luong hoat chét
axit corosolic trong 1a vé chi Bang lang tai Viét Nam. Két
qué gop phan cung cap dir liéu cho viéc dinh danh, x4c dinh
tinh ding cta loai va lua chon mau 14 cia céc loai thudc chi
Bing lang trong viéc phat trién dugc liéu dé chira bénh dai
thao duong.

Bai bao dugc hd trg kinh phi ciia dé tai “Nghién ctru bao
ton ngudn gen cay thude quy, hiém ¢ ving Pong Nam Bo
tai Khu Béo ton Thién nhién - Vin hoa Dong Nai”, ma sd
NVQG-2017/23 va hoc béng NAGAO. Céc tac gia xin chan
thanh cam on.
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Nghién ctru phat trién chi thi phéan tir SSR dic hiéu
ho gen NBS-LRR cho chanh leo Passiflora edulis Sims

Tran Pic Trung, Nguyén Thi Thu Hang', Pao Thu Hwong?, Ta Hong Linh?, Nguyén Thi Lan Hoa!,
Pham Thanh Huyén', Tran Thi Hué¢ Huwong®, Nguyén Hoang'
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3Vién Khoa hoc Nong nghiép Viét Nam, xa Vinh Quynh, huyén Thanh Tri, Ha Ngi, Viét Nam

Ngay nhdn bai 7/11/2023; ngay chuyén phan bién 10/11/2023; ngay nhan phan bién 1/12/2023; ngay chip nhan dang 4/12/2023
Tom tit:

Thanh tuu cia cong nghé gidi trinh tw gen da tao nguon dir liéu phong phu va gia tri cho cac phan tich tin sinh hoc
nham phat trién chi thij phan tir phuc vu nghién ciru di truyen va chon tao glong o cac loai cay trong, trong do cé cay
chanbh leo (Passiflora edulis Sims). Trong nghién ctru nay, dwa trén dir li€u trinh tw ho gen khang NBS-LRR da dwoc
xac dinh tir hé gen chanh leo, phan tich in-silico lwa chon va thiét ké chi thi SSR dic hi€¢u cho cac locus mlcrosatelllte
tiém nang ciing nhw phan tich thwe nghiém kiém chirng tinh da hinh cia cac chi thi SSR da dwge trién khai. Tong 50
497 locus microsatellite da dwoc xac dinh tir trinh tw 161 gen NBS-LRR, tir do 383 chi thi SSR dac hi¢u hg gen NBS-
LRR dugec thiét ké cho chanh leo. Qua sang loc thure nghiém 46 chi thi SSR dic hiéu cho 35 gen NBS-LRR tiém ning
¢6 biéu hién gen lién quan dén cac stress sinh hoc va phi sinh hoc di xac dinh dwoc 25 chi thi tao bing alen 6n dinh
va da hinh giira cic miu gidng chanh leo khi phan tich PCR-PAGE. Cic chi thi SSR dic hi¢u gen khang NBS-LRR
méi nay la cong cu bo sung cho cac nghién ciru dinh gia ngudn gen, 1ip ban dd di truyén va chon tao gidng chanh

leo khang bénh bing chi thi phan tir.

Tir khéa: chi thi SSR, ho gen NBS-LRR, Passiflora edulis Sims, PCR-PAGE, phan tich in silico.

Chi s6 phén loai: 1.6

1. Dt van deé

Chanh leo (Passiflora edulis Sims) 1a loai cdy an qua
¢6 gia tri kinh té cao, xudt x{r tir Nam My va hién da dugc
trong pho bién & cac ving nhiét déi va a nhiét déi [1]. Tai
Viét Nam, ca hai dang chanh leo qua tim (P. edulis f. edulis)
va qua vang (P. edulis f. flavicarpa Deg. ) ciing nhu dang lai
gitia chung hi¢én dang duoc phat trién san xuét tai nhiéu dia
phuong nhu cac tinh Tay Bic, Nghé An va Tay Nguyén.
Ngoai gié tri sir dung 14 cdy an trai (in twoi hodc ché bién
nuéc qud), qua va la chanh leo chira mot sb hop chét tu
nhién c6 1gi cho stc khde, do d6 con duge st dung lam
nguyén liéu san Xut cac san phém cham séc strc khoe [2].
Mic du ¢6 tiém ning 16n vé chudi san pham ciing nhu nhu
cau thi truong nhung san xuét chanh leo con bi han ché boi
tinh man cam véi nhiéu loai bénh hai, dic biét do virus va
vi khuan gay ra[3]. Cling gidng nhu cac loai ciy trong khéc,
viéc phat trién cac giéng chanh leo mang gen quy dinh tinh
khang bénh hai dugc xem la giai phap cin co nhit dé phat
trién san xuét bén ving. Tuy nhién, nén tang di truyén vé
gen khang bénh va cac chi thi dac hiéu gen khang & chanh
leo hién van con han ché.

Tinh khang bénh hai ¢ thuc vat dugc quy dinh bdi cac
gen khang R, phan 16n trong d6 1a cac gen thuoc ho NBS-

‘Tac gia lién hé: Email: ductrung83@gmail.com
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LRR (Nucleotide binding site - Leucine rich repeats) [4].
Ho gen NBS-LRR 6 céc loai cy trong ¢6 thé dugc xac dinh
va phan lap thong qua nghién ciru 1ap ban do gen [5], giai
trinh tu chon loc ving gen khang RenSeq [6] va phd bién
la tng dung tin sinh hoc trong phan tich dir li¢u hé gen [7].
Gan day, trinh tu h¢ gen duoc gidi ma & céip d6 nhi®m séc
thé [8] da tao co so cho phan tich in-silico xac dinh 161 gen
hoan chinh thudc ho gen NBS-LRR ¢ chanh leo (di liéu
chua cong bd).

Chi thi phan tur 1a c6ng cu phd bién trong céc nghién cuu
danh gia da dang di truyén tlnh khéng va 1ap ban d6 phan tur
phuc vu cong tac chon tao glong khang. Duya trén nén tang
phéan tng nhan gen PCR va kha nang phan biét cac alen cua
mot locus cu thé, cac loai chi thi phan tu c6 thé phan thanh
nhom cac chi thi trdi (bao gém RAPD, ISSR, SRAP, mot sd
chi thi dva trén gen nhay...) va nhom cac chi thi dong troi
(bao gdm SSR, InDel, SNP...) [9]. Su phat trién vuot bac
cuia cong nghé giai trinh tu hién nay da tao ra luong dir liéu
phong phti vé thong tin hé gen céc loai thuc vat, tao diéu
kién cho cac nghién ctru xac dinh cac microsatellite va phat
trién, ung dung chi thi SSR. Dya trén bién dong trinh tu cua
locus microsatellite - ban chit 1a cac dot bién thay dbi sb
luong motif 13p don (SSR) trong qua trinh nhan ban va tai to
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Development of NBS-LRR gene-
specific microsatellite markers for

passion fruit Passiflora edulis Sims
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Abstract:

The chromosome-level genome assembly of passion fruit
(Passiflora edulis Sims) has facilitated computational
analyses in developing novel informative SSR markers
for genetics and breeding research. In this study, in-
silico analysis was conducted to discover potential
microsatellite loci and to design specific primers from the
sequences of the characterised nucleotide-binding site -
leucine-rich repeats (NBS-LRR) gene family of passion
fruit, and a genotyping experiment was performed to
validate the novel simple sequence repeat (SSR) markers.
In total, 497 microsatellite loci were detected from 161
passion fruit NBS-LRR genes, of which 383 loci were
qualified for primer generation. Forty-six SSR markers
were selected for polymorphism verification, targeting 35
NBS-LRR genes that showed potential gene expression
in response to biotic and abiotic stresses. From that, 25
SSR markers showed consistent polymorphic alleles
among different passion fruit genotypes via PCR-PAGE
analysis. These novel NBS-LRR-specific SSR markers
might provide valuable tools for fortifying research on
germplasm evaluation, genetic mapping, and molecular
breeding for disease-resistant passion fruit varieties.

Keywords: in silico analysis, NBS-LRR gene family,
Passiflora edulis, PCR-PAGE, SSR marker.

Classification number: 1.6
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hop trong hé gen giita cac ca thé [10], chi thi SSR ¢6 nhiéu
uu diém nbi trdi so voi cac loai chi thi khac nho sb lugng 16n
va phan bé ddng déu trong hé gen, tinh dic hiéu va da hinh
cao, tinh 6n dinh va kha nang tai 1ap cao trong thuc hanh va
khong yéu cau phirc tap vé trang thiét bi phan tich. Mot s6
chi thi phan tir SSR da dugc phat trién cho dang chanh leo
qua vang [11, 12]. Tuy nhién, sb lugng cac chi thi nay con
khiém tdn so véi kich thude hé gen chanh leo va dac biét
chua co chi thi dac hi¢u hg gen NBS-LRR duogc phat trién
cho dang chanh leo qua tim phd bién & nudc ta. Nham thiét
1ap bo cong cu phan tir cho nghién ctru danh gia ngudn gen
va chon tao gidng khang bénh, nghién ciru nay sir dung trinh
tu ho gen NBS-LRR xéc dinh dugc tir hé gen chanh leo tim
dé phat trién bo chi thi SSR méi va kiém chtng tinh da hinh
clia cac chi thi nay trén mot sé mau giéng chanh leo.

2. Vat liéu va phuong phap nghién ciiu
2.1. Vit liéu

Mau 14 non tir 10 miu gidng chanh leo dugc thu thap tir
vuon luu gitt mau gidng cua Vién Nghién ctru Chanh leo
Nafoods (Qué Phong, Ngh¢ An) (bang 1).

Bang 1. Danh sach 10 mau gidng chanh leo str dung cho nghién ciru.

Thit ty Ky hiéu miu gibng Thit tw Ky hiéu miu giéng

1 CKL 6 CPP
2 H4.115 7 PN1

3 TC(14-5)-51 8 TC(14-5)-45

4 TC(14-5)-7 9 H5-27

5 H14.7 10 (14-11)(16-6).20

Trinh ty gen hoan chinh bao gém 2.000 bp trinh ty
ngoai vi tir ddu 5’ (tinh tir vi tri bt ddu phién ma TSS -
Transcription start site) va dau 3’ (tinh tir vi tri poly-A) cia
161 gen NBS-LRR xac dinh tir hé gen chanh leo tim (dir
lidu chua cong bd).

2.2. Phwong phap nghién ciru

Xac dinh cac locus microsatellite: Trinh twy DNA cua
161 gen NBS-LRR duoc sir dung lam tham chiéu dé phéan
tich tim kiém cac microsatellite biang cong cu MISA-web
(https://webblast.ipk-gatersleben.de/misa) [13]. Tiéu chi dé
xac dinh cac microsatellite 1a chiéu dai motif 1, 2, 3, 4, 5
va 6 nucleotide voi s6 1an motif 1gp lién tuc tuong tng la
10, 6, 5, 4, 4 va 4. Bdi voi cac microsatellite phure hop, céac
microsatellite thanh phan khong cach xa nhau qua 100 bp.

Kiém tra locus microsatellite va thiét ké chi thi dac hiéu:
Vi tri cac locus microsatellite dugc chu giai trén trinh tu
161 gen NBS-LRR cua chanh leo dé kiém chimg trude khi
thiét ké cac bo mdi bang cong cu Primer 3 tich hop trén
phdn mém Geneious v11. Cac thong sb thiét ké moi bao
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gbm: chiéu dai trinh tyr 18-23 nucleotide (tdi wu 14 20), ham
luong GC 40-60%, nhiét do gén moi tdi uu 55°C, san phém
nhan gen PCR dy kién 150-300 bp. Cac cap moi SSR dép
g yéu cu dugc lwa chon va tong hop tai Phu Sa Genomic.

Tdch chiét DNA tong s6: Cac mau la non sau khi thu
thap dugc xir 1y, tach chiét DNA va danh gia do nguyén
ven, do tinh sach va néng d6 theo quy trinh da ap dung cho
chanh leo [14].

Phan trng nhdn gen PCR: Phan tmg khuéch dai PCR str
dung kit GoTaq Green Master Mix (Promega) dugc chudn
bi theo huéng dan cua nha cung cdp véi 0,5 pM mdi mdi
loai, 25 ng DNA tong sé trong tong thé tich 20 pl. Phan tmg
khuéch dai PCR thyc hién trén may luan nhiét Mastercycler
X50s (Eppendorf) sir dung chu trinh nhiét bao gdm 1 chu
ky bién tinh ban ddu & 94°C trong 5 phut, 35 chu ky gom
cac cac budc bién tinh & 94°C trong 30 gidy, bét cip moi -
khuon & nhiét do t6i vu cho timg mdi trong 30 gidy, tong
hop chudi & 72°C trong 30 gidy, va 1 chu ky tong hop két
thiic & 72°C trong 4 phut. D6i voi mot s6 chi thi SSR ¢o
tinh ddc hiéu thap (thé hién qua bing san pham khuéch dai
khong dac hi¢u), chu trinh phan trng Touchdown-PCR duoc
ap dung theo huéng dan cua D.J. Korbie va cs (2008) [15].

Phdn tich két qua: San phim phan Gmg khuéch dai PCR
dugc phan gidi trén gel agarose 1,5% trong dém TBE 1X &
hiéu dién thé 7V/cm trong 1 gio (xac dinh nhiét do gén moi
t6i wu T hodc polyacrylamide khong bién tinh 8% trong
dém TAE 1X & hiéu dién thé 12 V/em trong 3 gid (danh gia
tinh da hinh). Ban gel sau d6 dugc nhudm ethidium bromide
(0,5 pg/ml) trude khi chup anh dudi anh sang UV bang hé
théng UVP Transilluminator PLUS (Analytik Jena). Cac
alen duoc ghi nhén dya trén kich thudc thang DNA chuan
50 bp DNA Ladder (Thermo Scientific) hoac ®X174 DNA/
Hinfl Marker (Thermo Scientific).

2.3. Thoi gian va dia diém nghién cuu
Nghién ctru dugc trién khai tir thang 6/2022 dén thang

9/2023 tai Vién Dugc li¢u va Vién Khoa hoc Nong nghiép
Viét Nam (Ha Noi).

3. Két qua

3.1. Phin bé microsatellite trén trinh tw cdac gen ho
NBS-LRR o chanh leo

Téng s6 497 microsatellite di dugc phat hién tir 139/161
gen NBS-LRR & chanh leo bang cong cu MISA-web, sd
luong trung binh 3,08 microsatellite/gen va mat d§ trung
binh 0,23 microsatellite/kb. Trong sé nay, 114 gen NBS-
LRR (70,8%) c6 nhiéu hon mot microsatellite (bang 2).
Trong s6 cac microsatellite da xac dinh, cac motif c6 do
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dai 1 (mono-), 2 (di-), va 3 (tri-nucleotide) chiém ty 1&
nhiéu nhét, 1an luot trong tmg 64,59, 21,33 va 6,84%. Cac
microsatellite ciia motif c6 do dai 4 (tetra-), 5 (penta-) va 6
(hexa-nucleotide) ¢ s6 luong it nhat. Bén canh d6 co 26
(5,23%) microsatellite dang phire hop da dugc xac dinh trén
cac gen NBS-LRR phan tich (bang 2 va hinh 1A).

Bang 2. Thong tin cac microsatellite xac dinh trén ho gen NBS-LRR
& chanh leo.

Muc Gia tri
S6 gen NBS-LRR phan tich 161

Téng chidu dai trinh tu phén tich (nu) 2.180.487
Téng $6 microsatellite xac dinh dugc 497

- S gen NBS-LRR chita SSR 139

- S6 gen NBS-LRR c6 nhiéu hon 1 microsatellite 114

Phén loai microsatellite theo kich thwée motif S0 lwgng (ty 1¢ %)

Mono-nucleotide 321 (64,59%)

Di-nucleotide 106 (21,33%)

Tri-nucleotide 34 (6,84%)
Tetra-nucleotide 4(0,81%)
Penta-nucleotide 3 (0,6%)
Hexa-nucleotide 3 (0,6%)
Microsatellite phirc hop 26 (5,23%)
(A) (B)
140 140
120 120
° 100 ? 100
§. 80 g- 80
‘; 60 .g 60
92 0 I 40 I
20 20
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(©) Chiéu dai microsatellite (bp) sélan lap
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Hinh 1. Théng s6 cac microsatellite xac dinh trén trinh tw ho gen
NBS-LRR & chanh leo. (A) Phan bé cac microsatellite theo chiéu dai;
(B) Phan loai cac microsatellite theo sé 1an 1ap clia motif; (C) Phan b cac
microsattlite tinh theo trinh ty cta tirng motif.
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Theo M.K Biswas va cs (2020) [16], cac microsatellite
dugc phan loai thanh hai nhom dya trén chiéu dai trinh
tu, bao gdm nhom I (>20 bp) va nhom II (<20 bp). O ho
gen NBS-LRR chanh leo, s§ microsatellite thuéc nhom 11
(443) nhiéu gap 11,6 lan nhom I (38) (hinh 1A). S6 motif
1ap lai ctia cac microsatellite bién thién tr 4 dén hon 17
lan, trong d6 cac microsatellite chtra cac motif 1ap lai 10 lan
(133) va 11 1an (67) chiém ty 1& cao nhit (chii yéu 1a motif
1-nucleotide) (hinh 1B). V& trinh ty, nhém motif A/T chiém
da sb trong cac motif 1-nucleotide, trong khi d6 motif AT/
AT phé bién nhit trong sd cac motif 2-nucleotide va motif
AAT/ATT thudng gap trong s6 cac motif 3-nucleotide ciia
cac microsatellite xac dinh duoc & ho gen NBS-LRR ¢
chanh leo (hinh 1C).

3.2. Thiét ké chi thi phin tiv SSR diic hi¢u ho gen NBS-
LRR ¢ chanh leo

Céc locus microsatellite co vi tri qua gan hai dau trinh
tir gen NBS-LRR tham chiéu khong du khoang cach dé
thiét ké moi hodc c¢6 thanh phan trinh tu hai ving ngoai vi
khong dap tmg yéu cau thiét ké moi s& bi loai bo. Tong s6
405 cap mdi d3 duoc thiét ké cho cac microsatellite trén
ho gen NBS-LRR ¢ chanh leo, trung binh 2,9 cip mdi cho
mdi gen dugc xac dinh mang microsatellite. Cac cip mdi
c¢6 san pham khuéch dai dy kién tir 175 dén 575 bp (cac
cap moi ddc hiéu cho SSR phte hop). Ra soat tinh déc hi¢u
thong qua so sanh vai trinh ty hé gen chanh leo biang cong
cu BLASTn cho thdy chi c6 22 cip moi SSR (5,43%) co
nhiéu hon 1 két qua truy van. Cac cp mdi nay c6 kha nang
khuéch dai nhiéu h0’n 1 locus nén bi loai bo. Céac cdp moi
con lai (383 cap mdi, 94,57%) duoc xac dinh 1a cac chi thi
SSR tiém nang ddc hiéu cho ho gen khing NBS-LRR &
chanh leo.

3.3. Kiém chirng tinh hiéu dung ciia b chi thi SSR dic
hiéu ho gen NBS-LRR ¢ chanh leo

Dua trén bo dit liéu RNA-Seq v& tinh chiju lanh [17] va
phan mg v6i bénh hai [18] ctia cac mau giéng chanh leo,
phan tich biéu hién gen da xac dinh dugc 35 gen NBS-LRR
tiém ning c6 muc d6 biéu hién gen khéac biét va tuong quan
v6i kha ning chong chiu cac didu kién bt thuan vo sinh va
hiru sinh (két qua chua cong bd). Tap trung vao nhom gen
NBS-LRR tiém ning nay, 46 chi thi SSR dic hiéu cho 35
gen da dugc lya chon dé khao sat kiém ching tinh dac hiéu
va tinh da hinh trén bo 10 miu gidng chanh leo.

Khé nang bét cap dac hi¢u cua cac chi thi SSR v6i DNA
khuon ctia mau gidng chanh leo H14.7 duoc danh gia ¢ cac
nhiét do gan mdi T, khac nhau. Két qua khao sat nhi¢t do
gin mdi ghi nhan gia tri T, t4i wu kha cao (60~62°C) cho
hau hét cac chi thi SSR (hinh 2). P6i v6i mot s6 chi thi
SSR ¢6 d¢ ddc hiéu kém ngay cd ¢ T, cao nhat, phan tmg
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Touchdown-PCR da dugc thir nghiém va cho thy hiéu qua
giam thiéu san pham khuéch dai khong ddc hiéu ma khong
can sir dung cac chat phu gia bd sung khac. Két hop ca hai
phuong phap t6i wu, di xac dinh dugc 32/46 chi thi SSR
nhan ban dac hi¢u vung trinh ty muc tiéu tir 27 gen NBS-
LRR tiém nang ¢ chanh leo (bang 3).

R | PeCNL38.SSR | PeCNLA1SSR |
ABCD ABGC D]

| PeCNL32-SSR | PeCNL29.SSR | Pe.CNL30.SSR2| Pe.CNL35.
{ABCD ABCD|ABCOD|ABGCD,]

- ‘ ‘ ] 4 L
i PeNLO5SSR | PeRNLOZSSR1| PeRNLO2.SSR2] PeNOT-SSR | PeN01.SSR | Pe.TNOA-SSR6 |
‘A B CD{AB CD/ABJCDABCD ABCTD{ ABTCD]

i T LTI
- s s

ihunui

Hinh 2. Két qua khao sét xac dinh nhiét d6 gan méi téi wu (T,) ciia mét
s6 cap moi SSR dic hiéu gen NBS-LRR & chanh leo. M: 50 bp DNA
Ladder; +: d6i ching dwong tai T,=54°C. Dai nhiét do gan méi khéo sat:
A: 50°C, B: 54°C, C: 58°C, D: 62°C. Gia tri T, cla cac cap mdi dwoc trinh
bay tai bang 3.

Dua trén gia tri T, t8i wu, tinh da hinh cua 32 chi thi SSR
ddc hiéu gen NBS-LRR tiém ning tiép tuc dugc danh gia
thong qua phan tich PCR-PAGE trén 10 miu gidng chanh
leo. Két qua cho thdy, vé& da dang s luong alen ciia cac
locus microsatellite c6 23/32 (71,87%) chi thi SSR 1a chi
thi 2 alen (hinh 3A) va 9/32 (28,13%) la chi thi da alen
(hinh 3B). Trong khi d6, vé tinh da hinh, ¢6 7/32 (21,88%)

(A)

M1 2 34567 891M

(B)

M1 2 3456 7 8910M

ek

Pe.TN04-SSR6 Pe.CNL38-SSR

249 249

200 200

(]

151
140

151
140

Pe.CNL29-SSR Pe.TNL25-SSR5

oy b gy

Pe.NL05-SSR Pe.CNL41-SSR

Hinh 3. Két qua danh gia kiéu gen ctia 10 mau giéng chanh leo bang
cac chi thj dac hiéu gen khang NBS-LRR. M: -®X174 DNA/Hinfl marker;
1-10: th( tw cac mAu gibng chanh leo (danh sach theo bang 1). Gia tri T,
clia cac cap mdi dwoc trinh bay tai bang 2.
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Bang 3. Thong tin cac chi thi SRR dic hiéu gen NBS-LRR khuéch dai thanh cong & cac mau gidng chanh leo khao sat.

tTuh“ Tén chi thi Trinh ti (5°-3%) Motif 13p Ta (°C) ;(l':nh (;hp‘;éc 11;1::11:”1::1 c;it:lien D i
1 Pe.CN06-SSR gﬁ g?l%‘;??ﬁg:fgggggéii?g € (ceacca, 56 175-260 X X
2 Pe.CNLO1-SSR1 1;:: ?;ﬁ%?é?ffffé?‘égﬁffgé ' (G)—(AD), 56 413-427 X X
3 Pe.CNLO1-SSR5S g ig?i‘é‘éi?égigﬁéffﬁg :‘gﬁAG (AT),, 58 250-260 X X
4 Pe.CNLO5-SSR E:: %‘ééii??&&p}%%‘égggﬁzgém} (AT), 58 300-310 X X
5 Pe.CNL09-SSR E:: (éZTT(é(é(;ETG(%CG‘ZTCTCT AASTC:TTT‘X;GC (GAA), 60 412-427 X X
6 Pe.CNL16-SSR2 ; %ﬁgﬁ?ﬁéiﬁf&%’}%ﬁggﬁiig(} (AC), 60 250262 X %
7 Pe.CNLI6-SSR3 1 igfgfggfggég}ggiﬁéﬁ&?% (TTTTA),~—(TCTTA), 60 206-225 X X
8 Pe.CNL20-SSR §§ ?E‘Z%%ﬁ%’é%%iiif&}%}g’j&% (CCCGA), 58 180-230 X X
) o §ANSASTISONCNCOTIO “ s "
10 Pe.CNL29-SSR 1;:: ggggié&%ﬁ%%iﬁggéi‘z‘z& (AG), 62 189-220 X X
11 Pe.CNL30-SSR2 E i‘éf;gié?glgé{f‘ffﬁ‘égéiggc (AAGCTO), 58 240270 X
o reomsssn STSACNICMSMOAMAES 0
5 recmsssn §UATATMCATICANTIAGIG (s, .
14 PeCNL4I-SSR 1 ii%i%igii%i%?gﬁg};g%}% (CA)—(TA), 60* 237-245 X X
15  PeNOI-SSR EZ: ggggé?g;:l%g%%?&g%ﬂ? (AAAAT),—(ATA), 45 237-255 X
16  PeNLO5-SSR g gggggggﬁgiﬁgﬁgééﬁﬁi%G (GAACCT), 60 210-220 X X
17 Pe.RNLO2-SSR g: ?éﬁié?ﬂl?ﬁ‘éf&fgﬁgéﬁﬁ (CAT), 62 413-450 X X
18  Pe.RNLO2-SSRI E:: %‘iTATCCATgZ;TC%TTiGC%K}TTTCGATTiC (TA), 62 371-417 X X
o remoss  §OSCATOMGIETMTAGANGC (o) . wem "
20  Pe.TNO4-SSR6 g:: ’ETGT?TT g??ﬁ%%?:;ﬁﬁi%%ﬁéﬁ (GAACO), 58 246 %
21 PeTNLO9-SSRI ' gzﬁngéi?ﬁ%ngfgéi%%gT (TO), 50% 212216 X X
22 Pe.TNLI4-SSR FF{:: gﬁiﬁg@?g:ﬁé?égi?giﬁg‘* (AT), —-(ATATA), 55 200 X X
5 reissn [ OSMGCTTIMITNICACCS "
24 Pe.TNL25-SSR5 g: igé&?igggiééiﬁigi‘é‘fﬁfc (AT), 58 175-200 X X
s rmzsssns LCRASATIACOIONCTTC GO o x
o remmrssa §SASTIOTIGTINTIOONNG o, W em :
27  Pe.TNL27-SSR3 ; ’;ggéiéigi‘:i?fggﬁfgfc (TCG), 58 140-220 X %
28 PeTNL28-SSR ' ZqTTACT:Ti%igéfg :&T;Z(T:égg (CT),—(TA), s6 175-185 X X
I T x
o reawss [ CTICTICOTGOMIOMTIACE o wewm x
31 Pe.TNL50-SSR5S g: (T:é%‘f\r(é(%ééﬁ?fﬁﬁéfffg ACG (CAT), 40 200-235 X X
b remusss §OSCAoMascaaGTEC o o wm = -
*: chi thi ap dung ky thuat Touch down - PCR.
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chi thi don hinh (vi du chi thi 2 alen Pe.TN04-SSR6 va chi
thi da alen Pe.CNL38-SSR, hinh 3) va c6 25/32 (78,12%)
chi thi SSR cho da hinh (vi du cac chi thi Pe. CNL29-SSR,
Pe.NLO5-SSR, Pe.TNL25-SSRS5, va Pe.CNL41-SSR, hinh
3) trén b 10 mau giéng chanh leo khao sat.

4. Ban luan

Céc yéu t6 DNA lip, bao gdom DNA ldp lién tuc (tandem
repeat) va DNA [dp rai rac (interspersed repeat), c6 dong
g6p quan trong vao su bién thién vé kich thudc va phirc tap
vé cAu tric cia hé gen thuc vat. Microsatellite (kich thudc
motif [dp <10 nucleotide) cung vdi minisatellite (motif 1ap
dai hon 10 nucleotide) 1a hai phan 16p ciia nhom DNA lap
lién tuc, dic trung boi tinh khong 6n dinh vai ty 1& dot bién
tir 103 dén 10 qua mdi thé hé té bao, cao gip 10 lan ty
1¢ dot bién diém xay ra trong hé gen. Pay ciing chinh la
co sd tao nén tinh da hinh cao ctia cac microsatellite trong
hé gen thuc vat [19]. Nghién ciru trén cac loai cdy trong
cho thiy cac microsatellite phan bd khong dong déu, chu
yéu tap trung & cac vung gen khong mi héa do c6 tiém
ning dot bién cao [20, 21]. Tuy nhién & nghién ciru nay, s6
luwong microsatellite xac dinh dugc trén cac gen NBS-LRR
va vung trinh tu phu cén 13 twong di 16n (trung binh 3,08
microsatellite/gen), didu nay c6 thé phan 4nh sy da dang
ctia ho gen NBS-LRR ¢ thuc vat, thé hién & tinh lap lai va
cAu triic cum gen (cluster) hinh thanh trén cic nhidm sic
thé [7]. Tuy theo nhom loai, thanh phan va ty 1& cac motif
microsatellite ghi nhan dugc 1a khac nhau [19]. Déi véi ho
gen NBS-LRR & chanh leo, cac nhom motif A/T va AT/AT
chiém s6 luong da s6 (ty 1¢ lan luot 1a 62,37% va 14,89%),
tuong tng voi két qua xac dinh microsatellite trude do tir dir
liu giai trinh ty thu vién tach dong (BAC-end sequencing)
[22] va dir liéu trinh ty h¢ gen chua hoan chinh (draft-
genome) [11] ¢ chanh leo vang.

