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NGHIEN CUU CAU TRUC, PO BEN VA TiNH CHAT CUA PHUC PLATIN(II)
CHUA O-TOLUIDIN VA EUGENOL BANG PHUONG PHAP HOA HQC TiNH TOAN

MAI THI THANH TAM!, PHAN PANG CAM TU'!, NGUYEN THI THANH CHP,
TRUONG THI CAM MAP2, NGUYEN TIEN TRUNG'*
"Phong Thi nghiém Hoéa hoc tinh toan va M6 phong, Truong Pai hoc Quy Nhon
?Khoa Hoa, Truong Pai hoc Quy Nhon
3Khoa Hoa, Truong Pai hoc Su pham Ha Noi

TOM TAT

Su twong tac cua [PtCL(Eug)] voi o-toluidin dugc nghién citu ¢ micc Iy thuyét B3LYP/LanL2DZ.
Bién thién enthalpy va bién thién nang lwong tw do Gibbs ciia cdc phan img tao phitc nam trong khodng
34,95 - 45,31 keal.mol' va 39,66 - 51,41 kcal.mol! twong irng. San phdam ciia cdc phan g phit hop véi
hiéu ing trans doi voi phire vudng phang. Két qua phan tich AIM va NBO cho thdy dé bén ciia phirc dirge
quyét dinh chii yéu béi twong tic Pt-+N ciing voi s bo tro cia lién két hydro C-H-ClI; twong tic Pt-+N
trong phikc trans bén hon phirc cis. Pdang chii ¥, phé IR thu dwoc tir phirong phép tinh todn phi hop véi cdc
két qua thiee nghiém.

Tir khéa: Eugenol, thuyét phiém ham mat do, phie platin(II), o-toluidin.

ABSTRACT

A theoretical study on structure, stability and property of platinum(II) complex containing
o-toluidin and eugenol using computational chemical method

Interaction of [PtCl(Eug)] with o-toluidin is investigated by using the B3LYP/LanL2DZ level of
theory. Variations of enthalpy and Gibbs free energies of reactions forming complexes range from
34,95 - 45,31 kcal.mol” and 39,66 - 51,41 kcal.mol’ respectively. The products of the reactions are
consistent with the trans effect for square-planar complexes. The AIM and NBO results indicate that the
stability of complexes is mainly determined by the Pt---N interaction with an additional complementary of
C-H-+-Cl hydrogen bonds. It is found that the Pt--N interactions are more stable for the trans-complexes
than for the cis-complexes. Remarkably, the IR spectra of the most stable complex at the B3LYP/LanL2DZ
level are well matched with the results of the experimental spectrum.

Keywords: Eugenol, density functional theory, platinum(Il) complex, o-toluidin.

1.  Giéi thi¢u

Phirc chat Pt(II) da va dang rt duoc cac nha khoa hoc quan tim nghién ctru boi y nghia to
16n ctia n6 khong chi trong linh vuc 1y thuyét héa hoc phirc chat ma ca ing dung ctia n6 trong y
hoc. Cac thudc chira hoat chét 1a phirc chat Pt(II) nhu cisplatin, cacboplatin, oxaliplatin dang duoc
sir dung phd bién trong viéc diéu tri nhiéu bénh ung thu. Cisplatin 1a mot tac nhan chdng khdi u
duoc sir dung rong réi trong diéu tri ung thu tinh hoan va budng trimg; carboplatin duoc sir dung
rong ri cho diéu tri ung thu phdi va ung thu budng trimg; oxaliplatin gan day da dugc chap thuan
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tai My dé diéu tri ung thu dai tryc trang... Tuy nhién cac loai thudc nay con gay ra nhiéu tac dung
phu va khéng hiéu qua ddi v6i nhiéu dong té bao ung thu, vi vy viéc nghién ciru téng hop cac
phtrc chat cua platin(IT) ¢6 hoat tinh khang ung thu cao, giam tac dung phu so vé6i cac thé hé thude
trude do, diac biét 1a phirc chat chira phdi tir c6 ngudn gde thién nhién da va dang thu hat sy quan
tam cua cac nha khoa hoc trén thé gioi [1], [2].

Eugenol (4-allyl-2-metoxiphenol) (Eug) 13 thanh phan chinh trong cdy dinh huong, cay
huong nhu (loai thio mdc rat phd bién & Viét Nam), da duoc sir dung trong cong nghiép huong
liéu, trong y hoc lam chét sat khuan, thudc giam dau, ché xi mang han rang. Nhiéu nghién ctru cho
théy eugenol c¢6 kha nang trc ché mot sd loai té bao ung thu [3], [4]. Gan day, eugenol da duoc dua
vao cau phdi tri ctia Pt(IT) duéi dang céc phire chat don nhan K[PtCl,(Eug)] va phirc chét hai nhan
[PtCl(Eug-1H)],. Cac phtrc chét nay da dugc nghién ctru twong tac vdi amin tao ra mot s6 phirc
chat co6 hoat tinh sinh hoc ti€ém nang [5], [6], [7], tuy nhién phirc chat platin(Il) chira eugenol va
amin chua dugc nghién ciru nhiéu. Vi vay su két hgp hoa hoc tinh todn va phuong phap vt Ii hién
dai dé xac dinh c4u triic va tinh chat ciia phirc Pt(IT) d@ mé ra nhiéu huéng nghién ctiru méi. Trong
bai bio nay chung t6i trinh bay chi tiét vé cau triic hinh hoc, d6 bén cua cac phirc hinh thanh trong
phan mg gitra o-toluidin v6i [PtClL,(Eug)], ddng thoi danh gia vai trd dong gbp cuia cac twong tac
deén do bén cac phuc cling nhu phén tich ban chat cua ching.

2. Phwong phap nghién ciru

Céu trac hinh hoc ctia monome va céc phic tao thanh tir phan tng gitra o-toluidin véi
[PtCL(Eug)] duogc t6i wu & muc 1y thuyét B3LYP/LanL2DZ bang phan mém Gaussian 09 (phién
ban A.01) [8]. Bién thién enthalpy (AH},,) va bién thién ndng luong ty do Gibbs (AG),,) cta cac
qua trinh twong tng duoc tinh theo cong thitc nhu sau:

AH;% K= [Z(Eo + Hcorr)sp - Z (Eo +H, )pu:|
AGSy i =[ D (B, +G)y = 2 (B, + Gy, |

Trong do, E_la gia tri nang lugng electron tong va H .G, lan luot 1a gia tri hiéu chinh
enthalpy, hi¢u chinh nang luong tu do Gibbs. Phuong phap phan tich AIM (Atoms in molecules)
duogc str dung dé nghién ctru sy c6 mat, do bén va vai trd cua céac tuong tac lam bén phtc. Hinh
hoc topo va cac gia tri mat do electron (p(r)), Laplacian (V2p(r)), tong nang luong mat do electron
khu tra (H(r)) tai cac diém t6i han lién két (BCP) dugc tinh bang phan mém AIM 2000 [9]. Phan
tich NBO dugc thuc hién bang phan mém NBO 5.G [10] tai cing mirc 1y thuyét dé dénh gia su
chuyén electron va sy hinh thanh tuong tac trong cac phirc khao sat. Két qua phd IR cua phirc
Pt(II) ciing dugc so sanh voi két qua thuc nghiém. Pho IR thyc nghiém cua phirc chit nghién ctru
duoc do bang ky thuat tao mau ép vién KBr trong viing 4000 + 400 cm’'; phd 'H NMR va NOESY
cua phtic chét duoc ghi trén may Brucker AVANCE 500 MHz, tat ca & 298-300 K tai Vién Hoa hoc
thudc Vién Khoa hoc va Cong nghé Viét Nam.

3.  K&ét qua va thao luin
3.1. CAu tric va dj bén ciia phire Pt(IT)

Thyc hién t6i wu hinh hoc cac phirc [PtCL(Eug)(o-toluidin)] tai muc ly thuyét B3LYP/
LanL2DZ, ching t6i thu dugc cac ciu tric bén duoc chi ra & Hinh 1. Cac phtic [PtCl(Eug)
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(o-toluidin)] duogc ki hiéu X-Al-n, véi X=Trans, Cis; n= 1, 2, 3,... 1a s thir ty cac dong phan. Gia
tri ning luong tuong dbi (kcal.mol ") dugc chi ra trong ngodc vudng [].

Hinh 1 cho thay trong [PtCL,(Eug)(o-toluidin)], Pt lién két phdi tri v6i o-toluidin qua N vi
trén nguyén tir N con c6 mot cip electron tu do. Trong d6, phdi tir o-toluidin hodc & vi tri cis hodc
& Vi tri trans so v&i nhanh allyl cia phdi tir eugenol. Gid tri ning luong tuong ddi cia cac phirc
Pt(Il) duoc sap xép tang dan theo thir tu: Trans-Al-1 > Trans-A1-2 > Trans-A1-3 > Cis-A1-4
> Cis-A1-5 > Cis-A1-6. Nhu vay, phirc [PtCL,(Eug)(o-toluidin)] bén nhét dugc du dodn c6 dang
hinh hoc Trans-A1-1.

Trans-A1-3 [1,62] Cis-Al-4 [6,74]

Cis-A1-5 [8,23] Cis-A1-6 [10,58]
Hinh 1. Cdu triic hinh hoc bén ciia [PtCI2(Eug)(o-toluidin)] tai mirc 1y thuyét B3LYP/LanL2DZ

D¢ khéo sat kha niang phan tmg giira [PtC1,(Eug)] véi o-toluidin, ching toi tiép tuc tinh cac
gi4 tri bién thién enthalpy va bién thién ning luong Gibbs (duogc liét ké trong Bang 1).
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Bing 1. Bién thién enthalpy (AH, ) va bién thién ning lwong ti do

298

Gibbs (AG3y,) (kcal.mol’) cua cac phirc [PtCl(Eug)(o-toluidin)] tai B3LYP/LanL2DZ

Phuc AHZ, AGy
Trans- A1-1 34,95 39,66
Trans- A1-2 35,98 40,87
Trans- A1-3 36,56 41,49

Cis- Al1-4 41,53 47,03
Cis- A1-5 43,13 48,00
Cis- A1-6 45,31 51,41

Két qua thu duoc cho thdy dong phan c6 bién thién enthalpy thip nhét 1a Trans-A1-1
(34,95 kcal.mol") duoc tao thanh khi thay thé mot nguyén tir C1 & vi tri trans trong [PtCL,(Eug)]
b6i o-toluidin tai nguyén tir N. Pong phan kém bén nhét 13 Cis-A1-6 v6i bién thién enthalpy cao
nhét (45,31 kcal.mol™!). Bo bén cua céac phuc giam dan theo thtr tu tir Trans-A1-1 dén Cis-A1-6.
Céc thong sd nhiét dong AHS,, va AGS,,
ung tao ra phuc cis. Poi véi cac phuc trans, Trans-Al1-1 c6 cac gia tri bién thién enthalpy va
bién thién niang luong ty do Gibbs thip hon Trans-A1-2 va Trans-A1-3 khoang 1,03 - 1,61 kcal.
mol'va 1,02 - 1,53 kcal.mol™! twong ung. Trong khi d6, cac gia tri nay cua phtc cis cao hon phirc
Trans-A1-1 khoang 6,58 - 10,31 kcal.mol! va 7,37 - 11,75 kcal.mol"! twong tng. Nhu vay c6 thé
du doan rang khi [PtCl,(Eug)] twong tac vai o-toluidin, phirc chat trans wu tién tao thanh hon so
v6i phtic cis, va phttc bén nhét 13 Trans-A1-1 c6 ciu hinh frans. Két qua nay phu hop véi anh

ctia phan tg tao ra phuic trans déu thap hon so véi phan

hudng cua hiéu tng trans dbi véi cac phie chat vudng phang [11]. Mit khéc, cac gia tri AHS,, va
AGS,, ctia phan tmg déu duong, do d6 kha nang thay thé phdi tir C1 boi o-toluidin trong phirc Pt(IT)
0 pha khi khong thuén loi vé mit nhiét dong.
3.2. Phan tich AIM

Dé nghién ciru sy cd mit, vai trd cta cac tuong tac lam bén trong phirc Pt(II), chung t6i
tiép tuc thyuc hién phéan tich AIM ¢ ciing mtc 1y thuyét. Hinh hoc topo ctia cac phtic nay dugc thé
hién ¢ hinh 2. Két qua cho thiy c6 su ton tai cac diém t6i han lién két (BCP) (qua ciu mau do
trong vong tron mau do) giita cac tiép xac minh ching viéc hinh thanh cac twong tic ngoai phan
tu Pt---N, H---Cl trong cac phtec.

o i é] € ¢ %
> 'Q\ X M

Trans-Al1-1 Trans-A1-2
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Trans-A1-3 Cis-Al1-4

Ve k
Cis-A1-5 Cis-A1-6
Hinh 2. Hinh hoc topo cia phitc [PtCl (Eug)(o-toluidin)]

Béng 2 liét ké cac thong s mat d electron (p(r)), Laplacian (V3(r)), mat d6 dong ning
electron (G(r)), mat do thé nang electron (V(r)) va tong ning luong mat do electron khu tra H(r)
tai cac BCP clia mot sd tuong tac duoc lya chon trong cac phiic hinh thanh.

Bdng 2. Mdt do electron (p(r)), Laplacian (Vip(r)) va H(r) (au) tai cac BCP
ciia lién két trong phirc [PtCL(Eug)(o-toluidin)]

Phite BCP p) Vi  HE®)  GV()
(au) (au) (au)
Pt--N 0,0965 0,3364 -0,0253 0,8116
Trans-Al-1 C30-H43---Cl1 0,0080 0,0267 0,0011 1,2551

C36—H38--Cl2 0,0085 0,0270  0,0010 1,2205

Pt-N 0,0963 0,3345  -0,0254 0,8110

Trans-A1-2 C30—H43--Cl1 0,0077 0,0261 0,0011 1,2623
C36—H39--CI2 0,0087 0,0274  0,0010 1,2180

PtN 0,0959 0,3340  -0,0252 0,8117

Trans-A1-3 C30—H43--Cl1 0,0075 0,0268  0,0011 1,2727
C36—H39--CI2 0,0086 0,0270  0,0010 1,2234

Cis-Al1-4 PtN 0,0946 0,3412  -0.0243 0,8163
Cis-A1-5 Pt--N 0,0945 0,3406  -0,0242 0,8188
Cis-A1-6 PtN 0,0938 0,3387  -0,0237 0,8199
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Céc s6 lidu trén Bang 2 cho thiy gia tri mat do electron (p(r)) tai cic tuong tic Pt-N cua
cac phtre [PtCL(Eug)(o-toluidin) trong khoang tir 0,0938 dén 0,0965 au. Céc gia tri V2p(r) tai BCP
ctia tiép xuc Pt---N trong cac phirc nay déu duong, gia tri H(r) m nhe va ti 18 G/|V(r)| < 1. Do dé,
tuong tac giira Pt voi N thudc loai twong tac yéu c6 ban chat mot phan cong hoa tri [12]. Ngoai ra
trong cac phiic trans con c6 su ton tai cta cac lién két hydro C—H---Cl v6i mat do electron (trong
khoang 0,0075 - 0,0087 au) tai BCP nhé hon dang ké so véi cac tuong tac Pt--"N. Bén canh do,
cac gia tri V2p(r), H(r) > 0 va G/|[V(r)| > 1 cho thiy céc lién két hydro C—H-+-CI thudc loai tuong
tac yéu khong cong hoa tri [12]. Pang chii ¥, cac lién két hydro nay chi xuat hién trong cac phirc
trans, két hop voi cac két qua phan tich d6 bén & trén, chung t6i khang dinh rang lién két hydro
C—H-Cl chi dong vai tro bd tro trong viée 1am bén phtrc Pt(II) ciing vdi vai tro chinh cta tuong
tac Pt--N.

Két qua phéan tich AIM cho thay, gia tri p(r) tai BCP cuia tiép xtic Pt-N giam dan theo thir tu
Trans-A1-1>Trans-A1-2>Trans-A1-3>Cis-A1-4>Cis-A1-5>Cis-A1-6. Cu thé, mat do electron
tai BCP cta Pt--*N ¢ phuc dang trans cao hon dang cis khoang 0,0013 - 0,0027 au, khfmg dinh thém
rang cac phirc frans bén hon cac phic cis. Nhan dinh nay hoan toan phu hop véi két qua thu duoc
khi phan tich c4u tric, bién thién enthalpy va bién thién ning luong tyr do Gibbs cta cac phan tng.
Két qua nay con cho thiy vai trd dong gop chinh ctia trong tic Pt-N trong viéc 1am bén cac phiic.

3.3. Két qua phan tich NBO

Pé hiéu rd vé su hinh thanh lién két, sy chuyén electron trong cac phtic, chiing t6i tién hanh
phan tich NBO cho céc phirc [PtCL(Eug)(o-toluidin)] tai cing murc ly thuyét B3LYP/LanL2DZ.
Két qua duoc tong hop ¢ Bang 3.