So véi céac loai chi thi phan t& khac, chi thi déng troi
SSR cho két qua danh gia kiéu gen on dinh va do d6 mirc
do tin cay cua cac phan tich da dang di tmyén, xac dinh dac
trung di truyén cua ca thé/loai hay 1ap ban dd di truyén dya
trén dir liéu SSR ciing cao hon. Chinh vi vay, chi thi SSR
dugc tmg dung pho bién trong cic nghién ctru thudc linh
vuc sinh hoc phén tir va di truyén & nhiéu ddi twong ciy
trong khac nhau [22]. Di v6i chanh leo, nghién clru xac
dinh cac gen quy dinh tinh khang bénh hai va chi thi phan
ttr ddc hiéu hodc lién két gen khang lam nén tang phuc vu
chon tao giéng chanh leo khang bénh la hudng nghién ctru
dugc quan tim. Mot sé nghién ciru 14p ban dd di truyén &
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chanh leo di dugc thyc hién nhiam xac dinh cac locus quy
dinh tinh khéang nhung chua thanh cong do s6 lugng han ché
cua cdc chi thi phan tir so véi kich thudce h¢ gen chanh leo
khong dam bao d phan gidi ciia ving chua locus muc tiéu
[1]. Bé 1am phong pht thém cac chi thi da hinh cho chanh
leo, E.J. Olivera va cs (2005) [12] da phat trién 10 chi thi
SSR tu thu vién tach dong hé gen, trong khi d6 S. Araya va
¢s (2017) [11] thong qua phan tich bd dit li¢u trinh tu hé gen
chua hoan chinh da phat trién 42 chi thi SSR khéc. Trong
nghién ctu nay, 383 chi thi SSR déc hi¢u ho gen NBS-LRR
& chanh leo da dugc thiét ké thong qua cac phan tich in-
silico. Két qua kiém chiig thuc nghiém 32 chi thi SSR trén
bo 10 mau giéng chanh leo cho thfiy, mac du da sang loc
tinh dac hiéu b?mg cong cu BLAST ciing nhu tdi wu nhiét
do gén moi T, mot s6 chi thi SSR van c6 kha nang khuéch
dai cac locus khac ngoai viing mang microsatellite muc tiéu.
Theo E. Guichoux va cs (2011) [23], diéu kién PCR bao
gdm nhidu yéu t6 anh huong va khong hoan toan nghiém
ngit ¢6 thé 12 nguyén nhan cia hién twong nay. Ngoai ra, do
ban chat da dang cua ho gen NBS-LRR, viéc phat sinh ban
sao cia mot gen NBS-LRR trong hé gen hoan toan c6 thé
xay ra & mot s6 ngudn gen & cac didu kién ap lyc tién hoa
bénh hai khac nhau, nhu 12 mot co ché dam bao nguf")n alen
gen khang phong phu trong qua trinh tién hoa gen khang
- gen gy bénh mang tinh tuan ty ké thira cia mé hinh gen-
dbi-gen [24]. Ngoai ra, ty 1 cac chi thi SSR da hinh dat
78,12% phan nao da phan anh sy da dang alen twong di cao
ctia cic gen NBS-LRR & cic miu giéng chanh leo, khing
dinh tiém ning tng dung trong danh gia da dang di truyén
gen khang va nghién ciru lap ban do di truyén, chon tao
gidng chanh leo bang chi thi phén tir trong thoi gian téi.

£ ~
9. Ket luan

Nghién ctru nay da xéac dinh cac locus microsatellite va
thiét ké dugc 383 chi thi SSR dic hiéu gen NBS-LRR &
chanh leo. Trong ) nay, 25 chi thi dac hiéu cho cac gen
NSB-LRR tiém nang co biéu hién lién quan dén phan
g stress sinh hoc va phi sinh hoc dd dugc kiém chung
thuc nghiém vé tinh dic hiéu va tinh da hinh trén b mau
giéng chanh leo. Céc chi thi déu khuéch dai duge locus
microsatellite v&i kich thude nhu thiét ké va co su da dang
vé sb luong céc alen, phan anh dung ban chat di truyén cia
ho gen NBS-LRR. Céc chi thi SSR dédc hi¢u gen NBS-LRR
s& la cong cu bo sung co gia tri cho cong tac danh gia ngudn
gen khang va nghién ctru chon tao giéng chanh leo khang
bénh hai bang chi thi phan tir trong thoi gian toi.
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Nghién ciru phat trién hé thong tinh toan du bdo va thu thap dit iéu nghién et
sau keo mua thu trén cay ngo
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Tom tit:

Trong nhitng nim gin diy, viéc trong ngd trén toan thé giéi gip thach thirc 16n béi sw gia ting nhanh chéng cia
sau keo mua thu (Spodoptera fruglperda, tén tleng Anh 1a Fall armyworm - FAW). bé duy tri mat do a iu trung dwéi
ngwong thiét hai kinh té, chiing ta cin c6 cac giai phap lién nganh kip thoi hd tre néng nghiép nhuw sir dung dich té
hoc bao v¢€ thwe vit, internet van vat va cac phwong phap khoa hoc dir liéu thwe hién phat hién sém, theo d6i, dw bao
va dwa ra cic lra chon thong minh. Viéc 1én ké hoach phong trir diing thoi diém sé tranh phun thudc trir siu bira
bii, giy lang phi va anh hwéng dén méi truong xung quanh. Trong nghién ciru nay, cac tac gia dé xuit phat trién
hé théng phin mém iFAWcast xdy dung trén nén ting web va mobile, tw ddng duw bao, canh bao va thu thép dir liéu
nghién ctiru FAW trén ciy ngd ¢ Viét Nam. Hé thong c6 3 thanh phén chinh: (i) Cong cu du bio, cinh bao dich FAW
tw dong trén nén tang web; (ii) Cong cu quan 1y bio cdo ndng nghiép, dw bio, canh bao va nguwdi dung trén nén tang
web; (iii) Ung dung trén nén ting mobile cung cip dich vu theo doi dw bao, canh bao dich FAW dén nguwoi nong dan
tuy vi tri dia y. H¢ thong iIFAWecast c6 16i tinh toan ty dong cip nhit du bio thoi tiét tir API Visual Crossing, API
OpenWeatherMap va dua trén cong thirc tong tich on hiru hiéu xdy dung riéng cho FAW trén ciy ngd ¢ Viét Nam.
Hé théng dwge phat trién va thir nghiém dua trén dir li€éu thu thap truc tiép tur d("ing rufng dé kiém chirng da cho
két qua véi dd chinh xac cao, dang tin cay.

Tir khéa: cinh bao sé'm, ciy ngd, siu keo mila thu, thoi tiét.

Chi s6 phén logi: 2.2
1. Dat van de cong hon 350 cay ky chu ¢6 tinh thuong mai va phi thuong
mai trén 76 ho thuc vat [3]. FAW ¢6 thé an hon 80 loai thuc
vat khac nhau bao gém ngo, bong, 1aa, ke, dau phong, cac
loai thuc vat dai va cdy trong khéc... [4]. Tuy nhién, ngé 1a
ddi tugng chinh cda dich hai nay. Tdn thét nang suét truc
tiép c6 thé xay ra do 4u tring an phan dang phat trién hodc
truong thanh cta cdy thu hoach (nhu xam nhap vao bip
ngd va an 161 ngd, hodc an truc tiép hat) [5], do d6 truc tiép
lam giam san lwong. Mt ning suat gian tiép co thé xay ra
do rung 14, diéu nay co thé lam giam san luong ngi cdc do
giam dién tich quang hop, hodc mat cay con. Ton that chat
Iwong do FAW gay ra ciing c6 thé phat sinh khi thirc an ctuia
4u trung gidi thi€u cac loai ném hoai sinh va gay bénh, lam

Ng6 1a loai ngii cdc quan trong thtr ba sau lia my va
gao trén toan cau [1]. Ngoai ra, ngd 1a loai cdy truyén thng
duogc su dung lam luong thyc, thire an chan nudi va gia stc.
Hién nay, nhu cau vé ngd dang rét 16n trén toan cau, nhat
la khi ng6 dugc str dung nhu hat dinh dudng. O Viét Nam,
ngd 1a ngudn luong thue ding th hai chi sau lua gao, dong
vai trd quan trong trong viéc phat trién kinh té néng nghiép
cling nhu dam bao ngudn lwong thyc cua nude nha. Tuy
nhién, c6 nhiéu yéu td da can tro viée dat san lugng theo ké
hoach nguoi nong dan dé ra nhu thoi tiét, sau bénh... FAW
1a mot trong nhitng loai con tring tac dong truc tiép, manh
mé dén san lwong ngd khong chi ¢ Viét Nam ma con dugc

bao cao trén toan cau.

FAW 14 loai con trung da thuc nguy hiém, dic hitu & cac
ving nhiét d6i va can nhiét doi, c6 ngudn gdc va bung phat
dau tién ¢ chau My, sau d6 1an dau tién dugc nhin thdy &
chau Phi vao thang 1/2016 [2]. Ké tir d6, dich hai d3 lan rong
hon 100 qudc gia trén thé gidi chi sau thoi gian ngan [3].
Pay la loai dich hai c6 tinh da thyc cao, dugc bao céo tan

*Tac gia lién hé: Email: diepht@vnu.edu.vn, trienpm@vnu.edu.vn
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6 nhiém doc té ndm méc trong hat [6].

Loai sdu nay da gay ra thiét hai kinh té nong nghiép ning
né. O Trung Qudc, udce tinh c6 khoang 31 tinh bi thiét hai,
trung binh mdi tinh thiét hai khoang 5-10 triéu USD [7]. Tai
chau Phi, Ghana la nudc bi thiét hai nang né nhéat, theo bao
céo clia CABI dich FAW d tiéu tn ciia nuéc nay khoang
162 triéu USD vao nam 2017 va anh huéng ti 500.000 tin
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Abstract:

The rapid increase in fall armyworms (FAW, Spodoptera
frugiperda) in recent years has posed major challenges to
maize growers around the globe. To keep larval density
below the economic threshold, we need interdisciplinary
agricultural solutions like plant protection epidemiology,
the Internet of Things, and scientific data techniques for
early detection, monitoring, forecasting, and making
informed decisions. Pest control should be planned ahead
of time to prevent indiscriminate pesticide spraying,
waste, and a negative effect on the environment. In
this study, the authors plan to create a comprehensive
iFAW_cast software system that will automatically predict,
alert, and gather research data on fall armyworms on
maize crops in Vietnam. The system is comprised of
three major components: (i) An automatic forecasting
and alerting tool for fall armyworm outbreaks on the
web platform; (ii) An agriculture reporting, forecasting,
alerting, and user management tool on the web platform;
and (iii) A mobile app that provides forecasting and
alerting services on fall armyworms to farmers based
on their geographical location. The iFAWcast system
includes a central computation that dynamically
updates weather forecasts from the Visual Crossing API
and the OpenWeatherMap APIL, as well as a formula
for the effective cumulative temperature based on the
characteristics of fall armyworms on maize crops in
Vietnam. The developed system was tested using data
collected straight from the field, yielding extremely
accurate and dependable results.

Keywords: early warning, fall armyworms, maize,
weather.

Classification number: 2.2
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ngd va laa mién [8]. D3 co théng ké 12 qudc gia bi thiét hai
do FAW ning né nhit & chau Phi, trong d6 Nigieria thiét hai
3271,8 triéu USD [8]. O Hoa Ky, udc tinh gia tri san luong
bi mat do FAW hang nam khoang 300 triéu USD va ting
trén 500 triéu USD vao cac nam bung dich 16n [9].

V6i sy phat tan khung khiép, FAW c¢6 thé di chuyén nhu
cac loai con trung buém khac véi hon 1.600 km chi trong
30 gio [10] khi 14 4u tring buém. R4t nhanh chong, vao nim
2019, Viét Nam d c6 nhirng phat hién dau tién vé dich bénh
nay. FAW da gay nhiéu ton hai cho kinh té néng nghiép Viét
Nam. Cu thé, theo bdo céo ctia Bo Nong nghi¢p va Phat
trién Nong thon, FAW di géy thiét hai khoang 15.000 ha khi
mai phat hién vao nam 2019, gdy thiét hai nang & cac tinh
mién ndii phia Bic va Tay Nguyén [11].

Hién nay dé chdng lai FAW, nong dan ¢ cic nudc van
st dung cac bién phap thu cong vat Iy va bién phap hoa hoc
nhu phun thudce trir sdu. Trong d6 chu yéu 14 sir dung thudce
trir sau. Day 1a bién phap vo clng ton kém, song it hidu qua
s0 v&i ky vong. Dong thoi bién phap nay cé thé gay du thira
thudc trir siu cho san phém, dat bac mau, 6 nhiém nguén
nudc, dat.

Véi nhiing thach thie néu trén, trong nghién ciu nay,
chung t6i d& xuat mot giai phap lién nganh - két hop dich
t& hoc bao vé thuc vat, khoa hoc dit liéu va IoT cho bai toan
kiém soat FAW va gioi thiéu iIFAWcast - mot hé thong hoan
thién cai dt giai phap nay. Hé thong c¢6 3 thanh phan chinh:
(1) Cong cu du bao, canh bao dich FAW tu dong trén nén tang
web; (ii) Cong cu quan ly bao cdo, ndng nghi¢p, du bao, canh
bao va ngudi ding trén nén tang web, (iii) Ung dung trén nén
tang mobile cung cép dich vu theo do&i du bao, canh bao dich
FAW ty bién dia diém. V&i iFAWcast, chung t6i dua ra két
qua du bao, khuyén cdo nguoi néng dan chi phun mét lan
cho ddng rudng. Tir d6, mang lai hidu qué cao, tiét kiém chi
phi, néu ap dung trén cac don vi trong chuyén nghiép thi day
1a giai phap rat kinh té. Bén canh dé, con gitp giam luong
16n thude trir sau trong cdy trong ciing nhu giam cac van dé 6
nhiém do du luong thube bao vé thuc vat.

2. Déi tuong va phuong phap nghién ciiu

Viée xé4c dinh duoc thoi diém truong thanh r§ cia FAW
¢6 ¥ nghia 16n dbi voi ngudi ndng dan trong qua trinh canh
tac. Dy bao thoi diém bung dich cho phép ngudi dan c6 ké
hoach phong trir hiéu qua. Dé mo hinh canh béo higu qua,
cac thong tin vé s6 luong sau truong thanh, diéu kién thoi
tiét, tinh trang cay trong can phai duoc thu thap. Thong qua
cac md hinh toan hoc vé tong tich 6n hiru hiéu, thoi diém
sau truong thanh rd s€ dugc du bao.

Hau hét cac loai con tring, bao gdbm ca buém dém FAW
deu giao ti€p voi nhau thong qua pheromone. Pheromone
la hormon do budm cai tiét ra dé gui tin hi¢u thu hut buém



dém dyc [12]. Cac nha khoa hoc di loi dung diéu nay dé
tao ra pheromone tong hop dugc sir dung 1am ba trong biy
dé theo ddi va kiém soat dich hai. Nguoi nong dan dat bay
pheromone dé kiém soét sy 1ay lan cua con tring bang cach
gili buém duc tranh xa budm cai, hay con goi la gian doan
giao phdi. Tir d6, quy mo quan thé ctia con tring s& giam vi
budm cai khong thé dé tring. Hiéu qua ciia bay pheromone
phu thudc vao cac yéu té nhur hinh dang ctia bay va kha ning
modi ¢6 thé cung cép pheromone giGi tinh can thiét dé thu
hut. Péy la bién phap than thién voi moi truong, ré, duge
su dung chu yéu dé kiém soét loai. Tuy nhién, s dung bay
yéu cau nguoi dung ¢6 chuyén mén cao dé mang lai hiéu
qua tot. Vi vay, bay pheromone it dwoc nguoi ndng déan st
dung véi muc dich diét trur dich hai, chu yéu duogc st dung
v6i muc dich quan 1y dich hai.

Tdng tich 6n hitu hidu hay con dugc biét dén 1a GDD
(Growing degree days) hodc ciing c6 thé 1a GDUs (Growing
degree units), la mdt phuong phap heuristic trong hién
tuong hoc, dé udc tinh thoi gian chuyén déi hinh thai hoc &
thuc vat va dong vat [12-14]. Phuong phap nay la thudc do
tich lity nhiét, dugc sir dung dé du doan tdc do phat trién cua
thyc vat, dong vat. Nguyén 1y hoat dong cua phu(mg phép
tong tich 6n hitu hiéu dwa trén quan sat rang: toc do phat
trién cta céc sinh vt bién nhi¢t phu thudc vao moi truong.

Mbi giai doan phat trién ciia sinh vét c6 tong nhu cau
nhiét riéng. P6i v6i nhicu loai con tring gy hai, lugng
nhiét tich iy cu thé (don vi nhiét) trén ngudng nhiét do
thip hon can thiét dé kich hoat sy kién vong doi di duoc
dinh lugng la "hé’lng s6 nhiét" [15].

Su phat trién c6 thé dugc ude tinh bang cach tich liy
gifta cic ngudng nhiét do trong sudt mua. Mdi loai yéu cau
mot s6 ngay xac dinh dé hoan thanh qua trinh phat trién cia
n6. S6 ngay tich lity tir diém xudt phat c6 thé giap du bao
khi nao s& dat dén mot giai doan phat trién. Ngay bt dau
tich lity tich 6n, dugc goi 13 ngay ¢d dinh sinh hoc (thudng
dua trén céac su kién sinh hoc cu thé nhu ngay tréng, lan dat
bay pheromone déu tién hodc 1an xuat hién dau tién cua dich
hai). Nhiét d6 dugc tich lity timg ngay thudng xuyén dat dén
ngudng nhiét dé chuyén héa thanh giai doan khéc cia con
trung theo déc trung loai, dugc tinh nhu cong thire:

GDD = / (T(t) — Tonse)dt (1)

trong do: 7, _: nhi¢t do phat duc déc trung; 7(2): nhi¢t d6 tai
thoi diém t; dr: 12 bién tich phan theo thoi gian.

Tir phuong trinh trén, c6 nhiéu cach dé dién giai tinh
toan GDD mét cach don gian cho cac mo hinh tuy thude vao
di liéu cia mo hinh va d¢ nhay cam véi nhiét do dac trung
ctia dich bénh. Hién nay c6 2 cach tinh GDD phd bién 1a (1)
tinh theo nhi¢t d§ trung binh cua ngay va (2) tinh theo nhiét
d6 tdi thiéu hodc tbi da ciia ngay.
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Viée str dung cac mo hinh hinh thai hoc nhu trén cho cac
hanh dong kiém soat thoi gian, tring khép véi tinh nhay
cam cao nhat cta sinh vat muc tiéu tdi uu hoa hiéu qua béng
cach tan dung céc giai doan song nhay cam, gidm st dung
hoa chat, tiét kiém thoi gian va tién bac, giam thiéu anh
huéng dén cac 10a1 khong muc t1eu Dé sur dung t6t mo hinh
hinh thai hoc cin c6 su hiéu biét vé thoi diém cac loai xAm
lan s& chuyén dbi giita cac vong doi khac nhau, hodc cac
giai doan hinh thai hoc ¢6 thé tao diéu kién thuan lgi cho
hoat dong chuyén doi cac giai doan vong doi.

Dé ude tinh do tudi FAW, hé thong sir dung phuong phap
tong tich 6n hitu hiéu. Trong mot ngay quan thé dugc coi la
dang & muc tudi nhét dinh néu lugng tong tich 6n cta quin
thé trong ngay d6 16n hon ngudng tong tich 6n cua do tudi
d6. Tong tich 6n dugc tinh bang tong luong téng tich 6n tich
litly duge trong mdi ngay. Cong thirc tinh tong tich 6n hiru
hiéu (K) nhu sau:

K = x(t, — ty) 2)

trong d6: K: tong tich 6n hiru hi¢u (1a mot hang s6 nhiét do
¢6 hiéu qua cho su phat duc ctia mdi lodi con trung); ¢ : nhigt
dd moi truong; ¢ : nhiét do khoi diém phat duc; x: thoi gian
phat duc; ¢z, va K: hang s0 khong doi.

Céac dac trung ciia FAW [16] dugc thé hién & bang 1.
Bang 1. S6 liéu dic trwng t, va K ciia FAW.

Giai doan Nhiét do K tirng giai Téng tich on
: phat duc (¢, doan (K) hiru hiéu (K)

Tring 15 38 38

Saunon1 14 37 75

Saunon2 14 20 95

Saunon3 14 23 118

Saunon4 14 24 142

Saunon5 14 40 182

Saunon6 14 51 233

Nhong 13 114 347

Khi tich liiy mdi ngay dat ngudng 16n hon hoic bing
cac gia tri da cho nhu ¢ bang 1, m6 hinh sé dua ra du doan
d6 1a thoi diém ro cua giai doan sau twong tmg theo phuong
phap GDD. Chung t6i dua ra mét vi du don gian, khi tich
Ity hom trude 1a 85, K tich lily hdm nay dat 100. Vay mo
hinh s& dua ra thong bio hom nay la thoi diém rd sau non 2
(d6i chiéu bang 1) theo dung nhu ly thuyét tong tich 6n da
dugc gidi thi¢u & trén. Trong mo hinh nay, di li¢u thoi gian
r0 cua FAW truong thanh dugc cap nhat lién tuc dua vao
viéc bay pheromone ctia chuyén gia va dit liéu d6 chi duogc
phuc vu tinh do tudi ro tiép theo trong mot vong doi.
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Trong md hinh nay, bdy pheromone dé bay siu trudng
thanh r6 nham xac dinh thoi gian truéng thanh ro c6 thé
duoc sir dung két hop. Dé tdi wu, biy khuyén nghi dugc
treo vao ngay bat dau gieo trong. Do d6, mo hinh s& ty dong
tinh du bao tudi sau gia dinh ngay gieo trong 1a ngay truong
thanh ro.

Bén canh dua ra du bdo, md hinh c6 thé tinh toan dugc
canh bao dua vao viéc két hop tudi sau va tudi cdy. Cu thé,
chung t6i dya trén co s& vong doi cua sdu gom cac giai
doan: truong thanh, tring, sdu non 1, sdu non 2, sdu non 3,
sau non 4, sau non 5, sdu non 6 va nhong. Chu trinh phat
trién cia cay ng6 dugc xem la gém cac giai doan: cay non,
cdy con va cdy truong thanh. Mirc d6 nguy hiém khi cac giai
doan cay ngd két hop bi in boi cac giai doan sau s& co két
qua nhu ¢ bang 2.

M6 hinh téng quan hé théng dé xuit dugc thé hién 6
hinh 1, gdm:

1) Cong cu tinh toan tu dong (cong cu 1): Cong cu nay
cai dat trén nén web phuong phap dy bao da ban trong cong
thuc (2).

2) Cong cu quan ly dir liéu (cong cu 2): Cong cu dugc cai
dat trén nén tang web gitp sb hoa viéc quan 1y bao cdo néng
nghi¢p, du bao, canh bao va nguoi dung. Dir li¢u nay duoc
hé théng luu lai dé phuc vu
cac nghién ctru khoa hoc dir
lidu tiép theo v& FAW va
quan ly FAW.

3) Dich vu theo doi qua
mobile (cong cu 3): Cong
cu nay duogc cai dit trén nén

v 8

. K

Dt liéu khao sat tir
rudng va siu keo

tang mobile va cho phép
néng dan theo doi du bdo,
canh bao dich FAW tuy vi
tri dia ly.

4) Dir lieu khao sat
ddng rudng cho tudi sau va Web admin
tudi cdy: Chuyén gia nong
nghi¢p s€ nhap cac thong tin !
nay cho hé thdng théng qua
cong cu 2 (quan ly dir li¢u).

5) Dit li¢u thoi tiét: mdi
ngay, cong cu 1 (tu dong
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. MS& hinh tinh
todn tiy djng

Bang 2. Mtrc d6 nguy hiém ctia FAW véi cay ngo.

Caynon Caycon Cay truwéng thanh
Truong thanh  Muc 1 Murc 1 Murc 1
Trung Muc 1 Mirc 1 Mtrc 1
Sau non 1 Muc 1 Mirc 1 Mirc 1
Sau non 2 Mtrc 2 Muc 2 Muc 1
Sau non 3 Mirc 2 Muc 2 Muc 1
Sau non 4 Mtc 3 Mtc 3 Muc 1
Sau non 5 Murc 3 Mtrc 3 Mirc 1
Sau non 6 Mtrc 3 Mirc 3 Mirc 1
Nhong Muc 1 Muec 1 Muec 1

Mtrc @6 nguy hiém nhét Ia mire d6 3, mirc dd nhe nhét la mirc d6 1.

du bao canh bao) s& ty dong truy xuit va luu trir dit liéu
nay cho nhiing khu vuc gieo trong dwoc quan 1y. Nhoém
chung t6i str dung dit liéu thoi tiét dugc cép nhat tir: API
Visual Crossing (https://www.visualcrossing.com/) va API
OpenWeatherMap (https://openweathermap.org/).

Trong qua trinh thyc hién nghién ctru, OpenWeatherMap
cap nhat chinh sach va cit dir lidu tra vé trong ban mién phi
chi con du bao 5 ngay, do d6 méac dinh tinh toan hién tai cta
iFAWcast dung API Visual Crossing.

Tri thiic ndng nghiép

Tram thoi tiét iOT  API dy bdo thoi tist

Dit liéu thoi tiét

Ditliéu hé théng

\ mobile

Chuyén gia ndng
nghiép

)
)

Cé

Ngubi ndng dan

Hinh 1. Mé hinh téng quan hé théng.
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Chung t6i cung cp dic ta va thiét ké trong viéc phat
trién 3 cong cu cua h¢ théng iFAWcast. H¢ théng dua trén
hai kénh dang dugc sir dung phd bién nhét 1a web app va
mobile (tng dung trén dién thoai) dé tién cho nguoi nong
dan d& dang theo ddi. Hé théng ctia chung toi s& phan quyén
chuyén gia va quan tri vién (admin) st dung web va nguoi
ndng dan s€ st dung dién thoai thong minh (hinh 2).
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Hinh 2. Biéu dé tdng quan ctia hé thdng phat trién trén nén tang web
va di dong.
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Hinh 3. Biéu db tdng quan thé hién méi quan hé giira cac ca sir dung
danh cho chuyén gia.
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Hinh 3 1a cac biéu do thé hién mdi quan hé giira cac ca
sir dung, thiét ké so d6 nay la budc tat yéu dé xay dung
hé thdng trong cong nghé phan mém. Sau budc dic ta tinh
nang nhu trén, ching toi thiét ké giao dién ciia cac cong cu
nhu quan 1y bao cdo (hinh 4) va quan ly du béo (hinh 5).

:

& IFAWcast

Quinlj dy béo BOLOC

Inh/Thénh phé Qudnnuyén Phubng/xd
Quén 1y ngudi ding
Noubl bio céo This gian bdo cio
QUAN LY BAo CAo
+10
Thanh phé Vinh Thdi Duong
Tini Vinh Phic Trung 2303202 4
i Vinh Phc o XA Ojnh Trung i 1032023 [ ]

e Thénh phd Vinh 4Bt T Thii Duong T PR
’ G en Ll Expert SRS

Hinh 4. Giao dién “quan ly bao cao” ctia chuyén gia.

& iFAWcast ¢

Quin f béo céo
Tinh/Thanh phd Quinihuyén Prudng i

Quln f ngub ding

Thi diém bt déu Giai doan cAy trbng Mic g siu bjnn

QUANLY DY BAD

Dangtrong miawy M v 8 kit hi

Tioh Vinh Phic X8 Dinh Trung 08.03.2023 Mt 6 3 O |

Hinh 5. Giao dién “quan ly dw bao” ctuia chuyén gia.
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Hinh 6. M6 hinh téng quan chirc nang phuc vu ngwdi néng dan.
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Nhu da mo6 ta ¢ hinh 6, nguoi dung di dong (ngudi nong
dan) co6 thé dang ky, dang nhdp va quan ly tai khoan cua
minh dé theo ddi cac thong tin vé trinh trang FAW theo dia
diém ma minh trong ngo.
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Hinh 7. Giao dién dw bao FAW dén ngwoi ding.

Gial doan &u tring

Giai dogn 1: Khong nguy hidm

Giol doan 2 bdt ddu t 5-7 ngay tdi
Khuydn ngh

Gial dogn 11a
Ciai doan 1 KReng nguy hidm
Gial dogn 2 bdt dSu ti 5-7 ngay tai

Hinh 7 cho thiy giao dién than thién voi ngudi dung, cho
phép ngudi nong dan dé dang tiép can du bao va canh bao
lién quan dén khu vyc trong ngd ctia minh.

4. Két qua va ban luan

Vi dit liéu cho du bao cua ching t6i ¢6 chénh Iéch nhiét
d6 véi thyc té va do tap tinh di cu dac trung cia FAW nén
v6i mdi 1an co bao cdo méi cua chuyén gia nong nghiép,
chung t6i thuc hién chay lai di 1iéu mot 1an dé dam bao tinh
chinh xdac, tranh treong hop khit dir ligu.

JHOAHOC . [

Két qua du doan cho xa Trung Kién, huyén Yén Lac, tinh Vinh
Phiic vao thang 9/2020 va d6i chiéu v6i béo céo ctia chuyén gia nong
nghiép dugc thé hién & cac bang 3-7: 3/9/2020 1a ngay truong thanh
10 (bang 3); 9/9/2020 1a ngay sau tudi 1 19, do két qua nay tring voi
két qua khao sat nén khong co su chénh léch so véi s6 lidu du doan
0 bang 3; 16/9/2020 1a ngay sau tuoi 3 o (bang 4); 23/9/2020 la
ngay sau non tudi 2 rd (bang 5); 30/9/2020 la ngay sau non tudi 5 rd
(bang 6); 7/10/2020 va 14/10/2020 la ngay sau tudi 6 10 (bang 7).

Bang 3. Thwc hién yéu cau (1).

Thoi gian Du doan Thue té

3/9/2020 Trudng thanh ro
9/9/2020 Saunontudi 1 r6  SAu non tudi 1 ro
16/9/2020 Saunontudi 516  Saunon tudi 3 rd
23/9/2020 Nhong 1o S&u non tudi 2 o
30/9/2020 Tring 1 Sau non tudi 3, 6 o

Bang 4. Thwc hién yéu cau (3).

Thoi gian Du doan

Thue té

16/9/2020 Sau non tudi 3 o
23/9/2020 Saunon tudi 616  Sau non tudi 2 1o
26/9/2020 Nhong 1o

30/9/2020 Séu non tudi 5, 6 1o
3/10/2020 Trudng thanh

Bang 5. Thwc hién yéu cau (4).

Thoi gian Dy dozn Thue té

23/9/2020 Sau non tudi 2 1o
29/9/2020 Sau non tudi 5 1o

30/9/2020 Séu non tudi 5, 6 1o
2/10/2020 Séau non tudi 6 1o

7/10/2020 Sau non tudi 6 1o
5/10/2020 Nhong

14/10/2020 Truéng thanh Sau non tudi 6

Bang 6. Thwc hién yéu cau (5).

Thoi gian Dy do4n Thue té
30/9/2020 Sau non tudi 5 o
3/10/2020 Sau tudi 6 1o

6/10/2020 Nhong

7/10/2020 Sau non tudi 6 1o
14/10/2020 Sau non tudi 6 1o
16/10/2020 Truéng thanh

Bang 7. Thwc hién yéu cau (6).

Thoi gian Du doan Thuc té
07/10/2020 Séu non tudi 6 o
11/10/2020 Nhong
14/10/2020 Séu non tudi 6 1o
23/10/2020 Truéng thanh
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Két qua nghién ctru cho thay, md hinh ching t6i dé xudt co thé tin
cay duogc. Vi han ché do tap tinh di cu cua loai nén hé théng du bao da
dat mot s6 két qua bude dau. Két qua duoc chuyén gia nong nghiép vé
sau bénh danh gia t0t va sai sb c6 thé chép nhan duge. Vi dit liéu cua
ching t6i c6 chay lai cho cac diém theo cac két qua khao sat dé dbi
chiéu, cap nhat lai két qua tang tinh xac thyc ciia mo hinh. Tuy nhién,
viéc nay dugc thuc hién sau khi da ra khéi khu vuc khéo sat nén gay ra
cac 0 tréng dit liéu thyc té ¢ cac bang 4-7.

H¢ thong d4 van hanh thanh cong, ¢6 két qua mo hinh trén nén ting
web danh cho quan tri vién va chuyén gia nhu ¢ hinh 4, 5 va co két qua
trén dién thoai phuc vu cho nguoi néng dan nhu ¢ hinh 7.

Ca hai cong cu (web va di dong) cua ching toi déu dam bao: i)
Hoat dong hiéu qua: yéu cau thoi gian phan hoi nhanh, s dung tai
nguyén toi wu; i) Tuong thich: tng dung cta quan tri vién chay tot
trén céc trinh duyét web app, img dung ngudi dung chay tot trén cac
thiét bi di dong; iii) Tinh kha dung: dap ung dugc nhu clu sur dung;
giao dién dé thao tac, dé hoc; iv) Tinh tin cdy: luon san sang sir dung.
Thoi gian giira cac lan xay ra sw ¢b gian doan hoat dong cua img dung
thip; v) An toan thong tin: tmg dung duoc dam bao tinh bao mat, toan
ven va xac thue.

Nhu két qua 6 bang 2, do chinh xdc md hinh cta ching toi van
chua dat tuyét doi. Nguyén nhan 16n nhat ¢ 1& do chiing t6i sir dung hé
thong API du bao thoi tiét (OpenWeatherMap va Visual Crossing) chi
cép nhat dugc nhiét d9, do 4m cua tinh Vinh Phic kha chung chung,
chua cap nhat dugc thoi tiét cy thé chinh xac dia diém thyc nghiém la
xa Trung Kién. Ching t6i da chuan bj giai phap khac phuc nhugc diém
nay, d6 la bét kip su phat trién cta IoT, md hinh ctia ching t6i s& dugc
két ndi v6i céc tram cam tng nhiét do duoc lap dit tai cac dia diém cu
thé dua ra du bao sdu bénh. Khi d6 s& nhan duoc két qua cai thién hon.
Bén canh su dung dit li¢u nhiét d9, mo hinh chiing toi du kién mo rong
v6i céc thong s6 moi truong khac, tac dong dén sinh truong cia FAW
nhu d6 4m, mua [17] dé m6 hinh dang tin cdy hon.

Hién nay, FAW khong chi tan phd manh mé trén vat chﬁ ngo, no
con tin cong trén cac cdy co tim quan trong khac nhu lua mién, bong,
lua, ke, dau phong, co linh lang. Vi vay hé thong ma ching toi dé xuat
khong chi ¢ thé ap dung trén cdy ngd ma con p dung trén nhiéu loai
cdy khac.

5. Két luan

V6i myc tiéu xdy dung mot hé thong thu thap dir lidu vé FAW va
thoi tiét dé tinh toan thoi diém phat trién manh cia FAW tren cdy ngo
mot hé thdng gom giao dién web cho chuyén gia, phin mém trén thiét
bi di dong cho nguoi dung va hé quan tri co so dit li¢u trén may chu da
duoc phat trién thanh cong. Két qua tinh toan dy bo duoc kiém chimg
voi dit liéu thu thap thyc té ngoai dong rudng cho thay tinh tin cdy ciia
hé théng Thong tin canh bio nay giiip nguoi néng dan chu dong phun
thudc phong trir ding thoi diém thay vi phun tran lan, gdy anh hudng
moi trudng song cling nhu giam chi phi san xuat Vi su duy tri ctia cac
trung tAm khuyén nong, bao vé thuc vat ca tat ca céc tinh, thanh phd
thi viéc mo rong sé rat thudn loi. Tuy nhién, day cling 12 han ché cia hé
thong khi phai phu thudc vao chuyén gia hay kinh nghiém ciia ngudi
dan. Néu tu dong hoa dugc qua trinh thu thap dir liéu nay hé théng s€
hoat dong t6t hon.
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Hé théng da dugc cung cdp sir dung cho ngudi dung trén google
play tai dia chi https://play.google.com/store/apps/details?id=com.
ifawcast&pli=1 va cho chuyén gia tai dia chi: http://35.241.127.11:8080/.
Trong thoi gian t6i v6i sy tham gia cia nhidu chuyén gia va nguoi
dung, két qua tinh todn s& duoc ting cuong vé do chinh xc ciing nhu
m¢ rong khu vue canh bio cho hé thong. Ngoai ra, trong tuong lai
chung i s& tiép tuc phat trién thém cac mo dun thu thap dit liéu tu
dong vé s6 luong FAW truong thanh qua by ty dong dém, md dun thu
thap dit liéu tiéu khi hau tai khu vuc theo doi. Day s la nhitng thong tin
quan trong nang cao do chinh xéc canh bao ciia hé théng.

LGOI CAM ON

Nghién ctru nay dugc tai trg l?(')ri Tru(mg bai hoc Cong nghé, Pai
hoc Quoc gia Ha N¢i thong qua dé tai ma s6 CN21.29. Céc tac gia xin
chan thanh cam on.
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Ung dung vat liéu chiét pha rn tong hop tur chit long ion
trong phan tich mot so thude trir siu ho carbamate

Lé Vin Duy, Nguyén Thai Thé, Trin Hoang Phuong’, Nguyén Anh Mai

Khoa Hoa hoc, Triwong Pai hoc Khoa hoc Tw nhién, Dai hoc Quéc gia TP Ho6 Chi Minh,
227 Nguyén Van Cir, phwong 4, qudn 5, TP Ho Chi Minh, Viét Nam

Ngiay nhdn bai 20/9/2022; ngay chuyén phan bién 23/9/2022; ngay nhan phan bién 3/10/2022; ngay chip nhan dang 7/10/2022

Tom tit:

Trong nghién ciru nay, vét li¢u silica gel mang chét I6ng ion SiO,-(CH,),-N(Oct),Br dugc tong hop thanh cong va xic
dinh cau truc bang cac phwong phap pho hong ngoai (FT-IR), phan tlch nhiét kh01 lwgng (TGA), kinh hién vi dién
tur quét (SEM) va pho tan xa nang lwgng tia X (EDX). Vit liéu nay dwgc irng dung lam pha tinh cia cot chiét pha
rin trong qua trinh lam giau lwgng thudc trir siu carbamate trong nwéc. Cot dwgre rira giai bing 5 ml acetonitrile
(ACN), thdi khd rdi hoa tan lai trong ACN:H,0 (40:60, v/v) va phén tich bang HPLC-UV tai 2 budc séng 210 va
245 nm. Trong diéu kién da tbi wru, phuong phap nay co thé phéan tich cac thudc trir sdu carbamate voi LOQ (gioi
han dinh lwgng) 0,36-2,00 pg/l dbi véi nuéc sinh hoat va 0,4-3,5 pg/l dbi véi nuéce song. Hiéu suét thu hdi nim trong
khoing 60-110% & mirc ndng dd 10 pg/l, dd lip lai tot (RSD<10%), dat theo tiéu chuén cia Hiép hdi Qudc té vé Hop

tac phan tich chinh thirc (AOAC).

Tir khéa: carbamate, chit 16ng ion, HPLC-UYV, SiO,-(CH,),-N(Oct),Br.

Chi s6 phén loai: 2.4

1. Dat van de

Ngay nay, viéc img dyng cot chiét pha rin (SPE) dé lam
sach va lam giau mau két hop véi cac phuong phap phan
tich hién dai rat co y nghia ddi véi viéc xac dinh cac chat co
ham lugng vét va siu vét [1]. Trong d6, hudng nghién ciru
vé cac vat liéu chiét pha rin moi, dé thay dbi ciu trac va
thanh phan pha tinh khac nhau dé thay thé dan céac vat liéu
thuong mai phai mua tir nudc ngodi voi gia rat cao. Trong
nhiing nam qua, viéc lya chon chét h?ip phu thich hop nhat
dem lai hiéu qua phan tich cao 1a v6 cung quan trong cho
su thanh cong cua phuong phap phan tich [2, 3]. Mot loat
vat liéu moi dang duoc phat trién, bao gom polymer danh
du phan tir (MIP), vat liéu dwa trén nén carbon (graphen,
carbon nanotube) va cac hop chat sol-gel [4]. Cac hop chét
ndy gop phan tinh gon, nang cao hiéu qua va do chon loc
chat can phén tich. Cac vat lidu dung trong cot SPE nay la
nhiing vt li¢u than thién véi moéi truong khi thai loai.

Gan déy, chit long ion (IL) hay con duoc goi 1a mudi
néng chay & nhiét do phong, mudi hiru co long. .. dang nhan
dugc sy quan tdm cua cac nha hoéa hoc [5]. Viéce két hop
chat 16ng ion trong xir Iy mau, dic biét 1a cot SPE da bat
dau dugc nghién ctu trén thé gisi [6-8]. Trong linh vuc xir
ly mau phan tich, chit 1ong ion da dugc st dung lam chét
hap phu cho chiét long long [9], (SPE) [4], vi chiét pha rin
(SPME). Vit liéu chiét pha rin ghép chat 1ong ion (ILSPE)
dap ung t6t yéu cau nay do c6 thé dé bién tinh chat long ion
bang cach gian thém nhom dinh chirc phu hop dé o thé luu
giti, chon loc cac chét can phan tich. Loai vt liéu nay duogc

*Tac gia lién hé: Email: thphuong@hcmus.edu.vn
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tao ra béng cécl} gén 1§ét ch:éit long ion 1én silica gel dé thay
thé cac cot chiét truyén thong nhu C18, HLB thuong mai
dat tién va phai nhap khau [10].

Carbamate 13 nhitng loai thudc trir sau sir dung pho bién
(hinh 1), nhét 1a trong nong nghiép, 1am nghiép do it ton
du trong méi truong va hiéu qua hon so véi thude trir sdu
chlorine hiru co [11]. Tuy nhién, cac thudc trir sdu nay c6
ddc tinh cao, de doa moi truong, stc khde con nguoi va anh
huong dén cac sinh vat trong hé sinh thai néu tiép xtic trong
thoi gian dai [12]. Cac hop chét carbamate chia thanh 3
nhom chinh: carbamate, thiocarbamate va dithiocarbamate.

O @ S
R\O R R\s N,R R\S N/R
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Hinh 1. Cac loai thudc trir sau ho carbamate.

Phuong phap SPE cho thy rit hiéu qua trong phan
tich thudc trir sdu nhom carbamate vi kha nang lam giau,
lam sach mau t6t va d& tu dong hoa nén dan thay thé cho
chiét 1ong - long. Cot C18 thuong duge ding dé lam giau
thudc trir sdu carbamate [13], ngoai ra vt liéu polystyrene-
divinylbenzene va carbon hoat tinh cling dugc st dung
nhung khong phd bién. V& phuong phap phan tich, cac k¥
thuét sic ky khi va sic ky long déu thich hop dé phan tich
cac thude trir sdu nay. Phuong phép xéac dinh thuoc trir sau
nay da dugc quy dinh 5 trong nhiéu tiéu chuan quéc té, khu
vuc va trong nudc [14] Trong nghién cliru nay, cac vat liu
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Abstract:

In this study, ionic liquid immobilised onto silica gel material SiO,-
(CH,),-N(Oct),Br was successfully synthesised and characterised
by Fourier-transform infrared spectroscopy (FT-IR), thermal
gravimetric analysis (TGA), scanning electron microscopy (SEM),
and energy-dispersive X-ray spectroscopy (EDX). This material
was applied as the stationary phase of solid-phase extraction for
the enrichment of trace amounts of carbamate pesticides in water.
The cartridge was eluted with 5 ml of acetonitrile (ACN), blow-
dried with nitrogen gas, and re-dissolved in ACN:H,0 (40:60,
v/v) and analysed by high-performance liquid chromatography -
ultraviolet (HPLC-UV) at 210 and 245 nm. Within this process,
elution of the cartridge with 5 ml of acetonitrile (ACN) was followed
by nitrogen gas blow-drying and subsequent re-dissolution in
ACN:H,O (40:60, v/v), culminating in analysis by HPLC-UV
at 210 and 245 nm. Optimisation of conditions facilitated the
analysis of carbamate pesticides, with the limit of quantitation
(LOQ) ranging from 0.36-2.00 pg/1 for tap water and 0.4-3.5 pg/l
for river water. Furthermore, the method exhibited favourable
repeatability, with a relative standard deviation (RSD) of less
than 10%, thereby meeting the Association of Official Analytical
Collaboration (AOAC) standards.

Keywords: carbamate, high-performance liquid chromatography -
ultraviolet, ionic liquid, SiO,-(CH,),-N(Oct),Br.

Classification number: 2.4

ILSPE véi cac chit 16ng ion khac nhau dugc khao sat va t6i
wu dé 1am giau va lam sach mau. Phuong phap HPLC-UV
dugc su dung dé phan tich cac thudc trir sdu ho carbamate.

2. Vat liéu va phuong phap nghién ciiu
2.1. Vit ligu

Hoa chat dung cho viéc tong hop vat liéu pha tinh gdm
(3-chloropropyl)triethoxysilane (95%), (3-aminopropyl)
trimethoxysilane (99%), 1-bromooctane (99%), imidazole
(98%), 1-methylpyrrolidine (98%), 1,4-butane sultone
(99%) va triphenylphosphine (99%) duoc mua tir Merck.
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Céc hoa chit nitric acid (65%), hydrochloric acid (36,5%),
acetone va ethanol dwoc mua tir Xilong, Trung Qudc. Silica
gel 60 (cia Himedia, An Do) c6 kich thudc trong khoang
0,04-0,06 mm loai nghién va ray tir khéi silica gel. Cac chat
chudn carbamate bao gdm carbaryl, pirimicarb, methiocarb,
carbofuran va isoprocarb déu 1a loai tinh khiét 100% danh
cho phén tich ctia Supelco (Merck). Dung moéi acetonitrile
(ACN) (99%) va methanol (99%) thudc loai dung cho
HPLC cua Fisher.

2.2. Thiét bi va dung cu

Céac héa chat duoc can trén can phan tich OHAUS
80251621 Explorer Precision Balance. Quang phd hong
ngoai (FT-IR) duoc do trén may quang phé IR Affinity-1S
(Hang Shimadzu). Phén tich nhiét khéi luong (TGA) dugc
thyc hién bang cach st dung may phén tich nhiét khdi luong
Q-500 dudi ludng khong khi co téc do gia nhiét 1a 5°C/
phut. Phan tich quang phd tia X phan tan ning luong (EDX)
duoc thuc hién béng thiét bi EMAX nang lugng EX-400
EDX. Hé thong sic ky long HPLC 1260 két ndi dau do UV
(Shimadzu, Nhat Ban) cot sic ky pha dao C18 (150%4,6
mm, 5 pum, Waters) va cot bao vé C18 (10x4,6 mm, 5 um),
hé chiét pha rin va cac dung cu thuy tinh thong dung khac.
May cat nudc Hamilton cung cap nudc khir ion cho cac
khao sat trong nghién ctru nay.

2.3. Quy trinh hoat héa bé mt silica gel

Quy trinh hoat hoa bé mat silica gel duoc thyuc hién dua
theo tai liéu tham khao [15]. Pun hoan luu hén hop silica
gel va nitric acid (ty 1¢ 1:2) trong 4 gi0. Sau do, silica gel
duoc rira bang nudc cét va kiém tra bang gidy pH dén moi
truong trung tinh (pH~7). Tiép theo, silica gel duoc khudy
trong dung dich HCI & nhiét d6 phong trong 24 gio. Silica
gel hoat hoa dugc rira bang nudc dén mdi trudng trung tinh
(pH~7) va say kho ¢ 100°C trong ti sdy trong 24 gid.

2.4. Quy trinh tong hop vit liéu Si0-[C,,C Pyrro]PF,

va Si0 -[C, Me ,N|PF

Vit ligu SiO,-[C C Pyrro]PF, va SiO,-[C, Me N]PF
duoc tong hop theo phuong phap ngam tam (h1nh 2) [15]
thé, silica gel da hoat hoa (3,0 g) va chat Iong ion 1 methyl—
l-octadecylpyrrolidinium  hexafluorophosphate  (hodc
hexadecyltrimethylammonium hexafluorophosphate) (1,0 g)
dugc cho vao 20 ml methanol va khuay déu bang may khudy
tir. Sau 4 gid, hdn hop dwoc ly tim dé tich phan ran. Vat liéu
silica gel gén chét 1ong ion dugc rira lai bang nude cat (3x50
ml) va sdy kho & 100°C trong tu siy trong 4 gid.

181

/ p? Ny p[@
’"PFe C1sH37 / CwsHaa ”PFG
E>® Acetone Acetone
"CygHa7 / C16H33

Si0,-[C18C4Pyrro]PFs Si0,-[C16Me3N]PFs

Hinh 2. Quy trinh téng hop Si0,-[C,,C,Pyrro]PF, SiO,-[C,,Me ,N]PF .
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2.5. Quy trinh téng hop vit li¢u SiO,-(CH,) -Im-OctCl,
$i0,-(CH)) ~-Im-(CH,) SO HCI, SiO,-(CH,) PPh CI

Vit ligu  SiO,«(CH,),-Im-OctCl,  SiO,~(CH,),-Im-
(CH,),SOHCI, SiO, (CH ) -N(Oct) Br, SiO, (CH ) PPh Cl
duoc tong hop thong qua phuong phap tao l1en ket hoa hoc
trong hinh 3 [16, 17].

Ban déu, 3-chloropropyl silica duoc téng hop bing cach
phén tan hdn hop bao gom silica gel da hoat héa bé mat (5,0
g) va (3-chloropropyl)trimethoxysilane (42,5 mmol) vao dung
mbi toluene (30 ml) trong didu kién siéu 4m 15 phut, rdi dun
hoan luu trong 24 gid, sau khi 1am ngudi, loc, rira bang ethanol
96%, sy kho trong tu sdy trong khoang nhiét do tir 80 dén
100°C trong 8 gio thu dugce vat liéu 3-chloropropyl silica dang
bot mau vang nhat (hinh 3). Trong budc ké tiép, 3-chloropropyl
silica (10 g) va triphenylphosphine (hoac 1-octylimidazole
hodc 4-(1H-imidazol-1-yl)butane-1-sulfonic acid) (10 mmol)
dugc thém vao binh cau day tron 100 ml véi 30 ml acetone
khan. Hon hop duoc dun néng ¢ 90°C trong 12 gid. Sau khi két
thtic, chat rén thu duoc duoc loc va rira nhiéu lan béng ethanol.

_CeH

/>N 817
[ )oH e Gt 16
/8105 _op GN

oH — ‘s\uo: O\S,J—/@

Acetone, 12 h,
90°C
(Et0)3Sin _~_-Cl

Et3N, toluene
24 gio, 120 °C
p

I1®
’ al fN/\/\/SO;iH J
‘ O\ ‘/_/ N=
| Si0y _O—g;
10 /Sl Acetone, 12 h,

s.o2 o\s,f/GJ HO;S
EtO0 90°C

3-chloropropyl silica Si02-(CHy)3-Im-(CH3)4SO3HCI

%

Si0,-(CH3)3-Im-OctadeBr

PhsP f/®
Acetone, 12 h, S|02 O\SI
90°C Et0

Si0,-(CH,)3PPh;CI

Hinh 3. Quy trinh tng hop vat liéu Si0,-(CH,),-Im-OctCl, SiO,-(CH,),-
Im-(CH,),SO,HCI, SiO,-(CH,),-N(Oct),Br, SiO,-(CH,),PPh.CI.

2.6. Quy trinh tong hop vit ligu $i0,-(CH,) -N(Oct) Br

Vit liéu Si0,~(CH,),-N(Oct),Br dugc téng hop theo quy
trinh ¢ hinh 4. Cau no6i gilia chat long ion va silica gel duoc
mang 1én bé mit silica hoat hoa thong qua phuong phap tao
ndi hoa hoc dé tao thanh 3-aminopropyl silica [18, 19]. Hon
hop silica gel hoat hoa va (3-aminopropyl)triethoxysilane (ty
1€ 3:1) dugc phan tan trong dung moi toluene vdi sy cd6 mat
cta triethylamine va dun hoan luu tai 120°C trong 24 gio. Sau
khi két thuc phan ung, hon hop thu dugc lam ngudi va loc
léy chét rén vang nhat. Tiép theo do, san phém ran dugc rira
bang ethanol (5%20 ml) va sdy trong tii sdy & 100°C trong 6
gio. Trong giai doan cudi cung cuia quy trinh, cho hon hop
3-aminopropyl silica (10 g), 1-bromooctane (7,3 g), toluene
(40 ml) vao binh cau va phén tan dong déu bang chiéu xa siéu
am trong 15 phit. Hon hop dwoc dun hoan luu trong 12 gio.

JHOAHOC . [
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Cudi cing, vat liéu SiO,-(CH,),-N(Oct),Br duoc loc va rira
bang ethanol, say kho trong tu say & 120°C trong 6 gio trudc
khi dem str dung lam pha tinh.

: NH,
(EtO)3Si~_~_NH,
Et;N, toluene
24 gio, 120°C
1. HNOg, 80°C, 4 gi® CgH17Br Tolueneo, 12 h,
2. HCI, 24 giv 120°C
CgH17 / sHiz
%708H17
©

Hinh 4. Quy trinh tdng hop vat ligu Si0,~(CH,),-N(Oct),Br.

2.7. Quy trinh lam gidu trén cgt chiét ILSPE

Hoat hoa cot chiét Pha rin bﬂ?mg 10 ml ACN va 10 ml nuge
khu iop. Tai 50 rpl mau nudc qua cot chiét véi toc do 1:3 ml/
phut bang hé chiét pha ran chuyén dung. Sau khi tai mau 1én
c0t, rira ¢t voi 3 ml nudc, thoi kho va rira giai bg‘mg Sml ACI~\I.
Dung dich rua giai dugc thoi kho, hoa tan lai bang 1,5 ml hon
hop ACN:H,0 (40:60, v/v) va loc qua mang loc PTFE 0,45 pm
trude khi tiém vao hé HPLC-UV.

2.7.1. Théng s6 hoat déng ciia hé HPLC-UV

Pha dong gom 2 dung dich: A (dém phosphate pH 3, 10 mM
NaH,PO,) va B (ACN).

Thé tich miu tiém 1a 100 pl. Pau do UV thu nhan tin hiéu
¢ 2 budce song 210 va 245 nm. Chuong trinh gradient pha dong
duogc trinh bay ¢ bang 1.

Bang 1. Chwong trinh gradient pha dong.

Thoi gian (phut) % ACN % dém
0 40 60
7,5 70 60
12,5 70 30
13,5 70 30
14 40 60
17 40 60

2.7.2. Khdo sdt kha nang heu giit cac thudc trir sdu ho
carbamate trén cac ILSPE khac nhau

Tai 100 ml dung dich gdm cac thudc trir siu carbamate
ndng do 100 pg/l qua cot ILSPE dugc nhdi sdn 200 mg vat
liéu dé khao sat. Thu phan doan timg 5 ml dung dich sau
¢ot va phan tich bang HPLC-UV dé danh gia kha ning luu
gilr cac thudc trir sdu va chon vat liéu ILSPE tdi uu trong 6
loai vat liéu duoc téng hop (hinh 3). Cac chét long ion duoc

a1
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gan trén nén silica gel bang lién két hoa hoc Si0,-(CH,),-
Im-OctCl, SiO,-(CH,),-Im-(CH,),SO,HCI, SiO,-(CH,),-
N(Oct),Br, SiO,-(CH,),PPh,Cl va bang cach hép phu vat 1y
8i0,-[C,,C,Pyrro]PF , SiO,-[C, Me,N]PF..

2.7.3. Toi wu quy trinh lam giau mau trén vt liéu Si0 -
(CH,) -N(Oct) Br

Thuc hién cac khao sat bao gém xac dinh dung lugng
dong, thé tich mau tdi da tai qua cot, thé tich dung moi ACN
rira giai, diéu kién thoi kho va danh gia hiéu suét thu hoi, do
lap lai ctia qué trinh 1am giau thudc trir sdu carbamate.
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2.7.4. Tham dinh phiong phdp

Quy trinh phén tich sau khi t6i wu dugc tham dinh véi céc tidu
chi nhu gidi han phat hién (LOD), giéi han dinh lugng (LOQ)
trong cac nén mau thuc, khoang tuyén tinh, danh gia do 1ap lai,
d6 on dinh cua phuong phdp va hiéu sudt thu hdi trén mot s6 mau
thuec te.

3. Két qua va ban luan
3.1. Xdc dinh céu triic va tinh chit ciia cdc vt ligu ILSPE
Cac loai vat ligu SiO,-[C ,C Pyrro]PF,, SiO,-[C, MeNJPF,,
(Si0,~(CH,),-Im-OctCl,  SiO,~(CH,),-Im-(CH,),SO,HCI, SiO,-
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Hinh 5. Phd hdng ngoai cta cda vat liéu ILSPE: SiO,-[C,.C,Pyrro]PF, (A), SiO,-[C,,Me,N]PF, (B), Si0,-(CH,).im-OctCl (C), SiO,-(CH,)-Im-

(CH,),SO,HCI (D), SiO,-(CH,),PPh.CI (E), SiO,-(CH,) -N(Oct)Br (F).
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(CH,),PPh.CI, SiO,-(CH,),-N(Oct),Br, dugc tong hop qua cac
buoc da mo ta & phan thuc nghlem Trong giai doan dau, bé mat
silica gel duoc hoat hoa thong qua phan tng thiy giai cac ndi
Si-O-Si trén bé mit dé tao ra cac ndi Si-OH ty do [15]. Véi 2
loai vat ligu SiO,- [CISClerro]PF va Si0,-[C MeNJPF, thi
chat long ion tuong tac vat ly véi silica gel thong qua hen két
hydrogen va tuong tac van der Waals [20]. Vi 4 loai vat li¢u con
lai thi cac lién két O-H ty do cua silica gel s& tham gia phan (g
thé than hach véi nhom —OEt ( va tach loai phan tir ethanol qua
phan tmg R-OH + EtO-R” — R-O-R’ + EtOH) dé gitp chat tao
cau nbi 1a (3-chloropropyl)triethoxysilane hodc (3-aminopropyl)
triethoxysilane dugc mang lén trong budc thu hai voi sy c6 mat
ciia xtic tac base Ia triethylamine [19, 21, 22]. Cudi cing, xay
ra qua trinh thé than hach véi tic nhan thich hop dé mang chat
long ion 1én silica gel. Cu thé, Si0,-(CH,),-Cl phan tng vdi tac
nhan than hach 1a 1-bromooctane, 4-(1H-imidazol-1-yl)butane-1-
sulfonic acid hodc triphenylphosphine dé tao thanh, (Si0,(CH,),-
Im-OctCl, SiO,-(CH,),-Im-(CH,),SO,HCI, SiO,-(CH,),PPh,Cl.
Riéng véi SiO-(CH,),-NH, thi nhom

amino NH, dong vai tro la tac nhén than  (a)

Khoa hoc Ky thuat va Céng nghé | Ky thuat hoa hoc =

(CH,),-Im-OctCl) [16]. Ngoai ra, v6i vét ligu khung imidazole
va triphenylphosphine (SiO,-(CH,),-Im-OctCl, SiO,-(CH,),-Im-
(CH,),S0, HCl, SiO,-(CH,),PPh Cl) ¢6 ndi H-Csp? ciing duoc quan
sat thiy trong ving 3080 3030 cm![16, 17]. Bén canh do, tin hiéu
cua lién két C-N ciing duoc quan sét 1d trong khoang 1400-1100
cm trong 5 loai vét liéu chira nguyén tir nitrogen [22] Vi SiO,-
(CH,),PPh, Cl thi tin hiéu cta dao dong noi C-P yéu trong vung
800-700 cm! ciing dwgc quan sat thiy. Ngoai ra, 8i0,-(CH,),-Im-
(CH,),SO;HCl con c6 tin hiéu trong ving 1225-980 cm™ dac trung
cho noi S 0 [22]. Cu thé, mdi vat liéu dugc quy két cac tin hiéu
chinh xdc trén phd hong ngoai (bang 2). Do do, véi nhiing két qua
thu dugc thi c6 thé thdy rang, vét liéu pha tinh c6 chét 1ong ion gin
trén bé mat silica gel thong qua cac tuong tac vét 1y hodc hoa hoc
d dugc diéu ché thanh cong.