Bing 3. Két qua phan tich NBO ciia cdc phire [PtCL(Eug)(o-toluidin)]

Phire EDT(e) Sw chuyén electron E, . (kcal.mol")
n(N)—n*(Pt) 92,25
Trans- A1-1 0,23159 n(N)—c*(Pt—Cl) 6,09
n(Cl)—»c*(C—H) 2,82
n(N)—n*(Pt) 92,04
Trans-A1-2 0,23039 n(N)—c*(Pt—Cl) 6,22
n(Cl)—»c*(C—H) 2,77
n(N)—n*(Pt) 90,39
Trans- A1-3 0,24519 n(N)—c*(Pt—Cl) 7,16
n(Cl)—»c*(C—H) 2,76
n(N)—>n*(Pt) 13,09
Cis —-A1-4 0,2479%
n(N)—c*(Pt—Cl) 82,72
n(N)—n*(Pt) 13,22
Cis —-A1-5 0,23032
n(N)—>c*(Pt—Cl) 82,16
Cis-A1-6 0,27659 n(N)—>c*(Pt—Cl) 85,34

9]a gi4 tri mat do electron tong ctia hop phan o-toluidin

10
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Két qua phan tich NBO cho théy gia tri mat do electron tong (EDT) cta hop phéan o-toluidin
trong cac phirc Pt(Il) déu duong (0,2303 - 0,2765 ¢), chung t6 khi hinh thanh phuc da co su
chuyén electron tir o-toluidin sang hop phan [PtCL(Eug)]. Su chuyén electron tir cip electron
riéng cua N (n(N)) dén orbital n*(Pt) trong cac phtrc trans déu 16n hon nhiéu so véi cac phuc cis.
Gia tri ndng lugng tuong tac siéu lién hop (E, ) twong tmg cho hai loai trong tac nay la 90,39 -
92,25 kcal.mol! va 0 - 4,33 kcal.mol'. Ngugc lai, sy chuyén electron tir n(N) dén o*(Pt—Cl) trong
céc phire trans déu nhod hon nhiéu so véi cac phire cis (gié tri E, ., tuong ing cho hai loai tuong tac
nay 14 6,09 - 6,22 kcal.mol ! va 80,99 - 85,34 kcal.mol'). Do d6, ddi voi phirc trans, budc chuyén
electron n(N)—n*(Pt) dong vai tro quyét dinh trong viéc 1am bén phirc, con do bén cua cac phirc
cis dugc dong gop chu yéu bai bude chuyén n(N)—o*(Pt—Cl). Mit khac, tuong tac giira eugenol
va o-toluidin con xuét hién budc chuyén n(Cl)—c*(C—H), tuy nhién gié tri E__1a rat nhé (2,76 -
2,82 kcal.mol ). Diéu nay khang dinh lai vai tro cua cac twong tac trong viéc lam bén phirc: tuong
tac Pt-~-N bén hon va dong gop dang ké vao do bén cua phirc so véi cac lién két hydro C—H-Cl. Két
qua thu dugc cho thiy gi4 tri tong ning luong twong tac siéu lién hop (ZE, ) cho céac budc chuyén
electron n(N)—n*(Pt) va n(N)—oc*(Pt—Cl) ciia cic phtrc frans déu 16n hon so véi cac gid trj tuong
(g trong phtic cis. Cu thé, gia tri 2E,_ . cua phtc Trans-A1-1 1a 16n nhét véi 98,34 kcal.mol! va
ctia phitc Cis-A1-6 1a nho nhit v6i 85,34 keal.mol™'; gié tri nay giam dan theo d6 bén cua cac phirc
Trans-A1-1>Trans-AI-2>Trans-A1-3>Cis-A1-4>Cis-A1-5>Cis-AI-6. Thit tu sip xép nay hoan
toan hop véi két qua phén tich nang luong va phén tich AIM.

3.4. Sosanh két qua tinh toan véi thwe nghiém
3.4.1. Phé hong ngogi ciia phirc chit

Pé danh gia sy pht hop ctia cdu tric bén ctia phirc twong tac [PtCL,(Eug)] véi o-toluidin tai
murc 1y thuyét B3LYP/LanL2DZ, phd hong ngoai (IR) ctia phttc Trans-A1-1 dugc so sanh vai két
qué thu duoc tir thye nghiém. Hinh 3a va 3b mo ta phd IR cta phirc chat [PtCL(Eug)(o-toluidin)]
thu dugc tir phuong phap tinh toan va thyc nghiém [13].

0.5

2
04 o — ,‘:. .
g T .
024 E 015 \ I\n m\\l
: 00 |° \fj | V b
0.1 - |
008 J nan J}“ r w
001 T T T T T T T mqu 3500 2000 _;m- 7zn:w 1500 1000
4000 3500 3000 2500 2000 1500 1000 500 Waverumbers 1)
l/em
Hinh 3a. Phé IR ciia phitc Trans-Al-1 Hinh 3b. Phé IR thuc nghiém

Két qua quy két cac tin hiéu duogc trinh bay trong Bang 4.
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Bing 4. Cdc van hdp thu chinh trén ving phé hong ngogi
ciia cdc phire chat [PtCl L(Eug)(o-toluidin)](cm™)

Y
Phirc chat Vou Vau (thg;s VeH (no) SNH’ SCHZ "0l Vx| Veec
anken) Vee NH
[PtCL,(Eug)(o-toluidin)] 3212; 2938; 1588; 1460;
(thuc nghiém) 3409 3142 3014 2946 1520 1349 >83 )
3036;
3555; ’ 1548; 1492;
Trans-Al1-1 3658 3444 3238 3123 1530 1419 548 450

Tir Hinh 3a va 3b cho thiy c6 sy pht hop ctia pho IR thuc nghiém va tinh toan. Cac két
qua tip hop & Bang 4 cho thiy hau hét cac van hap thu xudt hién trén phd IR déu dic trung cho
cac nhom nguyén tir trong phan tir phirc chét, chimg to c6 sy phtt hop vé thanh phan, cau tao cua
phtic chét. Chéng han, sy xuét hién cua cac van hép thu cuong d6 trung binh ¢ 2938+3123 cm’!
dac trung cho dao dong v, (m)’cﬁa eugenol hodc amin. Sy gi’ém tan sb cla Vép phd dic trung cho
dao dong v,._.tr 1640 cm™ xudng 1520+1588 cm™ va sy xuat hi¢n cua van hap thu dic trung cho
dao dong hoa tri v, . . khoang 450 cm™, chiing t6 eugenol da phéi tri voi Pt(IT) qua lién két C=C
ctia nhanh allyl. Sy giam tan sd Vi tr 34503300 cm™ ¢ dang tu do xubng & 3142+3212 cm™ (phd
thuc nghiém) va su xuét hién van hz‘ip thu déc trung cho dao dong v, ¢ 548+583 cm, chimg to
o-toluidin d phdi tri v6i Pt(I) qua nguyén tir N ctia nhom NH,. Nhin chung, phd IR cua phtic
chat thu duoc tir phuong phéap tinh toan tuong dbi phit hop véi phd IR thuc nghiém. Sy sai khac
mét it vé tin s6 dao dong hoéa tri do Kkét qua tinh phé IR cua phuc chit duge thyuc hién & pha khi tai
mirc 1y thuyét B3LYP/LanL2DZ, trong khi két qua thuc nghiém dugc do v6i dung méi, ky thuat
KBr rdn va ép vién & 298 - 300 K, va sai khac nay 1a cho phép ddi vé6i viée ding muc 1y thuyét
B3LYP/LanL2DZ trong tinh toan pho IR.

3.4.2. Phé 'H NMR va NOESY ciia phirc chit

Két qua phd IR thuc nghiém va 1y thuyét cac phire Pt(IT) chira phéi tir eugenol véi o-toluidin
chi cho biét sy phi hop vé thanh phan c4u tao va mét sb nhom chire dic trung ma khong thé khing
dinh hoan toan chinh xac céu tric hinh hoc. Vi vy, chung t6i tién hanh phan tich phd cong hudng
tir hat nhan '"H NMR va NOESY thuc nghiém [13] dé xéc dinh cu tric cc phirc [PtCL(Eug)
(o-toluidin)]. Pé thuan loi cho viée quy két cac tin hiéu phé "H NMR ctia phirc chét, cac proton
cua phtre [(PtCL(Eug)(o-toluidin)] dugc danh s6 nhu trén Hinh 4.

s

o o
7/ 2

3 8
7 .
4 g H,e Xl
H,C
| S Pt
HO \ / \
6 ¢ NI,

14
Hinh 4. S6 chi vi tri cdc proton ciia phirc [ (PtCl(Eug)(o-toluidin)]
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DPé quy két duogc tin hidu cia cac proton cua Eug trén phd 'H NMR cua phirc chit
[(PtCL(Eug)(o-toluidin)], ching tdi dua vao cac yéu té d¢ dich chuyén hoa hoc (3), cuong do
van phd, twong tic spin-spin, gid tri hang sb tach J dbi véi mdi van phd va phd [14]. Cac tin hiéu
proton dugc quy két thé hién trong Bang 5.

Bing 5. Tin hiéu ciia cdc proton trén phé 'H NMR trong phikc chat
[(PtCL(Eug)(o-toluidin)] o(ppm), J(Hz)

Chat OH H3 H5 H6 H7
6,78; d; 6,63; dd; 6,76; d; )
Eug tu do 7,305 s 15 518:47 1.5 78 3.81;s
Trans-[PtCl(Eug) ) 6,96; d; 6,84; dd; 6,75; d; )
(o-toluidin)] 7.3T:s J1,5 378472 8 3,79
Chat HSa HSb H9 H10trans H10cis
5,05; dd; 4,99 d;
.43 . B E il ’ )
Eug ty do 3,29:d;317 5,94; m 21 1.5: 31 16,5 710
Trans-[PtCl (Eug) 3,08; dd ) ) 4,44; dd
(o-toluidin)] 2J 14,5; ?;’41’ d(.l 5,53; m; 42’54’ d.d 2J1;
3] 6,5; J14.5; 2y 70 1,5 3J17,5;
e 17,5 Pt 3713,5; -
JPIH 50
Chat HI3 H14 H15 H16 H17
Trans-[PtCl,(Eug) 7,27, d; 7,26; dd 7,37; dd 7,47;d 298
(o-toluidin)] 77,5 37 6,0 78,5 78,5 ~0

Chu thich: s: van don; d: van d6i; dd: van d6i - d6i; m: van boi.
Hinh 5a va 5b 1a ph6 'H NMR va NOESY ctia phitc chét [(PtCL(Eug)(o-toluidin)] [13]
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Hinh 5a. Phé '"H NMR ciia
phiec [PtCL(Eug)(o-toluidin)]

Hinh 5b. Phé NOESY ciia
phite [PtCl (Eug)(o-toluidin)]

Trén phd 'H NMR cuia phirc chat [(PtCL(Eug)(o-toluidin)] quy két dugc proton ciia mot
b6 tin hiéu chinh. S6 liéu & Bang 5 cho thay hau hét cac van cong hudng proton cua Eug déu
khac so voi Eug tu do chimg to Eug da phdi tri voi Pt(Il). Sy giam d¢ chuyén dich hoa hoc cua
H9, H10cis, H10trans so véi Eug tu do va sy khong trong dwong ctua 2H8 ma vén twong duong
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& phéi tir tyr do kém theo viée xudt hién cac tin hiéu vé tinh & H9, H10trans, H10cis do Pt gy
tach cho phép két luan Pt(IT) da tao phirc v6i Eug qua C=C cuia nhanh allyl theo kiéu lién két ba
tam. Trén phd NOESY cuia phirc [PtCL(Eug)(o-toluidin)] (Hinh 5b) khong xudt hién pic giao nao
cua cac proton cua Eug véi toluidin chung to o-toluidin va eugenol ¢ vi tri frans véi nhau. Do d6
két qua thu duogc tir phuong phap tinh toan & muc 1y thuyét B3LYP/LanL2DZ 14 hoan toan phu
hop voi két qua thuc nghiém.

4. Kétluan

1/ Nghién ctru phan tung gitra [PtCl,(Eug)] v6i o-toluidin ching t6i thu dugc 6 phire bén voi
bién thién enthalpy va bién thién ning lugng tu do Gibbs nam trong khoang 34,95 - 45,31 kcal.
mol” va 39,66 - 51,41 kcal.mol" twong tmg. Phirc [Pt(CL )(Eug)(o-toluidin)] bén nhét cé ciu hinh
trans (Trans-A1-1), trong d6 o-toluidin phdi tri véi Pt qua nguyén tir N. D bén cac phirc giam
dan theo thir ty: Trans-A1-1>Trans-A1-2>Trans-A1-3>Cis-A1-4>Cis-A1-5>Cis-A1-6. Do bén
phttc trans duge dong gop quyét dinh boi bude chuyén electron n(N)—n*(Pt), trong khi budc
chuyén n(N)—c*(Pt—Cl) dong gop chinh dén do bén cac phuc cis.

2/ Két qua phén tich AIM cho thiy cac twong tac Pt-~N 14 tuong tic yéu va co mot phan
ban chat cong hoa tri, cac lién két hydro C—H-+Cl thudc loai lién két yéu khong cong hoa tri. Cac
két qua phéan tich AIM va NBO cho thay tuong tac Pt-N trong phtic zrans bén hon trong phirc
cis va d6 bén cac phirc duoc quyét dinh boi tuong tac Pt-+-N clng véi vai tro dong gop thém cua
lién két hydro C—H-Cl.

3/ Tu phé IR, '"H NMR va NOESY cta phirc chét thu duoc tir thuc nghiém cho théy co su
phtt hop va twong dong cao véi két qua tinh toan tai mirc 1y thuyét B3LYP/LanL2DZ. San phim
bén nhét cua phan mg gitra [PtCL,(Eug)] v6i o-toluidin la Trans-Al-1, hoan toan phu hop voi
phtrc chit tong hop tir thuc nghiém 1a trans-[PtCl (Eug)(o-toluidin)].

Loi cdm on: Cong trinh nay duwoc hoan thanh voi sy tai tro cua Bé Gido duc va Pao tgo
trong dé tai md s6 B2017-DON-04.
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NGHIEN CUU SU ANH HUONG NHIET PQ PEN HIEU QUA CUA QUA TRINH
KHU GRAPHEN OXIT (GO) THANH GRAPHEN OXIT DANG KHU (RGO)
SU DUNG CHAT KHU XANH AXIT ASCORBIC

PHAN THI THUY TRANG, LAM THI PHUONG THAO,
TRUONG CONG BUC, TRUONG THANH TAM"
Khoa Hoéa hoc, Truong Pai hoc Quy Nhon

TOM TAT

Vat liéu graphen oxit dang khir (RGO) dwoc tong hop bang phiong phdp khir héa hoc tir graphen
oxit (GO) véi chat khir xanh la axit ascorbic (vitamin C). Qud trinh khit tir GO vé RGO dat két qua tot nhdt
o nhiét do khwr la 70°C. Véi muc dich lam tang cac tinh chat dac trung cua RGO, nhom nghién ciru da tién
hanh tong hop vit liéu composit MoS /RGO nham tng dung vao linh viee xiic tdc quang. Vit liéu composit
dige tong hop bang phirong phdp két hop giita nung va thity nhiét. Cdc tinh chat cia vit liéu RGO ciing
nhu ciua composit MoS /RGO duoc ddc trung bcing cdc phuwong phap nhw XRD, FT-IR, SEM va EDX. Hiéu
qua xiic tac quang cua vat ligu composit MoS/ RGO trong qud trinh khu Rhodamin B (RhB) la 61,12%
trong viing dnh sang kha kién.

Tir khéa: Xuc tac quang, graphen oxit dang khir, MoS,, composit MoS_/ RGO, RhB.

ABSTRACT

The study of the effect of temperature on the reduction of graphene oxide (GO)
into reduced graphene oxide (RGO) using acid ascorbic reducing agent

Reduced graphene oxide material is synthesized via chemical reduction method from graphene
oxide with acid ascorbic reducing agent (vitamine C). The best temperature for reducing graphene oxide
to reduced graphene oxide is 70°C. For the purpose of enhancing the characteristics of RGO, the MoS/
RGO composites material is synthesized for being in photocatalyst field. The composites material is
synthesized via the combination of calcination and hydrothermal methods. The properties of composites
were charcterized by Fourier-transform infrared spectroscopy (FT-IR), X-ray diffraction (XRD), scanning
electron microscopy (SEM) energy-dispersive X-ray spectroscopy (EDX). The photocatalysis efficiency of
MoS /RGO composites was 62,12% during Rhodamine B(RhB) removal in the visible light region.

Keywords: Photocatalyst, reduced graphene oxide, MoS,, MoS /RGO composites material, RhB.
1.  Gidi thiéu

Hién nay, vin dé 6 nhiém méi truong dang 1a thach thirc 16n déi voi toan xa hoi. Trong
khi dan s ngay mot gia tang, doi song ctia con ngudi ngay cang duoc nang cao thi 6 nhiém moi

truong cling ngay cang tro nén tram trong de doa dén cudc song va suc khde con nguoi. Pac biét,
ddi véi cac nganh cong nghiép san xuat gidy, thuoc nhudm, thude trir sau... thi cac hgp chat hitu

*Email: truongthanhtam@gqnu.edu.vn
Ngay nhan bai: 15/6/2018; Ngay nhan dang: 10/8/2018
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co kho phan hay dang lam 6 nhiém ngudn nudc mot cach trAm trong. Vi nude thai dét nhudom
cac san pham phan huy ciia n6 c¢6 kha ning gdy ung thu cao, trong trudng hop nhe hon c6 thé gay
di Gng trén co thé nguoi. Vi vay, viéc xu ly dé loai bo thudc nhudém con du trong nudc thai dét
nhudm trude khi thai ching vao méi trudng 1a rat can thiét. Mot trong nhitng hop chit mau kho
phan hity trong nudc can duoc xir Iy d6 1a RhB. C6 rat nhidu phuong phap duoc tng dung dé xir
1y cac hop chét hiru co nay nhung mét trong nhiing phuong phap ¢ hiéu qua 1a st dung xuc tac
quang. MoS, la mot chat ban dan c6 ning lugng ving cam khoang 1,8eV dugc tmg dung trong
nhiéu linh vuc khac nhau nhu: xtc tac, hip phu, san xut H,, luu trir va chuyén hoa ning luong. ..
[1]. Dé tang hiéu qua xtt 1y chit hitu co ddc hai trong nudc cua xuc tac quang ndi chung va MoS,
noi riéng thi can phai c6 mot chat nén phu hop dé phan tan xuc tac. Va RGO 1a mot chit nén dang
dugc nhidu nhom nghién ctru quan tam.