Ké do, thanh phan 16p chét long ion dugc mang 1én bé mit
silica gel va do bén nhiét cua cac vat liéu dugc xac dinh bang
phuong phap phan tich nhiét khoi lugng (TGA) (hinh 6). Ket qua

(B)

hach s€ tic dong vao carbon than dién
tir gén tryc tiép v6i bromine trong luong
thira 1-bromooctane. San pham cubi cling
la chat long ion ammonium bac bon duge
gan 16n bé mat hat silica gel Si0,-(CH,),-
N(Oct),Br thong qua céc lién két hoa hoc.
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do sw hdp thu dao dong bat ddi ximg va
dbi xtmg cua lién két Si-O-Si trén bé mat
silica gel. Ngoai ra, tin hiu tai ving 3700-
3200 cm? dac trung cho dao dong kéo
dan cia lién két Si-OH ciing dugc quan
sat thay trén pho hong ngoai [23]. Khi chat
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1ong ion duoc pht 1én bé mit silica gel, thi
co su chuyén dich tin hiéu cta dao dong
ndi Si-OH tir xudng thap hon. Biéu nay ¢6
thé duogc giai thich la do viéc hinh thanh
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T
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lién két hydrogen giita cac anion va mot s6
nguyén tir hydrogen tu do chua phan Ung
hoan hodc do tin hiéu ctia hoi nudc bi chat
l6ng ion hép thu trong khong khi.
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la do cac dao dong cua céac loai noi H-Csp?

trong nhom methylene hodc methyl cua
chat long ion [18, 22]. Céc tin hi¢u cua
cac loai ndi H-Csp® dugc quan sat rd hon
khi cac nhém alkyl chira nhidu nhom
methylene dugc gin Ién nitrogen (Si0,-
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Bang 2. Tong hop dir liéu phan tich cau tric cac vat liéu ILSPE.

I I I Nhiét dp Ham lrgng  Thanh phéin
1] Al v v v .
Vit li¢u Dit liéu cau tric trén pho FT-IR (cm™) phin hity °C) L (%) HouvEnth
8i0,-[C ,C Pyrro]PF, 2916, 2851 (H-Csp®), 1630 (Si-OH), 1470 (C-N), 1061, 849 (Si-O-Si) 250 29,0 $i,0,C,N,P.F
: 2924, 2855 (H-Csp’), 1650 (Si-OH), :
$i0,-[C, MeNJPF, 1468 (C-N), 1031, 789 (SI-0-i) 265 30,0 $i,0,C,N,P.F
. 3094 (H-Csp?), 2927, 2862 (H-Csp’), 1644 (Si-OH), 1566 (C=N), 1472 (C-N), .
$i0,-(CH,),-Im-OctCl 1042,951 (51-0-Si) 235 27,0 $i,0,C, N, Br
. 3391 (0-H), 3087 (H-Csp?), 2945 (H-Csp?), 1636 (Si-OH), 1489 (C-N), 1150 .
$i0,-(CH,),-Im-(CH,) SO,HC! (5-0), 1032, 890 (S-0-S), 873 (5-0), 681 (C.5) 240 215 $i,0,C,N, S, ClI
. 3145 (H-Csp?), 2918 (H-Csp?), .
S0, {CIL),PPh,Cl 1572 (Si-OH), 1042, 950 (S1-0-S), 619 (C-P) w = SRR
$i0,-(CH,),-N(Oct),Br 2922, 2853 (H-Csp®), 1636 (Si-OH), 1541, 1458 (C-N), 1051, 791 (Si-O-Si) 290 29,0 $i,0,C, N, Br

cho thdy, hau hét cac vat lidu pha tinh déu bén ¢ nhiét do6 dudi
235°C. Ngoai ra, duong cong nhiét khi luong cho thiy hai tin
higu dang chu . Thir nhét, dugi 150°C c6 sy giam nhe khdi lugng
la do dung moi va hoi nudc. Ké d6, khdi luong cua vt liéu giam
manh ¢ khodng nhiét dg 240-700°C dugc cho la thanh phﬁn hiru co
do 16p chit long ion dugc mang 1én bé mat silica gel (khoang 26,5-
30,0%). Két qua do bén nhiét va ham lugng chét 1ong ion cia timg
loai vt lidu silica gel tim chét long ion duoc trinh bay ¢ bang 2.

(A) (B)

Thanh phﬁn hoa hoc cua cac vat liéu duoc xac dinh bf?mg ph6 tan
xa nang lugng tia X (EDX). Hinh 7 x4c nhén sy hién di¢n cua cac
nguyén t C, O, Si, N hodc P, Br hoiic Cl trong céc vat liéu. Thanh phin
nguyén 0 tuong (g véi timg loai vt liu duoc liét ké trong bang 2.

Ngoai ra, cac vat liéu nay sau khi dugc diéu ché s& duge ray
qua hai rdy 50 va 100 pm trude khi nhdi vao cot SPE. Céc vat liéu
nay dugc su dung lam pha tinh c6 kich thudc 50-100 pum, twong
dbi dong déu. Anh chup kinh hién vi dién tir quét (SEM) ctia mdi
vat li¢u dugc trinh bay ¢ hinh 8.

(€)

cl

c s ‘
A
7
2

3
(keV)

Hinh 7. Phd tan xa nang lwong tia X ctia vat liéu ILSPE: Si0,-[C,,C,Pyrro]PF, (A), SiO,-[C,,Me,N]PF (B), SiO,-(CH,),-Im-OctCI (C),
$i0,-(CH,),-Im-(CH,),SO,HCI (D), SiO,-(CH,),PPh.CI (E), SiO,-(CH,),-N(Oct).Br (F).
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Hinh 8. Anh SEM caa vit ligu ILSPE: SiO,-[C,,C,Pyrro]PF, (A), SiO,-[C,,Me,N]PF, (B), SiO,-(CH,),-Im-OctCI (C), SiO,~(CH,) -Im-(CH,),SO,HCI (D),

Si0,-(CH,),PPh.CI (E), Si0,-(CH,),-N(Oct)Br (F).

3.2. Khio sdt khd nang luu giw cdc thudc triv siu ho
carbamate trén cdac ILSPE khdc nhau

Piu tién, chung to6i tién hanh téng hop nhidu loai vat liéu
ILSPE khéc nhau trén nhidu khung chat léng ion. Sau khi phan
tich TGA cua céc vét lidu, két qua cho thiy co 6 loai vét lidu
(8i0,-(CH,),-Im-OctCl, - SiO,~(CH,),-Im-(CH,),SO,HCI,  SiO,-
(CH,),-N(Oct),Br,  SiO,-(CH,),PPh,Cl, SiO,-[C ,C Pyrro]PF,,
Si0,-[C, Me,NIPF,) c6 ham lugng chat long ion gan nhu nhau
(25-30%). Do d9, 6 loai ILSPE nay dugc Iya chon dé€ tién hanh
cac thuc nghiém khao sat kha ning luu giit céc thude trir sau ho
carbamate (hinh 9).

Cac hop chat thudc trir sau carbamate dugc luu giit trén cac
vat liu ILSPE theo cac tuong tac kém phan cuc (ky nudc),
phén cyc va tinh dién. Cac vat li¢u SiO,-(CH,),-Im-OctCl,
8i0,-(CH,),PPh,CI, SiO-[C C Pyrro]PF,, SiO,-[C Me.N]

1871

PF, chi luu gitr cac hop chit thuéc’tn‘r sau thfmg qua tuong tac
kém phan cuc nén luu gilt khong tot cac thudce trir sdu hoi phan
cuc (pirimicarb va carbaryl). Khéi lugng lwu giit ciia pirimicarb
(logP=1,4) trén cac ILSPE nay du6i 2 pg, hidu suét giir dudi
20% cho thiy kha ning luu giir rat kém. Carbaryl (logP=2,36)
dwoc luu git v6i hiéu sudt 60-70% nhung qua trinh luu giit
khong hoan toan, bi rira gidi trong qua trinh tai mau qua cot.
C6 thé thay, methiocarb (logP=2,92) dugc luu giit tét trén cac
pha tinh gin day alkyl ky nu6c (hiéu suat luu giit trén 90%).
Véi pha tinh chi gan nhém phenyl Sin-(CH2)3PPh3C1 (it
phan cuc hon), kha nang Iuu gitt hop chat nay ciing gidm di
dang ké (hiéu suat luu git 60%). Khi sir dung vat liéu (SiO,-
(CH,),-N(Oct),Br) mang df)ng thoi 3 nhom octylr (C8) gén trén
nguyén tir nitrogen, kha nang luu gilt cac hop chat nay tang 1én
dang ké va luu giit tot toan bo cac hop chét. SiO,-(CH,),-Im-
(CH,),SO,HCI c6 thém tuong tac tinh di¢n nén gitr hoan toan

(A) (B) (©)
120 120 120
$i0,-(CH,) -Im-OctadeBr
100 S— 100 b 100 o m—— =TT .
- 7 R — N RN $i0,-(CH,) -Im-(CH,),SO,HCI
@ TN ) \ N E :
N R P N \ . N -
£ S0 80 - 80 N $i0,-(CH,),PPh,CI
2 o \VWrma i - o
= 4 \ . == .
= e TR o0 N" $i0,-(C, Me NJPF,
H \ A IERS N
) \ 9 _
g* 40 40 $i0[C,,C Pymo]PF,
= BN
20 20 Ny 20 $0,-(CH,) -N(Oct) Br
NN
0 0 T —— 0
(1] 2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 8 10

Khdi Irong methiocarb (ng) Khbi Irgng pirimicarb (ng)

Khoi Iwrgng carbaryl (ug)

Hinh 9. Hiéu suét lwu gilr cac thudc trir sau carbamate: methiocarb (A), pirimicarb (B) va carbaryl (C) trén cac ILSPE.
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Thé tich rua giai

Hinh 10. Biéu db téi wu cac théng sé quy trinh lam giau mau véi SiO,~(CH,

pirimicarb (pK,D =4,53) trong moi truong acid va phan tuong
tac phan cyc ctia nhom imidazole the hién rd hon do pha tinh
ctia ILSPE nay c6 mach carbon ngan, it bi chudng ngai lap thé
nén cai thién dugc kha ning luu giit carbaryl (hiéu suat luu giir
100%) nhung dung luong khong cao. Vi vét liéu SiO,-(CH,),-
N(Oct),Br luu gitr tot tat ca cdc chét phén tich nén duoc su
dung cho quy trinh 1am gidu mau cac thude trir sdu ho nay.

3.3. Téi wu quy trinh lam giau mdu trén $i0-(CH) -
N(Oct) ,Br

Cac thube trir su c6 do phan cyc khac nhau nén kha ning
luu gitr trén Si0,-(CH,);-N(Oct),Br cing c6 sw khac biét rd rét
(bang 3). Cac hop chat cang keém phan cyc cang luu gitr manh
trén Si0,-(CH,),-N(Oct),Br, dung luong twong d6i cao (carbaryl,
1soprocarb va methlocarb) Doi voi hop chét hoi phan cyc dung
luong luu gitt trén cot con thap va d& bi ty rira giai trong qué
trinh tai mau (carbofuran va pirimicarb). Sau 50 ml mau tai qua
cdt, 2 hop chat nay hau nhu bj rira giai dang ké trong qua trinh
tai mau qua cot (hinh 10A). Vi vay thé tich miu tai qua cot toi
dala 50 ml.

Bang 3. Dung lwgng dong clia cac thudc trir sau ho carbamate trén
200 mg vat liéu Si0,-(CH,),-N(Oct),Br.

Hop chat Dung luong (ng)
Carbofuran 6

Carbaryl 16

Isoprocarb 16

Methiocarb 40

Pirimicarb 10
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Vi tuong tic giita cac thudc trir sdu voi SiO,-(CH,),-
N(Oct),Br la tuong tdc kém phan cuc nén khi ting thé tich
ACN, hiéu suat thu hoi tang. Thé tich ACN dé rira giai hoan
toan cac thude trir sau twong ddi 16n, khi sir dung 5 ml cho
thy, cac thude trir su nay duoc rira giai t6t ra khoi cot Si0,-
(CH,),-N(Oct),Br (hinh 10C). Dé cai thién hiéu qua lam giau,
dung dich rira giai duoc thdi kho ¢ nhiét do thuong (hinh 10D)
dé han ché mat mAu va sau d6 hoa tan lai v6i 1,5 ml dung moi
ACN:H,O (40:60, v/v). Khi do mau dugc lam gidu khoang 33
lan, cai thién dang ké kha nang phan tich ham lugng cac thude
trr sdu ho carbamate ¢ ham lugng vét. Hiéu suét thu hoi cua
toan qua trinh trén chuan déu trén 70% (hinh 10D), d4p img
yéu cau khi phan tich cac thudc trir sdu nay theo tiéu chuan
AOAC, d6 lap lai cua phuwong phap t6t (RSD<10%). Ngoai
ra, qua trinh tuong tac gilia chit phan tich véi vat ligu SiO,-
(CH,),-N(Oct),Br xdy ra nhanh, thuan loi dé rit ngan thoi gian
tai mau, két qua cho thdy tai miu véi toc do 3,6 ml/phit ma
hiéu suét van cao nhu té¢ d6 1,2 ml/phut (hinh 10B).

3.4. Tham dinh phwong phdp

Sic ky dd ciia chuan hdn hop cac thude trir siu carbamate
1000 pg/l dugc trinh bay ¢ hinh 11.

carbamate trong khoang 20-1000 pg/ml c¢6 do tuyén tinh cao
(R%>0,999) dat yéu cau theo tiéu chudn AOAC (bang 4).

Duong chuén cua céc
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Hinh 11. Sac ky d6 chuan hdn hop thudc trir sau carbamate 1000 g/l

Bang 4. Cac thong sé clia dwdng chudn.

Chat Nong dd (ng/l)  Phuwong trinh dudng chudn R’

Carbofuran ~ 20-1000 944,77x-1694.8 0,9994
Carbaryl 20-1000 2457,4x-7418,5 0,9995
Isoprocarb 20-1000 737,19x-1734,1 0,9993
Methiocarb ~ 20-1000 1376,5x-3535 0,9997
Pirimicarb  20-1000 1226,8x-4393 3 0,9992

Bang 5. Két qua noéng dé (ug/l) thudc trir sau ho carbamate trén mau
nwéc.
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Bang 6. Hiéu suat thu hoi, do Iap lai, LOD, LOQ cua phwong phap trén
cac mau nworc.

MAu nuée song Sai Gon -~ Mau nwée kénh Tau Hii

X ; : LOD LOQ
Chat Higusuit — Djliplai Higusuit — Doliplai (o) (ugl)
thu hi (%) (%RSD)  thu hdi (%) (%RSD)
Carbofuran 65,5 4,0 61,2 10.1 0.4 14
Carbaryl 80,3 2,6 60,2 8,2 0,2 0,6
[soprocarb 96,4 0,5 95,5 5,7 0,4 1,5
Methiocarb 84,1 3,5 69,2 10,5 1,0 35
Pirimicarb 103,7 42 106,8 50 0,2 0,6
MAu nuée may ctia Miu nuée mé
Truong Dai hoe Khoa inh 16 10 y
Chat hoc T nhién ’ LoD  LOQ
L At 1 e ppen % e (ugl) o (ugl)
Hi¢usuat  Djlip lgi  Higu suat D lip lgi
thu hdi (%) (%RSD)  thu hdi (%)  (%RSD)
Carbofuran 61,2 71 88,9 37 0,3 0,9
Carbaryl 78,6 0,2 94,9 5,5 0,1 04
Isoprocarb 89,4 71 90,7 N 02 0,8
Methiocarb 69,2 2,7 84,6 73 0,6 2,0
Pirimicarb 974 2,7 108,0 438 0,1 0.4

Ap dung quy trinh da t6i wu dé phan tich cac mau nudc
sinh hoat va nudc song. Cac mau nude nay duoc ldy theo
TCVN 6663:2016, mau dyung trong chai nhua PE va bao
quan ¢ 4°C trong phong thi nghiém, mau dugc loc cin rin
béng giéiy loc dinh tinh trudc khi tai qua cot. Két qua néng
dd thudc trir sdu ho carbamate trén mau nudc dugc md ta &
bang 5. P6i véi miu nudce sinh hoat & tinh 16 10, quan Binh
Tan c6 phat hién thudc trir sdu pirimicarb & mirc nong do 63
ng/l. Mau nudc sinh hoat léy tai Truong Pai hoc Khoa hoc tu
nhién - Pai hoc Quéc gia TP H6 Chi Minh va mau nudc song
Sai Gon khong phat hién cac thude trir siu nay. Mau nudc
kénh Tau Hu, quan 5 phat
hién c6 mat isoprocarb

nhung dudi ngudng dinh
luong. Gidi han phat hién
(LOD), gi6i han dinh
luong (LOQ) ctia phuong
phap trén nén miu duoc
xac dinh tai néng do cho
tin hi¢u S/N>3 (LOD) va
S/N>10 (LOQ).

Mau duge thém chuén
& mirc ndng do6 10 pg/l
dé danh gia hiéu suat thu
hoi, do lap lai va LOD,

Carhofuran ~ Carbaryl ~ Isoprocarh  Methiocarb  Pirimicarb
Tinh 19 10,
L KpH KPH  KPH KPH 630£30
Nude quin Binh Tén
sinh hoat ong Dai
* TungDiber KH  KPH KPH KPH
Khoa hoc Ty nhién
) Sai Gon KPH KPH KPH KPH KPH
M KPH
g o ke LD KeH KPH
TauHu
- Maiu nudc may e Mau nudc sdng
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Hinh 12. Séc ky dé mau va mau thém chuan 10 pg/l méi thudc trir sau. 1: Pirimicarb, 2: Carbofuran, 3: Carbaryl,

4: Isoprocarb, 5: Methiocarb.
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trinh bay ¢ hinh 12. Cac thudc trir siu déu c6 hiéu sut thu
hdi cao trén cic nén miu nudce song, nude kénh va nude may
(bang 6), dat hiéu suat thu hdi theo tiéu chuan AOAC & mirc
noéng do 10 pg/l (60-110%). Cac chit carbofuran, carbaryl
d& bj mét trong qué trinh thoi kho do nhiét d¢ soi twong doi
thap nén hiéu suat thu hoi chua that sy tot. Do lap lai trén cac
nén mau nay ciing nam trong mirc cho phép khi phan tich
ham luong vét thudce trir sdu (RSD<15%). LOD va LOQ cua
phuong phap thap, dudi mire gidi han cho phép cua cac thude
trlr siu ndy trong mau nudc bé mit va nudc sinh hoat nén
dam bao phén tich t6t cac mau c6 nong do thap.

4. Két luan

Vit liéu SiO,-(CH,), N(Oct) Br da duoc tong hop thanh
cong va dugc xac dlnh céu tric bang cac phuong phap hoa
ly (FT-IR, TGA, SEM, EDX). Nghién ctru nay da xay dung
dugc quy trinh 1am giau mau bang vat liéu Si0,-(CH,),-
N(Oct),Br va phan tich thuoc trir sdu carbamate bang phuong
phap HPLC UV trén nén miu nudc. Phuong phap co gidi
han dinh luong thip, d6 1ap lai va hiéu sudt thu hoi tot. Kha
nang lam glau cua vat liu SiO,-(CH,),-N(Oct),Br dbi voi
cac hop chat dai dién cho nhom carbamate trong nghlen ctiu
nay 1a 33 lan, LOQ dat ngung mot vai ppb. Néu sir dung dau
do MS ¢6 d6 chon loc cao hon thi chic chén sé cai thién duoc
rat nhiéu d6 nhay cua phuong phap [24, 25]. Nghién ctru cho
thay tiém ndng rat 16n ctia S1O -(CH,),-N(Oct),Br trong XU ly
mau phan tich, tuy nhién can them nhung khao sat vé do bén
ctia vat lidu theo thoi gian bao quan va kiém ching thém trén
nhiéu nén mau nudc khac.

Nghién ctru nay duoc hd trg kinh phi tir S& Khoa hoc
va Cong nghé¢ TP HO6 Chi Minh, ma s6 102/2020/HD-
QPTKHCN. Céc tac gia xin tran trong cam on.
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Nghién ciu anh huong cua toe d bién dang dén cdc tinh chat chiu kéo
cia hgp kim Cu, Ni_ da tinh thé sir dung phwong phap mo phong dfng hye phan ti

Trin Anh Son, Poan Pinh Quén, Pham Anh Vi, Vii Hong Son, Hoang Vin Han, Pham Thé Tan, Chu Vin Tudn*
Trieong Pai hoc Sw pham Ky thudt Hung Yén, dwong 394, xi Dan Tién, huyén Khodi Chdu, tinh Hing Yén, Viét Nam
Ngay nhan bai 19/9/2022; ngay chuyén phan bién 21/9/2022; ngay nhén phan bién 12/10/2022; ngay chip nhén diang 17/10/2022

Tom tit:

Trong l}ﬁi bao nay, anh hu’(’)"ng ciia cac tdc dd bién dang khac nhau dén tinh chat chiu kéo ciia hop kim Cu,Ni,, da
tinh thé dwoc nghién ciru bang phwong phap mé phong dong lwe phan tir - mt trong cac phwong phap mé phéng
dwgc sir dung kha rong rii trong linh vue vt liéu nano hi¢n nay. Phuong phip Voronoi dwoc ap dung dé thiét 1ap
ciu tric da tinh thé va ph:‘jm mém ATOMSK dugec sir dyng dé tao miu thir kéo hop kim CuNi,, da tinh thé. M(f)i
quan h¢ giira (rng suat - bién dang, sw bién doi pha tinh thé, hién tuwgng sai lIéch mang tinh thé, sy phian b6 &rng suat
ciit va trng suit von Mises dwoc danh gia. Két qua cho thiy, ¢ toc do bién dang cang cao thi gia tri dd bén kéo ciia
hop kim Cusol\,h50 da tinh thé cang cao. Sw clluyén ddi pha tir ciu tl‘l'lvc lap phwong tﬁm mat gFCC) thﬁ,nh ciu tric
sau phwong két chat (HCP) la chi yéu va kiéu sai lIéch mang tinh thé Shockley chiém wu thé trong suot qua trinh
kéo. Cac nguyén tir véi bién dang cit cao tap trung chii yéu tai cic vi tri ma vt li¢u bi bién dang nghiém trong nhit,

trong khi cac nguyén tir véi irng suét von Mises cao tap trung chu yéu bén trong cic ranh gid¢i hat.

Tir khéa: bién dang cit, bién doi pha, hop kim Cu,Ni_ da tinh thé, 16i xép chong, wng suit von Mises.

Chi s6 phén loai: 2.5

1. Ddt van de

Phu(mg phap kéo la mdt trong nhung phuong phap pho
bién va dién hinh nhét dugc sit dung dé kiém tra, danh gi4 cac
hién tugng bién dang va cac tinh chét co hoc cta vt liéu. Tuy
rang cach thirc thyc hién phuong phap kéo rit don gian nhung
hiéu qud ma n6 mang lai that bat ngo. Thong qua thi nghi¢m
kéo, nhiéu thong s6 co hoc quan trong cua vat li¢u co thé dugc
xac dinh nhu mé dun dan hdi, do bén kéo va do déo dai... Cing
véi do, hién tugng bién dang va co ché pha huy cua vat li¢u
ciing dwoc thé hién rat rd rang thong qua qué trinh kéo. Do d6,
thi nghiém kéo da dugc cac nha khoa hoc st dung kha rong rai
trong cac nghién ctru trude day [1-3].

Cho dén nay, phan I6n cac nghién ctru vé co tinh va co ché
bién dang cua vét liéu dugc thuc hién bang cac phuong phap
thyc nghiém. Tuy nhién, cdc phuong phap thuc nghiém con ton
tai nhuge diém do 1 kich thudc cac mau thir con rat 16n, din
dén viéc danh gia cac bién dang co hoc va sy pha huy cua vt
liéu dugc thuc hién ¢ vung dién tich 16n. Trong khi d6, su thay
d6i cac tinh chit co hoc va su bién dang cua vat li¢u thuc té
da xay ra ¢ ving dién tich rat nho ¢ kich ¢& nano, diéu ma rat
kho co thé khao sat dugc bang cac phuong phap thue nghiém.
Mot véan de cap thiét dat ra 1a phai giai quyét dugc bét cap nay
nhung van dam bao d¢ tin cdy va chinh x4c cua két qua thu
dwoc. V&i sy phét trién nhanh chong cta khoa hoc may tinh va
cong ngh¢ nano hién nay, viéc thuc hién cac nghién ctru ¢ cép
d6 nguyén tir da khong con 1a rao can ddi véi cac nha khoa hoc.
Mot sy lua chon phtt hop cho nhitng nghién ctru chuyén siu vé

“Tac gia lién hé: Email: chuvantuan@utehy.edu.vn
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c4c tinh chét co hoc va co ché bién dang cua vét liéu nano la
phuong phap mé phong dong luc phan tir - mét phuong phap
dat duge do chinh xac cao, dé thyc hién, tiét kiém thoi gian va
chi phi cho qua trinh thyc hién [4].

Vit ligu da tinh thé 1a mot loai vat lidu s¢ hitu céc tinh thé
don hoic da pha véi kich thudc tinh thé dao dong trong khoang
vai nm (thudng 1a tir 5 dén 20 nm), trong d6 vat liéu mét di do
két tinh do bén trong ching c6 chira cac ranh gidi hat (GBs)
[5]. Cac GBs chiém khoang 30% thé tich cua vat liéu da tinh
thé va chiing ciing 14 nhén t6 chinh lam thay doi cac tinh chat
co hoc cua vat lidu so voi vat liéu két tinh thong thuong. Cu
thé, viéc so hiru cac GBs lam cho d6 bén va do cling cua vat
liéu da tinh thé tang 1én, d§ déo dai dugc céi thién, tdng cudng
d6 khuéch tan, kha nang chiu nhiét cao hon, hé s0 gian nd nhiét
dugc tang cuong va tur tinh vuot troi. Do do, vat li¢u da tinh
thé dwoc g dung rong rii trong cac linh vyc quan trong nhu
cong nghé tur tinh, xt 1y va y sinh, cac tmg dung trong linh vyc
cam bién [6-8].

Trong s6 cac hop kim dong hai thanh phén, hop kim dong-
niken (CuNi) so hitu cac dac tinh co hoc vuot trdi nhu kha nang
chéng an mon tuyét voi, do bén cao, kha nang chéng moi do
n mon cao va do déo dai tdt [9]. Vi vay, hop kim CuNi da trd
thanh vat lidu tiém ning va c6 nhimg déng gop thiét thuc cho
sy phat trién clia cac nganh cong nghiép [10]. Cho dén nay,
s6 lugng cac nghién ciru vé dic tinh kéo va co ché bién dang
kéo cua hop kim CuNi da tinh thé khong nhleu, dac biét 1a cac
nghién ctru su dung phuong phap moé phong dong luc phan ti.
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Abstract:

In this paper, the effect of different strain rates on the tensile
properties of nanocrystalline Cu, Ni, alloy was investigated
using the molecular dynamics simulation method, one
of the simulation methods widely used in the field of
nanomaterials today. The Voronoi method was applied
to establish the nanocrystalline structure, and ATOMSK
software was used to create the tensile test specimens of the
polycrystalline Cu, Ni, alloy. The stress-strain relationship,
phase transformations, lattice dislocations, shear strain
and von Mises stress distributions were evaluated. The
results showed that the higher the strain rate, the higher the
tensile strength value of the nanocrystalline Cu,Ni alloy.
The phase transition from the Face-Centered Cubic (FCC)
structure to the Hexagonal Close Packed (HCP) structure is
predominant, and the Shockley dislocation prevails during
the tensile process. The atoms with high shear strain are
mainly concentrated at the locations where the material
is most severely deformed, while the atoms with high von
Mises stress are mainly focused inside the grain boundaries.

Keywords: nanocrystalline Cu Ni,, alloy, phase transition,
shear strain, stacking faults, von Mises stress.

Classification number: 2.5

Trong qua trinh chiu kéo, céc tinh chét co hoc cua vat liéu chiu
anh huong manh mé& boi toe do bién dang khi kéo. Néu yéu to
nay thay doi s& lam cho céc tinh chit co hoc ciia vat lidu bién
ddi ra sao?

T nhitng vin dé néu trén, ching t6i thuc hién nghién ctru
anh huong cia tdc do bién dang (SR) dén tinh chét chiu kéo cua
hop kim Cu, Ni, da tinh thé thong qua phuong phép mé phong
dong lyc phan tir trong cong trinh nay.

2. Phuong phap nghién ciiu

Trong nghién ctru nay, phuong phap Voronoi [11] duoc
ap dung dé thiét 1ap cdu tric da tinh thé va phan mém
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ATOMSK dugc sir dung dé tao mau thir kéo hop kim
Cu,Ni, da tlnh thé. Hinh 1 thé hién mé hinh vat 1y ctia mau
horp k1m Cu,,Ni, da tinh thé dugc str dung trong qué trinh
kéo. Kich thuoc ctia mau thir 1a 3x30x15 nm’, tuong Ung
v6i do day (t)xchiéu dai (L)xchiéu cao (h) ciia mau. Kich
thudc hat trung binh ciia mau hop kim Cu,,Ni, da tinh thé
la 7,26 nm va cac hat dugc dinh hudéng ngau nhién. Qua
trinh kéo duoc thuc hién doc theo phuong truc x, cac diéu
kién bién tu do dwoc gan theo phwong truc y va cac diéu
kién bién tuan hoan dugc gan theo phuong tryc z. Bién dang
kéo (¢) dugc xac dinh nhu sau:

- (1)

L

trong d6 AL 1a tong do gian dai. Tap hop chinh tic (NVT)
dugc 4p dung trong tit ca cac mé phong dong luc phan tur.