Graphen la mot loai vat liéu c6 rat nhiéu dic trung ndi bat nhu: dién tich bé mit riéng lon
(2.600m?/g), bén co, bén nhiét, dd truyén quang t6t. Graphen c6 rat nhiéu img dung va mot trong
nhitng mg dung day hira hen nhit 1a chat ban dan/graphen lam xtic tic quang. Vat lidu xiic tac
quang dung chat ban dan/ graphen duoc ng dung vao nhiéu linh vuc nhu: sinh H,, tach nudc,
khir CO,, khic phuc moi trudng, tong hop hitu co va khir khuén [2]. Bén canh d6, graphen bj oxi
hoa boi céc tac nhan oxi héa manh nhu KMnO,, H,SO, va NaNO, dé tao thanh dang GO va sau
d6 thyuc hién qua trinh khir bang tac nhan khir axit ascorbic dé tao thanh dang RGO. GO la vat
liéu ma trén bé mit c6 chira nhiéu nhém chire chtra oxi, c6 kha nang hoa tan vao nudc nhung dién
tich bé mit riéng nho, do dan dién kém hon so voi graphen. Sau khi thyuc hién qua trinh khir GO
vé RGO bing tac nhan khir hoa hoc (axit ascorbic) dudi tic dung cta nhiét thi mot sb nhém chire
chira oxi trén GO bi khtr, tao mot s6 vi tri khuyét nhom chirc. So voi1 GO thi RGO ¢6 dién tich
bé mit riéng 16n hon, d6 dan dién va do truyén quang tot hon vi ban chét ciia nd ¢ cau tric gan
gidng vai graphen. Do d6 vat liéu nay c6 nhiéu thuan lgi lam chat mang trong qué trinh bién tinh
tao composit voi cac chat khac dé thuc hién qué trinh quang xtic tac phan hiy cac hop chét hitu
co trong mdi trudng nude [12]. Trong cong trinh ndy, dé ting tinh ning ciia cht nén RGO, nhom
nghién ctru di khao sat yéu té anh huéng dén qua trinh khtr 1a nhiét d véi tic nhan khir 1a chat
khtr xanh 13 axit ascorbic (vitamin C) va danh gia hiéu qua qué trinh khtr bang cach bién tinh chat
nén RGO bing MoS, va danh gia hoat tinh xuc tac cua vat ligu MoS /RGO qua qua trinh khir RhB
trong viing anh sang kha kién.

2. Phwong phap tong hop
2.1. Nguyén liéu va héa chat

Botgraphit,H,SO,,KMnO,,H,0,,HC15%,NaNO,, axitascorbic, mudi[NH JMo.0,,.4H.0,
thiourea, C,H,OH, RhB.

2.2. Phwong phap téng hop
2.2.1. Téng hop GO va RGO

GO dugc tong hop theo phuong phép bién tinh Hummers [3] v6i nguyén liéu ban dau la
graphit. Cho luong GO vao nudc va siéu 4m trong 60 phut. Thém axit ascorbic va khudy & nhiét
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d6 70°C va trong thoi gian 1a 8 gio. Sau d6 ha nhiét do xuéng nhiét d phong va dem rtra béng
cach li tam dung dich nhiéu lan bang nudc cat va con, sau d6 sdy kho ¢ 80°C trong 12 gid.
2.2.2. Tong hop MoS, va composit MoS,/ RGO

Vit li€u MoS, dugc nung theo céc ty 1¢ khac nhau trén co s& mudi [NH,] .Mo.0O,,.4H.0 va
thiourea. Tién hanh cho luong mudi [NH JMo.0,,.4H.0O va thiourea va nghién min, dem nung
& nhiét do 550°C trong 1 gid va sau do ting 1én 650°C trong 1h. Sau dé thu dwoc san phim dem
nghién min 1a MosS.,.

Cho vao cbe 100 ml mot luong MoS, (theo cac ty 1¢ khac nhau) voi hon hop nudc va con,
siéu 4m trong 1 gio. Sau d6 RGO cho vao dung dich trén va tiép tuc danh siéu 4m trong 1 gio rdi
khuay trong 5 gio. Sau d6 d6 dung dich vao binh teflon, thity nhiét trong 10 gio & nhiét do 180°C.
Dung dich sau khi thity nhiét xong dem rira lai nhidu 1an v6i nude cit va con bang phuong phap
ly tim. Lugng chét ran thu dugc dem say kho ¢ 80°C trong 12h thu dugc composit MoS,/ RGO.

2.2.3. Thir hoat tinh xuc tdac

Hoat tinh xtc tac duoc thuc hién b?mg qué trinh khir dung dich RhB. Cho mot lugng xtc
tac vao 80 ml dung dich RhB nong d¢ 20 mg/l. Tién hanh qua trinh chay trong bong tdi dé xéac
dinh thoi gian dat can bang hap phu - nha hip phu cua vat liéu. Sau khi xac dinh thoi gian dat can
béang hip phu - nha hip phu ctia cac mau vat lidu 13 2 gid thi tién hanh chiéu sang bang dén soi dt
60W - 220V. Cir sau khoang thoi gian 1a 1 gio hat ra 8 ml dung dich dem li tim dé loai bo phan
rin va thu lai phan dung dich dé do mat d¢ quang.

3. Két qua va thao luin

3.1. Daic trung caa vat liéu
3.1.1. Phwong phdp nhiéu xa Ronghen (X-ray) ciia vit liéu

Céu trac vat lidu dugc thé hién qua gian d6 nhidu xa tia X ¢ hinh 1.

Két qua trén phd XRD & hinh 1 (a) cho thay vét liéu graphit xuét hién 2 pic & 26 = 26,5° va
20 = 54 4° dic trung cho vat lidu graphit c6 cuong do cao va sic nét, tuong tmg véi khoang cach
cac 16p 12 0,335 nm [4]. O hinh 1 (b) cho thdy sau qua trinh oxi héa bang cac tic nhan oxi hoa nhu
KMnO, va H,SO, thi pic 26 = 26,5° hau nhu khong con ma lai xuét hién pic 26 = 11°c6 khoang
cach d = 0,81 nm déac trung cho vat liéu GO. Piéu d6 ching té ¢6 su chén cac nhom chirc chira
oxi vao cac 16p graphit va lam gian cac 16p graphit ra khoi nhau tir 0,335 nm ra 0,81 nm. Nhu vay,
diéu nay cho thay khoang cach giita cac 16p GO ting 1én va cac pic c6 xu hudng chuyén vé goc
26 ¢6 gia tri thap hon. Két qua nay phu hop véi két qua thuc nghiém cua tac gia Karthikeyan va
cong su [S]. Bén canh do, khi thuc hién qua trinh khir tor GO vé RGO bf?mg tac nhan khir xanh 1a
axit ascorbic, trén gian do hinh 1b cho thiy pic cia RGO xuét hién & 26 =13,6° véi khoang cach
d = 0,65 nm va dinh pic ciia phd RGO ciing thap va tii hon so véi dinh pic ctia phd GO [6]. Nhur
vay, khi thuc hién qua trinh khir thi cac nhém chirc chtra oxi trén GO phan 16n di bi khir boi sy
cb mit ctia tac nhan khir va nhiét d6. Dbi voi phé MoS,/ RGO c6 céc pic ¢ khodng 20 = 14,4°, 33°
va 58,3° lan lugt ing véi cac mat (002), (100) va (110) hoan toan phu hop véi pha hexagonal 2H
ctia MoS, [7]. Diéu d6 chimg to vat liu RGO va composit MoS,/ RGO d tong hop thanh cong.
Két qua cu thé duoc thé hién rd trén phé FTIR.
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Hinh 1. Gian d6 XRD cuia vit liéu graphit (a) va ciia GO, RGO va MoS /RGO (b)

3.1.2. Phwong phdp phé hong ngoai (FTIR)

Két qua phd FTIR thé hién trén hinh 2 cho thdy GO sau khi tong hop ton tai cac nhoém
chire chtra oxi. Gia tri pic ndm trong khoang 3350 - 3500 cm™ dic trung cho sy ¢ mit cia nhom
-OH (hydroxyl). Cac pic trong khoang 1736 cm™ dac trung cho dao dong hoa tri cia nhém -C=0
(cacbonyl), nhom chiic epoxy dao dong & vung 590 - 700 cm™ va c6 mot pic khoang 1232 cm!
[9]. Pic trong khoang 1060 c¢m! ddc trung cho lién két C-O trong nhém chitc COOH, pic c6 sd
song khoang 1350-1400 cm' 14 ving dic trung cho dao dong bién dang ctia nhém -OH hoic ving
dic trung cho lién két C-O ctiia nhom hydroxyl. Ngoai ra con c6 pic & khoang 1623 cm! dic trung
cho dao dong hoa tri ciia lién két C=C trong cac hgp chit aromatic. Diéu nay cho thay c6 sy xuat
hién cac nhom chirc chira oxi trén GO [8, 9]. Bén canh do, khi tién hanh khir GO béng tac nhan
khir thi phan 16n cac nhom chirc chira oxi nay ciing déu bi khir. Diéu nay thé hién rd trén nén pho
RGO cua két qua phd FTIR, cac pic ciing ddn mat di va thap hon so véi cac pic ciia phd GO. Cu
thé hon khi tién hanh khir & cac nhiét do khac nhau thi qua trinh khtr cac nhém churc cling thé hién
& nét hon. Néu thuc hién qué trinh khtr & 50°C thi van con nhiéu nhém chue trén bé mit nhung
dén khi tang nhiét d6 1én 70°C va 90°C thi qua trinh khir ciia cic nhom chtrc cang nhiéu. Nhu vay,
khi nhi¢t do cang tang két hop voi sy ¢c6 mat cia tdc nhan khu 1a axit ascorbic thi cac nhém
chirc chira oxi phan 16n déu bi khir. Tuy nhién, qué trinh khir & 70°C va 90°C thi két qua pho
FTIR cho thiy két qua khir cac nhom chirc gan gidng nhau. Vi vay, dé thuan loi vé mat nhiét
d6 chung t6i chon nhiét &6 cho qua trinh khir GO vé RGO 1a 70°C. Pic trung phd hong ngoai
FT-IR clia. MoS,/RGO dugc thé hién & hinh 2 cho thay két qua pic & 449 cm™ ddc trung cho lién
két Mo-S va mét pic ¢ 923 cm’! twong tng vai lién két C-S. Két qua nay phu hop véi két qua
nghién ctru cua tac gia Wang va cong su [7]. Diéu d6 cho thay rang da tong hop thanh cong vat
liéu composit MoS_/RGO.
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Hinh 2. Phé FTIR cuia GO, RGO va MoS /RGO sau khi tong hop.

3.1.3. Phwong phdp hién vi dién tiv quét (SEM) két hop véi phé tin sic nang lwong EDX

Két qua anh SEM & hinh 3 cho thdy RGO tong hop duoc co cdu triic 16p, cac 16p ndm xép
chdng 1én nhau [10]. Pbi véi mau MoS /RGO c¢6 cAu trac vay, bé mit xu xi khi dua MoS, 1én trén
nén RGO. Piéu d6 cho thiy riang su két hop cac 16p va nam xép chdng 1én nhau cia RGO sé tao
dugc khuon khé lién két véi MoS,. Hon nira, trong vat li¢u composit, RGO dong ba vai tro vira
chip nhan va truyén electron nhung ciing giit méi trudng cho MoS, tao mam va tang trudng cling
nhu cac nhom chirc chira oxi dé tao sy lién két gitta RGO va MoS, trong composit [7]. Cu thé d6i
v6i phd EDX, trong mau composit déu co chira cac nguyén t6 C, O, Mo va S. Ty 1& nguyén t6
Mo:S 14 1:2. Qua d6, chimg t6 ring chung t6i dd tong hop thanh cong vat liéu RGO va composit
MoS,/RGO.

P12 3 4 5 6 7 8 9 0 f 12 13 14 15 16 17 18 19
Full Scale 427 cts Cursor: 14509 keV (0 cs) eV

5 60pm 1 Electron Image 1

Hinh 3. Anh SEM ciia mau RGO (a), mdu composit MoS,/RGO (b) va phé EDX ciia MoS,/RGO (c)
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3.2. Khao sat hoat tinh xuc tac cia vat li¢u
3.2.1. Vit ligu RGO

Chung toi da tién hanh khao sat hoat tinh xuc tac ciia RGO véi dung dich chat mau RhB.
Hai mau RGO nay thi mot mau c6 chiéu dén ngay tir ban diu con mot mau chay trong bong toi dé
so sanh hoat tinh xuc tac cua vat liéu do RGO c¢6 kha nang hép phu manh. Két qua dugc thé hién
& hinh 4 cho thay khi chay RGO hap phu hay xtc tac thi thu duoc ndng d6 déu gin gidng nhau.
Khi c6 chiéu dén thi nong d6 c6 giam di it hon so v6i khi khong chiéu dén, diéu d6 c6 thé lién
quan dén RhB ciing s& bj phan huy di mot lwong nho khi ¢ chiéu sang. Diéu nay cho thiy ring
RGO c6 hoat tinh xuc tac quang rat bé va gan nhu 1a khong c6 hoat tinh xtic taic ma chi c6 vai tro
hép phu cac loai thudc nhudém va céc electron dé ting hoat tinh xtic tic quang va on dinh xtic tac
quang dang composit trong qua trinh phan hity cac chat mau hitu co trong nudc.
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Hinh 4. Qud trinh xiic tac va hap phu ciia RGO

3.2.2. Vit ligu MoS, va composit MoS /RGO-x (x = 50°, 70°, 90°)

Trong qué trinh nay ching t6i chi khao sat vé hoat tinh xtic tac quang ciia vat liéu nén trudc
khi thtr hoat tinh xtc tac thi phai xac dinh thoi gian dat can bang hap phu va nha hap phu cua vat
liéu trén hop chat RhB khi chay trong bong tbi. Két qua xac dinh thoi gian hap phu cta cac mau
dugc thé hién trén hinh 5.

-
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Hinh 5. Thoi gian hdp phu ciia MoS, va cac composit MoS /RGO-x (x = 50°, 70°, 90°)
Tir két qua ¢ hinh 5 cho thy thoi gian hap phu ciia cac miu 1a 2 gio. Qua trinh chay dé xac
dinh thoi gian hdp phu ciing giéng nhu so v6i qua trinh chay xuc tac nhung khac 1a chay
trong bong tdi, khong chiéu dén. Dung luong hip phu cia mau duoc tinh theo cong thirc:
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_ (G-

, trong do C_va C 1a nong do cua mau tai thoi diém ban dau va thoi diém t, con

V 1a thé tich ciia RhB va m 1a khéi lugng cia miu [11].

Sau thoi gian hap phu 1a 2 gio trong bong toi d6i véi cac vat licu MoS, va composit
MoS,/RGO -50°, MoS,/RGO-70°, MoS /RGO-90° thi can bang hép phu dugc thiét 1ap. Thoi gian
tién hanh chiéu sang ctia hé dugc tinh tir luc dat can bang hip phu 1a 2 gid, cac két qua duoc thé
hién & hinh 6.
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Hinh 6. Két qua hoat tinh xiic tdc quang ciia mau MoS, va
cde mau composit MoS/RGO-x (x = 50°, 70°, 90°).

Tir két qua trén dd thi hinh 6 cho thiy sau 7 gio chiéu sang v6i mau MoS, cho hi¢u suét khir
RhB la 35,5% nhung d6i véi mau composit MoS,/RGO - 70° cho hi¢u suat khir RhB cao nhat la
62,12%. Con dbi voi RGO thi hoat tinh xuc tac rat bé va gan nhu khong c6 hoat tinh xtc tac ma
16 chi c6 kha niang hip phu manh. Qua d6 cho thdy khi ghép thanh cong hai ciu tir nay trong céc
composit, hidu tmg hiép tro giita chiung da 1am ting dang ké hidu qua xuc tac quang cua vat lidu
trong viéc phan hity RhB. Diéu nay cho thdy rang khi nhiét do khir tir GO vé RGO cang ting thi
cac nhom chire chira oxi cuia vat liéu cang bi giam bt va thay vao do 1a xudt hién cac vi tri khiém
khuyét trén bé mat vat liéu, thuan 1gi cho qué trinh hép phu xdy ra manh hon, kha nang tai td hop
giita cap electron-1 trong quang sinh nhanh nén hoat tinh xuc tac giam.

4. Két luan

Qué trinh da téng hop thanh cong RGO tir GO bang phuong phap khir héa hoc véi tac nhan
khur xanh la axit ascorbic than thién véi moéi truong, khong doc hai. Nhiét do khur tdt nhat & 70°C.
Duya trén co so vat liéu RGO c6 nhiéu tinh chit ddc trung gan gidng voi graphen, nhom nghién
ctru d tién hanh dua chat ban dan MoS, Ién trén nén RGO dé tao composit MoS /RGO nham ting
hoat tinh ctia xic tac quang ctia vat lidu. Két qua cho thiy rang vat liéu composit MoS /RGO - 70°C
cho hiéu qua xuc tac quang cao nhat trong qua trinh khir RhB, dat 62,12%. Qua d6, dd mo ra mét
huéng méi trong viée tong hop vét lidu xuc tac quang dé xir 1y cac chat mau hitu co kho phan hiy
trong nudc véi muyc dich giam thiéu 6 nhiém moi truong.
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THANH PHAN HOA HQC VA PHAN LAP ZERUMBONE TU TINH DAU
CUA THAN RE GUNG GIO (ZINGIBER ZERUMBET (L.) SMITH) O BINH PINH

NGUYEN LE TUAN, bO THI THANH THUY, PHAM LE NHU' Y,
NGUYEN THI NGHIA, TRUONG CONG PUC, DIEP THI LAN PHUONG"®
Khoa Héa, Truong Pai hoc Quy Nhon

TOM TAT

Nghién civu thanh phan héa hoc cia tinh dau than ré Gimg gié (Zingiber zerumbet (L.) Smith), mau
dwoc thu o huyén Phu Cat, tinh Binh Dinh. Ham lwong tinh dau chiém 0,95% trong lirong mau tuoi. Thanh
phan héa hoc dwge phan tich bang sdc ky khi ghép khoi phé (GC/MS) cho thay ¢é 14 hop chat dwoc dinh
danh, chiém 98,74% tong lwong tinh dau. Zerumbone la hop chat cé ham lrong I6n nhat trong tinh dau, chiém
79,60%. Phan ldp zerumbone bang phwong phdp két tinh tir tinh dau véi hé methanol : hexan (V-V = 2:1). Ciu
triic ciia zerumbone dwoc xdc dinh bang phé 'H-NMR, DEPT, *C- NMR.

Tir khéa: Zerumbone, Zingiber zerumbet (L.) Smith, Tinh dau.

ABSTRACT

The chemical composisions and isolation of zerumbone from essentinal oil from rhizomes
of zingiber zerumbet (1.) smith in Binh Dinh Province

Chemical constituents of the essential oil of the rhizomes of Zingiber zerumbet in Phu Cat district,
Binh Dinh province have been investigated. The content of the essential oil was 0.95% of raw materials.
Fourteen different compounds accounting for 98.74% of the gross essential oil were identified by gas
chromatography-mass spectrometry (GC-MS). Zerumbone was the main compound of the essential oil
(79.6%). Zerumbone was isolated by crystallization using a mixture of methanol and hexane 2:1 (v/v). The
structure of zerumbone was confirmed by 'H-NMR, DEPT and C- NMR spectra.

Keywords: Zerumbone, Zingiber zerumbet (L.) Smith, essential oil.

1. Mé dau

Gung gio ¢ tén khoa hoc 1a Zingiber zerumbet (L.) Smith, thudc ho Zingiberaceae. Gurng
gi6 ¢6 nhiéu tén goi khac nhau, tly thudc vao timg ving, mién, qudc gia, vi du nhu “Lempoyang”
(Malaysia va Indonesia), “Ghatian va Yaiimu” (An Do), “Jangli adah” (Bangladesh), “Awapuhi”
(Hawaii), “Zurunbah” (A Rap), “Hong giu jiang” (Trung Qudc) va “Haeo dam™ hoic “Hiao dam”
(bac Thai Lan) [1]. Gung gi6 1a cay thuc vat 1au nam, thudc ho thiao mdc ré cu, duge tim thiy &
nhitng noi 4m uét trong ty nhién va viing thap hodc trén cac swon doi dc [2]. Than ré Gung gid c6
mui thom ndng, khac gimg thudng, c6 vi déng, do d6 it dugc sir dung lam gia vi nhu gimg. Gung
gi6 duoc xem 14 loai thube c6 ngudn gde tir thuc vat nén rit an toan. Trong dan gian, Ging gi6
duogc st dung dé tri cac bénh nhu chéng viém, chéng di tng, chéng nam, chéng vi trung, chéng

*Email: diepthilanphuong@qnu.edu.vn
Ngay nhén bai: 6/4/2018; Ngay nhan dang: 02/5/2018
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sbt rét, chéng hoat dong tiéu cau, chéng khéi u, chéng oxy hoa, chéng bénh dai thao duong, giam
dau va thudc khang virus [3, 4]. Ngoai ra, Ging gié con duge st dung lam thirc uéng, dau gimg
va duoc st dung lam dau dudng toc, dau g01,... [4, 5].

Thanh phan héa hoc trong tinh dau tir than ré Gimng gi6 c6 chira zerumbone. Zerumbone
1a hoat chit c6 nhiéu hoat tinh quy gia, nhu: c6 kha ning tri cac bénh nhu ung thu mau, ung thu
da, ung thu d6t sdng ¢, ung thu gan, ung thu rudt, ung thu dng mat, ung thu va, ung thu té bao
trimg, ung thu tuyén tuy, ung thu phdi, ung thu than, ung thu nio, ung thu tuyén tién liét, ung thu
da day, ung thu vom miéng, ung thu hong, hau [6, 7]. Theo cac cong b6, ham lugng zerumbone
trong tinh dau than ré cay Gung gié & nam An D¢ chiém 76,3 - 84,8%, & Malaysia chiém 68,9%
[8], & Bangladesh chiém 46,8% [9]. O Viét Nam, ham luong zerumbone lai c6 su bién dbi theo
viing mién véi sy chénh léch 16n, & Ha Tinh rat thap chi chiém 1,2% [10], trong khi d6 & ving
mién khéc lai chiém 72,3% [11]. Zerumbone 13 mot trong nhitng chit chiém ham lugng 16 trong
than ré Gimg gi6 va c6 nhiéu hoat tinh quy gia. Do vay viéc nghién ctru ham luong zerumbone
theo viing mién va phan 1ap chit nay 1a van dé rit duoc quan tam.

O Binh Dinh, Gimg gié dugce ngudi dan thén qué trong nhiéu va ding lam hang rao cho
ho gia dinh. Vi vy, trong bai bao nay, chiing toi nghién ctru xac dinh thanh phan hoa hoc, tach
zerumbone ciia cdy Gung gi6 ¢ tinh nha nham gop phan dinh hudng cho nguoi dan trong, khai
thac va str dung hi¢u qua hon.

2.  Thuyc nghiém

Pho NMR duge ghi trén may NMR Bruker Avance II ¢ tan s6 500 MHz cho "H-NMR va
125 MHz cho C-NMR tai truong Pai hoc Khoa hoc Ty nhién, Pai hoc Quéc gia thanh phé
H6 Chi Minh.

May sic ky khi ghép khéi phé GC/MS HP 6890 duogc do tai phong Phan tich héa hoc Vién
Hoa hoc cac hop chét thién nhién, Vién Han 1am Khoa hoc va Cong nghé Viét Nam.

2.1. Thu va dinh lrgng tinh dau
2.1.1. Thu tinh diu

Nguyén liéu than r& Gimg gi6 duoc chung t6i thu hoach tai xa Cat Thing, huyén Phu Cat,
tinh Binh Pinh vao thang 10 nam 2017, cay duoc hon mdt nam tudi. Gung gi6 nay duoc lya chon
1a nhitng cti ¢6 mau vang dam, khong hu hong, twong d6i dong nhét vé kich thude. Mau dugce rira
sach, dé rdo nudc trude khi tién hanh thu tinh dau.

Tinh dau duoc thu bang phuong phap chung cét 16i cudn hoi nude. Mbi 1an 14y khoang
200g méu than ré tuoi, xay nho rdi cho vao binh cau day tron, dung tich 1.000 mL, thém nudc cat
ngap qua mau dén khoang 2/3 binh, lap sinh han hoi lwu ¢6 gan bo phan thu tinh dau c6 vach chia
dén 0,1 mL. Pun hdi lwu trén bép dién dé thu tinh dau. Tinh dau sau khi thu, dugc xac dinh mot
s6 tinh chét vat 1y va thanh phan hoa hoc.

2.1.2. Khdo sdt cdc yéu té anh huwéng dén khoi lwong tinh dau

- Anh huong vé d6 twoi ctia mau dén khdi lwong tinh dau.
- Anh hudng vé thoi gian dun dén khéi luong tinh dau.
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2.1.3. Xdc dinh ham lwgng va ty trong ciia tinh ddu
- Ham luong tinh dau (H%) dwoc xac dinh dira theo cong thirc:
H%="2100
m
Trong dé: m, m (g) lan luot 1a khi lugng tinh dau thu dwoc va khéi lvgng mau tuoi
- Ty trong tinh dau dugc tinh theo cong thic:

25 m
d25:_1

n,

Trong dé: m,, m, (g) 1an lugt 1a khéi lugng tinh dau va nudc cit cing thé tich dugc do & 25°C.
2.2. Xic dinh thanh phin héa hoc c6 trong tinh diu

Tinh diu Gung gi6 (Zingiber zerumbet (L.) Smith) & Phu Cat, Binh Pinh dugc xac dinh
thanh phan hoa hoc bang séc ky khi ghép khdi phd GC/MS trén co s so sanh voi thu vién dir liu
phé tai phong Phan tich hoa hoc, Vién Hoa hoc cac hop chét thién nhién, Vién Han 1am Khoa hoc
va Cong ngh¢ Viét Nam.
2.3. Phén lip Zerumbone tir tinh diu Girng gi6

Tinh dau thu duoc, mbi 1an 1iy khoang 3g hoa tan trong 2 mL hexan, sau d6 cho vao tii lanh
thu duoc chét rin. Loc tach cht ran, tién hanh két tinh lai 3 - 4 1an bﬁng hé dung mdi methanol :
hexan (V:V = 2:1) thu dugc 0,74¢g chét ran sach. Kiém tra d0 tinh kiét cua chit ran thu duoc béng
sic ky ban mong voi hé dung moi hexan: ethyl acetate = 9,5 : 0,5, R, =0,51. Két qua phd cong
huong tir nhu sau:

T 'H-NMR (500 MHz, CDCL,): 8 (ppm) 1,07; 1,20; 1,54; 1,79 (12H, 4 x s,

O 4-CH,); 1,90 (1H, d, J = 12,5 Hz, Ha-1); 2,23 (2H, m, H-5); 2,35 (2H, m,

w H-4); 2,45 (1H, d, J = 12,5 Hz, Hb-1); 5,24 (1H, dd, J = 15,0; 5,0 Hz, H-2);

N 5,86 (1H, d, J= 16,5 Hz, H-10); 5,97 (1H, d, J= 16,5 Hz, H-9); 6,01 (1H, bd,
s/ T J=12,5Hz, H-6).

PC-NMR (125 MHz, CDCL,): & (ppm) 11,91 (C-13); 15,34 (C-12); 24,32 (C-14); 24,53
(C-5); 29,56 (C-15); 37,99 (C-11); 39,58 (C-4); 42,54 (C-1); 125,13 (C-2); 127,30 (C-9); 136.,4
(C-3); 138,09 (C-7); 148,93 (C-6); 160,85 (C-10); 204,46 (C-8).

3.  Két qua thao luin

3.1. Ham lwong va dic tinh vét Iy ciia tinh diu than ré Girng gi6
Mau thuc vat dugc chung toi thu hai tai huyén Phu Cat, tinh Binh Dinh. Sau khi dinh danh,
mau dugc xir 1y va tién hanh chung cét 16i cudn hoi nude dé thu tinh dau. Khéi lugng, ham luong
va ty trong cua tinh dau duoc ghi ¢ bang 1 dudi day:
Bing 1. Ham heong va ddc tinh vat Iy ciia tinh dau Gieng gié

Khéi lrgng Khéi lwong | Ham luwong Ty trong

miu twoi (g) | tinh diu (g) | tinh diu (%) () Nhan biet bing cim quan

Long, mau vang nhat, mui thom nong

839 8,01 0,95 0,849 s
va hang
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Ham luong tinh dau thin r& Ging gié chiém 0,95% trong lugng mau tuoi. So sanh ham
luong tinh dau than ré Gung gié ¢ Binh Dinh (0,95%) cho thay 16n hon so véi ham lugng tinh dau
than ré Gung gi6 ¢ Thanh Hoa (0,7%) [12].

Ty trong tinh dau than ré& Gung gi6 nhé hon 1, ching t6 tinh dau nay nhe hon nudc (phu
hop voi két qua thuc nghiém).

Trong qua trinh chung cat tinh du, chiing t6i da tién hanh nghién ctru cac yéu té anh huong
dén luong tinh dau, két qua duoc trinh bay & bang 2 va bang 3.

Bing 2. Anh huong vé dé twoi ciia mau dén lwong tinh dau Girng gié

STT 1 2 3 4 5
D9 tuoi ciia mau sau khi thu hoach 1 ngay 2 ngay 3 ngay 4 ngay 5 ngay
Khdi lugng tinh dau (g) 1,46 1,55 1,89 1,38 1,29

Qud trinh chung cat thu tinh dau dwoc tién hanh ¢ thoi gian la 9 gio, khoi hrong mau twoi 200g.

Do tuoi ciia miu 1a thoi gian sau khi thu hoach dén khi tién hanh chung cit. Két qua &
bang 2 cho thiy, mau twoi thu hoach xong can chung cat thu tinh dau va khong nén dé lau s lam
giam luong tinh diu. MAu thu hoach dén ngay thir 3 s& cho lwong tinh dau nhiéu nhét.

Bing 3. Anh huong cia thoi gian dun dén khoi lwong tinh dau Gimng gié

STT 1 2 3 4 5 6
Thoi gian dun (gio) 5 6 7 8 9 10
Khdi lugng tinh dau (g) 0,86 1,12 1,55 1,89 1,89 1,89

Qud trinh chung cat thu tinh dau dwoc tién hanh véi khéi lwong mau tioi 200g, mau ldy sau 3 ngay.

Tir bang 3 nhan thay thoi gian tién hanh chung cat cling anh huong dén luong tinh dau thu
dugc. Thoi gian tot nhét dé thu tinh dau 1a 8 gio.

Nhu vay, cac két qua khao sat da chi ra rﬁng, khoi luong tinh dau thu dugc cao nhat ¢ diéu
kién thoi gian dun 1a 8 gid va mau thu hoach xir 1y 1am sau 3 ngay. Két qua nay rat hitu ich cho
viéc nghién ctru thu tinh dau Gimng gi6 va dinh hudng tot dé tach zerumbone c6 trong tinh dau.
3.2. Thanh phéin héa hoc ciia tinh diu than ré Girng gi6 & Binh Pinh

Thanh phan héa hoc cta tinh dau than r& Gung gi6 (Zingiber zerumbet) & Binh Pinh dugc
xéc dinh bang phan tich sic ky khi ghép khdi phd (GC/MS). Két qua duoc trinh bay trong bang 4.

Bing 4. Thanh phan héa hoc ciia tinh dau than ré Gimg gié (Zingiber zerumbet) & Binh Dinh

TT RT (phut) Hop chit Ty 1€ (%)
1 10.36 Pinene<a-> 0.51
2 10.87 Camphene 1.97
3 12.79 Carene <D-3-> 0.18
4 13.42 Limonene 0.22
5 13.54 Cineole 1,8 0.44
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6 15.80 Linalool 0.16
7 17.65 Camphor 0.54
8 27.18 Caryophylene <E-> (=Caryophylene <b->) 0.60
9 28.29 Humulene <a-> 9.06
10 32.34 Caryophyllene oxide 0.70
11 32.79 Humulene epoxide | 2.77
12 33.12 Humulene Epoxide II 1.64
13 34.33 Eudesmol <a-> 0.35
14 36.89 Zerumbone 79.60
Tong 98,74

Dua trén két qua GC/MS ctia tinh dau than ré Gimng gi6 cho thay ¢ 14 chét da duoc dinh
danh chiém 98,74% tong lugng tinh dau. Trong d6, cdu tir chinh ¢6 trong tinh dau la zerumbone
79,60%, o-Humulene 9,06%, Humulene epoxide I 2,77%, Camphene 1,97% va Humulene
epoxide II 1,64%. Hau hét cac chat trong tinh dau nghién ctu da dugc dinh danh, cac chét
chua biét chi chiém dudi 2%. Thanh phan héa hoc chii yéu cua tinh dau 14 terpenoid, trong d6
monoterpenoid chiém khoang 4%, sesquiterpenoid chiém khoang 96%, so v6i miu tinh dau
& Ha Tinh luong monoterpenoid lai chiém khé cao 76,1% [10]. Trong thanh phan mau tinh dau
nghién ciru, zerumbone 1a thanh phan chinh chiém 79,6% va cao nhét trong sb cac tai liéu nghién
ctru. So sanh v&i mot sé mau da nghién ctru & Viét Nam, luong zerumbone & Thira Thién Hué
72,3%, Thanh Hoa 40,6% con & Nghé& An chi chiém 1,2%[10, 11, 12]. Nhu vay, lugng zerumbone
d3 bién d6i rat nhidu theo didu kién tu nhién va dbi voi tinh dau Gimg gié ¢ Binh Dinh s6 luong
chét lai rat it trong khi d6 zerumbone lai chiém luong rat cao, day la diéu kién thuan loi cho viéc
chiét tach zerumbone, ddng thoi gop phan cho viée nghién ciru thanh phan hoa hoc va dinh hudéng
cho nguoi dan trong, khai thac.

Y

%
1 M il il

e 180 ES) Bm EC) EC £y o

Hinh 1. Sic ky do GC ciia tinh dau than ré Girng gié ¢ Binh Pinh

29



Nguyén L& Tudn, D8 Thi Thanh Thity, Pham L& Nhu Y, Nguy&n Thi Nghfa, Trutong Cong Dic, Diép Thi Lan Phutong

3.3. Phan lap va xdc dinh cu triic zerumbone trong tinh dau Girng gié & Binh Pinh

Qua khdo sat thanh phan hoa hoc trong tinh dau Gimng gi6 Binh Dinh bang GC/MS chiing
toi théy zerumbone chiém ham luong rat cao 79,60%, 1a cAu tr chinh c6 trong tinh dau. Do luong
chat chinh chiém chu yéu va sb luong chat ciing rt it trong tinh dau nghién ctru, day 1a diéu kién
thuan loi cho viéc sir dung phuong phéap két tinh dé phan 1ap chat chinh. Do d6 chung t6i chon
phuong phép tach va lam sach zerumbone 1a phuong phap két tinh. Phuong phap nay rat thuan
loi khi st dung dé tach zerumbone tir tinh dau véi lugng 16n, do thue hién don gian va it tén kém.

Céu trac chat ran phan 1ap duoc xac dinh 1 zerumbone théng qua cac phuong phap phd va
so sanh véi tai liéu di duoc cong bd [13]. Cu thé, trén phd proton 'H-NMR (hinh 2) cho thiy tin
hi¢u cua 12 proton ctua 4 nhom methyl, trong d6 2 tin hi¢u singlet 6 6, = 1,07 va 1,20 ppm cua 2
nhom CH,_ (H-14, 15) va hai tin hi¢u singlet nam & ving truong thap hon do lién két véi carbon
lai héa sp® 6 8, = 1,54 va 1,79 ppm ctia 2 nhom CH,_ (H-12, 13). Bdn proton nhém =CH & vi tri
2, 6,9, 10 gin tryc tiép v6i carbon mang ndi d6i nén xuat hién tin hiéu ¢ ving truong réat thip,
ving tir 5 - 6 ppm. Cu thé, 1 tin hiéu doublet of doublet & 0,= 5,25 ppm (H-2) v6iJ=15va 5,0
Hz, 2 tin hi¢u doublet & 6,= 5,86 va 5,97 ppm tng v6i proton (H-10 va H-9) ¢ vi tri trans so véi
nhau (J= 16,5 Hz) va 1 tin hi¢u broad doublet 6 5,= 6,01 ppm la proton H- 6 v6iJ = 12,5 Hz).