Ranh giéi hat

#"ﬂ

'# © Cic nguyén tir Cu

@ Cac nguyén tir Ni

Hinh 1. M6 hinh vat ly ctia mau hep kim Cu, Ni_ da tinh thé dwoc st

dung trong cac thi nghiém kéo.

50 50

Dé ¢6 thé thu duoc cac hién tuong bién dang khac biét 16
rét, giup dua ra nhitng so sanh vé dic tinh co hoc cua vat liéu,
cac thi nghiém moé phong kéo dugc thuc hién ¢ 5 gia tri SR
khac nhau lan luot 1a: 2,5x108, 5x108, 10°, 5x10° va 105!
nhiét o phong va budc thoi gian mé phong 1a 2 fs thong qua
hé thong mo phong LAMMPS [12]. Viéc chon cdc gid tri toc
d0 bién dang rat cao trong céc nghién ctru nay dua trén co so
cta nhidu nghién ctru mo phong dong luc phan tir trude day.
Cac nghién ciru m6 phong dong lyc phan tu duoc thyc hién
bang cach sir dung ting suat rét cao (toc d0 bién dang rat cao),
chi ¢6 thé so sanh tryc tiép v6i g suat dugc ap dung trong
cac thi nghiém tai xung kich. Sau d6, can ngoai suy cic két
qua thu dwoc tir md phong dong luc phan tir voi cac didu kién
thtr nghiém co hoc thuc nghiém thong thuong hét strc can than
va ti mi. Thoi gian thu gidn ctia vat liéu trude khi kéo mau thi
nghiém 1a 500 ps. Tat ca céc dit liéu mo phong qua trinh kéo
thu dugc bao gom phén tich bién doi pha tinh thé (CNA), sai
1éch mang | tinh thé (DXA), su phan bd bién dang cit va phan
b tmg sudt von Mises dugc thé hién thong qua phan mém
OVITO. Phuong phap nhung nguyén tr (EAM) véi cac thong
s0 clia ham thé ning lay tir co so dit licu NIST dugc str dung
trong nghién ctru nay dé xac dinh twong tac giira cac nguyén tir
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Cu va Ni [13]. Tong ning luong E, cua nguyén tir i dugc tinh
bdi cong thuc sau:

E =F, (Zpaﬁ( ]

j#

=D 0 (1) )

_]#1

trong do F, p, ¢, va T, 1an luot 14 nang lwgng nhung, mat do electron
nguyén tir, cap thé trong tac va khoang cach gitra nguyén turi va j;
a va B 1a céc loai nguyén t6 cua nguyén tir i va j.

Ung suét n,o mdi nguyén tir i duge tinh nhu sau:

1
ni=\/(niy+n§z+niz)+g[(nxx-nyy)2+(nxx—nn)2+(nyy-nzz)2] 3)

Ung suat von Mises 6, duoc tinh nhu sau:

1
cm=J3(ciy+c§z+ciz)+5[(cxx-oyy)2+(cm-cu)z+(cu—cyy)2] (4)

trong do, Xy, yz, Xz, XX, yy, zz 1a cac vector phan tir trong hé
toa do oxyz.

3. Két qua va ban luan

Trong phan nay, cic két qua thé hién céc tinh chat chiu kéo
va co ché bién dang cia hop kim Cu,Ni,; da tinh thé dwoc
phan tich va ban luén. Anh hudng cia toc do bién dang dén cac
bién ddi co hoc cua hop kim Cu N, da tinh thé 1a rat 15 rang
va duoc danh gi4 chi tiét.

3.1. Méi quan h¢ iing sudt - bién dang

—— SR-2,5x10° 5™
——— SR=5x10"s"'
—— SR=10"s"
——— SR=5x10"s™"

Ung suit (GPa)

0,00 0,05 0,10 0,15 0,20
Bién dang
Hinh 2. Méi quan hé ng suét - bién dang cta hop kim Cu, Ni_, da tinh

thé trong céc thi nghiém kéo véi SR khac nhau tai nhiét d6 phong.

Quan hé tmg suat - bién dang Ia thong s ddc trung nhat dé
danh gid co tinh cua vét liéu trong qua trinh chiu keo. Hinh 2 thé
hién mdi quan hé (g suat - bién dang ctia hop kim Cu,Ni, da
tinh thé trong cdc thi nghiém kéo voi SR khac nhau tai nhlet do
phong. Co the thdy rang, xu huéng bién thién cia cac gia tri img
suat 1a kha giéng nhau & cac truong hop SR khéc nhau. Trong giai
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doan dAu cua qué trinh kéo, giai doan bién dang dan hoi, ing suat
ting nhanh tir 0 dén gié tri cyc dai trong khoang 0<e<0,025. Sau
khi dat dinh, gia tri (mg sudt giam dot ngot, danh dau su bit dau
cua qud trinh bién dang déo. Sau do, gi4 tri tmg suat on dinh hon va
gidm dan khi & ting. Diéu nay ¢6 nghia la sy pha huy vat liéu dién
ra tir tir trong qué trinh kéo. DAy 1a tinh chat co hoc rat dic trung
ctia vat lidu da tinh thé. Mot két qua dang chu y khac, gia tri 4o bén
kéo ting nhe ddi v6i sy gia ting toc do bién dang tir 2,5x10%s™ 1én
10° s, va chiing tang 1én 10 rét khi qué trinh kéo duge thyc hién tai
gia tri toc do bién dang bang 5x10° s va 10195, C6 thé két luan
rang, do bén kéo cuia hop kim Cu,Ni da tinh thé 1a cao hon khi
toc do bién dang cao hon. Céc gi4 tr1 do bén kéo cta cac miu hop
kim Cu, Ni, da tinh thé lan luot 1a 2,81, 3,03, 3,26, 3,75 va 5,19
GPa, tuorng ung v6i cac gia tri the do bién dang 1a2,5¢10% 5x10°,
10°, 5x10° va 10195, Cung vé6i d6, gia tri tmg sudt giam dot ngot
sau diém dinh trong truong hop téc d6 bién dang cao nhat. Piéu
d6 c6 nghia 13, vat li¢u trd nén gion hon, lam cho su dut gay lién
két cua vét liéu xay ra dé dang hon & toc do bién dang cao hon va
ngugc lai. Xu hudng nay ciing da duge bao cdo trong cac nghién
cuu md phong dong luc phan tr qua trinh kéo trude day cia A.S.
Tran (2020) [14] v6i mang nano hai 16p Cu/Ta, F. Hussain va cs
(2014) [15] véi thuy tinh kim loai CuZr va G.P. Potirniche va cs
(2005) [16] v6i mang niken don tinh thé.

3.2. Qud trinh bién déi pha tinh thé va hién twong sai léch
mang tinh thé

£=0,15

(a) SR=2,5x108 57!
® (b2) .

(b) SR=5x108 s*!

Ldi xép chong

(€) SR=1010 g1
B BCC [ Vo dinh hinh

Bl FCC HEHCP

Hinh 3. Biéu dé bién dbi pha tinh thé cta hop kim Cu, Ni,, da tinh thé
trong cac thi nghiém kéo vé&i SR khac nhau & nhiét d6 phong tai e=
0,15va 0,20.
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Hinh 3 thé hién biéu do bién doi pha tinh thé cta hop kim
Cu,Ni, da tinh thé trong céc thi nghiém kéo voi SR khac nhau
o nhlet do phong tai €=0,15 va 0,20. Két qua cho thay, hinh thai
bién dang clia cac mau hop kim Cu,,Ni,, da tinh thé 1a khac nhau
voi SR khéc nhau. Nhin chung, cdc mau déu bi gian dai ra khi qua
trinh kéo dugc thuc hién. Tuy nhién, hién twong vat liéu bi co lai
xdy ra ¢ phan giita ciia mau ddi vai cc truong hop SR=2,5x 105,
5x10% va 10°s" xdy ra & 4 goc clia mau trong cac truong hop voi
SR=5x10°va 10"°s™". Vat liéu bi ton hai, pha huy véi biéu hién cu
thé 14 sw xuét hién rd rét cla céc khuyét tat khi qua trinh kéo dugc
thuc hién. Céc khuyét tat ndi bat nhat hinh thanh trong cac méiu
hop kim Cu, Ni, da tinh thé 1a sy chuyén doi pha tinh thé va su
xuat hi¢n cua cac 101 xép chong trong céc hat da tinh the Ban dau,
cau tric tinh thé ctia hop kim Cu,Ni  da tinh thé 1a cau tric 1ap
phuong tam mét (FCC). Dudi sy tac dong cua qué trinh keo mot
phan ctia cac cu tric FCC trong cac mau hop kim Cu, Ni, da tinh
thé bi chuyén doi thanh cac céu tric tinh thé khac nhu hinh cau
tric luc giac két chat (HCP), cau tric 1ap phuong tam khdi (BCC)
va cdu trac vo dinh hinh. Trong d6, qua trinh chuyén doi pha tir
cau triic FCC sang HCP chiém da s6, con su chuyén doi pha tir céu
triic FCC sang BCC va vo dinh hinh 13 it hon, chii yéu tap trung &
mdt s vi tri bi ton hai nghiém trong nhat trong mau. Mot két qua
dang chu y, cac 161 xép chong s hiru cau trac HCP xuét hién day
dac trong cac hat da tinh thé bi bién dang manh dudi tdc dong cua
qué trinh kéo. Cac 18i xép chdng bat ngudn tir sy khong phi hop
cdu triic ctia cac nguyén tir bén trong cac ranh gi6i hat clia cac mau
hop kim CuyNi, da tinh thé va chiing bi gi6i han bén trong céc
hat Cu, Ni, da tinh the.

(¢) SR=10° 51 (d) SR=5x10 5°! () SR=10's!
M 1/6a<110> (Stair-rod) W1/6a<112> (Shockley)

1/3a<001> (Hirth) M1/2a<110> (Perfect) M Khong xac dinh

Hinh 4. Sw phan bé sai léch mang tinh thé cua hop kim Cu,Ni,, da
tinh thé trong cac thi nghiém kéo v&i SR khac nhau & nhiét dé phong
tai €=0,15.

Duéi sy anh huong cua cac tac dong co hoc, mot trong nhiing
dang khuyét tat dang chi y cua cac vat liéu tinh thé 1a sy sai léch
mang tinh thé. Hinh 4 cho théy st phan b6 sai léch mang tinh thé
cua hop kim Cu, Ni, da tinh thé trong céc thi nghiém kéo voi SR
khac nhau ¢ nhiét do phong tai €=0,15. Céc loai sai léch mang
tinh thé khéc nhau duoc hinh thanh nhu 1/6a<110> (Stair-rod),
1/6a<112> (Shockley), 1/2a<110> (Perfect),1/3a<001> (Hirth),
va sai léch khong xac dinh tuong tmg voi cac duong mau hong,
xanh 14 cdy, xanh duong, vang va do nhu duoc thé hién & hinh 4.
Sur khong phii hop cdu tric cta cac nguyén tir bén trong céc ranh
gi6i hat 1a nguyén nhan dan dén sy hinh thanh cac sai léch mang
tinh thé dudi tac dong ctia luc kéo. Cac sai léch mang tinh thé sau
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d6 ¢ thé trong téc véi nhau hodc bi thu hdi, dan dén sy hinh thanh
céc kiéu sai léch mang tinh thé khac hodc khuyét tat moi. Mat do
sai léch mang tinh thé clia céc mau hop kim Cu, Ni,, da tinh thé
trong truong hop véi SR 16n hon la day déc hon. Trong trudong hop
v6i SR nho hon, céc sai léch mang tinh thé tuong d6i dai chiém wu
thé. Trong khi do, cac sai léch mang tinh thé ngén hon xuat hién
chii yéu trong cdc mau hop kim Cu,Ni, da tinh thé trong truong
hop véi SR 16n hon.

3.3. Sw phén bo bién dang ciit va teng suit von Mises

Bién dang cat
O — o 2

£=0,15 £=0,20

(c) SR=10? 57!

(d2)
(d) SR=5x107 s°1

(el)

(e2)
(e) SR=10""g!

Hinh 5. Biéu d6 phén bé bién dang cét cia hop kim Cu,Ni,, da tinh
thé trong cac thi nghiém kéo vé&i SR khac nhau & nhiét do phong tai

€=0,15 va 0,20.

Hinh 5 thé hién biéu do phan bd bién dang cit ciia hop kim
Cu,Ni, da tinh thé trong céc thi nghiém kéo v6i SR khac nhau &
nh1et do phong tai £=0,15 va 0,20. Thong qua sy phan b6 bién dang
cit clia chc mau hop kim Cu, Ni, da tinh the, cdc vung nguyén tur
voi cac muic d§ bién dang cat khac nhau duge biéu dien. T d6 co
thé danh gia mirc do bién dang va pha hity ctia vét liéu tai céc vi tri
khac nhau trén toan b miu trong qua trinh kéo. Co thé thiy rang,
nhimg khu vc vét liéu bi bién dang, pha huy cang nghiém trong
thi ¢ d6 cang tp trung nhiéu nguyén tir ¢6 bién dang cat cao. Pang
chu ¥, bién dang cit ciia cac nguyén tir bén trong cac hat da tinh
thé 1a thip hon so v6i cac nguyén tir bén trong cac ranh gioi hat.
Cac thiét hai ban dau cita vat liéu xuét hién tai céc vi tri dugc danh
dau bang cac dudng tr(‘)n va elip mau den, tai cac ranh gi6i hat cua
mau hop kim Cu,Ni  da tinh thé. Sau do, qua trinh kéo tiép tuc
dugc thyc hién lam cho ching mo rong va lan truyén t6i céc vi tri
khéc ciia mau, doc theo duong vién cac ranh gidi hat, hinh thanh
nén céc khu vyc bi anh huong va bién dang dang ké. Tir biéu do
phan bd bién dang cit, co thé thay rang, bién dang cit cta cic mau
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hop kim CuyNi  da tinh thé duoc chia thanh hai mirc d¢ rd rang.
Vi cac truong hop SR=2,5x10%, 5x108 va 10°s™!, cac vung nguyén
tir voi bién dang cat cao dugce quan sat r0 rét tai cac khu vuec bi bién
dang nghiém trong ciia mau. Con véi cac truong hop SR = 5x10°
va 101951, c4c ving nguyén tir v6i bién dang cét cao xut hién thua
hon va cudng d yéu hon. Tir két qua phan tich & trén, c6 thé khing
dinh ring, cic ranh giéi hat dong mot vai trd rét quan trong trong
viéc han ché sur bién dang, pha huy cua hop kim Cu, Ni, da tinh theé.
Hau hét it ca cac ton hai cua vat liéu déu hinh thanh trong cac ranh
gidi hat, diéu nay gop phan cai thién kha ning bao vé cau tric tinh
thé ciia vat li¢u da tinh thé khi qua trinh kéo dién ra.

Ung sudtvon Mises
Ommmm w2 GPa

=0,15

(a) SR=2,5x108 5! (b) SR=5x10% 5!

(e) SR=1010s7!

' () SR=10° 5! (@ SR=510°s1
Hinh 6. Biéu d6 phan b tng suét von Mises ctia hop kim CuNi,, da
tinh thé trong cac thi nghiém kéo v&i SR khéac nhau & nhiét dé phong
tai €=0,15.

Hinh 6 thé hién biéu dd phan bd tmg sudt von Mises ctia hop kim
CuyNi, da tinh thé trong cac thi nghiém kéo v6i SR khac nhau ¢
nhlet do phong tai €=0,15. RO rang, img. suat von Mises ton tai bén
trong céc hat da tinh thé thap hon dang ké so vdi (g suat von Mises
ton tai bén trong cac ranh gi6i hat. Két qua nay hoan toan phii hop voi
cdc bao cdo trude ddy cua A.S. Tran va cs (2019) [17] va D.Q. Doan
va cs (2020) [18] va dugc giai thich bot sy khac biét trong cach sap
xép nguyén tir gitra céu tric vo dinh hinh ctia cac nguyén tir trong cac
ranh gidi hat va cau tric tinh thé ctia cdc nguyén tir trong cdc hat da
tinh thé. Bén trong cdc ranh gidi hat, cac nguyén tu voi céu tric vo
dinh hinh dugc sap xep rat gin nhau va khong c6 trat ty. Do d6, chiing
twong tac véi nhau dé dang hon va manh mé hon dudi sy tac dong clia
qué trinh kéo, 1am cho tmg suat von Mises ton tai bén trong céc ranh
gi6i hat Ia cao hon dang ké so v6i céc hat da tinh thé. Sy thay doi ciia
SR gin nhu khong anh huong dén sy phan bé (g sut von Mises
trong cdc mau hop kim Cu, Ni,, da tinh thé.

4. Két luan

Anh hudng cia SR dén tinh chét chiu kéo cia hop kim Cu, N

da tinh thé da duoc phéan tich va danh gia thong qua phuong phap
mo6 phong dong luc phan tir. Két qua nghién ctru cho thay, su thay
doi ciia gi4 tri SR anh huong dang ké dén do bén kéo, hinh thai bién
dang, qua trinh bién doi pha, sai léch mang tinh thé va su phan b6
bién dang cit ciia hop kim Cu,Ni  da tinh thé. Gia trj o bén kéo
tang cao 10 rét vgi SR=5x10° vA 1010 1. Vi SR thap hon, vit licu
bi bién dang khdc liét hon, ving nguyén tir voi bién dang cit cao
hinh thanh nghiém trong. S bién doi pha tir céu tric FCC chi yéu
duoc chuyén thanh céu trac HCP va kiéu sai 1éch mang tinh thé
Shockley chiém da s6 trong cac mau. Tuy nhién, SR gan nhu khong
anh huong dén sw phan bé tmg suat von Mises.
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Anh huéng bién dang dén dwong cong dién tré
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Tran Thé Quang', Nguyén Hoang Linh2 Nguyén Minh Son?, Nguyén Vin H#%, P§ Vin Truong”
"Truong Dai hoc Thai Binh, xa Tan Binh, TP Thdi Binh, tinh Thdi Binh, Viét Nam

2Pai hoc Bach Khoa Ha Néi, 1 Pai Co Viét, phuong Bach Khoa, quan Hai Ba Trung, Ha N¢i, Viét Nam
$Truong Pai hoc Quoc gia Jeonbuk, 567 Baekje-daero, Deokjin-gu, Jeonju-si, Jeollabuk-do, Han Quoc

Ngay nhan bai 10/6/2022; ngay chuyén phan bién 13/6/2022; ngay nhén phan bién 30/6/2022; ngay chip nhan dang 5/7/2022

Tém tit:

Phan cwe tw phat cia vat liéu sat dién da dwgc ing dung rong ral trong cac linh kién dién tit nhw: bo nhé truy cap
ngau nhién, cam blen, b0 chuyen doi dién. Trong cac vt li¢u st dién, PleO (PTO) l1a m{t trong nhirng vt li¢u
chiém wu thé vi chung co gia tri phin cue ty phat 16n va c6 thé hoat dong on dinh & nhiét d§ cao. PTO da dwoc
nghién ctru & nhiéu ciu tric khic nhau nhw mang mong (thin film), nan0w1re, nanodot, nanodlsk nanotube. Pé 1am
ro anh hwéng bién dang co hoc dén dwong cong dlen tré cua vat liéu sit dién PTO cAu tric xop, cac tac gia da khao
sat anh huéng bién dang co hoc Ién vit liéu PTO cAu tric xop bang cach sir dung tinh toan dya trén mo hinh vé - 16i.
Cic két qua thu dugc cho thdy, dudng cong dién tré dwge mé rng khi chiu bién dang nén dong thoi theo hai truc
(x,y) va bién dang kéo theo mét truc (z). Nguoc lai, dwong cong dién tré lai bi thu hep duéi bién dang kéo dong thoi
theo hai truc (x, y) va bién dang nén theo mot truc (z). Thém Vao do, phan bd phan cwe va ham hoi quy quan hé¢ giira

dién tich dwong cong dién tré va bién dang cia vit liéu PTO ciu triic x0p ciing dwoc lam sang to.

Tir khéa: anh hwéng bién dang, ciu tric xop, dwong cong dién tré, mé hinh vé - 15i.

Chi s6 phén logi: 2.5

1. Dt van de

Tinh phan cuc tu phat cua vat liéu sit dién duoc ung dung
luu trlt d@ liéu dudi dang céac bit 0 va 1 trong bd nhd truy cap
ngau nhién (Ferroelectric RAM) [1], cam bién (sensor) [2],
bo chuyén dbi dién (transducer) [3], thé nhan dang thong qua
tan s vo tuyén (RFID Cards) [4]. Trong cac vét liéu sat dién,
PTO [a mdt trong nhiing vt li¢u chiém wu thé vi chling c6 gia
tri phan cuc ty phat 16n va cé thé hoat dong on dinh ¢ nhiét
d6 cao. PTO di duoc nghién ctru & nhiéu cau trac khac nhau
nhu mang mong (thin film) [5-7], nanowire [8- 12], nanodot
[13-15], nanodisk [16], nanotube [17]. Tuy nhién, cau tric xdp
(nanoporous) [18] cua PTO chua dugc quan tam nhiéu, do d6
viée nghién ctru cdu trac xop cua PTO dé kham pha tinh chét
co Iy ctia n6 1a mot viée lam céan thiét.

Thoi gian gan day, phuong phap mo phong tinh toan sb
duoc st dung phé) bién dé du béo tinh chat méi cia vat lidu.
Mot trong s6 cac phuong phap d6 14 1y thuyét phiém ham mat
do (DFT) [19, 20]. Phuong phap nay hién dang dugc st dung
rong rdi dé du bao tinh cht co 1y cua vat ligu sat dién [6, 15,
21-24]. Trong tinh toan DFT, tuwong tac gilia cac dién tir trong
vat ligu dugc mo ta thong qua phuong trinh Schrodinger [19].
Do d6, tinh chat co ly cua vat liéu co thé duge kham pha thong
qua tinh toan co hoc lugng tir thay vi sir dung cac tham s thuc
nghiém. Tuy nhién, phuong phap DFT ¢6 nhuoc diém la tiéu
t6n rat nhiéu thoi gian tinh toan, yéu cau cau hinh thiét bi cao.
Gén déy, phuong phap tinh toan dua trén mé hinh vo - 16 [25]

duogc dé xuit dé khac phuc méot sO bét cap cua tinh toan DFT.
Trong mé hinh vo - 161, mot nguyén tir co duy nhit mot vo va
mot 161 véi thé ning twong tac cac nguyén tir gdm: thé ning
tuong tac tim gan (short-range potentials), thé ning twong tac
tam xa (long-range potentials), thé ning tuong tac vo - 15i (core
- shell potentials). Cac ham thé ning tuong tac cua mot vat
liéu thuong dugc xéac dinh thong qua dit liéu dya vao tinh toan
DFT hoéc thyc nghiém. Trong nghién ctru nay, mo hinh vo - 161
[25] duoc sir dung dé khao sat anh huong bién dang co hoc
dén duong cong dién tr cia vat lidu xop PTO. 3 md hinh cdu
triic xp c6 ty 18 thé tich (volume fraction): V=089, V,=0,81
va v, =0,78 dugc lya chon. Cac md hinh duorc can bang dua
trén phuong phép ning luong cyc tiéu dé xac dinh sy phan bd
vector phan cuc ty phat. Cac két qua thu dugc 13 quan hé giita
dién trudng - phan cuc tu phat, ung suét - dién truong va bién
dang - dién tich dudng cong dién tré. Day la nhimg co s& dit
liéu nén tang dé ung dung vat liéu nay trong cong nghiép.

2. Phuong phap nghién ciiu
2.1. Phén cuc tw phat

Phan cuc tu phat trong vat liéu PTO c6 ban chét 1a mot
momen ludng cuc dién gilra 2 dién tich trai diu trén mot
don vi thé tich. Trong 1 phan tir, cic dam may electron
mang dién tich &m va cac hat nhan nguyén tr mang dién tich
dwong ludn ton tai. Néu trong tim cac ddm may electron va
trong tam cac hat nhan trong phan tir khong trung nhau thi
phan cuc tu phat trong phan ti dugc hinh thanh. Néi cach
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Abstract:

Spontaneous polarisation of ferroelectric materials has been
widely applied in electronic components such as random
access memory, sensor, and transducer. Among ferroelectric
materials, PbTiO, (PTO) is one of the dominant materials
because it has alarge spontaneous polarisation value and can
operate stably at high temperatures. PTO has been studied
in many different structures such as thin film, nanowire,
nanodot, nanodisk, and nanotube. In order to clarify the
strain effect on the hysteresis loop of PTO nanoporous, the
author investigated the effect of mechanical deformation on
porous structure PTO materials using calculations based
on the core-shell model. The obtained results show that the
hysteresis loop is expanded under the compression of the
biaxial strain (x, y) and the tensile of the uniaxial strain
(z). On the contrary, the loop is shrunk under the tensile
of biaxial strain (x, y) and the compression of uniaxial
strain (7). Besides, in the study, spontaneous polarisation
distribution and regression function of hysteresis loop area
- strain of PbTiO, nanoporous is discussed as well.

Keywords: core-shell model, hysteresis loop, nanoporous,
strain effect.

Classification number: 2.5

khéc, phan cuc ty phat 1a mot thudce do su chuyén dich gitra
trong tam dién tich 4m va trong tdm dién tich duong trén thé
tich chtra chung. Phan cuc ty phat ¢ thé dugc tinh thong
qua cong thuc sau [26]:

P =350, (- ) (1)
trong d6 ¥ 1a thé tich chira cac nguyén tir; g, 1a dién tich cua
nguyeén to tht m; r, -7, 1a chuyén vi ctia nguyén tir thir m so
Vo1 vi tri ly tudng (V1 tr1 khong phén cuc) cua chinh nguyén
tr do; w, 1a hé s6 chia s¢ cua nguyén tir thir m trong thé tich
V: Pb la 8 Tila 1, O la 2. Trong cau tric tinh thé, 6 co s6
duoc hiéu 14 6 ¢o klch thuéc nho nhat ma van gilr toan bo
tinh chit dbi xtig ctia mang tinh thé trong khong gian. Dé

JHOAHOC . [

mod phong vat liéu co ciu tric tinh thé, 6 co so duge bién
chu ky tinh tién theo 3 phuong tao ra cAu triic tinh thé 16n
v6 han (twong duong vat li¢u trong thuc té). Nhu da biét,
vat liéu sit dién PTO c6 thé ton tai ¢ 1 trong 2 cAu trac tinh
thé: thuan dién (hinh 1A) hodc sit dién (hinh 1B). Nhiét do
chuyen pha (7)) la 605 K [27]. O nhiét d6 16n hon T, PTO
ton tai & pha thuan dién, thuoc nhém diém Pm3m va thong
s6 mang a,=b,=c,=3,886 A (hinh 1A) [28]. Do trong tim
cac dam may electron va trong tdm céc hat nhan ¢ pha nay 1a
trung nhau (2(r,, - r,)=0) nén phén cyc ty phat P bang 0. Pha
st dién ton tai & nhlet d6 thap hon T v6éinhom diém P4mm
va thong s6 mang a =b =3,854 A va ¢,=4,064 A (hinh 1B)
[28]. Nguyén tu T1 va O trong pha sat dién bi di chuyén
doc theo phuong z 1am cho trong tdm dam may electron va
trong tdm cac hat nhan khong trung nhau (2(r, - r )#0) va
la nguyén nhan gay ra phan cuc tu phat trong PTO. Hinh 1C
minh hoa mé hinh vo - 16i. Trong mé hinh nay, gia thiét mi
nguyén tir dugc ciu tao gdm hai phan: phan voé va phan 16i
[25, 29]. Phin v6 duge mo ta tuong timg véi dam may dién
tir c6 dign tichla g , phan 161 twong rng 1a hat nhan nguyén
ttr co dign tich la g,. Tdng dién tich cia nguyén tir la:

9=q,%q, 2

(A)

PbTiO;

Hinh 1. Mé hinh c4u tric 6 mang co s& ctia PTO. (A) Pha thuan
dién; (B) Pha sat dién; (C) Mé hinh v - 16i; (D) Bién dang theo 2 truc
x, y; (E) Bién dang theo 1 truc z.

2.2. M6 hinh va moé phong

Vit lidu cdu trac x6p [18] 1a nhom vt liu chira cac
16 tréng c6 kich thuge tir 0,2 dén 1000 nm. Khong glong
nhu vat liéu co khuyet tat (cac 16 tréng duoc sap xep ngau
nhién), & vat liéu cdu tric xdp, cac 1 tréng duoc sip xép
déu dan va co quy luat nhét dinh. Hinh 2 mé ta 3 md hinh
cAu trac xép cua vat liéu PTO co kich thudc 6 co so la
3,854x11,526x12,192 A tuong ung Vé’i céc tryc x, Y, 2. Trén
hinh 2A, 6 co sé cua PTO ciu tric x6p co ty 16 thé tlch v,
=0,89 va bi mat 1 cip Ti va O, khi nay Ti va O chi c6 nong
do la 88 89 va 96 30% so v6i vat licu PTO. Trén mo6 hinh
PTO cu trac x6p, V,=0,78 (hinh 2B) va V/,=0,81 (hinh 2C)
noéng do cua Ti va O lan lugt chi con 1a 77 ,78-88,89% va
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Hinh 2. M hinh c4u tric xép cta vat liéu PTO. (A) V=0,89; (B) V=0,78;
(C) V=0,81; (D) mat cét oxz clia 3 md hinh trén.

88,89-85,19%. Piéu kién bién chu ky theo 3 phuong x, y, z
dugc 4p dung cho tat ca cac md hinh khao sat.

Trude khi tién hanh dat dién truong va bién dang, cac
mé hinh dugc cin bang theo phuong phap ning luong cuc
tiéu & nhiét do 0 K vai diéu kién tng suét theo cac phuong
nho6 hon 0,001 GPa. 2 loai bién dang, bién dang theo 2 truc
(biaxial) x, y (hinh 1C) va bién dang theo 1 truc (uniaxial)
z (hinh 1D) dugc str dung véi budce bién dang 1a 2%. Dién
truong E duge ap 1én miu theo phuong z nam trong dai gia
tri tir -0,4 dén 0,4 V/A v6i mbi bude 1a 0,05 V/A.