Phd *C-NMR (hinh 3) xuét hién 15 tin hiéu cta 15 nguyén tir carbon phu hop véi s6 carbon
va cdu tric phan tir, gdm 4 tin hiéu carbon ciia nhém methyl & 5. 11,91 (C-13); 15,34 (C-12);
24,32 (C-14) va 29,56 (C-15). O ving truong thap hon 1a 3 tin hiéu cia carbon CH, ¢ 3. 24,53
(C-5), 39,58 (C-4) va 42,54 (C-1) va 4 tin hi¢u carbon mang noi d6i ¢ 6. 125,13 (C-2), 127,30
(C-9), 148,93 (C-6), 160,85 (C-10) O vung trudng thap hon 1a 3 tin hidu ctia 3 carbon bac 4, trong
d6 1 carbon lién két v6i 4 lién két sigma nén xuat hién ¢ ving trudng cao véi 537,99 (C-11), con
2 carbon methine olefine & trudong thip 9. 136,4 (C-3), 138,09 (C-7). Tin hi¢u cua nhoém keton
3-C=0 ¢ vung truong thap nhat 6.204,46. Két hop phd DEPT (hinh 4) xac dinh dugc cac nhom
CH, CH,, CH, trong cAu tao chit ran thu duoc. Tir két qua phd va cac phan tich néu trén cho thiy
chat ran thu dugc phu hop véi cong thuc cau tao cua zerumbone.

Ll

Hinh 2. Phé 'H-NMR ciia zerumbone phdn ldp
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4. Kétluan

- ba tach duoc tinh dau v&i ham luong dat 0,95% tir than ré Gung gi6 ¢ Binh Dinh va da
khao sat mot s6 yéu td anh huong dén luong tinh dau thu dugc 14 d9 tuoi ciia mau, thoi gian dun
khi chung cat. Két qua thu dugc tinh dau cho hiéu suit tot nhét theo diéu kién khao sat 1a sau 3
ngay thu hoach va thoi gian chung cat 1a 8 gio cho 200g than ré.

- Xac dinh duogc thanh phﬁn hoéa hoc cua tinh dﬁu, trong d6 zerumbone la chét chinh chiém
ham luong cao 79,60%, cao hon so véi méot s6 tinh thanh khac & Viét Nam.

- Di tach dugc zerumbone bang phuwong phap két tinh va x4c dinh cu trac caa zerumbone
thong qua phd cong huong tir hat nhan NMR va so sanh dit liéu di cong bd.
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NGHIEN CUU PO BEN VA LIEN KET HOA HQC CUA
DAY CLUSTER Si,M, (M=Sc-Zn) BANG PHUONG PHAP LY THUYET

PHAN THI THU AN, PHAM NGQC THACH, LE THI CAM NHUNG,
HO QUOC PAIL VU THI NGAN*
Phong Thi nghiém Hoéa hoc tinh toan va M6 phong, Truong Dai hoc Quy Nhon

TOM TAT

Pé bén va lién két hoa hoc ciia hé cluster Si. M, (M=Sc-Zn) da duoc nghién ciru ¢ mirc Iy thuyét
B3P86/6-311+G(d). Két qud cho thay cdc dong phdn bén nhat cia cluster Si.M, véi M=Sc-Cu c6 dang tir
dién, doi xirng C,, trong khi do Si Zn, c6 dong phan bén nhdt dang thoi phdang véi hai nguyén tir M ké nhau,
doi xirng C. Trong day cluster khao sat, Si,Ti, va Si,V, bén nhdt va Si.Zn, kém bén nhdt, do d¢ bén ciia cdc
lién két Si-M va M-M quyét dinh. Két qua NBO cho thdy cdc electron 4s chuyén tir cdc nguyén tir M sang
khung silic manh hon tw khung silic sang AO-3d cua M lam cho nguyén tir kim loai mang dién tich duong.
Lién két héa hoc Si-M dwoc tao thanh tir su xen phii cac AO-3s va 3p cua Si voi AO-3d cua M. Lién két M-M
manh nhat véi M=V va yéu nhat véi M=Cr, Mn, Cu, Zn. Két qua nghién ciru ndy cung cdp théng tin co ban
cho viéc nghién citu cdc cluster silic pha tap nhiéu nguyén tir kim loai chuyén tiép.

Tiwr khoa: Ly thuyét phiém ham mat d9, cluster silic pha tap 2 nguyén ta, do bén cluster, lién két
hoéa hoc.

ABSTRACT
A theoretical study of stability and chemical bonding of cluster Si,M, (M = Sc-Zn)

Stability and chemical bonding of the Si,M, cluster series (M=Sc-Zn) were investigated at the
B3P86/6-311+G(d) level of theory. The results show that the most stable isomers of the Si M, clusters with
M=Sc-Cu are tetrehedron in C, point group while Si Zn, has the global minimum of planar rhombic shape
in C_ point group. In the whole series, the Si,M, cluster is the most stable as M=Ti and V while it is the
least stable as M=Zn because their stability is dependent on the strength of Si-M and M-M bonds. The NBO
analysis shows that the 4s electrons have transferred from the M atoms to silicon frame within the clusters,
resulting in the positive charges on the metal atoms. The chemical bonds are formed by the overlapping of
the AO-3s and 3p of the Si atoms with the AO-3d of the M atoms. Regarding the M-M bond in the clusters,
the bond between the two metal atoms is the strongest with M=V, whereas it is the weakest with M=Cr, Mn,
Cu and Zn. This study provides fundamental information for other studies in silicon clusters doped with
transition metal atoms.

Keywords: Density functional theory, doubly doped silicon cluster, cluster stability, chemical bonding.

1.  Giéi thigu

Hién nay, cluster silic dang dugc chu ¥ rat nhidu boi vai trd quan trong trong vat liéu ban
dan va cong nghé dién tir. Bang cac phuong phap 1y thuyét va thuc nghiém, cac nha khoa hoc da

*Email: vuthingan@gnu.edu.vn
Ngay nhén bai: 01/8/2018; Ngay nhan dang: 4/9/2018
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thuc hién nhiu nghién ctru vé cluster silic nguyén chat nhu nghién ciru cdu tric cua cluster Si_
(n=2-10) [1], Si_(n=12-20) [2], nghién ctru quang phd cac dong phan bén cua cluster Si_va Si -
(n=20-45) [3] va cho thdy chiing c6 nhiéu tinh chit m&i la. Tuy nhién, cluster silic nguyén chét it
bén vé& mat nhiét dong, nén dé tang do bén va tinh d6i xrng cua cAu tric, cac nguyén t6 khac duoc
dua thém dé hinh thanh cluster silic pha tap [4]. Cac nguyén t6 kim loai chuyén tiép v6i obitan
hoa tri d tro thanh chét pha tap hap dan nho tinh da dang trong kha ning hinh thanh lién két, tao
ra cac kiéu cdu trac cluster da dang véi tiém niang tmg dung cao, thu hat sy quan tdm cua cac nha
khoa hoc trén thé giéi.

Cluster silic pha tap mot nguyén tir kim loai chuyén tiép da dwugc nghién ciru kha nhiéu
nhu nghién ciru vé sy phat trién cau trac hinh hoc va tir tinh cua Si Fe [5], nghién ctru vé ciu trac
hinh hoc va cdu tric dién tir cia cluster Si Ti (n=1-8) dang trung hoa va anion [6], nghi€n ctru phod
quang electron cua cluster anion VSi,’ bang phuong phap tinh hoa hoc lugng tir da cau hinh [7]. Su
thay dbi vé nguyén t6 pha tap va s6 lwong nguyén tir pha tap tao ra cac cdu triic hinh hoc voi do
bén, d6 hoat dong hoa hoc va tinh cht khac nhau cta cluster. Bén canh hudng nghién ctru sy phu
thudc cuia cdu trac va tinh chit cluster vao nguyén t6 pha tap, gan day cac nghién ctru vé cluster
silic pha tap 2 nguyén tir kim loai dwoc quan tdm nhiéu hon, vi du nghién ctru vé ciu tric va do
bén cua Si M, (n=1-8, T=Cr, Mn) [8], SinM, (n=1-8, T= Fe, Co, Ni) [9], Si Fe, [10], Si,Cu, [11],
Si Be, [12], Si,,V, [13], Zr,Si_(n=16-24) [14], Si Mo, [15]. K€t qua thu dugc cho thay cau tric
hinh hoc va do bén cua clutser silic pha tap 2 nguyén tir kim loai bién doi kha da dang, lién két
giita 2 nguyén tir kim loai trong cluster ciing thay doi theo nguyén t pha tap va kich thudc cluster.

C6 thé thay rang, lién két Si-M va M-M la cac mdi lién két quan trong quyét dinh cau trac
va d6 bén cua cac cluster Si M. Gan déy trong mot vai nghién ciru da dé cap téi van dé nay, chang
han, mot cong trinh nghién ctru di cho rang trong cac cluster Rh,Si (n=1-11) lién két Si-Si 1a lién
két cong hoa tri con lién két Si-Rh chu yéu 1a lién két ion [16]. Mot nghién curu khac vé cluster
Ag,Si (n=1-13) [17] cho rang lién két Ag-Si trong cac cluster nay rat yéu va chu yéu la lién két
ion. Nhom nghién ciru ctia Zheng ding phuong phap phd quang electron két hop tinh toan DFT
dé tim ra c4u tric cia mot sb cluster Sc,Si - va V,Si ~kich thudc nho (n=2-6) [18, 19], tir d6 khao
sat lién két hoa hoc va nhan thiy ring cac nguyén tir V ¢6 xu huéng tao lién két manh véi nhau
nhung cac nguyén tir Sc thi khong.

Mic du vay, van chua c6 cong trinh ndo tap trung nghién ciru ban chat lién két hoa hoc,
ddc biét 1a lién két M-M trong céc cluster Si M,. Dé tim hiéu vén dé nay, ching t6i chon hé nghién
ctru 0 kich thude nho Si,M, véi M 1a cac nguyén t6 day 3d, di tir Sc toi Zn. Trude hét chung toi
xac dinh cac dong phan bén ciia chiing, sau d6 s& khao sat do bén va lién két hoa hoc cta chung.

2. Phwong phap tinh

Nhirng nghién ctru Iy thuyét da duge cong bd ddi vai cac cluster chira nguyén t6 nhom IVA
(Si, Ge) va kim loai chuyén tiép [20, 21] cho thdy mirc 1y thuyét B3P86/6-311+G(d) cho két qua
dang tin cy vé& dong phan bén va su phan bd electron trong cluster. Phiém ham mat d6 hdn hop
B3P86 1a sy két hop cua phiém ham trao ddi ba thong s ciia Becke (ki hiéu 1a B3) c6 bao gom
20% ning luong trao dbi chinh xac Hartree-Fock va phiém ham tuong quan cta Perdew duoc
dé xuat nam 1986 (ky hiéu 1a P86) dwa trén su gan dung gradient tong quat GGA. B6 ham co s&
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6-311+G(d) 1a mot bd co sé hoa tri tach ba kiéu Pople c6 két hop thém 1 bd ham phén cuc d va
mot bo ham khuyéch tan. Tat ca cac tinh toan dugc thuc hién bang phan mém Gaussian 03 (phién
ban E.O01) [22].

Dé xac dinh dién tich nguyén tir, cdu hinh electron cta nguyén tir trong phan tir va tinh
bac lién két trong cac cluster nghién ctru, chung t6i thuc hién phén tich obitan lién két tu nhién
(Natural Bond Orbital Analysis, NBO) v&i phan mém NBO 5G [23]. Cac tinh toan nay déu duoc
thyuc hién & muc 1y thuyét B3P86/6-311+G(d). Tir cac két qua d6 va dya trén hinh dang cac MO,
chung t6i phan tich ban chat lién két héa hoc cua hé cluster Si,M, (M=Sc-Zn).

3.  Két qua va thao luin

Thuyc hién qua trinh tim kiém va tdi uu hoa hinh hoc cho céc dang hinh hoc khac nhau
cua cluster Si,M, (M=Sc-Zn), chiing t6i tim dugc 2 dang cAu trac bén nhéat gdm dang tir dién (ky
hi¢u M-2a), d6i xtmg C, va dang thoi phang v6i hai nguyén tir M ké nhau (ky hi¢u M-2b), ddi
xung C.. Dong phan M-2a c6 thé duge xdy dung bang cach két hop 2 dimer Si, va M, theo hudng
tién gin vudng goc v6i nhau. Pdng phan phing M-2b c6 thé dugc xdy dung bang cach két hop
2 dimer theo huéng tién gan song song véi nhau. Pdi vai mdi cluster, mdi dang ciu trac (M-2a
hodc M-2b) & mot trang thai spin nhét dinh duoc goi la déng phan. Cac déng phéan bén & 2 dang
cau tric nay dugc liét ké trong Bang 1.

Bing 1. Trang thdi electron va ning lirong tiong doi (eV)
ciia cdc dong phan bén ciia cluster Si M,

M M-2a M-2b

2.

Sc A;30,00  'A:006  SA;014 | GA”;051  SAY071 AL 0,84
Ti  SB;000  GA;053  'A;093 | °A;082  CA;1,08 A 141
V. OB000  'A;028 0 TA;044 | CA”;048 A0S0 °A” 081
Cr "B;30,00  °A;054  GA%075 | TA7;2,00  SA;234 IA%3,26
Mn  °A;000  7B0,60  A;0,69 | TA;145  UAT166  SA;2,54

Fe ’B,; 0,00 °B,; 0,40 °‘B,; 1,17 A’; 0,81 ’A”; 0,96 SA’; 1,13

2’ b
Co  3B;0,00  5A;0,04 A ;1,23 UNTVE A’ 0,79 IA”: 2,14
Ni 3B 0,00 IA,; 0,96 SA ;3 1,62 SA” ;1,33
Cu  'A;3000  °B;122 SB,; 3,49 A" 1,35 A% 1,64 SA; 2,89

Zn °B,; 0,71 'A; 1,03 B,; 1,42 'A’; 0,00 A 0,17 A 1,42

20 o
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Tir Bang 1 cho thay, cluster Si,Sc, ¢6 6 ddng phén, trong d6 dong phan bén nhat la
M-2a-triplet *A, va la cuc tiéu toan phan. Pong phan M-2a & trang thai singlet A, c6 do bén
xap xi M-2a-triplet voi ning luong tuong déi so véi M-2a-triplet 1a 0,06 eV. Nhu vay, trang thai
singlet 'A | va triplet 3A2 0 dang tur dién canh tranh nhau cho trang thai bén nhit cta cluster Si,Sc,.

Cluster Si,Ti, bén nhit véi ddng phan M-2a ¢ trang thai quintet °B,, céac ddng phan khac
kém bén hon nhiéu so voi M-2a-quintet. Dong phén tir dién ciing dugc tim thay 1a ddng phéan bén
nhit cua céac cluster Si,M, v6i M tir V t61 Cu. Tuong tu v6i Si Sc,, cluster Si,Co, ¢6 2 trang thai
spin (triplet °B, va quintet °A)) canh tranh nhau cho cuc tiéu toan phan cua cluster. Két qua nghién
ctru ctia chiing t6i vé ddng phéan bén nhit cua cluster Si,M, (M=Mn, Fe, Co, Ni) déu phu hop voi
két qua da cong bd trudce day [8, 10, 9]. Theo nghién ctru ciia Shao va cong sy (2012) [11], cdu
trac bén nhat cua cluster Si,Cu, cling c6 dang tir dién nhung & trang thai triplet *A, véi d6i ximg
C,. Két qua nghién ctru ciia chiing toi cho thdy dong phan tir dién Cu-2a-singlet 1a cuc tiéu toan
phan trén bé mit thé nang cua Si,Cu,, con ddng phan Cu-2a-triplet kém bén hon Cu-2a-singlet
kha nhiéu (1,22 eV).

Khac biét v6i cac cluster Si,M, trong day, Si,Zn, uu tién cau trac dang thoi phang M-2b.
That vay, Zn-2b-singlet 1a ddng phan bén nhat cuia cluster nay. Cluster ndy ciing ton tai dong phan
v6i cdu triic tir dién twong ty nhu trén nhung kém bén hon dong phan Zn-2b-singlet mot ning
luong it nhat1a 0,71 eV.

Nhu vdy, ddng phan bén nhit cua cluster Si,M, tap trung vao dang cAu truc tir dién M-2a
v6i ddi xtmg C, . Riéng cluster Si,Zn, c6 déng phan bén nhét 1a dang thoi phang M-2b véi doi
xtmg C.. Hau hét cac dong phan bén déu ¢ trang thai spin cao, spin cao nhét tim thiy véi cluster
Si,Cr, (11-tet), Si,Mn, (nonet) va Si,Fe, (septet). Riéng cluster Si,Cu, va Si,Zn, bén ¢ trang thai
spin thap (singlet).

3.1. Do bén cia cac cluster Si,M, (M=Sc-Zn)

Dé danh gid d¢ bén cu tric hinh hoc va cau tric dién tir ctia ddy cluster Si,M, (M=Sc-Zn),
ching t6i khao sat mot sé dai lugng nang lugng gdm ning luong lién két trung binh (BE), ning
luong phan ly (D) va ning luong ving cam HOMO-LUMO (AEHOMO-LUMO = ELUMO -
EHOMO) cho dong phén c¢6 ning lugng thap nhat & mdi dang cau triic (xem Bang 1). Vi du hai
dong phan dugc chon cua Si,Sc, 1a Sc-2a-triplet va Sc-2b-triplet; cua Si,Ti, la Ti-2a-quintet va
Ti-2b-triplet,...