" .
3. Ket qua

3.1. Phin bo phén cuc trong cdu triic dang xé'p clia vit
liéu PTO

Phan cuc tu phat cia 6 co s6 PTO chu truc xép duoc xac
dinh tir tong phan cuc ty phat cta 9 6 thanh phan (hinh 2) c6
kich thudc 3,854x3,854x4,064 A theo 3 phuong x, y, z. Ap
dung cong thire (1) voi 7 1a thé tich 1 6 thanh phan (V=60,364
A% va cic gia tri dién tich ciia nguyén tir Pb, Ti va O duoc
liét ké & bang 1, vector phan cyc cho timg 6 thanh phan cua
3 mé hinh PTO céu triic xép duoc xac dinh (hinh 3). Khac
véi PTO ¢ pha sit dién, phan cuc ty phét chi theo phuong
z(P=P,; P, P =0), & cau trac xop, PTO tdn tai phéan cuc tu
phat theo 2 phuong y, z(P=PZ+Py, P.=0). Diéu nay duoc giai
thich 1a do hién tugng khur phan cuc [30, 31] cua vat li¢u sat
dién tai bé mit 13 tréng. Tuy nhién, do cic md hinh khao sat co

Bang 1. Gia tri dién tich ctia cc nguyén ttr trong mo hinh v6 - 16i cia PTO [28].

Nguyén tir q,(© q,(e)

Pb +5.495860 -3.63302
Ti +19.36901 -16.27952
(0} +2.548430 -4.19917
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tinh d6i xtmg nén vector phan cuc theo phuong y ty triét tiéu.
Vector phan cuc theo phuong z cling chinh la vector phan cuc
tong trong trudng hop nay.

(A) (B) (©)
2120 o oo o o4
d \T”JP 9317 *rsvl“ ¢ ‘iﬁm‘lp 2P Jeea® D *}6.51‘ 1&874:} <‘45.7(7
L L ! ! 8 .l ! .

b et o0 4 p @2 0% ¢ pod o O d
P Bu® s® (f“\) g ‘\\58.5‘\& ’322&‘) "7485‘ ¢ ﬁ'ﬁ 1130 N«a.s“
DO ®e@ O¢ pog o ¢ b2 62

{ ’2.5(3' ?1’7.:4":> 825 | 1’01,3‘ '414“} foli\ ) an.f ?100,7/:‘: %03}}
) gog ¢ g 4 bea P WP WP
z
y l:l O co sé ciia cdu triic xop @rp
Vector phan cyc trén =5 X
0 ] mt 6 thanh phin L O thanh phin OTi
Ld trong 0

Hinh 3. Phan b6 phan cwe trong mé hinh PTO cAu tric x6p trén mat
cét oyz. (A) V=0,89; (B) V=0,78; (C) V=0,81.

Do 16n phan cuc tong P cta 3 mod hinh PTO céu triic
x6p voi ty 18 thé tich V=0,89 (hmh 3A), V=078 (hinh 3B)
va V=0,81 (hinh 3C) co gid tri lan lugt la 56,53, 51,88 va
59, 72 uC/cm2 Két qua cho thay, phan cuc tong cia ca 3 mo
hinh déu nhé hon phan cuc tong ciia PTO ¢ pha sit dién,
P=86,8 uC/cm? [26]. Sy giam phén cuc téng ciia 3 mo hinh
PTO dugc giai thich 1a do cac 6 thanh phan chira 16 trong bi
mat cac nguyén ti Ti va O (su chuyén dich ctia nguyén tir Ti
va O la nguyén nhén chinh gay ra phan cuc) dan dén gia tri
phéan cyc ctia céc 6 thanh phan chira 16 trong giam.

3.2. Anh hwéng bién dang dén dwong cong dién tré

Duong cong dién tré 1a mot dic trung quan trong clia
vat lidu st dién. Dudi tac dung dién truong, vi tri nguyén
tir va dam may electron duoc sip xép lai, vector phan cuc
bi thay d6i. Hinh 4A-F minh hoa dudng cong dién tré cia
céc mo hinh PTO cdu trac x6p dudi bién dang theo 2 truc x,
y va bién dang theo 1 tryc z. Qua quan sat, chung t6i nhan
thiy duong cong dién tré cia 3 mé hinh duoc khao sat co
xu huéng mo rong dudi bién dang kéo va thu hep dudi bién
dang nén theo 1 truc z (hinh 4B-D). Trai ngugc véi no, dudi
bién dang theo 2 truc x, y, duong cong dién tré mo rong
dudi bién dang nén va thu hep dudi bién dang kéo (hinh 4A,
C, E). Diéu nay co thé dugc giai thich nhu sau, dudi bién
dang kéo theo 1 truc z, nguyén tir Ti va O dich chuyén xa
vi tri 1y teong va dugce coi 1a nguyén nhan lam tang do 16n
phan cyc va dién truong cudng bure £, (coercive field). Hién
twong nay ciing xay ra dudi bién dang nén theo 2 truc x, y.
Nhu vay, duong cong dién tré duge mo rong khi phuong z
bi gian nd va nguoc lai khi phuong z co lai thi duong cong
dién tré bi thu hep.

Dé danh gia d6 mo rong, thu hep cia duong cong dién
tré, dién tich duong cong dién tré S,,, (hysteresis loop area)
O cac gia tri bién dang khac nhau cua 3 m6 hinh dugc xac
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dinh. Hinh 5 mo ta quan hé giira dién tich
dudng cong dién tré - bién dang. Két qua
cho théy, dién tich dudong cong dién tré cua
mo h‘}nh V=081 gin nhu 16n nhat & cac gia
tri bién dang so v&i 2 mo hinh con lai. Dudi
bién dang theo 2 truc x, y (hinh 5A), dién
tich duong cong dién tré 16n nhét 1 92,60
nC.V.em2. A tai bién dang -5% (16n hon
2,94 lan tai 0%) & mo hinh V=081, va dién
tich duong cong dién tré nho nhét 1a 3,63
nC.V.em2. A" tai bién dang +5% (nhé hon
3,63 lan tai 0%) & mo hinh V 0,89. Con
dudi bién dang theo 1 truc z (hlnh SB) dién
tich duong cong dién tré 16n nhéat va nho
nhét 1an lugt 12 61,00 va 1,93 pC.V.em2.A,

Bén canh duong cong dién tré, quan hé
giita mg sudt 7. - dién truong E ciing dugc
khao sat (cac két qua dugc minh hoa ¢ hinh
5). Quan h¢ o_ - E ¢6 dang vong ldp nhu
duong cong dién tré. Khi chiu bién dang
theo 2 truc x, y (hinh 5A, C, E), gia tri ing
sudt o_ dudi bién dang kéo luén 16n hon
duéi bién dang nén 6 moi gia tri dién truong.
Hinh 4. D thij dwdng cong dién tré ciia cac md hinh PTO cAu tric xép dwéi bién dang  Con dudi bién dang theo 1 truc z (hinh 5B,
theo 2 truc x, y va 1 truc z. (A, B) V=0,89; (C, D) V=0,78; (E, F) V=0,81. D, F), gia tri (g SuAt o dudi bién dang nén
ludn 16n hon bién dang kéo. Cac gié tri g
sudt o_lon nhét xudt hién trong cic mo hinh
PTO céu triic xdp duoc liét ké trong bang
2. Ung suét o_, trong md hinh V'=0,89 duoi
bién dang theo 2 tryc x, y va theo 1 truc z
duoc xac dinh 1a 16n nhat.

A) B)
——0% ——0% =
——1% —1% S
8

——-1%
——3%
——-3%

—— %
——3%

07 (GPa)

Bang 2. Ung sut o, I&n nhét dwéi bién dang theo
2 truc x, y va theo 1 truc z.

Ung sudt
ZZ max (GPa)
Bién dang
V/:0,89 V/:0,78 V/:0,81
2trucy, y 9,57 (tai3%) 8,77 (tai3%) 6,97 (tai 5%)
I trucz 15,02 (tai-5%) 13,94 (tai-5%) 10,54 (tai -5%)
4. Két luan

Trong nghién ctu nay, cac tac gia da
khao sat anh huong bién dang co hoc 1én
vét liéu PTO cau triic x5p st dung tinh toan
dua trén mo hinh vo - 16i. Dudi déy la nhiing
két qua chinh da thu dugc: chu tric x0p lam
thay doi phan bd phan cuc va lam giam
31,20 dén 40,23% gia tri d6 lon phéan cuc
Hinh 5. D4 thi qua hé (ng suét (o,,) theo phwong z - dién trwdng E ctia cac mé hinh PTO céu tong cua vat liéu PTQ; dudi bién dang nén
tric xop dwéi bién dang theo 2 truc x, y va 1 tryc z. (A, B) V=0,89; (C, D) V=0,78; (E, F) V=0,81.  theo 2 truc x, y va bién dang kéo theo 1 truc
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z, duong cong dién tré duoc mo rong, con dudi bién dang
kéo theo 2 truc x, y va bién dang nén theo 1 tryc z, duong
cong dién tré bi thu hep; dudi bién dang theo 2 truc x, y, ung
sudt o_ dudi bién dang kéo ludn 16n hon dudi bién dang
nén, con dudi bién dang theo 1 tryc z, itng suét o dudi bién
dang nén luén 16n hon dudi bién dang kéo tai moi gia tri
dién truong. Trong d6, md hinh ¥/=0,89 xudt hi¢n img suét
c_1a16n nhat.
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Panh gia gia tri chan doan ciia khay thir
phat hién nhanh khang nguyén virus rubella

Ngé Thu Huwong", Ngé Tién The', Nguyén Ping Hién', Trwong Qudc Phong?, Trin Vin Son'
"Trung tam Nghién ciru, San xudt Vd'c-xi}} va Sinh phcfm Y té, 135 Lo Duc, phm‘mg Pham Dinh Hé, quan Hai Ba Trung, Ha Ngi, Viét Nam
Vién Cong nghé Sinh hoc va Cong nghé Thuc pham, Pai hoc Bach Khoa Ha Ngi, 1 Bai Co Viét, phwong Béich Khoa, qudn Hai Ba Trung, Ha Ngi, Viét Nam
Ngay nhan bai 16/3/2023; ngay chuyén phan bién 20/3/2023; ngay nhan phan bién 8/4/2023; ngay chap nhan ding 12/4/2023
Tom tit:

Rubella 12 bénh truyén nhiém qua dw (‘)’ng hé hip do virus rubella giy ra. Mic dit phﬁn 16m bénh & mirc do nhe nhung
khi phu nit mang thai mic bénh c6 thé gay ra nhirng di tat bam sinh nghiém trong ddi véi thai nhi, do dé viéc sang
loc, chin don phat hién nhiém virus rubella sém la rit can thiét. Véi muc tiéu do, cac tac gia da nghién ciru phat
trién khay thw chin doan nhanh khang nguyén virus rubella. Khay thi dwgc phat trién dua trén ky thuat sic ky
mién dich sir dung hat nano vang. Nghién ctru nay nhim xic dinh mét s6 dic tinh cia khay thir, bao gdm ngudng
phat hién, phan tng chéo v6i mot s tic nhan giy bénh, do 1ip lai, dd nhay va dic hiéu. Két qua nghién ctru cho
thiy, khay thir ¢6 kha niing phat hi¢n dwgc miu c6 chira 105 PFU virus rubella; khong cé phan g chéo véi cic miu
chira cac tac nhan gay bénh nhuw: Staphylococcus aureus, Streptococcus pyogenes, Candida albicans, virus so6i, virus
ciim, Adenovirus, @9 lip lai ciia khay thir dat 100% d6i véi mAu 4m tinh va dwong tinh. P9 nhay va do dic hi¢u ciia

khay thir dat 98 va 99% twong &ng.
Tir khéa: chin doan, khay thir, virus rubella.
Chi 56 phan loai: 2.6

1. Dt van deé

Rubella 12 bénh truyén nhiém do virus rubella gdy ra, ¢6
thé gip ¢ moi lra tudi va gay bénh nhe cho ngudi 16n va tré
em [1]. Tuy nhién, khi phu nt mang thai méc bénh c6 thé gay
ra nhimg di tat bam sinh nghiém trong dbi véi thai nhi [2].
Hdi chiig rubella bam sinh c6 thé bao gé)m mot hodc nhiéu
triéu chung: khiém khuyét 4] mét, cac di tat ve tim, dong mach,
khiém khuyét vé hé thong than kinh, ban xuat huyét, bénh vé
xuong. .. [3]. Hién tai chua c6 thudc diéu tri ddc hiéu cho bénh
rubella, cich phong tranh hiéu qua nhat 13 tiém vic-xin du
phong [4].

Virus rubella 1a mot loai virus ARN soi don, hinh cau, c6
vo boc, kich thude tir 40 dén 80 nm, thudc ho Togaviridae, chi
Rubivirus [5]. B gen duoc bao boc trong mot capsid bao gdm
nhiéu ban sao cua protein capsid. Nucleocapsid nay duoc bao
quanh bdi mot 16p lipid kép c6 chira cac glycoprotein vo virus
la E1, E2a va E2b. Cac khang thé thudc cac nhom khac nhau
chéng lai E1, E2a, E2b va C duoc hinh thanh va c6 mit trong
qua trinh d4p tmg mién dich sau khi tiép xtc voi virus rubella,
trong d6 protein E1 c6 phan (g tao mién dich chiém wu thé
hon ca [5].

Giéng nhu cac bénh nhiém virus khac, bénh nhan nhiém
virus rubella c6 thé dugc chan dodn bang xét nghiém tryc tiép
virus (phan 1ap hodc sinh hoc phan tir) hoic gian tiép qua khang
thé [6 6]. Virus co thé duoc phat hién bang cach nudi ciy trén
cac té bao Vero/SLAM/RK13 ¢ 35°C trong 3-5 ngay [7]. Tuy

*Tac gia lién hé: Email: ngohuong@polyvac.com.vn
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nhién, phuong phap nay can nhiéu thoi gian va quy trinh phén
tich gdm nhiéu budc nén it duoc sir dung trong chan doan [8 ).
Gén day, viéc chan doan cac trudong hop nhidm rubella chi yéu
sir dung phuong phap mién dich va sinh hoc phan tir. Ky thuat
sinh hoc phén tir (RT-PCR) ¢6 do nhay tot, tuy nhién ky thuét
ndy c6 yéu cu cao vé diéu kién hoa chat, trang thiét bi va con
nguoi nén viée ap dung rong rai k¥ thuat nay con nhiéu han
ché, dic biét 1a cac co so y té tuyén dia phuong. K thuat mién
dich, vi du phuong phap ELISA phat hién khang thé IgM, IgG
dac hiéu virus rubella 1a mot xét nghiém phd bién dé phat hién
nhiém virus rubella thong qua khang thé [9-11]. Tuy nhién,
viéc xét nghiém dua vao khang thé c6 thé khong phan anh dung
thoi diém virus luu hanh.

Viéce sang loc, chan doan phat hién nhiém rubella sém 14
v6 cling quan trong nham giam thiéu cac bién chimg xay ra do
bénh, dic biét la phu nt mang thai. Véi uu diém cho két qua
nhanh, d& dang thuc hién va khong yéu cau thiét bi nén viéc
phat trién khay thir phat hién nhanh tryc tiép virus rubella dya
trén ky thudt sac ky mién dich 1a mot giai phap can dugc nghién
ctru [12]. Ching t0i dd phat trién khay thir phat hién nhanh
khang nguyén virus rubella hoat dong dua trén nguyén ly sic
ky mién dich vai thiét ké nhu sau: khang thé da dong khang
virus rubella thi nhit (khang thé 1) duoc gin cong hop vdi cac
hat vang dang keo ty va duoc hap phu trén miéng cong hop.
Khéng thé da dong khang virus rubella thir hai (khang thé 2)
duogce ¢ dinh tai vi tri vach kiém tra (T) cta khay thtr. Protein
A duge cb dinh tai vi tri vach kiém ching (C).
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Abstract:

Rubella is a respiratory infection caused by the Rubella
virus. Although most cases of the disease are mild, when
pregnant women contact with the virus, it can lead to severe
birth defects in the fetus. Therefore, screening and early
diagnosis of rubella infection are necessary. In pursuit of
this objective, we have conducted research and developed
a rapid test kit for the rubella virus antigen. The test kit
is based on a lateral flow immunoassay that utilises gold
nanoparticles. This study aimed to characterise the test kit
by evaluating its detection threshold, cross-reactivity with
several pathogens, repeatability, sensitivity, and specificity.
The results showed that the test kit is capable of detecting
samples containing 10° PFU of the rubella virus. The kit
did not show any cross-reactivity with samples containing
pathogens such as Staphylococcus aureus, Streptococcus
pyogenes, Candida albicans, the measles virus, influenza
virus or Adenovirus. The test kit exhibited 100%
reproducibility for both negative and positive samples. Its
sensitivity and specificity were determined to be 98 and
99%, respectively.

Keywords: diagnosis, rubella virus, test kit.
Classification number: 2.6

Pic tinh cia khay thir 1 céc théng s quan trong, 13 tién
d¢ dé danh gia chit lugng cia mot bo sinh pham chan doén.
Do do, trong nghién ctru nay chung toi tién hanh danh gia gia
tri chan doan cia khay thir vé mot s6 thong s6 nhu ngudng
phét hién, phan tmg chéo, d9 nhay va do dic hiéu trén cac mau
chuan co s& ¢ quy mo phong thi nghiém.

2. Vat liéu va phuong phap nghién ciu
2.1. Vit ligu

Virus rubella chung M33 (ATCC - M¥) do Trung tdm Nghién
ctru, Sén xuat Vac-xin va Sinh pham Y té cung cap.
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Khay thtr xét nghiém dinh tinh khang nguyén virus rubella
duoc phat trién va san xudt tai Trung tm Nghién ctru, San xuat
Vic-xin va Sinh pham Y té.

Khay thir dung cho nghién curu (300 khay) duoc lay ngau nhlen
va can bang vé s6 luong tir cac giai doan dau, gitra va cudi ciia moi
loat dong g6i thanh pham.

Céc tac nhan vi sinh vat (Staphylococcus aureus, Streptococcus
pyogenes, Candlda albicans, virus sdi, virus cim, Adenovirus)
nam trong b6 mau chudn kiém dmh cua Trung tdm Nghién ctu,
San xudt Vic-xin va Sinh phim Y té.

Bién s6 nghién ciru: Céc thong sb vé ngudng phat hién, phan
ung chéo, dd nhay va dic hiéu cua khay thtr xét nghiém dinh tinh
khang nguyén virus rubella dugc xéc dinh dya trén mau Am tinh va
duong tinh véi virus rubella bang phwong phap RT-PCR.

2.2. Phuong phadp nghién ciru

2.2.1. Phwong phdp tao mau chudn virus rubella va mdu thir
nghiém

Tao miu chuan: Virus rubella chung M33 (ATCC - My) dugc
gy nhiém va nhdn 1én trén t€ bao BHK21 trong diéu kién 37°C/5%
CO, Sau 10 ngay nudi cdy, virus rubella dugc thu hoach bang
ly tam thu dich ndi va ¢6 dic bang loc tiép tuyen str dung mang
100 kDa. Dung dich virus sau c6 dac dugc kiém tra hiéu gia bang
phuong phéap tao dam hoai tr trén té bao RK13. Ngoai ra, dung
dich virus rubella ciing duogc kiém tra vo tring bang phuong phap
thir nghiém vo trung truc tiép. Dung dich virus dugc bao quan ¢
-75°C.

Miu thir nghiém: i) Mau am tinh: Dich ty hau ctia nguoi khoe
manh (dugc xac nhan am tinh voi virus rubella béng RT-PCR);
ii) Mau dwong tinh: Mau dich ty hau cta nguoi khoe manh (duoc
xac nhan am tinh véi virus rubella béng RT-PCR), sau do tron voi
virus rubella. Xac nhan dwong tinh véi virus rubella bang RT-PCR.

2.2.2. Phuong phap xac dinh nguong phat hién

Mau rubella chuan dugc pha lodng ¢ céc dai lwgng virus khac
nhau: 1,0x10°, 5x10%, 2,5x10°, 1,0x10%, 5,0x10%, 2,5x10% 1,0x10%,
5,0x10° PFU trong dém chua dich ty hau. Nho 100 pl dich mau vao
vi tri nap mau trén Kkhay thr. Quan sat két qua sau 10-15 phit. Néu
cira sO quan sat xuat hién 2vach tin hiéu tai vi tri T va C thi két qua
la duong tinh. Néu ctra s6 quan sat chi xuét hién vach tin hiéu ¢ vi
tri C thi két qua 1a am tinh. Néu cira s0 quan sat chi xudt hién vach
tin hiéu & vi tri T, hodc khong xuat hién ca & vi tri T va C thi khay
thu b 161, can thir lai voi khay thtr khac.

Ngudng phat hién dugc xdc dinh ¢ nong do virus thap nhé‘g ma
khay thur cho két qua duong tinh. Thir nghiém dugc lap lai 3 lan.

2.2.3. Phuong phap xdc dinh phan g chéo cua khay thir

Céc tac nhan vi sinh vat (Staphylococcus aureus, Streptococcus
pyogenes, Candida albicans, virus soi, virus cum, Adenovirus)
duoc pha trong dém chira dich ty hau ¢ nong d6 2.0x10° CFU/ml



(doi v6i vi khuan) va 2.0x10° PFU/ml (d6i vé6i virus). Dich mau
(100 pl) duge nho vao vi tri nap mau trén khay thir va quan sat
két qua.

2.2.4. Phwong phap xac dinh dé lap cua khay thie

Pé xéac dinh do lap lai cfga khay thtr, 10 khay thtr s¢ dugc thu
nghiém voi cing mot loai mau am hodc duong vai virus rubella.

2.2.5. Phuwong phap xdac dinh do nhay, do ddac hiéu cua khay thie
Do nhay va d§ dac hi¢u dugc xac dinh nhu sau:

Do nhay (%) = S6 duong tinh thuc (a)/S6 duong tinh (a + b)
x 100%

Do dic hiéu (%) = SO am tinh thuc (c)/S6 4m tinh (¢ + d) x
100%

trong d6 (a) mau dwong tinh thuc; (b) mau 4m tinh gia; (c) 4m tinh
thuc; (d) duong tinh gia.

2.3. Xur ly va phdn tich 56 liéu

S6 liéu duoc nhdp va xu ly trén phz‘”in‘mém Excel, tinh toan
khoang tin cay 95% (95% CI) theo phan mém trén website [13].

2.4. Dgo dirc nghién ciru

Thiét ké nghién ctru thir nghiém trén mau dich ty hau ciia
nguoi khoé manh tinh nguyén tai co s¢ nghién ctru da dugc Hoi
dong khoa hoc cua co sd nghién ctru thong qua.

3. Kétqua
3.1. Két qua xdc dinh ngwéng phdt hién khay thiv

Ngudng phat hi¢én 1a dac tinh quan trong can xac dinh
cuia mot san phém khay thtr nhanh. Ngudng phat hién cua
mot khay thir nhanh 1a lugng virus thap nhat ma khay thir
cho két qua duong tinh. Dé xac dinh ngudng phat hién cta
khay thir phat hién nhanh virus rubella chiing t6i sir dung
dung dich virus rubella c¢6 dai lugng nhu sau: 1,0x10°,
5x10°, 2,5x10°, 1,0x10%, 5,0x10%, 2,5x10%, 1,0x10%, 5,0x10°
PFU trong dém chira dich ty hau.

QS|
Hinh 1. Két qua xac dinh ngwdng phat hién cta khay thir. T: vach thir
nghiém; C: vach kiém chirng.
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Két qua hinh 1 cho thay, tin hiéu quan sat dugc bang mat thuong
tai vi tri vach T gidm dan khi lugng virus rubella giam tir 10° Xuéng
10° PFU va tin hiéu khong quan sat duoc tai lugng 5x10* PFU. Dua
trén két qua quan sat bang mat thuong xac dinh dugc ngudng phat
hién ctia khay thir doi v6i virus rubella 13 105 PFU.

Bang 1. Két qua kiém tra cwong do hap thu khi xac dinh ngwéng
phat hién.

Lugngvirus  Cudng dj hip thu (mAbs)

trong miu (PFU) Lin1 Lin2 Lin3 Trungbinh CV(%)
10° 3912 3906 3904 390,73 0,1
5x10° 1258 1262 1261 126,03 0,2
2,5x10° 682 685 683 6833 02

10° 136 132 135 1343 1,5
5x10¢ 43 45 41 430 47
2,5x10* 29 31 28 293 52

10* 29 29 32 3,00 58
5,0x10° 32 34 37 343 73

Ngoai quan sat bang mat thuong danh gia khay thr, ching toi
str dung may do cuong do vach tin hiéu Hamamatsu (Nhat Ban)
dé danh gia cudng do tin hiéu (d6 hap thy) cta vach T sau khi
thuc hién. Két qua trong bang 1 cho théy, tin hi¢u vach T ctia ca 3
1an thyc hién d6i voi miu tai ngudng phat hién bang mat thudng
cho két qua trong dwong nhau (CV<10%) va gia trj trung binh la
13,43 mAbs. Diéu nay ciing phii hop vdi Iy thuyét kha ning mit
thuong ¢6 thé nhin thiy & cuong d vach >10 mAbs.

3.2. Két qua kiém tra phan iing chéo ciia khay thir phdt hién
virus rubella véi mot so tac nhdan gdy bénh khac

Pé thyc hién danh gia phan tmg chéo cia khay thu,
chung t61 da thyc hién trén cdc tac nhan gy bénh thuong gap
trén duong ho hap. Mau dugc hoa tan trong dém dich ty hau
v6i mat do >10° CFU/ml déi véi vi khuan va >10° PFU/ml
déi véi virus.

Két qua hinh 2 cho thay, voi 18 mau tir 6 tic nhan gdy bénh
khéac nhau khay thir khong co phan (mg chéo véi cac mau chira
cac tac nhan gy bénh nhu: Staphylococcus aureus, Streptococcus
pyogenes, Candida albicans, virus soi, virus cim, Adenovirus.

T C T C T C T C T C T C

\ A4 A\ 4 \ A S vy vV Vv

T E ¥ ) T b -4 =y T

T L | T I T

=y . e afll = =
Staphylococcus  Streptococcus ~ Candida ~ Virus Cam  Adenovirus ~ Virus soi

aureus albicans

pyogenes

Hinh 2. Phan (rng chéo v&i cac tac nhan cua khay thir phat hién virus
rubella. T: vach th(r nghiém; C: vach kiém ching.
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3.3. Két qud dp lap lai ciia khay thir phdt hign virus rubella

Két qua trén hinh 3A cho thay, ca 10 khay thir v6i mau am
tinh virus rubella déu cho ciing mot két qua 1a chi co sy xuat
hién cua 1 vach mau h6ng tia tai vach C; hinh 3B cho th'?iy, ca
10 khay thir véi mau duong tinh virus rubella déu cho ciing mot
két qua la sy xuét hién 2 vach tai C va T. Diéu nay khéng dinh
rang, do lap lai cua khay thur dat 100% (10/10 khay thi).

T C T C

T C T C

e [
= = =
aflall |
Jrr  p—
el it

A: (10 mau am) B: (10 miu duong)
Hinh 3. Két qua dé I3p lai cta khay thir phat hién virus rubella. T: vach

th&r nghiém; C: vach kiém ching.
3.4. Két qud xdc dinh do nhay cia khay thir

Dé xac dinh d6 nhay cuia khay thir, ching t6i tién hanh
kiém tra khay thir véi 100 mau dich ty hau ctua ngudi khoe
manh duoc bd sung virus rubella (mau dich ty hau da duoc
xac dinh am tinh v&i virus rubella bang phuong phap RT-
PCR).

TC TC T C T C T C T C
vy vy vy vy \a vy
T et bt et = e

Hinh 4. Két qua d6 nhay cua khay thir phat hién virus rubella. T: vach
thir nghiém; C: vach kiém ching.

Khi chay khay thir véi 100 mau duong tinh thi két qua cho
98/100 mau xuat hién 2 yach mau hong tia ¢ vach T va C (hinh
4), tir d6 tinh toan cho ket qua d¢ nhay dat 98%.

3.5. Két qud xdc dinh d¢ dic hiéu cua khay thi

Doi voi do dac higu clia khay thi, ching ti tién hanh kiém
tra khay thir voi 100 mau dich ty hau cia 100 nguoi, cac mau
dich ty hau dugc xac nhan 1a am tinh voi virus rubella bang
phuong phép RT-PCR.

JHOAHOC . [

Hinh 5. Két qua do nhay cua khay thir phat hién virus rubella. T: vach
thir nghiém; C: vach kiém ching.

Két qué thir nghiém xéc dinh do ddc higu cho thay, 99/100
mau dich ty hau chay vé6i khay thir cho tin hiéu mot vach tai
vi tri vach C (hinh 5), do d6 chiing t6i két luén d¢ dac hiu dat
99%.

Hién nay, cic phuong phap xét nghiém chan doan khang
nguyén virus rubella dugc sit dung chu yéu la RT-PCR. K.
Okamoto va cs (2016) [14] da danh gia do nhay cua phuong
phép TagMan RT-PCR ddi voi su phat hién virus rubella trén
cac mau lam sang. Gidi han phat hién cia phuong phap dbi
voi cac kiéu gen riéng 1¢ da dugc kiém tra bang cach sir dung
RNA virus duge chiét xuét tir 13 chung dai dién. Xét nghiém
nay ciing di duoc thir nghiém tai 10 phong thi nghiém cép tinh
& Nhat Ban, dugc chi dinh 1a phong thi nghiém tham chiéu
dia phuong vé bénh soi va rubella, dé cho phép ap dung xét
nghiém trén toan qudc. Két qua cho thiy, giéi han phat hién
va hiéu qua khuéch dai ctia xét nghiém 1a twong ty gitra tt ca
cac chung dai dién cia 13 kiéu gen. TagMan RT-PCR c6 thé
phat hién khoang 90% mau bénh phdm ngoay hong va nudc
tiéu dwoc ldy trong vong 5 ngay ké tir khi bi bénh. Cac mau
nay dugc xac dinh la duong tinh bang RT-PCR 16ng ¢6 d6 nhay
cao. TagMan RT-PCR c6 thé phat hién it nhit 10 PFU virus
rubella. Mic du d nhay thdp hon mot chat so véi RT-PCR
10ng thong thuong, nhung TagMan RT-PCR c¢6 thé thyc té hon
d6i vai cac xét nghiém thong thuong dé chan doan va phat hién
rubella trong phong thi nghiém vi phan Uing nhanh va giam
nguy co lay nhiém.