Ning lwong lién két trung binh va ning lwong phén ly
Ning luong lién két trung binh (BE) cia mot dong phén cua Si,M, (M=Sc¢-Zn) dugc tinh
theo cong thirc (1). Trong do, E(Si,M,) la nang lugng tong cua cluster Si,M, da duoc hi€u chinh boi
nang lugng diém khong ZPE. E(M), E(Si) 1a nang lugng cua nguyén tir Si, M & trang théi co ban.
BE = [2E(M) + 2E(Si) - E(Si,M,)]/4 (1)

Dé so sanh dg bén cac lién két trong cluster, chung toi tinh nang lugng phéan ly cho qua trinh
tach Si M, thanh Si, va M, (D1) va tach Si,M, thanh 2SiM (D2). Cu thé, nang luong phan ly cho
hai qua trinh nay dugc tinh theo cong thirc (2) va (3). Trong do E(X) véi X=8i,, M, va SiM la nang
luong diém don clia cac tiéu phan d6 tng voi hinh hoc trong ddng phan Si,M,, E(Si,M,) la nang
luong ctia dong phan & hinh hoc tdi wu ciia no.
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Si,M,—> Si,+ M, D1 = E(Si)) + E(M,) — E(Si,M,) ©)
Si,M,—> 2SiM D2 = 2E(SiM) — E(Si,M.) 3)

Ning luong lién két trung binh BE c6 ban chit 1a ning luong nguyén tir hoa, tirc 14 ning
luong can cung cap dé tach tat ca cac lién két thanh nguyén tir & trang thai co ban. Nang luong
phan ly D1 ¢6 ban chat 1a ning luong can thiét dé cat dit cac lién két Si-M trong phan tir, con ning
luong phan ly D2 13 ning lugng can thiét dé cit dong thoi cac lién két Si-Si, Si-M va M-M. Tir céc
s6 liéu thu duoc, chiing t6i vé do thi biéu dién su phu thudc gia tri nang luong lién két trung binh
va nang lugng phan ly theo nguyén tir pha tap nhu trong Hinh 1 va Hinh 2 (cht y su khac nhau
trong thang do nang luong). Cac d thi d6 cho thay su bién thién cua BE, D1 va D2 theo nguyén
tir pha tap ¢6 mot s6 diém twong tw nhau. Trong d6 ca 3 dai lugng nang lugng d6 cua dong phan
M-2a cao hon dong phan M-2b dbi voi cac cluster trir Si,Zn,.

D¢ thay rang, doi véi ca hai dang dong phan, gia tri BE cao nhat khi M=Ti, V. Diéu nay
chtng to d bén cao cua cac lién két trong 2 cluster nay va do d6 cdu tric cua chung 6n dinh
hon. Mt khéc, ning lugng phan ly D1(Ti-2a)=6,40 eV kha cao, chi thdp hon D1(Co-2a)=6,63
eV. Do vdy, chung ta c6 thé thy rang lién két Si-Ti kha bén nhung van kém bén hon lién két Si-
Co. Bén canh d6, ning luong phan ly D2(Ti-2a)=5,35 eV 16n nhit trong ddy va 16n hon nhiéu
D2(Co-2a)=4,02 eV, cho thiy lién két Ti-Ti bén hon nhiéu lién két Co-Co (néu gia thiét lién két
Si-Si clia Ti-2a va Co-2a c6 d0 bén tuong ty nhau). Nhu vy, cluster Si,Ti, c6 d0 bén cao nhét la
nho céc lién két Si-Ti va Ti-Ti déu bén, con Si,Co, méc du ¢6 lién két Si-Co bén nhét nhung lién
két Co-Co kém bén hon nén cluster nay kém bén hon Si Ti,.

Gia tri BE, D1 va D2 thdp nhat khi M=Zn, cho thay cluster nay kém bén nhat. Bdi véi dong
phan Cr-2a cua Si, Cr,, mac du lién két Cr-Cr twong ddi bén nhung Si-Cr kém bén nén d6 bén cua
cluster nay khé thap, chi cao hon Si,Zn.,.

Nhu vay, nang lugng lién ket trung binh BE 1a su tong hoa ctuia d6 bén lién ket Si-M va lién
két M-M cua cluster. Cluster Si,Ti,bén nhat vi ca hai lién két déu bén, Si,Zn, kém bén nhat vi ca
hai déu kém bén, Si,Co, ¢6 do bén trung binh vi lién két Si-Co rit manh nhung Co-Co lai yéu,
Si,Cr, c6 d0 bén thap vi lién két Si-Cr yéu két hop véi Cr-Cr c6 do bén trung binh.
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=
o0

T T T T T T 1

Slc Tli \I/ Clir Mn Fe Co Ni Cu Zn

Nguyén tw pha tap
Hinh 1. 6 thi biéu dién sw phu thuoc nang luong lién két trung binh (eV)
trong cac déng phdn cua cluster Si, M, (M=Sc-Zn) vao nguyén tu pha tap
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Hinh 2. Do thj biéu dién sw phu thuéc nang heong phin ly DI (a) va ning lwong phan ly D2 (b)
trong cdc dong phan cia cluster Si,M, (M=Sc-Zn) vao nguyén tir pha tap

Ning lwong viing cim

Dbi v6i hé phan tir, ning luong ving cAm c6 ¥ nghia quan trong, quyét dinh dén d6 bén cau
tric dién tir ciia phan tu cling nhu kha nang phan tng cia nd. Céac phan tir c6 nang lugng vung
cam nho thudng c6 kha nang phan timg cao hon, ngugc lai phan tir c6 ning luong ving cim I6n thi
kho tham gia phan tmg hon. Do vay ning luong viing cam, khoang cach giita hai mirc ning luong
HOMO va LUMO, duoc dung nhu mot dai lugng danh gia do bén ciu trac dién tir cua phan tur.
Tir céc gia tri nang lugng ving cim ciia cluster Si,M, (M=Sc-Zn) ching t6i xay dung d6 thi biéu
dién sy phuy thudc nang lugng ving cam cua cluster Si,M, vao nguyén tir pha tap M nhu Hinh 3.

—a— M-2a
—e— M-2b

\'LA)
[=}
|

Ndng luong ving cdm (eV)

0,5

Se Ti V Cr Mn Fe Co Ni Cu Zn
Nguyén tu pha tap
Hinh 3. 6 th,i‘bié’u dién sw phu thugc nang lwong viung cam HOMO-LUMO (eV)
trong cac dong phdn cua cluster Si,M, (M=Sc-Zn) vao nguyén tw pha tap M

Hinh 3 cho thiy duong biéu dién ning lugng ving cAm cua céac cluster M-2a nam phia trén
s0 v6i dudng biéu dién ning lugng ving cim cia cac cluster M-2b (trir Si,Sc)). Diéu nay ching
to cac cluster M-2a dang tur dién c6 d0 bén céu trac dién tir cao hon so véi cac cluster M-2b dang
hinh thoi phang. Nhu vay, dong phan tir dién vira c6 cau triic hinh hoc bén vira c6 cau trac dién tir
bén hon so v6i dong phan phang.

Tir d0 thi chung toi nhan thay, ddi véi dong phan M-2a, ning lugng ving cdm cao nhat
khi M 13 Cu (2,80 eV) r6i dén V (2,59 eV) sau d6 Ni (2,23 eV), Ti (2,13 eV). Pdi voi ddng phan
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M-2b, ning luong ving cim cao tai cluster Si,Ti, (1,98 V) va Si,V, (1,94 eV), cho thiy 2 cluster
nay bén hon so vai cac cluster khac ciing kiéu ciu tric M-2b.
3.2. Phan tich NBO

Bic lién két

Dé khao sat cac yéu to quyét dinh do bén ciia cac cluster, ching toi tinh bac lién két trung
binh cuia c4c lién két Si-M (N, ) va béc lién két M-M (N, ) bang phuong phap phan tich obitan
lién két ty nhién NBO & muc ly thuyét B3P86/6-311+G(d). Béc lién ket trung binh N, va N,
cua céc cluster Si, M, duoc tong hop trong Bang 2.

Bing 2. Bdc lién két Si-M trung binh (N, ) va bdc lién két M-M (N,,,)
trong cdac dong phdn cua cluster Si, M, (M=Sc-Zn)

M Sc Ti \% Cr Mn Fe Co Ni Cu Zn
M-2a 1,06 0,92 0,86 0,46 0,73 0,65 0,69 062 0,53 0,57
SsMoM-2b 0,63 0,71 0,69 0,65 0,58 0,56 047 047 041 0,46
M-2a 0,92 1,30 2,77 0,05 0,14 0,60 0,26 0,32 0,08 0,07

MM M-2b 1,22 2,31 3,17 0,27 0,41 0,70 0,33 0,27 0,16 0,12

Tir Bang 2 ta c6 thé thay bac lién két N, Va N, , trong céc cluster Si,)M, tuong dbi thap.
Bic lién két trung binh Si-M ctia dong phan M-2a cao hon M-2b (trir Si,Cr,). Diéu ndy mot lan
nita cho thay vai trd quan trong ctia d6 bén lién két Si-M trong cluster va 1y giai cho d6 bén cao
hon ctia ddng phan M-2a so v&i M-2b. Tuy nhién bac lién két M-M ctia M-2b cao hon so v6i M-2a
(trir Si,Ni,). Diéu d6 chig to & dang céu triic tir dién thi bac lién két Si-M dong vai trd quyét dinh
hon trong viéc l[am bén cAu truc. Trong ca hai cAu truc thi bac lién két cua Si véi Ti, V va bac lién
két caa Ti-Ti, V-V 16n hon so véi cac cluster khac trong diy (M=Sc van kém bén hon do tong béac
lién két N, . va N nhéhon so vé6i Ti, V). Piéu dé cho thy cac cluster Si,Ti,, Si,V, bén hon
cac cluster cua nhirg nguyén t6 khac va 1y giai cho gia tri BE cao nhét cia chung.

Dang cha ¥, bac lién két V-V 16n hon rat nhiéu so véi cac nguyén tir M khac. Diéu d6 ching
t6 khi pha tap 2 nguyén tir kim loai ddy 3d vao cluster silic, thi cac nguyén tir V tao lién két v6i
nhau manh nhat. Nguoc lai, bac lién két M-M dbi v6i M=Cr, Mn, Cu va Zn & nhom thap nhét, cho
thdy nhing kim loai c6 phan 16p 3d ban bdo hoa hodc bio hoa thi tuong tac véi nhau rat yéu, vi
thé chiing c6 tir tinh cao.

Ciu hinh electron ciia nguyén ti trong phén tiv

Két qua phan tich NBO cho thiy, trong tat ca cac dong phan bén ctia cluster Si,M, (M=Sc—
Zn), cac nguyén tir M déu mang dién tich duong, con cac nguyén tir Si déu mang dién tich am.
Diéu nay chig minh cho qué trinh chuyén electron trong tit ca cac cluster Si,M, déu theo mot
hudng tir M sang nguyén tir Si. Két qua chuyén dién tich (EDT) tir M, sang Si, duoc thé hién trong
Bang 3. O day, M mang dién tich duong 1a do sy khac nhau vé& d6 am dién cua Si va nguyén tior M,
vi thé dién tich chuyén tir cac nguyén tir M c¢6 d6 am dién thap hon sang nguyén tir Si c6 d6 4m
dién cao hon lam cho cac nguyén tir M mang dién duong. Nhu vay, c6 thé két luan rang lién két
Si-M trong céc cluster Si,M, c6 su phén cuc.
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Bing 3. Cau hinh electron ti nhién (Natural Electron Configuration, NEC)
ciia cdc nguyén tir kim loai va mdt dg electron chuyén tir M, sang Si, (EDT)

trong M-2a va M-2b cua cluster Si M, (M=Sc—Zn)

M-2a M - 2b

M TEDT NEC (M3, M4) EDT NEC (M3) NEC (M4)
Sc 1,10 3d"11450394p0.03 1,04 3d!72450634p006 3d"9240964p007
Ti 061 3430845057408 0,52 3d327 45053400t 3304450514003
\Y% 0,30 3d*16450654p0.03 0,44 3d*33450344po00 3421450464003
Cr 093 3d*%845%524p003 0,64 3d>17450384p004 3390450504005
Mn 1,06 3566450724007 0,66 3d>80450704p007 361450964008
Fe 0,59 3d683480704 007 0,65 3d%248%034p008 3d081450814p005
Co 039 3813450994000 0,61 3788450024 p009 3d74245%014p005
Ni 0,25 3d724480574p005 0,46 3d%9450004 008 3383450904004
Cu 0,71 3d791450094p004 0,54 3d*%480054p007 3d%9145084p003
Zn 1,39 3d94sh104p0 14 1,03 3d%7481034p0 10 3d*74s174p007

S6 liéu Bang 3 cho thdy déi véi cluster Si)M, (M=Sc-Ni) s electron phan b trén AO-3d
ctia ca hai nguyén tir M déu cao hon trong nguyén tir ¢6 1ap chimg to cac AO-3d ciia M tham gia
xen phtt manh véi cac AO-3s, 3p cua silic. Nguoc lai s6 electron trén AO-4s giam cho thay c6 thé
dién tich duong xuat hién trén cc nguyén tir M 1a do céc electron 4s ciia M chuyén sang khung
Si. Mt khac phan tich hinh anh MO cua phén tir ching t6i nhan thay khong co sy tham gia ciia
AO-4s cta kim loai M, chiing t6 da c6 sy chuyén mat do electron tir AO-4s(M) sang khung silic.

Dang chii y, khi M=Cu, Zn, mat d¢ electron trén phan 16p 3d trong cluster thay d6i khong
dang ké so v6i nguyén tir Cu, Zn & trang thai co ban. Diéu nay c6 thé giai thich 1a do phén 16p
3d ctia hai nguyén t6 nay dé bao hoa véi 10 electron nén kha bén viing va do vy it tham gia xen
phu dé hinh thanh lién két voi cac nguyén tir Si trong cluster so véi cac nguyén tb khac trong day.

Dé danh gia mirc d6 tham gia hinh thanh 1ién két cua cac obitan, gop phan 1am sang t6 ban
chat lién két, chung t6i tién hanh khao sat su bién thién mat do electron trén cac obitan 3d va 4s
cua nguyén tr M, ki hi¢u la Ad va As, va duoc tinh béng le,—¢€,|. Trong do: ¢, €, lan luot 1a mat
do electron trén cac obitan (3d hoac 4s) ciia nguyén tir M c6 14p & trang thai co ban va trong cac
cluster Si,M, (M=Sc-Zn). Tr két qua tinh toan dugc chiing toi xdy dung dd thi biéu dién mdi lién
hé giira cac gid tri As va Ad theo nguyén t& M nhu trong Hinh 4.
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Hinh 4. Do thi biéu dién d¢ bién thién trung binh Ad, As ciia nguyén tir M
trong cluster M-2a (a) va M-2b (b) voi M=Sc-Zn

D6 thi Hinh 4 cho thay cac gid tri As déu cao hon Ad. Cling v&i nhan xét & trén vé cau hinh
electron thiy ring mat do electron 4s chuyén tir M sang khung Si nhiéu hon mét do electron 3d
ma M nhan duoc tir khung Si, va do vay xuét hién dién tich duong trén cac nguyén tu kim loai.
Diéu nay c6 thé giai thich boi phan 16p 4s nam ngoai phan 16p 3d va electron trén AO-s linh dong
hon trén AO-d.

C6 thé thay c6 mbi lién hé nhit dinh giita As, Ad v6i d6 bén cua cluster nhu dd phén tich &
trén. That vay, ching toi thay rang As va Ad ctia ca 2 dong phan déu c6 gia tri cao tai M=Ti va V.
Bén canh do, cluster Si,Sc, c6 As cao nhit nhung Ad nho (dong phan M-2a) hoic ca 2 gia tri déu
nho (d6ng phan M-2b). Trai lai, v6i M=Cr va Cu, ca hai gia tri As, Ad déu thap; M=Mn c6 As cao
nhung Ad thap; M=Zn c6 As thap va Ad rat thap, lién hé véi do bén thap cua nhiing cluster pha tap
cac kim loai nay. Tém lai, do bén cao cua cluster pha tap Ti va V dugc giai thich boi bién thién mat
do electron s va d déu cao va nguoc lai véi do bén thép cua cac cluster pha tap Cr, Mn, Cu va Zn.

4. Két luan

Tom lai, dong phan bén nhat ctia hau hét cac cluster Si,M, (M=Sc-Zn) la céu trac tir dién
C, , riéng Si,Zn, c6 dong phan bén nhat 1a cu tric thoi phing C . Céc dong phan bén nhat déu uu
tién trang thai spin cao (trt M=Cu, Zn), cao nhét 13 d6i véi M=Cr, Mn, Fe. Bén canh d6, do bén
cua day Si,M, phu thudc truc tiép vao loai nguyén tir pha tap. Cu thé, cluster pha tap 2 nguyén tir
Ti hodc V tuong d6i bén hon so véi su pha tap cac kim loai khac trong ddy, cac cluster pha tap Cr
va Zn kém bén nhét. Nguyén nhan dugc xac dinh la do 46 bén cta hai loai lién két Si-M va M-M
manh nhat voi M=Ti, V va yéu nhit véi M=Cr, Zn. Chiing t6i ciing di xay dung duoc birc tranh
khai quat vé kha nang lién két giita 2 nguyén tir kim loai trong day cluster nay 1a: lién két giita 2
nguyén tir V trong cac cluster pha tap 1a manh nhat, giira 2 nguyén tir M=Cr, Mn, Cu, Zn 14 yéu
nhit. Khiang dinh dugc lién két hoa hoc trong céc cluster Si,M, (M=Sc-Zn) duoc tao thanh tir sy
xen phu cac AO-3s va AO-3p cua cac nguyén tir Si véi cac AO-3d cua hai nguyén tir kim loai M.
Pién tich duong trén nguyén tir kim loai M xuét hién do mat do electron tir AO-4s ctia cac nguyén
tir kim loai dich chuyén sang khung silic manh hon mat d6 electron ma AO-3d cia ching nhan
duoc tr sy xen phu voi AO cua Si.

41



Phan Thi Thu An, Pham Ngoc Thach, Lé Thi Cam Nhung, Ho Quéc bai, Vi Thi Ngan

LOI CAM ON

Nhoém nghién ctru xin chan thanh cam on sy ung ho lién tuc ctia Truong Pai hoc Quy Nhon

va Dy an TEAM do Quy VLIR (Vuong qubc Bi) tai trg.

10.

11.

12.

13.

14.

15.

16.

17.

42

TAI LIEU THAM KHAO

J. C. Yang, W. G. Xu, W. S. xiao, The small silicon clusters Si (n=2 -10) and their anions: structures,
themo chemistry, and electron affinities, J. Mol. Struct: Theochem, 719, 89-102, (2005).

X. L. Zhu, X. C. Zeng, Y. A. Lei, Structures and stability of medium silicon clusters. 1. Ab initio
molecular orbital calculations of Si, - Si,,, J. Chem. Phys., 120 (19), 8985-8995, (2004).

J. Bai, L.F. Cui, J. Wang, S. Yoo, X. Li, J. Jellinek, Structural Evolution of Anionic Silicon Clusters
Si (n=20-45),J. Phys. Chem. A, 110, 908-912, (2006)

J.Li, C. Yao, Y. Mu, J. Wan, M. Han, Structures and magnetic properties of Si Ni (n= 1-17) clusters,
Chem, 916, 139-146, (2009).

L. et al, Ma, Growth behavior and magnetic properties of Si Fe clusters, Phys, Rev. B, 73, 125439-
125446, (20006).

J. Ly, J. Yang, Z. Xing, H. Ning, Study on structures and electronic properties of neutral and anionic
TiSi "' (n=1-8) clusters using G4 theory, J. Theor. Comput. Chem, 5, 1450038, (2014).

V. T. Tran, Q. T. Tran, Quantum Chemical Study of the low-lying electronic states of VSi;" cluster
and interpretation of the anion photoelectron spectrum, J. Phys. Chem. A, 6b, 05653, (2016).

R. Robles and S. N. Khanna, A. W. Castleman, Jr, Stability and magnetic properties of T ,Si (T=Cr
Mn, n=1-8) clusters, Chin. J. Phys. b77, 235441, (2008).

R. Robles and S. N. Khanna, Stable T i, T=Fe, Co, Ni, n =1-8 cluster motifs, J. Chem. Phys, 130,
164313, (2009).

D. Bista, A. C. Reber, V. Chauhan, S. N. Khanna, Electronic and magnetic properties of Fe,Si (1 <
n <12)""%! cluster, Chem. Phys. Lett., 706, 113-119, (2018).

P. Shao, X. Y. Kuang, L. P. Ding, M. M. Zhong, Z. Wang, Density-functional theory study of
structures, stabilities, and electronic properties of the Cu-doped silicon cluster: comparison with
pure silicon cluster, J. Phys. Chem. B, 407, 4379-4386, (2012).

S. Zhang, J. H. Wu, J. W. Cui, C. Lu, P. P. Zhou, Z. W. Lu, G. Q. Li, Geometries, Sta-bilities and
electronic properties of beryllium-silicon Be,Si clusters, J. Mol. Model, 20, 2242, (2014).

H. G. Xu, X.Y. Kong, X. J. Deng, Z. G. Zhang, W. J. Zheng, Smallest fullerene-like silicon cage
stabilized by a V, unit, J. Chem. Phys. 140, 024308, (2014).

J. Wang and J. H. Liu, Investigation of size-selective Zr,Si (n=6-24) caged clusters, Chem. Phys,
254,249-256, (1996).

J.G. Han, R. N. Zhao, and Y. Duan, Geometries, stabilities, and growth patterns of the bimeta Moz—
doped Sin (n=9—16) clusters: a density functional investigation, J. Phys. Chem. A, 111, 2148-2155,
(2007)

S. Zhang, C. G. Luo, H. Y. Li, C. Lu, Z. W. Lu, First-principle study of silicon cluster doped with
rhodium: Rh,Si (n=1-11) clusters, Phys. Chem., 160, 227-236, (2015).

C. Yang, S. H. Jia, M. F. Ma, S. Zhang, C. Lu, G. Q. Li, 4 density functional study of small sized
silver-doped siliconclusters: Ag,Si (n=1-13), Phys. J. D. 69, 244, (2015).



Tap 12, 65,2018

18.

19.

20.

21.

22.
23.

H. G. Xu, Z. G. Zhang, Y. Feng, W. Zheng, Photoelectron spectroscopy and density study of Sc,Si,
cluster, Chem. Phys. Lett., 498, 22-26, (2010).

H. G. Xu, Z. G. Zhang, Y. Feng, J. Yuan, Y. C. Zhao, W. Zheng, Vanadium-doped small silicon
clusters: Photoelectron spectroscopy and density-functional calculations, Chem. Phys. Lett, 487,
204-208, (2010).

V. T. Ngan, Gruene, P. Claes, E. Janssens, A. Fielicke, M. T. Nguyen, P. Lievens, Disparate efeccts
of Cu and V on structures of exohedral transition metal-doped silicon clusters: A combined far-
infrared spectroscopic and computational study, J. Am. Chem. Soc, 132, 15589-15602, (2010).

N. D. Phi, N. T. Trung, E. Janssens, Vu. T. Ngan, Electron counting rules for transition metal-doped
Si,, clusters, Chem. Phys. Lett. 643, 103-108, (2016).

M. J. Frisch et al, Gaussian 03 (Revision E.01), Gaussian, Inc., Wall, (2008).

NBO 5.G. E. D. Glendening, J. K. Badenhoop, A. E. Reed, J. E. Carpenter, J. A. Bohmann, C. M.
Morales, and F. Weinhold, Theoretical Chemistry Institute, University of Wisconsin, Madison, WI,
(2004).

43



44



Tap chi Khoa hoc - Truong PH Quy Nhon, ISSN: 1859-0357, Tap 12, S6 5,2018, Tr. 45-52

KHAO SAT THANH PHAN HOA HQC VA HOAT TiNH KHANG VI SINH
CUA TINH DAU LA BACH PAN TRANG (EUCALYPTUS CAMADULENSIS DEHNH.)
O QUY NHON, BINH PINH

VO THI THANH TUYEN", NGUYEN LE BAO HOA
Khoa Hoéa, Truong Dai hoc Quy Nhon

TOM TAT

Bai bdo nay khdo sat thanh phan héa hoc va hoat tinh khéng vi sinh ciia tinh dau lé bach dan tring
& Quy Nhon, Binh Pinh. Tinh dau la bach dan thu dwoc bang phwong phdp chung cdt 16i cuon hoi nwde
chiém ham lwong 0,54%. Thanh phan héa hoc cia tinh dau dwgc xdc dinh bang phirong phap GC-MS.
Nhitng chdt chiém ham lwgng cao trong tinh dau la a-phellandrene (26,15%), o-cymene (14,54%), p-pinene
(11,45%), y-eudesmol (6,34%) va a-pinene (5,01%). Thanh phan chinh trong tinh dau la a-phellandrene
(26,15%). Tinh dau nay c6 kha ning diét dwoc vi khudn Staphyllococcus aureus.

Tir khéa: o-phellandrene, Eucalyptus camadulensis, tinh dau 14.

ABSTRACT

A survey of chemical composition and antimicrobial effect of the essential oil obtained
from the leaves of Eucalyptus camadulensis Dehnh. plants grown in Quy Nhon, Binh Dinh

This paper is to report a survey of the chemical composition and antimicrobial effect of the essential
oil obtained from the leaves of Eucalyptus camadulensis Dehnh. plants grown in Quy Nhon, Binh Dinh. The
water-distilled leave essential oil accounted for 0,54%. The chemical composition of the essential oil was
analyzed by GC-MS method. The dominant compounds were a-phellandrene (26,15%), o-cymene (14,54%),
[-pinene (11,45%), y-eudesmol (6,34%) va a-pinene (5,01%). The main component in the essential oil was
o-phellandrene (26,15%). This essential oil is capable of killing Staphyllococcus aureus bacteria.

Keywords: a-phellandrene, Eucalyptus camadulensis, leave essential oil.

1.  Piatvan dé

Bach dan trrfmg c0 tén khoa hoc 1a Eucalyptus camadulensis Dehnh., thudc ho Myrtaceae,
chi Eucalyptus. N6 thudc loai cay gb va duge trong kha pho bién, dic biét & cac ving ven bién.
Tinh dau bach dan tring duoc dung dé bao ché xiré ho, dung tri cam, sat khuan duong hé hap.
Ngoai ra, tinh du bach dan duoc ding dé didu tri mot sb bénh ngoai da [1-5]. Tuy c6 tiém ning
16n song & Viét Nam, ciy bach dan tring chua dugc khai thac triét dé, hau nhu chi dung than lam
g0 con tinh dau tir 14 thi phan 16n chua dugc khai thac.

Nham gop phan vao viéc khai thac, str dung mot cach hop 1y loai cay trong nay tai dia
phuong, chiing t6i da tién hanh nghién ctru thanh phan hoa hoc va hoat tinh khéng vi sinh cta tinh
dau 14 bach dan tring dugc trong & Quy Nhon, Binh Dinh.

*Email: vothithanhtuyen@gqnu.edu.vn
Ngay nhan bai: 10/5/2018; Ngay nhan dang: 03/7/2018
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2. Thuc nghiém
2.1. Nguyén li¢u, xir Iy nguyén li¢u

L4 bach dan tring dugc hai & Ghénh Rang, Quy Nhon, Binh Dinh. Khi d6, cy bach dan
dugc 36 thang tudi. Chon céc 14 gia khong bi sau, déap, rira bing nudc nhidu 1an, dem xay nho.
2.2. Chiét xuét tinh diu 14 bach dan tring va xac dinh cac chi s6 héa Iy ciia tinh diu

- Thuc hién chiét xuét tinh dau bang phuwong phap chung cat 16i cudn hoi nudc nhd bd
chung cét tinh dau Clevenger 1 L.

- Xéc dinh ty trong, chi s6 axit, chi sb este cua tinh dau.

2.3.  Khaio sat cac yéu té anh hwéng dén ham lwgng tinh diu 14 bach dan tring

Chung t6i tién hanh khao sat 4 yéu t6 anh huong dén ham lugng tinh dau: thoi diém thu hai
nguyén lidu, thoi gian dé héo nguyén liéu, lugng nudc chung cét va thoi gian chung cét. Tir viée
khao sat d6, xac dinh diéu kién t6i wu dé chiét xuat tinh dau 1a bach dan tring.

2.4. Xac dinh thanh phén héa hoc ciia tinh dau 14 bach dan tring

Thanh phan hoa hoc cia tinh dau 14 bach dan tring duoc xac dinh bang phuong phép sic
ky khi ghép khdi phd (GC-MS). Tinh diu duoc phén tich trén may sic ky khi GC7890A va may
phé khdi 5975C ctia Phong Phan tich hoa hoc, Vién Hoa hoc cac hop chat thién nhién, Vién Han
lam khoa hoc va Cong ngh¢ Viét Nam.

Tinh diu duoc chay qua cot sic ky HPSMS 5% phenyl, 95% metyl siloxan, dai 60 m,
duong kinh 0,25 nm, d¢ day 16p hip phu 0,25 pm; khi mang 1a He véi toc dd 1 mL/min; nhiét do
60 + 240°C.

2.5. Thir hoat tinh khang vi sinh ciia tinh diu I4 bach dan tring

Tinh dau bach dan tréng dugc dem thir hoat tinh khang vi sinh vat kiém dinh trén dia thach tai
Phong Hoéa sinh ttng dung, Vién Hoéa hoc, Vién Han 1am Khoa hoc va Cong nghé Viét Nam.

3.  Két qua nghién ciru
3.1. Cac chi s6 hoa Iy ciia tinh diu 14 bach dan tring

Tinh dau 14 bach dan tring thu dugce c6 mau vang sang, nhe hon nude, mui thom diu, ¢6 ty
trong & 25°C 14 0,893, chi s axit la 4,187 va chi s6 este 1a 29,516.

3.2. Khao sat cac yéu t6 anh hwong dén ham lwong tinh diu 14 bach dan tring

Dé xac dinh diéu kién tdi wu cho qua trinh tach tinh dau, chung to6i tién hanh khao sat cac
yéu t6 thuc nghiém nhu thoi diém thu hai nguyén liéu, thoi gian dé héo nguyén liéu, lugng nudc
chung cét va thoi gian chung cét.

3.2.1. Anh hwéng ciia thoi diém thu hdi nguyén liéu
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Thoi diém thu hai (gio)
Hinh 1. P6 thi biéu dién sw phuy thugc ciua ham lwong tinh dau la bach dan trcfng
theo thoi diém thu hdi (thoi diém thu hai trong ngay tie 7+ 15 gio, khoi heong mau
la 200 g lé bach dan trdang vica méi hai véi 500 mL neée, thoi gian chung cdt 3 gio)

L4 bach dan trang duoc thu hai & cac thoi diém khéc nhau trong ngay, ham luong tinh dau
thu dugc cua cac mau nay sau khi tién hanh chung cit dugc thé hién ¢ hinh 1.

Tir hinh 1 nhén thdy 14 bach dan tring dugc hai vao luc 13 gio cho ham lugng tinh diu cao
nhit. Vi vao thoi diém nay, cac tia sang c¢6 bude song ngén (tia xanh, tia tim) tang lam thuc day
qué trinh tong hop céc axit amin va protein, lam ting su chuyén hoa axit amin thanh tinh dau [6].
3.2.2. Anh hwéng ciia thoi gian @é héo nguyén ligu

Két qua anh hudng cua thoi gian dé héo 14 bach dan tring dén ham lugng tinh dau thu dugc
thé hién & hinh 2.

Hinh 2 cho thiy ham lugng tinh dau giam dan theo thoi gian dé héo nguyén liéu. Bai 1¢,
khi nguyén liéu bi héo thi luong nudc trong 14 giam, mot sé ciu tir trong tinh dau bi phan huy lam
cho luong tinh du giam. Vi vdy, can tién hanh chung cét ngay 14 bach dan tring sau khi hai dé
thu dugc luong tinh diu cao nhét.

0.6

\
0.5 e

T~

o bt 1
N w IS
N 1 "

Ham lwong tinh diu (%)

[=]
-
1

T
0 2 4 6 8 10
Thai gian @é héo (gio)

Hinh 2. 6 thi biéu dién sw phuy thudc cua ham lrong tinh dau ld bach dan trcfng
theo thoi gian dé héo nguyén liéu (thoi gian dé héo tir 0 =+ 9 gio, khoi lwong mau la
200 g ld bach dan trdng dwoc hdi vao lic 13 gio véi 500 mL nude, thoi gian chung cat 3 gio)
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Hinh 3. D6 thi biéu dién sw phy thugc cua ham lrong tinh dau ld bach dan trcfng
theo hwong nude chung cat (lwong nuée tir 300 + 700 mL, khoi heong mau la
200 g ld bach dan trdng dwoc hdi vao lic 13 gio, thoi gian chung cat la 3 gio)

3.2.3. Anh hwéng ciia lwong nuéc ding dé chung cit

Luong nude dung dé chung cat ciing ¢ sy anh huong dén ham luong tinh dau tach ra. Két
qua duoc thé hién trén hinh 3.

Tir hinh 3 cho thay khi ting lwong nudc chung cat tir 300 + 500 mL thi lugng tinh dau ting
theo, nhung khi ting lugng nudc chung cat tir 500 + 700 mL thi luong tinh diu giam dan. Piéu
nay cho thay khi sir dung lugng nuéc chung cat nhé hon 500 mL thi chua dii dé trich ly hét tinh
dau. Khi luong nudc chung cit 1én hon 500 mL thi mét s ciu tir dé tan c6 trong tinh dau bj hoa
tan trong nudc 1am cho luong tinh dau giam. Do d6 lugng nudc toi wu dé chung cat 200 g 1a bach
dan trang 1a 500 mL.

3.2.4. Anh hwong ciia thoi gian chung cit méu

Yéu td nay dugc khao sat o diéu kién luong nudce chung cAt 12 500 mL, khdi luong mau la
200 g 14 bach dan tring duoc hai vao luc 13 gid, thoi gian chung cét tir 1 + 4 gio. Két qua duoc
thé hi¢n & hinh 4.
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Hinh 4. P6 thi biéu dién sw phy thugc cia ham lwong tinh dau ld bach dan trcfng
theo thoi gian chung cat (thoi gian chung cat tw 1 + 4 gio, khoi lwong mau la
200 g la bach dan trang dwoc hdi vao luc 13 gio, lwong nuwoc 500 mL)

48



Tap 12, 65,2018

Hinh 4 cho thiy ham luong tinh dau tang tir khi méi bét dau chung cat cho dén 4 gio. Sau
khi chung cat duoc 3 gid thi luong tinh dau khong thay doi. Didu nay cho thiy, véi thoi gian
chung cAt nhé hon 3 gio thi tinh dau chua duoc trich ly hét, con sau 3 gio thi tinh dau d3 duge
trich ly hét. Do dé dé tiét kiém nang luong ciing nhu thoi gian thi nén tién hanh chung cat trong
thoi gian 3 gio.

Céc két qua nghién ciru trén cho thay, didu kién toi wu dé chiét xuét tinh dau 1a bach dan
trang & Quy Nhon, Binh Dinh 13 hai 14 bach dan tring vao liic 13 gid, sau d6 tién hanh chung cit
ngay v&i 500 mL nudc, thoi gian chung cat 1a 3 gio thi ham lugng tinh dau thu dugce 13 0,54%. So
sanh véi ham luong tinh dau bach dan tring & mién Bic Viét Nam (0,14% =+ 0,28%) [5] thi ham
luong tinh dau bach dan tring & Quy Nhon, Binh Dinh cao hon rat nhiéu.

3.3. Thanh phin héa hoc ciia tinh diu 14 bach dan tring
Séc ky d0 cua tinh dau 14 bach dan tring dugc trinh bay & hinh 5.