C. Claus va cs (2017) [15] da phat trién xét nghiém PCR
dinh luwong phién ma ngugc mot budec (RT-qPCR) dya trén
Tag-Man RT-PCR v6i gen p90 1a mdt gen dich médi va chua
dwoc kham pha cho dén nay dé phat hién cac kiéu gen I va II.
Xét nghiém nay dac hiéu va c6 do nhay cao vdi gidi han phat
hién thap tir 5 dn 1 ban sao cho m&i phan tng hodc 200 hat
virus truyén nhiém trén mdi ml. Gia trj CV cua Ct lp trong mot



xét nghiém va gilra cac xét nghiém déu thép, tbi da lan luot 1a
3,4 va 2,4%. Thu nghi¢ém da dugc chimg minh 1a phu hgp va
dac hiéu dé phén tich cac mau 1am sang va p90 1a dich méi phu
hop dé chan doan RV trén toan thé gioi.

Z.Zhu va cs (2007) [16] da danh gia d6 nhay cua 4 phuong
phép phat hién nhiém virus rubella bang cach st dung tim
bong ldy miu tir ¢b hong, dugc thu thap & cac tinh Ha Nam
va An Huy ¢ Trung Quéc. Cac phwong phap dugc st dung 1a
phién ma nguoc RT-PCR, sau d6 1a lai Southern su dung RNA
duoc chiét xuat truc tiép tir cac mau bénh phdm; phuong phap
phat trién clia virus trong nudi cdy mo, sau do 1a phat hién virus
bang RT-PCR; phuong phap mién dich huynh quang nén thap
trong cac té bao nuodi c?iy mo bi nhiém bénh sir dung cac khang
thé don dong dbi voi cac protein cau trac cia virus rubella; va
phuong phép phat hién virus truyén nhidm dya trén vong sao
chép (replicon). Trong s6 4 phuong phap nay, RT-PCR truyc tiép
sau d6 lai 1a phuong phap nhay cam nhat (91%), trong khi cac
phuong phap con lai déu co d6 nhay 1a 77%; phuong phap dua
trén ban sao it kho thuc hién nhat.

Tit ca cac phuong phap trén c6 d6 nhay cao, tuy nhién mat
nhiéu thoi gian, can bd thuc hién doi hdi trinh d6 cao, dugc dao
tao k¥ ludng, trang thiét bi dat tién ma khong phai bat ¢t phong
thi nghiém nao cling c6. Khay thtr hoat dong theo nguyén ly
sic ky mién dich trong nghién ctru nay c6 thé phat hién virus &
ngudng 10° PFU, d6 nhay c6 thé khong cao bang cac phuong
phap trén tuy nhién thoi gian thuc hién chi 10-15 phut, khong
can trang thiét bi va nguoi bénh co thé dé dang ty thuc hién.
Khi dich bénh xay ra, dic biét & cac tuyén dudi khong co trang
thiét bi dé sang loc nhanh thi khay thtr phéat hién nhanh rat co
¥ nghia, gitp cach ly kip thoi va céc bac sy co hudng didu tri
nhanh, giam ganh ning bénh tat cho cong dong. Dé c6 thé tng
dung khay thir nay vao thuc tién, can tiép tuc nghién ctru danh
gi4 khay thir trén cac mau 1am sang.

5. Két luan

Khay thtr phat hién nhanh virus rubella dugc nghién ctu
phét trién c6 kha ning phat hién mau c¢6 chira virus rubella &
ngudng 10° PFU; khong c6 phan ting chéo véi cac mau chira cac
tac nhan gay bénh nhu: Staphylococcus aureus, Streptococcus
pyogenes, Candida albicans, virus sdi, virus cim, Adenovirus;
do lap lai ciia khay thir dat 100 % déi véi miu am tinh va
dwong tinh. D6 nhay va do dac hiéu cua khay thur dat lan luot
14 98 va 99%. Két qua nghién ctru thu dugc 1a can thiét dé danh
gid gid tri phat hién cua khay thu xét nghiém virus rubella. Tuy
nhién, khay thir nay can duoc tiép tuc nghién ctru danh gia do
nhay va d dic hiéu trén cic mau 1am sang.

LO1 CAM ON

Nghién ctru nay dugc tai tro kinh phi boi Bo Y té thong
qua dé tai: “Nghién ctru san xuat huyét thanh khang rubella
mg dung trong kiém dinh vic-xin va phat trién sinh phdm
chin doan”. Céc tac gia xin chan thanh cam on.
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Nghién ciru danh oia anh hwong cua qua trinh b h0’1 nuge ngam dén lirgng bi e cap fir nhién
ciating chita muge Holocene trong cée giong et tinh Bén Tre, Viét Nam

Nguyén Huy Vuong', Tran Vin Quang?’, Nguyén Thi Nhé*3, Pham Tuén', Vii Ba Thao!
"Wién Thity cong, 3 ngd 95, Chita Béc, phwong Trung Liét, qudn Pong Pa, Ha Ngi, Viét Nam
2Vién Cong nghé Méi trieong va Bién doi Khi hdu, 109 Tran Hung Bao, phwong Cita Nam, qudn Hodn Kiém, Ha Ngi, Viét Nam
STruong Pai hoc Thuy loi, 175 Tay Son, phieong Trung Liét, qudn Péng Pa, Ha Néi, Viét Nam
Ngay nhan bai 22/12/2023; ngay chuyén phan bién 26/12/2023; ngay nhan phan bién 16/1/2024; ngay chip nhan dang 19/1/2024
Tom tit:

Pia hinh cac giong cat trén dia ban tinh Bén Tre phan bo thanh céc dai ¢6 chiéu day méng chay song song va déc
thoai vé dudng bo bién, véi tong dién tich khoang 12.179 ha. Cac giong cat nay c¢é kich thuée khac nhau vé chiéu
rong va chiéu dai, chiéu rong thay doi tir 100 dén 620 m, chiéu dai tir 1.200 dén 7.200 m. Thanh phin thach hoc trong
gidng cat chii yéu la cat hat min, c6 kich thuéc 16 rng 16n. Tham phii thye vat thwa thét, sé gio ning trong nim
nhiéu, nhi¢t do khong khi va hrgng boc hoi bé mit cao, tao diéu kién thuin lgi cho qua trinh béc hoi tir mit nuéc
ngam. Nghién ctru nay sir dung phwong phap do bbc hoi truc tlep bang Lysimeter (LS) theo nguyen ly can bang
nuwéc. Tram do LS dwgce dat tai xa Tan Thiy, huyen Ba Tri, tinh Bén Tre dé quan tric luwgng nwéc ngam mat di do
béc hoi, lrng V0’l diéu kién thuc té muc nu’o‘c ngam dwgc mo phéng & d§ sau 0,5 va 0,9 m. Két qua quan tric va tinh
toan cho thay, tong lwgng béc hoi nwéc ngam trong thoi gian tir 1/6/2022 dén 31/5/2023 vao khoing 142,5 mm, twong
irng 24,9% lwong bd cip tw nhién ciia thiu kinh chira nwéc nay.

Tir khéa: bbc hoi, gidng cat, lwong bd cip tw nhién Bén Tre, Lysimeter, nwéc ngam.

Chi s6 phén loai: 2.7

1. Ddt van de

Trong chu trinh tuan hoan cta nude thi boc hoi vira lam
giam lugng nudce bod cap cho mat dat tir nudc mua, vira 1am
tang luong bd cap do bdc hoi chiém téi 60% ngudn cung
cho nuée mua [1]. Qua trinh bde hoi nudc ngam dién ra tai
cac khu vuc ¢6 myc nude ngdm nim noéng, do rong cua dét
da trong déi thong khi 16n, nhiét do bé mat dat cao, 46 4m
khong khi thap va vén toc gi6 1on.

10,0 X
Muc nude ngam

Bén Tre 1a mot tinh thudc ving Pdng bing séng Ciru
Long, tiép giap bién Pong vé6i chidu dai dudng bién khoang
65 km va céc tinh Tién Giang, Tra Vinh, Vinh Long. Bén
Tre c6 nén nhiét d¢ trong nhiéu niam dao dong 24,1-29,3°C,
trung binh 1a 27,1°C. Trong ndm, nhiét do cao nhét thuong
roi vao thang 4, thang 1 ¢6 nhiét do thip nhat. Vao muia kho,
s6 gio ning trung binh dat 8-9 gid/ngdy, mia mua trung
binh 5-7 gio/ngay. Trung binh ndm c6 khoang 2.114 gio
néng [2].

25017

-30,0

Hinh 1. So’ hoa c4u tric dia chét thiy van gidng cat, tinh Bén Tre. (1a): sét pha, cat pha; (1): cat hat min dén vira; (2): sét pha 1an hitu co’; (3): cat hat
min dén vira; tk: thau kinh cat pha, cat; gh: tng chi¥a nwéc Holocene; qp: tang chira nwoc pleistocen.

*Tac gia lién hé: Email: tranquang78@gmail.com
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Abstract:

On the surface of the terrain in Ben Tre province, sand
dunes exist in the form of thin strips running parallel
and facing the coastline, with a total distributed area of
about 12,179 hectares. These sand dunes vary in size,
with widths ranging from 100 to 620 meters and lengths
from 1,200 to 7,200 m. The predominant geological
component in these sand dunes is fine-grained sand
with large pore sizes. The vegetation cover on these
sand dunes is sparse, with numerous hours of sunlight
throughout the year. The air temperature and surface
evaporation are high, creating favourable conditions for
the evaporation process from the groundwater surface.
This study employs the direct evaporation measurement
method using Lysimeter (LS) based on the water balance
principle. The LS measuring station is located in Tan
Thuy commune, Ba Tri district, Ben Tre province, to
monitor the groundwater loss through evaporation,
simulating real conditions with groundwater levels at
depths of 0.5 and 0.9 m. The monitoring and calculations
show that the total groundwater evaporation during the
period from 1 June 2022 to 31 May 2023 is approximately
142.5 mm, equivalent to 24.9% of the natural recharge
of the aquifer.

Keywords: evaporation, groundwater, Lysimeter, sand
dunes, the natural recharge in Ben Tre.

Classification number: 2.7
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Trén dia mat dia hinh cac giéng catco téng dién tich phan b
vao khoang 12.179 ha. Chiéu rong thay d6i 100-620 m, chiéu
dai thay d6i 1.200-7.200 m. Nudc ngot ton tai trong giong cat
duéi dang nudc khong ap. Ngudn cung cip cho gidng cat chu
yéu tir nudc mua, myc nude ngam thay déi theo mua (0,4-2,5
m) (hinh 1). Cac gidng cat ¢6 chidu day thay dbi 3,5-8,5 m.
Luogng bd cap tu nhién hang nam vao khoang 12 triéu m?, mo
dun dong ngam khodng 844 m3/ngay/km?[3]. Nhu vay day la
nguén cung cép nude co trién vong.

Phan tich diéu kién tu nhién va dic diém dia chat thiy vin
cua giéng cat cho théy, cac diéu kién néu trén thuan loi cho qua
trinh bbc hoi nuéc ngdm. Bai bao trinh bay két qua danh gia
anh huong cua boc hoi nude ngam dén trit luong cua ting chira
nuée Holocene (gh) trong céc gidng cat tinh Bén Tre.

2. Déi tuong va phuong phap nghién ciiu

Pé x4c dinh lugng bdc hoi nude ngam hién nay, c6 nhiéu
phuong phap thuc nghiém dugc st dung nhu: dia bdc hoi, dng
Pitche, LS..., mdi phuong phap déu c6 wu nhuoc diém nhat
dinh. Trén thé gioi, LS thuong dugc st dung dé do lugng bdc
hoi truc tiép béng cach ghi lai lugng mua tai mot khu vue nhan
duogc va sb lugng mat di qua dat, lugng nudc bi mat di do boc
hoi ¢6 thé tinh toan dugc. LS c6 thé khac nhau vé kich thudc
va d6 sau, chu yéu phu thudc vao muc dich nghién cuu dugc
stir dung dé do téng lwong bdc hoi tir cdy trong va bé mat dat
[4-9].

Trong nghién ciru ny, nham xac dinh truc tiép lugng bdc
hoi nuéc ngam chung t6i st dung LS theo nguyén 1y can bing
nude. Tram do LS duoc dat tai giéng Bong, xa Tan Thuy,
huyén Ba Tri, tinh Bén Tre. Giong c6 chiéu rong khoang 100-
350 m, kéo dai hon 6 km, cao 2,0-3,0 m so v4i muc nudc bién.

Tram do nay bao gdm 2 bo thiét bi do bdc hoi, 1 b do boe
hot tir muc nudc ngfim & do sau 0,5 m, bd con lai do bde hoi
& d6 sau 0,9 m. Ngoai thiét bi do bdc hoi, tram con c6 thiét bi
do khi tuong tw dong ngoai troi véi 4 thong sé do: lugng mura,
nhiét d6, 46 am khong khi, gié. Bo thiét bi do boc hoi gdm
1 dng bdc hoi (LS) chira dat nén ty nhién va 1 éng do luong
nuée boce hoi ky hiéu OD (hinh 2). Ong LS (1) va éng OD (2)
lam tir nhia PVC ¢6 dudng kinh trong 19,2 cm (dién tich tiét
dién 0,116 m?), dai 110 va 100 cm. Ong LS ndi thong véi OD
bang dng nude D21 (3), giita bng ndi ¢ lip khoa nude (4),
ong cap nude D21 (5) va day tuy 6 (6ng nhya mém, duong
kinh 1 cm) ndi voi éng quan tric (7) trén thuée do myc nude
(6). Thudc do myc nudce dai 1 m, chia vach 1 mm, phia trén co
cac dng quan tric, duong kinh 1 cm.

n
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3.2. Két qud quan triic luong boc hoi tir nwéc ngém

Luong bdc hoi tir myc nuwdc ngdm dugce do tryc tiép bing
LS va duoc tién hanh tir ngay 1/12/2021 dén 31/12/2021.
Két qua quan tric dugc thé hién ¢ bang 1; quan hé giita cac
yéu t6 khi hau voi luong bdc hoi nude ngam duoc thé hién
O hinh 4.

Bang 1. Két qua quan tric lwong béc hoi thang 12/2021.

Hinh 2. So’ d6 thi nghiém do béc hoi. (1): LS; (2): éng do;

D21; (4): khoa nwérc; (5): dng cép nwdc; (6): thudc do; (7): dng quan tric; Lungmea Niigtdy  Dpim  Bicho Bdc hoi nude ngim GWE
LA s e e U cLay Y . ‘mm
(8): tam proximang. dT(l)m gan ngay Rn khong khi ~ khong khi  be mat i) ) P
mm TC RH(%)  PE(mm) ¢%" 0 Sdlk
Nguyén ly hoat dong: ong LS ndi théng véi ong OD nén khi ) &9 ) = 0,5m 0.9m
nudc trong cOt dit cua LS bdc hoi (E) thi muc nudc trong ng nay L o 22 7 15 00 0
giam xudng, nudc tir ing OD chdy sang bo cap cho nudc ngam
trong LS. Do duong kinh, tiét dién 2 ong LS va OD bang nhaunén 2122021 0 254 s . 00 0
luong béc hoi E tir LS tuong ung luong nude hao hyt trong OD. 3120001 0 245 69 17 0,0 0
Luong nude hao hyt nay duge xac dinh trén thude do, trong do il o - i T 0 »
muc nudc gidm trén ong quan trac (7) twong tmg 1a luong bdc hoi ’ : ’
cua LS. Lugng nudce hao hut do bdc hoi duoc cap bo sung qua éng  §/12201 0 246 67 28 2,00 L5
cap nudc (5) dé duy tri do sdu muc nude quan tric trong céc LS. 61220 0 254 74 2] 200 15
Luong b hoi hang ngay En duoc ghi lai trén thude do chinh 750001 ¢ %6 7% ) 150 |
x4c dén 0,5 mm. Luong boc hoi nay dugce xéc dinh nhu sau:
8122021 0 258 07 1,9 1,50 1
En=H -H 1
R M 9122021 04 256 67 19 1,50 I
trong d6 En: lugng boc hoi hang ngay (mm); H, .: myc nude trén OBmL o % 0 iy 250 )
thude do vao luc 18 h ngay hom trude (mm); H : myc nudc trén ' ’ ’
thude do & thoi diém do (18 h ngay do) (mm). 1112200 0 26,6 67 17 1,50 1
Tu(mg quan gilta lugng boc hoi nude ngam voi cic yeu to khi 12122021 0 213 7 18 1,50 !
hiu va dg sau myc nude ngam dugc xdy dung qua 2 h¢ thong LS 130001 06 7 7 19 150 |
nghién cuu béc hoi tai cac do sau 0,5 va 0,9 m. Céc yeu t6 nhiét
d9, do am, lugng mua dugc quan trac bang thiét bi do ty dong dat 147122021 0 23 » 2l 200 15
tai tram do, luong boc hoi be mét duge thu thap tai tram khi twong 157122021 07 286 7 21 2,00 15
thuy vén trong vung nghién clru, mye nude ngam dugc do tryc ti€p L 0 - % i ol i
tai giéng quan trac canh vi tri xay dyng tram LS. ' : : :
) i 17122021 0 26,6 83 28 2,50 2
3. Ket qua va ban luan
“ : ; , 18/12/2021 0 274 A 1,8 1,50 1
3.1. Dgng thdi nwoc dudi dat khu vue quan tric P 26 . i - .
bong thai nude dudi dit duoc danh gia dya trén s6 lidu quan
2011212021 0 26,3 68 29 2,50 2
tric myc nudc ngam tir 1/6/2022 dén 31/5/2023 va luong mua
dién ra trong thoi gian do, quan hé giira lugng mua va myc nudc 20122021 14 28 81 1,7 1,50 1
ngam (hinh 3). 2122021 06 Wi 8 19 150 I
14007 W Luong mua - -— DY siu mye nudc ngim e iyz - 23/12/2021 0,5 26,8 T4 258 2150 2
£ w0 w0 27 74 2 200 13
é 100,0 4 1,2 ﬂg
'E so0 {7 | K . g 25122021 03 28 75 28 2,50 1,5
c Sal g
g o Traaes 08 “g 26/122021 1,1 27,6 80 24 2,00 1,5
£ 06 <
3 0 é 212021 0 2774 7 23 2,00 15
O 200 4 5
5 ‘ Ll L i g sz o 2%3 7s 2% 2
0,0 1 L (I o 0 n
\\er@\ «\WG@W\\Q«\&&@@\q@\%@\\@”\x\\@%@m\“\\ \Q\\w;j@?@l\@ @\?\\@3%\«\& S 291001 0 2713 71 39 3,00 25
Thei gian 301212021 0 219 71 35 3,00 25
Hinh 3. Quan hé giira lwgng mwa va dé sau mwe nwéc ngam trong
khoang thoi gian tir 1/6/2022 dén 31/5/2023. Synat 0 B3 s R 23
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Hinh 4. Quan hé giira béc hoi nwéc ngdm va mét sé yéu té khi hau.

Tir két qua bang 1 va hinh 4 cho thdy, qué trinh bdc hoi
trong cac LS dién ra lién tuc trong tt ca cac ngdy quan tric
(khong c6 mua vira, mua to) ciia thang 12/2021, lugng bdc
hoi trung binh hang ngay cua thang tai do sau 0,5 m 1a 1,84
mm/ngay dém, tai do sau 0,9 m 1a 1,37 mm/ngay dém. Béc
hoi dién ra ngay ca khi trdi c6 mua nhé (lugng mua 0,5-1,4
mm), do lwong mua nho chi lam 4m bé mat dit, khong du
dé ngdm xudng bd cép cho luong nude trong LS, trong khi
nhi¢t do trong LS Vvan cao va ap suat hoi bdo hoa nho nén
nude ngam tiép tuc bc hoi.

3.3. Twong quan boc hoi nwéc ngdm va do sdu muc
nwéc ngiam

J.R. Philip (1957) [10] da xay dung tuong quan gitia ty
s6 Iuu Iugng bdc hoi nude ngam (GWE) va luu lugng bdc
hoi tiém ning (PE). Theo tac gid, luu luong bdc hoi nuée
ngam 1a mot ham phén ra theo d6 séu cua luu lwong bdc hoi
kha nang PE theo cong thirc:

GWE = PEe“ 2)
trong d6 GWE (mm/ngay) 12 luu lugng bdc hoi tir myc nude
ngam; PEe (mm/ngay) 1a lugng bdc hoi tiém ning (trong
nghién ctru ndy luong bdc hoi tiém ning bang lugng bdc hoi
bé mat); o 1a hé s6 phan rd; Z(m) 1a d6 sau.

Tiép tuc phat trién 1y thuyét ciia J.R. Philip (1957) [10],
Grilli va cs (1986) [11] dd bd sung thém ngudng bdc hoi:

PE GWE>PE

GWE= {PEe“(Z‘ZO) GWE<PE &)
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trong d6 Z 1a d¢ sau tai do lugng bdc hoi nude ngﬁm béng
luong bdc hoi bé mit.

E. Johnson va cs (2010) [12] bang két qua thi nghiém
hién trudng ddi véi cac loai dat sét pha, cat pha da dua ra
mdi quan hé twong quan gitta luong bdc hoi nude ngam va

do sau:
1 7<0,122 m
%= 35751220 () 122<7<0,85m (4)
0,0652%"  &Z7>0,85m

Gia tri ngudng Z, cua cac loai dat khac nhau tai
Hillsborough, Florida duwgc N. Shah va cs (2007) [13]
x4c dinh dua trén két qua thyc nghiém va méd hinh )
(HYDRUS). Gia tri ngudng Z, cua cac loai dat dugc thé
hién & bang 2.

Theo nghién ciru ctia T. Yang va cs (2021) [14] cho théy,
luong bbc hoi nude ngam giam theo do sau ciia nudc ngam.
O d¢ sau khoang 2,39 m thi khéng xay ra qua trinh boc hoi
nuée ngam, lugng bde hoi nude ngdm lam mét di khoang
79% luong bd cdp ty nhién. Cung nghién ciu vé twong
quan giita luong bdc hoi va myc nude ngdm, Z. Wang va cs
(2020) [15] da thiét 1ap 2 mo hinh tinh toan lugng bbc hoi
ctia nude ngam ngay khong mua, sau do6 tinh toan mé hinh
tinh toan giam lugng bdc hoi cua nudc ngam vao nhiing
ngay mua trén dét cat phii sa co thanh phan hat cat 86,3%,
bui 11,7%, sét 2,0%, Két qua cho thiy, hé s6 boc hoi bi anh
hudng boi ca yéu td do sau, kha ning bdc hoi cia nudc bé
mat va chira réng, & dd sau muc nudc ngém dudi 3,0 m thi
d6 bdc hoi rat nho, gan nhu khong thay doi va c6 thé coi la
khong béc hoi.

Trong nghién ctru nay, tuong quan gitta myc nudc ngﬁm
theo d6 sau dugc xay dung dua trén két qua lugng bdc hoi
nude ngam tai cac ngay khong mua, do siu 770,18 m, la
dd sau ma tai do6 lugng bdc hoi nude ngém b?mg luong boc
hoi bé mat dugc 14y theo N. Shah va cs (2007) [13]. Do sau
ma tai d6 khong xay ra qua trinh bc hoi nude ngam duge
liy bang 3,0 m theo Z. Wang va cs (2020) [15]. Str dung cac

thong s néu trén két hop voi két qua quan tric luong bde

Béng 2. Gia trj ngwdng Z, ciia mét sé loai dat theo N. Shah va cs (2007) [13].

Logidit ~ Cit  Ditminlincit  Citlin min Citphamin  Citpha

it min

Buisét  Sétlinmin  DétminlAnbui  Bui Sét bui lin mim ~~ Sét

Z,(m) 018 02 04 035 0.26 0,55

037 0,5 0,72 0,70 05 0,54
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hoi nudc ngam tai cac d6 sau 0,5 va 0,9 m, chiing t6i dd xdy ~ Béng 3. Lwgng bbc hoi nwéc ngam theo ngay trong khoang théi gian

dung twong quan giita hé s6 boc hoi (GWE/PE) va do sau tr 1/6/2022 den 31/5/2023.

muc nudc ngam thé hién tai hinh 5 va cong thic 5. Thing, nim
Ha s6 béc hoi (GWE/PE) w 62002 7002 8202 900 10202 LR 1022 M3 N3 ¥M3 D08 S
. S S S 071 090 139 09 04 0% 0B 0
= ’ ) 09 14 0% 026 02 030 053 0%
T 05
§ 3 07 00 03 0% 04 o
g . 4 050 081 092 018 0% 0% 04 0
g. 2 GWE’?E:S;?Z?’M’ 5 1313 0% R 0% 0B 016 016
3 7 6 082 09 0% 0% 06 0D 0% 08 06 04
8 251 7 08 138 00 09 0% 02 019 07 04 02l
3 4 § 08l 0 0 019 026 09 01T 08
35 ] 9 0% 1 1 1% 0 051 01 09 0% 016 014
Hinh 5. Twong quan giiva hé s6 béc hoi va d6 sau myc nwoe ngdm 10 L4 LI 0% 04 0% 0B 07 0
tai vj tri thi nghiém. o0 0% 0% 078 0% 0 00 05 05
GWE:{I 7<0,48 m ) 0o 06 0% 0% 04 018 07 0p 0
e g0 70,48 m B 09 13 ol 0 o 0 0% ol

3.4. Tinh todn lu’g’ng béc hoi nwéc ngd‘\m 408 1,34 1,14 048 013 013 028 013 018

e ) 5100 0% 091 1 1 0% 04 021 09 0% 015 016
Luong bdc hoi nudc ngam tir thau kinh nudc nhat trong

cac giéng cat tai khu vuc nghién ctru dugc tinh toan theo f 08 O 10100k 008 0 018
cong thuc 5, trong d6 lugng bdc hoi tiém nang dugc léy 70 092 14 1% 0% 041 01 03 0B 010
bang lugng bdc hoi bé mit (sé lidu thu thap tir Tram Khi 18 084 Lo 0% 0 0% 07 09 02 02 08
tugng Thuy van quéc gia), d0 sdu muc nudc ngﬁm lakét 080 145 059 018 017 025 015 020
qué quan tric tuong Ung v6i thoi gian do bdc hoi tir muc 2 5614 006 06 0 03 01
nude ngam. Luong bdc hoi nude ngam chi tinh cho cac
& ong g 081 128 167 095 028 040 018 019 014 02
ngay c¢6 mua nho hon 3 mm [16]. K&t qua tinh toan lugng
N e n 085 116 100 02 02 03 04 020 00
bde hoi nudc ngam dugc thé hién ¢ bang 3.
. . . . JA 073 Ll 0,74 048 03 019 012 017 01
Tong Iuu lugng boc hoi nude ngam cia thau kinh nude
o ; 053 085 034 048 00 0 016 0l
nhat trong khoang thoi gian tir 1/6/2022 dén 31/5/2023 vao
, ) . , A ., , 500 081 107 036 03 030 03 018 021 0I5
khoang 142,5 mm. Luong boc hoi nude ngam tai cac thang
mua mua (thang 6/2022 dén 11/2022) chiém khoang 71% % U 07 o bt Ui
tong lugng bdc hoi, do trong thoi gian ndy muc nuée ngdm 27 097 L0 09 04 0l6 02 01 035
nam néng mac du cac yéu t6 khi hau khac khong thuan lgi % 09 080 08 1% 040 035 024 025 0I5 019
cho boc hoi nude ngam. Trong cac thang mua kho tir thang 15 07 046 09 00 020 017 ol
12 dén thang 5 nam sau, mic du cac yéu t khi hau khac
g i T . Y : 30 120095 095 049 0,18 0,14 0,16
thuén lgi cho bdc hoi nudc ngam. Tuy nhién, do muc nude
3000 090 1,64 029 02 0,14 0,03

ngam nam sau, nén lugng boc hoi nude ngam chi chiém

) 2 £ c N . A Tong 1229 1340 2005 2085 1526 1760 1266 635 678 691 4% 3%
khoang 29% tong lugng bdc hoi tr myc nudc ngam. v
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3.5. Anh huong luong boc hoi nwéc ngcfm dén triv
lwong dpng ciia thiu kinh nwdc nhat trong cdc giong cit
tinh Bén Tre

Trit lugng dong tu nhién cua thiu kinh nuée (Q o) duoc
tinh theo cong thuec:

Q,~0xX*F (6)

trong d6 X 1a tong lwong mwa ndm (m); F 1a dién tich phan
dién 16 cua thau kinh nuéce; o 1a hé s thAim xuyén ctia nuoc
mua (phu thudc vao thanh phﬁn thach hoc cua t?mg phu), voi
dat loai cat 1y a=0,3.

Luong bod cap tu nhién cta thau kinh nuée phu thudc vao
lwong mua X, lwong muwa cung cdp cho thau kinh nudc trong
khoang thoi gian tir 1/6/2022 dén 31/5/2023 vao khoang
142,5 mm la 0,3x1908,3=572,49 mm.

Nhu vay, trong khodng thoi gian 12 thang qua mt mua
mua va mot miia mua luong bdc hoi nuwdc ngam 1a 142,5
mm, chiém khoang 24,9% trit lugng dong tu nhién cia thau
kinh nudc.

4. Két luan

Ngudn gbe hinh thanh trit lvong dong ty nhién cua thau
kinh nude trong cac giong cét trén dia ban tinh Bén Tre chu
yéu dugc hinh thanh tir ngudn nudc mua roi trén bé mit.

Boc hoi nudc ngam tir thau kinh nudc dién ra trong tit
ca cac ngay khong mua va ca nhitng ngay c¢6 mua nho, nhat
la sau mua 3 ngdy. Tong luong bdc hoi nudc ngdm trong
khoang thoi gian tir 1/6/2022 dén 31/5/2023 vao khoang
142,5 mm, tuong ung 24,9% trit luong dong tu nhién cua
thau kinh nudc nhat.

Dua trén cac sd liéu thuc té thi nghiém cua dé tai va cac
nghién ctru trén thé gidi, d xay dung dugc cong thirc tinh
toan luong bdc hoi nude ngam theo cac dd sau nghién ciru
khac nhau tai khu vuc nghién ctru.

LOI CAM ON

Bai bao dya trén cac sb lidu nghién cuu cua Pé tai
“Nghién ctru cac giai phap khai thac hiéu qua ngudn nudce
trong cac giéng cat dé cép nudc sinh hoat viing ven bién tinh
Bén Tre va phu can”, ma s6 PTPL.CN-35/21 do B Khoa
hoc va Cong nghé quan ly, don vi chu tri thuc hién la Vién
Cong nghé Moi truong va Bién d6i Khi hau. Céc tac gia xin
tran trong cam on.
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Anh huéng ciia NaCl, CaCl, va sucrose dén tinh chat lwu bién
cila agar tur rong cau chi vang (Gracilaria) tai Viét Nam
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Tom tit:

Agar 1a mdt polysaccharide dwgc chiét xuit chii yéu tir rong ciu chi vang (Gracilaria). Agar dwge sir dung rong rii
trong cong nghiép thue phim nhu mdt chit tao d9 nhét, dd day, chét nhii héa hoic chét 6n dinh thue phﬁm Sw hién
dién cia NaCl/CaCl, hodc sucrose anh huéng den trang thai l6ng- gel dd nhét cia dung dich hoic dd bén gel ciia
agar. Agar hinh thanh gel &' ndng d9 cao hoic & ndng d9 thap hon néu c6 sw hién dién ciia NaCl, CaCl, hoac sucrose.
Nhiét d9 tao gel (T,) ciia dung dich agar 0,2% ting I1én 36, 36 hoic 38°C khi bd sung twong ung 300 mM NacCl, 100
mM CaCl, hodc 30% sucrose. D9 nhét ciia dung dich agar 0,2% ting khong dang ké khi cudng d ion dwdi 100 mM,
nhung tang manh ¢ trén 100 mM. D bén gel ting khi thém twong ing NaCl, CaCl, Ién dén 100 va 30 mM, sau do
giam nhe khi nong do NaCl, CaCl, cao hon. Trong khi do, d9 nhot cia dung dich agar chi ting & nong d¢ sucrose

trén 10%. D bén ciia gel ting khl ndng d9 sucrose ting, cao hon tir 1,2 dén 1,8 1an néu thém 30% sucrose.

Tir khéa: agar, @9 bén gel, dd nhét, rong ciu chi vang.

Chi s6 phén loai: 2.10

1. Dt van de

Agar 13 mot polysaccharide duoc chiét tach chu yéu
tur loai rong do thudc ho rong cau chi vang (Gelidium va
Gracilariaceae, 1 chit phu gia st dung nhiéu trong thuc
pham v&i vai tro 14 chét tao gel, tao nhot, tao déc, nhit hoa
va 6n dinh... [1, 2]. Agar ton tai trong thanh té bao cua
tao agarophytes chu yéu ¢ dang mudi canxi cua né hodc
hdn hop mubi canxi va magie. Agar 13 polysaccharide gdm
2 thanh phan chinh 14 agarose (trung tinh) va agaropectin
(tich dién) [3]. Tinh chat Iuu bién cia dung dich agar phu
thudc vao giong loai rong [4-7], phuong phap tach chiét [4,
7-11] c4u trac, thanh phan héa hoc cua agar [7, 9, 10, 12-
14], chat dong tao gel [15] pH dung dich [2, 10] hay mua
vu sinh trudng [12]. Dac biét, tinh chét luu bién anh hudng
rat 16n boi nﬁ”)ng d6 agar [16, 17], su c6 mat ctia cac mudi [2,
8, 18-21] hay cac chat khong mang dién tich nhu sucrose,
glycerol... [13, 22-29].

L. Piculell va cs (1989) [19] dé nghién ciru anh hudng
ciia mot s6 mudi dén sy hinh thanh ciu tric coa agarose
qua phan tich d6 duc va quan sat tinh chat quang. Mubi
NaCl lam 6n dinh gel yéu, cac mudi khac lam mat 6n dinh
gel nhu NaBr, NaNO, va NaSCN (NaBr<NaNO <NaSCN)
Két qua nghién ctru ch1 ra rang, khi tang nong do dén 4 M
thi muoi NaCl tao ra nhiét do chuyen trang thai gel tang,
cac mudi con lai lam giam nhiét do hinh thanh gel ctia dung
dich agarose 1%. Do duc cia dung dich agar co mubi NaCl
ciing cao hon dung dich agar chira cac mudi con lai. Anh

*Tac gia lién h¢: Email: ntbachnt@ntu.edu.vn
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huéng cia sucrose dén cdu truc va tinh chét luu bién cua
agarose hay agar cling dugc nghién ctru khao sat [24, 26-29].
Nghién curu cia S. Maurer va cs (2012) [24], K. Nishinari
va cs (2016) [26] hay V. Normand va cs (2003) [29] da su
dung sucrose 1én dén 60%, két qua chi ra ring, nhiét 46 tao
gel va md dun dan hdi cua agarose ting khi tang nong do
sucrose den 50%, sau d6 cac gia tri ndy gidm xudng ncu tlep
tuc tang nong dd sucrose.

O Viét Nam, agar chu yéu duoc tach chiét tir loai rong
cau chi vang thudc ho Gracilariaceae. Nghién ciru tinh chat
cua agar dugc tach chiét con kha it cong bd khoa hoc, viée
khao sat trang thai ton tai va tinh chit luu bién cua dung
dich agar ¢ dai nong d¢ tir 0,01 dén 8% tai cac nhiét do khac
nhau da duoc thyc hién boi D.V. Hien va cs (2019) [16].
Tuy nhién, trong (ng dung vao linh vyc thyc phim, ngoai
thanh phan agar dwoc b6 sung con c6 mudi hay duong. Vi
véy, viéc nghién ciru anh huong ciia mudi hay duong dén
trang thai, do nhét hay do bén gel cua gel agar c6 ¥ nghia
quan trong dé dinh huéng tmg dung ciia agar trong cong
nghiép ché bién thyc pham.

Trang thai, d6 nhét cua dung dich agar hay do bén gel
cua gel agar phu thudc vao nhiéu yéu t6 nhu ndng do agar,
nhiét do, chét déng tao gel, mudi, duong... [21]. O nghién
clru nay, chiing t6i tap trung khao sat anh huong cua nong
dd muoi (NaCl, CaCl)) hay sucrose tai cac nhi¢t do khac
nhau dén sy hinh thanh trang thai, d6 nhot cua dung dich
agar hay do bén gel cua gel agar.
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Abstract:

Agar is a polysaccharide extracted mainly from
Gracilaria. Agar is widely used in the food industry as a
viscous agent, thickness, emulsifier or food stabiliser. The
presence of NaCl, CaCl, or sucrose influences in sol-gel
transition, viscosity of the agar solution or gel strength
of the agar. Agar forms a gel at high concentration or
lower one if there is the presence of NaCl, CaCl, or
sucrose. Gelling temperature (T ) of agar solution at
0.2 wt% increasing at 36, 36 or 38°C upon addition
of 300 mM NaCl, 100 mM CaCl,, or 30% sucrose,
respectively. The viscosity of the 0.2% agar solution
increased insignificantly when the ionic strength was
below 100 mM, but increased sharply above 100 mM.
The gel strength increases with added NaCl, CaCl, up
to 100 mM, 30 mM, respectively; then they drop slightly
at higher concentrations of NaCl, CaCl,. Meanwhile,
the viscosity of agar solution only increases at sucrose
concentrations above 10%. Gel strength increased with
increasing sucrose concentration, being 1.2 to 1.8 times
higher if 30% sucrose was added.

Keywords: agar, gel strength, Gracilaria, viscosity.
Classification number: 2.10

2. D6i igng va phucng phap nghién ciiu

2.1. Péi twong

Agar dugc tach chiét tir rong cau chi vang (Gracilaria),
1a san pham thwong mai cua Cong ty TNHH Long Hai (Hai
Phong). Thanh phan bot agar chira 37 mg/100 g Na*, 6,8
mg/100 g K* va 0,46% gbc SO,> [30].

2.2. Héa chit

NaCl, CaCl, la san pham cua Cong ty Merck (Puc) va
sucrose cua Cong ty Xilong (Trung Qudc). Do tinh khiét
theo thu ty 14 >99,5, 99,5, 99,0% va d¢ hoa tan tuong ting 1a
358, 1280 va 2115 g/l.
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2.3. Chudn bi méu

Chudn bi mdu quan sdt trang thdi: 10 g mau chtra mudi
(NaCl, CaCl,) hay sucrose dugc dung trong 1o thuy tinh chiu
nhi¢t c6 duong kinh 15 mm, cao 120 mm. Mau dugc gia
nhiét trong bé 6n nhiét tai 95°C trong 15 phut va déng hoa
cho miu tan hoan toan bang thiét bi lic MS2 Minishaker &
téc d6 2200 vong/phut.

Chudn bi mau do d¢ nhét: Mau 0,2% agar chira mubi
hay sucrose duoc chuén bi trong nudc tinh khiét va gia nhiét
trong bé 6n nhiét & 95°C trong 15 phut. Sau d6 lam lanh
bang bé On nhiét lanh t6i nhiét do do dugc gitr duy tri 20
phut trude khi do do nhat.

Chudn bi mau do cwong d¢ gel: Dung dich agar 1% chtra
nong do mudi (Na{Cl, CaCl,) hay sucrose khac nhau dugc
gia nhiét trong bé 6n nhi¢t & 95°C trong 15 phut, sau do rot
khay tao hinh (dai x rong x cao & 100x70x20 mm) ¢ nip
day dé chdng bay hoi nudc, chiéu day mau I 15 mm. Khay
mau duge gitr trong ti lanh diéu khién tai cac nhiét do 5,
10, 20 va 25°C trong 15 gid trudce khi do. Dung dng cit gel
agar thanh khéi hinh tru tron c6 duong kinh (2R) 20 mm va
chiéu day (H) 15 mm.

2.4. Phwong phdp nghién ciru

Quan sat trang thai: Dung dich agar dugc chua trong
lo thuy tinh chiu nhiét duoc chuén bi ¢ 95°C trong 15 phut,
sau d6 dit trong bé 6n nhiét 1am lanh giam nhiét do va theo
ddi trang thai tir 60 xudng 5°C véi bude nhay giam 5 hay
1°C khi gan t6i trang thai chuyén pha 16ng sang gel. Mau
duogc gitr 6n dinh & nhiét do quan sat 60 phut trudc khi xac
dinh trang thai. Cac lo mau duoc quan sét trang thai bang
cach dit doc lo xudng mot goc 45°, mau & trang thai gel néu
khong thay chay khi nghiéng dbc lo mau.

Do dé nhot (W): PY nhét cia dung dich agar dugce thuc
hién do trén thiét bi do do nhét Brookfield Viscometer LVDV
I-Prime. 50 ml dung dich agar duoc chira dung trong éng do
chuyén dung va duoc dit trong bé 6n nhiét (Circulator Bath
TC-502, Brookfeild) ¢ nhi¢t d§ do trong 20 phit trudc khi
xéac dinh d6 nhét. PO nhét cua mau duge xac dinh tai toe do
quay ctia dau do 1a 50 vong/phut.

Po dj bén gel: D6 bén gel cua gel agar 2RxH=20x15
mm) dugc xac dinh bang thiét bi do luu bién Sun Scientific
Rheometer CR-500DX (Nhat Ban) st dung dau do s6 10
(dang dao cit) véi toe do dich chuyén 60 mm/phit.

2.5. Xie Iy s6 liéu

Tt ca céc thi nghiém duogc 1dp lai 3 lan. S6 liéu dugc xtr
1y, phén tich trén phan mém SPSS (Version 22.0, Chicago,
IL, M§) va lay gia tri trung binh v&i do 1éch chuan cia 3 1an
do. Su khéc biét dugc xem 1a dang ké khi gia tri p<0,05.

n



3. Két qua va ban luan

3.1. Anh hwéng ciia NaCl, Cadl, dén tinh chit luu
bién ciia dung dich/gel agar

S dich chuyén trang thdi cia dung dich agar: Khi bd
sung mudi I\{aCl hay CaCl, vao thi nhi¢t d¢ tao gel ctia agar
6 sy thay doi 16n, nhiét d6 tao gel cua dung dich agar 0,2%
1a 23°C [16], nhung khi ¢6 sy hién di¢n ctia NaCl hay CaCl,
thi agar tao gel & nhiét do cao hon. Tang nong d6 NaCl tu
10 dén 300 mM thi nhiét d¢ tao gel tang 1én tir 31 dén 36°C
(hinh 1A), két qua twong tu khi ting ndng do CaCl, tir 5 dén
100 mM (hinh 1B).
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Hinh 1. Anh hwéng cta NaCl (A) va CaCl,(B) dén trang thai long (sol)-
gel cua agar 0,2%.

Két qua xem xét anh huong cia NaCl hay CaCl, dén
trang thai ctia agar phu hop véi nghién cuu cua L. Piculell
va cs (1989) [19]. Nhom nghién ctru cho ring, khi thém
mudi vao lam anh huong dén qué trinh chuyén doi long
(sol)-gel cua agarose, cdu tric gel va do duc cia trang thai
gel. Khi cho 2 M NaCl vao dung dich thi mudi nay lam
tang tinh 6n dinh trang thai gel, bang chimg 1a c6 su ting
nhe nhiét df tao gel (T,) va nhiét do tan chay gel (T,). Diéu
nay dugc giai thich khi c6 mét cua cac phan tr mudi trong
agar lam tang lyc hut tinh dién giita cac cau ndi, dan dén cac
cudn xoan mach trong dung dich agar nhanh chong déng lai
dat trang thai gel do do nhiét do tao gel tang.

Anh huéng ciia NaCl, CaCl, dén aé nhét ciia dung dich
agar: Do nhot cuia dung dich agar co6 sy thay doi tang manh
khi b6 sung trén 50 mM NaCl va trén 20 mM CaCl,. Sy anh
huong cua nong do CaCl, dén do nhét cua agar cao hgn cua
NaCl (hinh 2A), d6 nhét cua agar 0,2% khi chua bo sung
mudi 1a p*=0,017 Pa.s, sau khi bd sung 10 mM NaCl hay
CaCl, thi d6 nhét tang Ién 1,5 hay gan 2 1an. Tuy nhién, néu
so sanh cung cuong do ion thi sy anh huong cua NaCl hay
CaCl, déq ty I¢ tdng do nhdt 1a twong tu nhau (hinh 2B). Kpi
thém mudi vao s€ lam tang lyc hit tinh dién gitta cac cau
ndi, 1am cho céac vung lién két nho lai va dan tao nén sy sép
xép c6 trat tu cac phan tir agar, do d6 lam ting do nhot [2].
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Hinh 2. Anh hwéng ciia ndng do mubi (C)/cwdng dé ion dén do nhét
dung dich agar (A) va ty s6 do nhét ctia dung dich agar 0,2% c6 () va
khong bb sung mudi (u*) (B) tai 50°C.

Anh hiong ciia NaCl, CaCl, dén dg bén gel agar: Do
bén gel agar tang 1é€n khi bo sung dén 100 mM NaCl hay 30
mM CaCl2,, sau do c6 xu hudng gjém xudng (hinh 3). Trong
khoang bién thién tang nay, do bén gel tang khoang 1,8 lan
khi ndng d6 mudi ting 10 lan. Sau d6 d6 bén gel co xu
huéng giam, két qua twong tu cong b ciia JN.C. Whyte va
cs (1984) [21]. Nguyén nhan c6 thé 1a khi dat tGi mot ndng
d6 téi han anh hudng cta mudi thi khi tang vuot qua tdi han
nay, su c6 mat cua mubi s& nhanh chong lam cho luc déy
tinh dién trung hoa 1am ngan can sy két tu polysaccharide
dan dén lam yéu mang ludi gel agar [2].
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Hinh 3. Do bén gel clia agar 1% tai cac néng dé mudi NaCl (A) va
cacl, (B).

Nhiét d6 cling anh huong dén do bén gel ciia gel agar hinh
thanh. O nhiét do tir 50°C giam xudng 5°C, khi thém 10 mM
NaCl, cudng do gel ting tir 0,13 dén 0,26 MPa va ting 1én 3,2
lan néu thém 100 mM NaCl (hinh 3A); xu huéng nay ciing
tuong tu di véi mudi CaCl, (hinh 3B). Khi tang ham lugng
cation lam tang nhiét do tao gel va do bén gel cua agar ciing
dugc phat hién boi K. Prasad va cs (2005) [18]. Viéc giam nhiét
d6, dong nghia sy hinh thanh cac xoan doi, xodn ba ciia mach
polysaccharide nhiéu hon, lién két hydro manh m& hon nén gel
agar hinh thanh chic chdn hon [2, 19, 21].
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3.2. Anh hudéng ciia sucrose dén tinh chit lweu bién ciia
dung dich/gel agar

Anh huwong ciia sucrose dén trang thdi va dg nhét ciia dung
dich agar: Nhi¢t do tao gel cua agar c6 su thay dbi 16n khi
bd sung duong sucrose, nhi¢t d§ tao gel cua agar 0,2% ting
1én 2°C khi bd sung 1% sucrose va nhiét do tao gel co thé dat
38°C khi bo sung 30% sucrose (hinh 4A). Két qua nay tuong
tw v6i nghién ctru ctia V. Normand va cs (2003) [29] khi nong
dd sucrose 1én dén 60%, tang néng do sucrose trong dung moi
din dén giam nhiét do gel hoa, tang ty 1¢ hinh thanh gel. Trong
pham vi ndng d6 0-60%, sucrose dudng nhu lam ting cudng
qué trinh gel hoa. biéu nay duogc giai thich 1a do khi c6 mat
cua cac phan tor dudng sucrose vao trong agar thi cac phan tu
duong s& chiém chd cac khong gian trong trong phan tir agar
lam cac vung lién két nho lai, dong thoi tang s6 luong vung lién
két 1én dan dén cdu tric xodn cua agar bén chat hon.
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Hinh 4. Anh hwéng ctia ndng do sucrose dén trang thai long (sol)-gel
(A) va ty s6 dé nhét cua dung dich agar 0,2% c6 () va khong bé sung
sucrose (p*) (B) tai 50°C.

Khi b6 sung sucrose vao thi do nhot ciia agar ting khong
d4ng ké khi ndng do sucrose dudi 10%, p/p*=1,1. Nhung khi
b sung sucrose trén 10% thi do nhét ctia agar 0,2% ting tir
1,4 dén 4,4 1an (hinh 4B). Nghién ctru cua V. Normand va cs
(2003) [29] ciing d nhan dinh rang, sucrose anh hudng 16n dén
d nhot cua agarose, khi ting nong do sucrose thiic day sy gia
tang d6 nhét, sy gia tang tuyén tinh trén khoang 55-60%. Két
qua dwoc giai thich khi thém sucrose vao tao cau trac gel cua
agar bén chit hon lam cho cac phén tir trong agar dé va cham
ma sat v6i nhau din dén do nhét ciia agar ting.

D6 nhét ciia dung dich agar co bo sung sucrose ciing chiu
anh huong boi nhiét d9, nong do agar, quy luat thay doi gia tri
d6 nhdt tuong tu nhu dbi voi dung dich agar tinh khiét duoc
cong b boi D.V. Hien va cs (2019) [16]. Nghién ctru nay ciing
tim ra d6 nhét dung dich agar bd sung 20% sucrose tang khi
tang nong do agar (0,01-0,2%) hay giam nhiét do dung dich
(50-5°C) (két qua khong duoc trinh bay).

Anh hwong cia sucrose dén do bén gel cua agar: Hinh 5
trinh bay sy bién doi cua do bén gel khi thay doi luong sucrose
bo sung (0-30%) tai nhiét do khac nhau. O cling nhiét do, do

JHOAHOC . [

bén gel cao hon khoang 1,2 lan khi ting lugng sucrose 1én 5
lan, muc ting d6 bén gel tang khi tang lugng sucrose b6 sung,
ching han do bén gel cia gel agar b6 sung 30% sucrose cao
hon khoang 1,8 lan cua gel agar b6 sung 1% sucrose. Két qua
nghién ciru cling chi ra ¢ cung néng do sucrose b6 sung, d6 bén
gel tang khi nhiét do giam. Két qua nay phu hop véi nghién
clru cia V. Normand va cs (2003) [29] khi tang nong do sucrose
dan dén sy chuyén doi cac gel gion, tao do bién dang 16n lam
dé vo nit. Nghién ctru khac ciing chi ra rdng, sucrose ¢o tac
dung 6n dinh sy hinh thanh va dong chit cia hai day xodn
polysaccharide lam ting d§ cing cta polysaccharide [22].
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Hinh 5. Anh hwéng clia ndng do sucrose dén do bén gel ctia agar 1%.

4. Két luan

Su ¢co mé,t ctia mudi (NacCl, Can2) hay sucrose c:(') anh
hudng l6n dén trang thai va mot so tinh chat luu bién cua
dung dich agar. O ndng d6 0,2%, dung dich agar hinh thanh
gel & nhiét do trén 30°C khi bod sung trén 10 mM NacCl, 1
mM CaCl, hay 1% sucrose. Trong khodng ndéng do mudi
va sucrose su dung, do nhot ciia dung dich agar 0,2% tang
manh khi bd sung trén 50 mM NaCl, 20 mM CaCl, hay
10% sucrose. Bg bén gel cua agar 1% tang khi tang luong
mubi dén 100 mM NaCl hay 30 mM CaCl,, sau d6 néu tiép
tuc tang lugng muoi, gel bi mém hoa, giam cuong do gel.
Sucrose khong hd trg ting do nhot tot nhu NaCl, CaCl,
nhung ho trg tang nhi¢t do hinh thanh gel, ting do bén gel
ctia agar 1% tot hon NaCl hay CaCl,.
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QUY DINH VE BAI BAO DANG TAI TREN TAP CHI

Yéu cau chung

Bai béo glii dang trén Tap chi phai la bai bao nguyén thuy (chua dugc cong bd trude do). Tac gid khong dugc gli dang bai béo trén cac
tap chi khac cho dén khi c6 quyét dinh xét duyet clia Ban Bién tap.

Bai béo dai khong qua 10 trang (bao gbm ca bang biéu, ghi chu, tai liéu tham khao va phu lyc); font chii: Times New Roman; ¢ chif 13;
kh gidy A4, 1& trén 2 cm, I& dudi 2 cm, 16 trai 3 cm, 1& phai 2 cm.

Bai bao gli qua Hé théng gli bai tryc tuyén tai dia chi https:/b.vjst.vn/index.php/ban_b/about/submissions hodc c6 thé gl truc
tiép dén Tap chi (Phong 507, s6 113 Tran Duy Hung, phudng Trung Hoa, quan CAu Gidy, Ha Noi, Viét Nam) hodc qua hom thu dién td:
khoahocvacongnghevietnam @most.gov.vn.

CA4u tric cla cac loai bai bao khac nhau cé thé thay di tly theo loai hinh nghién ctiu va néi dung clia bai bao. Sau day la chi tiét cac
thanh phan chinh clia bai bao.

Ténbai bao

- Tén bai bao dugc V|et bang tleng Viét va ti€ng Anh, trén trang du cla bai béo, in dam, khdng gach chan hay viét nghiéng.

- Tén bai béo phai ngan gon, rd rang va phu hop véi ndi dung bai bao.

- Phia dudi tén bai b4o 1 tén tac gia khong viét chiic danh va hoc ham, hoc vi. N&u ¢é nhiéu tac gia 1am viéc & cac co quan khac nhau thi
tén tac gid dugc danh s6 ("2-) & phia trén. D&u hoa thi (') chi tac gia lién hé, dugc viét § cudi trang dau tién clia bai bao.

Khi liét ké co quan cong tac cla tac gia, can néu rd tén co quan va dia chi co quan (sd nha, tén dudng, phudng, quan, thanh phé, quéc
gia) béng tiéng Viét va ti€ng Anh.

Tom tit
Tom tt bang tiéng Viét va tiéng Anh (khoang 160-250 tif). Néu dugc myc dich, phuong phap nghién ctiu chinh, két qua nghién ciiu va két
lu&n chi y&u. Tu khoa béng ca tiéng Viét va ti€ng Anh theo thi ty alphabet (it nhat 3 tii khoa). Chi sd phan loai (theo hudng dan).

1.Datvén dé/Dan nhap/Md dau

_ Dinh nghia van dé; tom qug van dé nghién cuiu da dugc cong bé trong va ngoai nudc, néu muc tiéu nghién ctu va giai thich sy lya chon
dé tai va myc tiéu nghién ctu dé thdy dugc tinh thdi sy, tinh khoa hoc va su can thiét clia van dé nghién cuu.

2. Dol tuong/VAt ligu va phuong phap nghién ciiu

Dai tugng nghién cuiu can trinh bay tiéu chuén lya chon, déc diém déi tugng nghién ciu.
Phuang phap nghlen cliu can néu rd cach tiép can nghién ctu, loai hinh nghlen ctu, phudng phap do Iudng, cong thic tinh ¢§ mau, phuong
phap x{ Iy 6 liéu, m ta ki cac ky thuat tién hanh trong nghién ctiu; cac quan diém, lap luan, y kién tranh luan, cac dn chiing...

3.Kétqud

Trinh bay day dd, khach quan céc két qua thu dugc sau nghién ctu, cac két qua nay phai phuc vu cho myc tiéu nghién ctu. Cac s6 liéu
phai chinh xac va khép véi nhau.

Phén két qua nghién cdu chi trinh bay céc két qua nghién cliu clia dé tai, khdng giai thich, so sanh va ban luan.
4.Banludn (phan nay cé thé gop vai phan két qua)

Chd yéu ban luan cac van dé lién quan dén muyc tiéu dé tai.

Nhan xét, danh gid mot cach khach quan céc két qua nghlen clu, c6 so sanh véi cac téc gia khac dé khéng dinh hoac phii dinh nhiing hiéu

biét da c6, qua dé néu dugc nhitng diém méi va déng gép clia dé tai. }

Du bao hudng nghién ciu ti€p va kha nang Ging dung céc két qua nghién clu vao thuc tién.
5. Kétluén

Néu két qua nghién ctu chli y&u clia dé tai ¢ tinh khai quat lién quan dén muyc tiéu nghién ctu, dé xuét cac vén dé tiép tuc nghién cuiu.
LG1 CAM ON (néu co)

Téc gia c&m on cac t6 chuic/ca nhan da tai trg kinh phi hodc hé trg cho nghién ciu.
Phu lue (néu co)

Ding tai bang s6 liéu, thong tin dé hé trg thém cho néi dung bai béo.
Chii thich va tai ligu tham khdo

Chi thich dugc dénh s theo thd tif xuat hién (22~ ) va dudc trinh bay ngay & cudi trang viét (footnote).

Cc tai liu tham khao dugc danh s6 theo thii ty xuat hién dé_chi dan chuing dugc trich dan & dau trong bai béo. S6 th( ty dugc danh trong
ngogc vuong, vi dy: [3] véi mot hogc [2, 5, 7-9] véi nhiéu s chi dan.

Luu y:
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- D4i véi danh myc tai liéu tham khao cudi bai: tai liéu tham khéo bang tiéng Anh, céc tai liéu khong phai ti€ng Anh can dugc dich sang tiéng
Anh va chd thich & cudi cau, vi du: (in Vietnamese), (in French)...

- Tai lidu tham khao 1a cac dudng link can b8 sung ngay truy cap.

Tac gia (Nam xudt ban), “Tén tai liéu dugc trich dan”, Tén nguén, tap(so) trang/so trang/trang dau-trang cudi (néu c6), s8 DOI (néu co),
URL (néu c6), ngay truy cap (ghi rd ngdn ngi nao néu khong phéi tai liéu bang tiéng Anh).

Téc gid: 1a tac gid/céc tac gia cla tai liéu dugc tham khao, trich dén: ligt ké day dl tén tac gid (chi viét tit dua Ién trudc) véi nhiing tai liéu
tham khéo c6 <3 tac gia; liét ké 3 tac gia dau tién va theo sau la “et al.” khi c6 tli 4 tac gia trg I&n.

N&m xuét ban: ndm xuét ban cla tai liéu dugc tham kho, trich dan.

Tén tai liéu dugc trich dén: 1a tén bai bao, chudng/phan sach.. (chi viét hoa chii cai dau, trii tén riéng va sau d&u hai cham), viét trong
ngoac kép. .

Tén ngué‘n c6 thé Ia tén tap chi, tén sach, hay tén tai liéu gdc cla tai liéu dugc trich dn (phan nay dugc in nghiéng), viét hoa chii cai dau
tién clia mai tu chinh.

Tap(s6): danh cho nguon trich la tap chi, sach hogc cac xuat ban pham khac (phan nay in dam).

Trang/so trang/trang dau-trang cudi phan anh nai cu trd cla tai liéu dugc trich dén trong tai liéu nguon.

NEu c6 22 tai liéu tham khao do clng tac gia dau tién va cling nam cong ba, thi cac tai liéu tham khao nay can dugc danh dau a, b.. sau
nam xudt ban (vi dy: 1986a, 1986b...). ) )

Néu c6 mot s6 tai liéu tham khéo c6 cung 1 bai bao dugc trich dan cé s6 trang khac nhau thi can trich dan thém sé trang, vi du: A. Amber
(1982, p.39).

Chi tiét vui long xem thém tai: https:/b.vjst.vn/index.php/ban_b/quy-dinh-bai-viet.
Céc yéu cdu khac

- Bai viét khong dat yéu céu, Toa soan khong tra lai ban tho.

- Bai viét chi dugc dang khi phan bién nhan xét vé chat lugng bai bao dong y cho dang.

- Ban quyén: tac gia dong ¥ trao ban quyén bai viét (bao gom ca phéan tém tat) cho Ban Bién tap Tap chi.
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