200
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Hinh 5. Sic ky d6 cua tinh dau bach dan trdang ¢ Quy Nhon, Binh Pinh

———
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Thanh ph?m héa hoc cua tinh dau 14 bach dan tréng 0 Quy Nhon, Binh Dinh duogc thé hién
trong bang 1.
Bing 1. Thanh phan héa hoc tinh dau ld bach dan tring & Quy Nhon, Binh Pinh

STT Th“’("pghizz‘) lwu Hop chét Hﬁ‘z’o})‘;‘-’“g
1 4,83 a-thujene 1,30
2 4,99 a-pinene 5,01
3 5,95 B-pinene 11,45
4 6,23 myrcene 0,42
5 6,64 a-phellandrene 26,15
6 6,92 a-terpinene 0,59
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7 7,15 o-cymene 14,54
8 7,26 B3 -phellandrene 3,17
9 7,33 1,8-cineole 2,01
10 8,08 y-terpinene 3,84
11 8,93 terpinolene 0,75
12 9,75 endo-fenchol 0,16
13 9,98 dehydrosabina keton 0,33
14 10,54 trans-p-menth-2-en-1-ol 0,42
15 11,74 terpinen-4-ol 2,05
16 12,19 a-terpineol 1,42
17 12,36 myrtenol 0,38
18 15,32 safrole 0,15
19 15,89 thymol 0,23
20 18,07 o-cubebene 0,16
21 19,44 (Z)-caryophylene 0,24
22 20,04 (E)-caryophylene 1,09
23 20,71 allo-aromadendrene 0,26
24 21,75 viridiflorene 0,33
25 22,59 d-amorphene 0,16
26 25,72 guaiol 1,25
27 25,78 10-epi- y-eudesmol 3,73
28 26,41 chua nhan danh 6,63
29 26,41 v-eudesmol 6,34
30 30,09 chua nhan danh 1,28

Téng 95,84

Két qua phan tich GC-MS cho thiy, tinh dau 1a bach dan tring & Quy Nhon, Binh Binh c¢6 30
chat, trong d6 c6 28 chat da dugc dinh danh chiém 87,29% tong lugng tinh dau. Cac cau tir chinh
trong tinh dau 1 a-phellandrene (26,15%), o-cymene (14,54%), p-pinene (11,45%), y-eudesmol
(6,34%) va a-pinene (5,01%). So sanh v6i mot s6 mau tinh dau 14 bach dan tring da nghién ciru,
luong a-phellandrene & Tazani 1a 10%, Montenegro 1a 4% con & Malaysia chi chiém 0,02% [7-9].
Nhu vay tinh dau 14 bach dan tring & Quy Nhon, Binh Dinh cho thdy c6 ham luong a-phellandren
cao nhat (26,15%) trong cac mau da khao sat. Két qua nay rat co y nghia vé tmg dung thuc tién.
Boi 18, a-phellandren 1a chit c6 kha nang chéng lai cac té bao ung thu bach cau, té bao ung thu va

va cac té bao khdi u tuyén tién liét [10].
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3.4. Hoat tinh khang vi sinh ciia tinh diu 14 bach dan tring

Bang 2 trinh bay két qua thir hoat tinh ciia tinh dau bach dan tring.
Bing 2. Két qua thir hoat tinh khdng vi sinh ciia tinh dau 1 bach dan trdng
0 Quy Nhon, Binh Dinh

Puwong kinh vong vé khuin (mm)

Nong d§ mau

(mg/mL) Staphyllococcus Salmonella Candida
aureus enterica albican
0,4 20 0 0

Tir bang 2 cho thay tng véi nong do 0,4 mg/mL cia tinh dau 14 bach dan tring & Quy Nhon,
Binh DPinh thi duong kinh ctia vong v6 khuan ddi voi vi khuan Staphyllococcus aureus 14 20 mm.
Nhu véy, tinh dau nay c6 kha nang diét dugc vi khuan Staphyllococcus aureus. Dic tinh nay c6
trién vong mé ra tiém ning tmg dung cua tinh dau 14 bach dan tring & Quy Nhon, Binh Dinh trong
cong nghiép dugc pham.

4. Két luan

Bang phuong phap chung cit 16i cudén hoi nude, ching t6i da chiét xuat dugc tinh dau 14
bach dan tra‘ing 0 Quy Nhon, Binh Dinh va da xac dinh duoc diéu kién t6i vu dé chiét xuét tinh
dau. Két qua nghién ctru cho thdy ham lugng tinh dau thu dugc cao nhét 1a 0,54% khi hai 1a bach
dan tring vao luc 13 gid, sau d6 tién hanh chung cit ngay voi 500 mL nude va thoi gian chung
cat1a 3 gio.

D3 x4c dinh dugc cac chi sb hoa 1y cua tinh dau: ty trong 1a 0,893, chi sb axit 1a 4,187 va
chi s este 14 29,516.

Pi xac dinh dugc thanh phan hoéa hoc cua tinh dau. Cac cdu tir chinh trong tinh dau 1a
a-phellandrene (26,15%), o-cymene (14,54%), B-pinene (11,45%), y- eudesmol (6,34%) va
o-pinene (5,01%). Trong d6, a-phellandrene 14 chat chiém ham lugng cao nhét trong tinh dau 14
bach dan tring & Quy Nhon, Binh Dinh.

Két qua thir hoat tinh khang vi sinh cho thay tinh dau 14 bach dan trang & Quy Nhon,
Binh Pinh c6 kha ning diét duoc vi khuan Staphyllococcus aureus.

Két qua nghién ctru da gop phan mé ra tiém ning khai thac tinh dau 14 bach dan tring &
Quy Nhon, Binh Dinh.
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NGHIEN CUU TONG HQP BIODIESEL TU DAU AN PHE THAI
TREN XUC TAC DI THE Na,SiO,/MgO

PO THI DIEM THUY", TRUONG THANH TAM
Khoa Héa, Truong Pai hoc Quy Nhon

TOM TAT

Pd ¢6 nhiéu nghién cieu vé tong hop biodiesel tir dau dn phé thai, nhung chii yéu sir dung xiic tdc
dong thé nhur NaOH, KOH. Cdc xiic tac ndy cho hiéu sudt tao biodiesel rdt cao nhing khé loc tach xiic tac,
tinh ché san pham khé khan gdy ton kém va 6 nhiém méi trieong. Vi v@y ching t6i da tién hanh nghién ciru
tong hop biodiesel tir dau thai trén xiic tic di thé Na,Si0 /MgO. Két qua thu duege rdt tot, hiéu sudt cao va
khdc phuc duwoc tat ca nhitng nhirge diém vira néu trén ciia xiic tdc dong thé.

Tir khéa: Biodiesel, dau thai, Na,SiO,/ MgO.

ABSTRACT
Study on synthesis of biodiesel from waste oil using heterogeneous catalysts Na,SiO,/MgO

There have been many studies on synthesis of biodiesel from waste oil using homogeneous catalysts,
e.g. NaOH or KOH. Despite of high performance of biodiesel production using this method, the difficult
process in filtering catalysts and refining products is costly and harmful to the environment. In this work we
used heterogeneous catalysts such as Na,SiO ,/MgO; the results show that using heterogeneous catalysts give
high performance in the synthesis of biodiesel from waste oil as well as overcome the above disadvantages.
Keywords: Biodiesel, waste oil, Na,Si0,/MgO.

1. Pit van dé

Viéc tong hop biodiesel tir ddu tinh ché dn dugc ¢ gia thanh cao va con anh hudng dén an
ninh lwong thyuc. Viéc Iya chon ngudn nguyén lidu 1a dau an phé thai sé giai quyét duoc van dé
tan dung chét thai giam 6 nhiém moi truong, va tao ra nguén nhién liéu sach, c6 thé tai tao dugc.
Hon nira, gi4 thanh cta dau thai rt ré nén tinh kinh té cao. Nhom nghién ctru cua t6i di nghién
ctru tong hop biodiesel tir dau dn phé thai trén xtic tac di thé MgSiO, [1]. Xuc tic ndy c6 uu diem
la co the tai sit dung nhi€u lan, viéc loc tach xuc tac ra khoi san pham dé dang nhung hiu suat tao
biodiesel con thép chi khoang 60%. Vi mong mudn tn dung dugc uu diém cua xtc tac di thé 1a
dé loc tach va tai str dung nhiéu 1an, va uu diém hoat tinh xtic tac cao (hiéu suét tao biodiesel cao)
clia cac bazo manh, ching t6i nghién ciru tong hop biodiesel tir dau an phé thai véi xuc tac di thé
Na, Si0,/MgO. Xuc tac nay da dugce nghién clru dé tdng hop biodiesel voi nguyén lidu 1a dau hat
cao su [2]. Vay di€ém moi cua bai bao nay la dung xuc tac Na,SiO,/MgO cho phan ung tong hop
biodiesel str dung nguyén liéu dau in phé thai.

2. Thue nghiém
2.1. Ché tgo xic tac Na,SiO,/MgO
Can mot lugng chinh xac 20% khéi lugng hdn hop NaOH va SiO, (ti 1¢ mol 1a 2:1) so v&i

*Email: dothidiemthuy@gqnu.edu.vn
Ngay nhn bai: 02/4/2018; Ngay nhan dang: 10/6/2018
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khdi lugng MgO cho vao bat thach anh. Thém véo hdn hop trén mét lugng nudce cit vira du dé hoa
tan hét NaOH. Dit bat thach anh 1én bép dun va khudy déu. Tiép tuc gia nhiét nhe va khudy déu
cho dén khi nuéc bay hoi hét, ta dem xtc tac thu dwoc sy 200°C dé bay hoi hoan toan nuéc va
céc tap chét nhe. Sau d6 nung xuc tac & 1100°C trong 4 gid. Xuc tac sau khi nung iy ra dé ngudi
va nghién nho dé tang do tiép xtc [2].

2.2. Phwong phap danh gia chét lwgng xiic tac Na,SiO,/MgO

- Phuong phép hién vi dién tir quét (SEM): thyc hién trén may SEM_JEOL _JSM 5410 LV.
- Po nhiéu xa Rownghen (XRD): thuc hién trén may Siemen D-5000 (Bruker- Pirc).

2.3. Xirly diu thai va kiém tra céc chi tiéu ky thuit ciia dau thai lam nguyén li¢u
2.3.1. Xir Iy dau thdi

Dau thai va m& ca thu gom vé chua st dung dé tong hop biodiesel ngay duoc, do ¢ 1an
nhiéu tap chit nhu: nuée, cac tap chét co hoc, cin cacbon, lugng axit béo ty do cao,... Ham lugng
cac tap chat phu thudc vao ngudn gbe ciia md ¢4, dau thai va thoi gian st dung cua dau trude do.
Pé sir dung dugc cac ngudn nguyén lidu phé thai ndy can phai tinh ché. Qua trinh nay gom céac
budc: ling, loc, tach axit béo ty do, trung hoa bang dung dich NaOH 4%, rira va sdy dau [3].

2.3.2. Xdc dinh cdc chi tiéu kj thudt ciia dau thdi

Xéc dinh cac chi tiéu chit lugng cua dau thai sau khi xu ly gém [3]:

- X4c dinh chi sb axit (TCVN 6127 - 1996)

- Xéc dinh chi s6 xa phong (TCVN 6126 - 1996)

- Xéc dinh chi sb i6t (TCVN 6122 - 1996).

- Xac dinh ham lugng nudc (TCVN 2631 - 78)

- Xéc dinh ty trong ctia dau thai (ASTM D 1298)

- Xac dinh d6 nhot (ASTM D 445)

- Xéc dinh ham luong cin ran (ASTM — D2709)

- Xac dinh ham lwgng mudi an trong dau thai (TCVN 3973 - 84)
2.4. Tong hop biodiesel tir dAu iin phé thai di xir Iy trén xic tac dj thé Na,Si0,/MgO

Phan tmg tong hop biodiesel duge thyc hién trong binh cau 3 ¢6, dung tich 250 ml ¢6 sinh
han hdi lwu. Hé thong dugc dit trén may khudy tir co gia nhiét. Cho xuc tac va dau phé thai da
xtr Iy vao binh phan tmg, gia nhiét 1én 40°C ri tiép tuc cho metanol vao. Nang nhiét do 1én 60°C
va duy tri trong subt thoi gian phan tmg. Sau phan tmg thu san pham bang cach loc tach xuc tac,
metanol du, glyxerin [4, 5, 6].
2.5. Xac dinh hiéu suit tao biodiesel

Hiéu suit tao biodiesel dugc tinh theo cong thac sau [5]:
H=(V /V).100%
Trong d6: - H: hi¢u sut tao biodiesel, %.
-V thé tich dau thai lam nguyén li¢u, ml.
- V,: thé tich dau biodiesel thu duoc, ml.
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2.6. Xac dinh chi tiéu chat lwong ciia biodiesel tong hop dwoe
Sau khi tong hop dugc biodiesel tir dau thai trén xtc téc di thé Na,SiO,/MgO, chiing tdi tién
hanh xac dinh cac chi tiéu chat lugng ctia nhién li¢u thu duoc theo ti€éu chuan ASTM.
3.  Két qua va thio luin
3.1. Cac chi tiéu ky thuit cia dau thai truée khi xir 1y
Dau thai sau khi xir Iy dugc kiém tra cac thong sb ki thuat va thu dugc két qua nhu bang 1.

Bing 1. Mt s6 thong sé cia dau an thdi sau khi xit 1y,

Tinh chit Gia trij
Do nhat, (40°C, cSt) 46
Ty trong 0,89
Chi s6 axit, (mg KOH/ g dau) 0,5
Chi sé xa phong, (mg KOH/ g dau) 190
Chi s6 i6t, (g I/ g dau) 121
Ham luong nude, (% TT) 0
Ham luong tap chit co hoc, (% KL) 0
Ham luong mudi an, (% KL) 0

Tir bang sb lidu cho thdy, dau an phé thai sau khi xir Iy da c6 chét lugng tdt hon dic biét 1a
chi s6 axit di giam di nhidu, dap tng dugc yéu cau lam nguyén liéu tong hop biodiesel.
3.2. Cic dic trung ciia xic tic Na,SiO,/MgO da ché tao
3.2.1. Phé nhiéu xa tia X (XRD)

Két qua chyp XRD cua mau Na,SiO0,/MgO ché tao duoc thé hién trén hinh 1 cho théy cAu
triic xtc tac co6 2 pha tinh thé chinh 1a MgO véi cac pic d = 2,107; d= 1,490, va Na,SiO, véi cac
pic dac trung l1a d= 3,347; d=4,261.

Lin (Cps)

Hinh 1. Phé nhiéu xa tia X ciia mau xiic tdc Na ,Si0O /MgO
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3.2.2. Anh SEM ciia xiic tic Na,SiO /MgO di ché tao

Mau xuc tac ché tao dugc dem chup anh hién vi dién ta quét SEM, két qua thu dugc nhu
hinh 2.

Hinh 2. Anh SEM ciia xiic tdc Na,SiO /MgO da ché tao

Nhin hinh anh SEM ta thiy hoat chit xuc tac Na_SiO, bam déu xung quanh céc tinh thé
hinh que MgO. Chinh sy phan bd déu nay lam ting dién tich tiép xtic va ting hoat tinh xiic tic
cua Na,SiO,.

3.3. Khaio sat cic yéu t6 anh huwéng dén phan ving tong hop biodiesel tir diu thai trén xic
tac dji thé Na,SiO,/MgO
3.3.1. Anh hwéng ciia thoi gian phén irng dén hi¢u sudt biodiesel

Tién hanh phan tng vai thoi gian khac nhau, voi cting cac diéu kién phan tng: 100 ml dau
thai, lugng xuc tac: 3 g, nhiét do phan tng: 60°C, ty 1€ metanol/dau: 0,4 v/v, tbe do khqu tron:
600 vong/phut, thu duoc két qua nhu bang 2.

Bing 2. Anh huong cia thoi gian phan ieng t6i hiéu sudt biodiesel.

Thoi gian phan ung, gio 3 4 5 6 7
Hiéu suét tao biodiesel tir dau thai, % 57,1 78,5 89,0 89.3 89.4

Qua bang s lidu thu dugc ta thay khi thoi gian phan tng ting tir 3h dén 5h thi higu suét
phan tng ting nhanh. Tuy nhién, khi thoi gian phan tng 1a 6h va 7h thi hiéu suat phan tmg chénh
léch nhau khong nhiéu. Vi thé ta chon thoi gian phan tmg ti uu 14 5h.

3.3.2. Anh hwéng ciia ham lwong xiic tic

Phan tng té)ng hop biodiesel duoc thuc hi¢n trong diéu kién: luong du thai: 100 ml, luong
metanol: 40 ml, thoi gian phan tmg: 5 gio, nhiét d6 phan tmg: 60°C, téc do khudy: 600 vong/phut.
Thay d6i ham luong xtc tac, két qua thu dugc thé hién trén bang 3.

Bing 3. Anh huong ciia ham lwong xiic tdc t6i hiéu sudt biodiesel

Ham lugng xuc tac, g 1 2 3 4 5
Hiéu suit tao biodiesel tir dau thai, % | 44,5 | 68,7 | 89,1 | 89,0 | 88,7
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Dua vao bang sb liéu ta thay véi ham lugng xuc tac nho thi hiéu suét tao biodiesel thap,
va hiéu suat c¢6 chidu hudng ting theo luong xuc tac. Nhung khi luong xtic tac qua nhiéu thi hiéu
sudt phan tmg ting khong dang ké. Diéu nay c6 thé giai thich: v6i luong xtc tac it thi sé tim hoat
tinh ciing it nén hiéu suat thap, do d6 khi ting dan luong xtic tac thi hiéu sut ting. Tuy nhién khi
lwong xuc tac qua nhiéu (hon 4 g) thi c6 18 sé tAm hoat tinh qua nhidu dén murc tac nhan phan tng
khong kip st dung hét, hay do hoat ddng cta xuc tac da xép xi dat cuc dai, nén hiéu suit hau nhu
khong ting nira. Vay lugng xic tac tdi wu 1a 3 g.

3.3.3. Anh huwéng ciia ty Ié metanol/dau (theo thé tich) dén hiéu sudt biodiesel

Phan tng duoc tién hanh véi ty 18 thé tich giita metanol/dau khac nhau, cung diéu kién
phan tmg: 100 ml dau thai, 3 g xuc tac, nhiét 6 phan tmg: 60°C, thoi gian phan tmg: 5 gid, toc do
khudy: 600 vong/phut. Két qua thé hién trén bang 4.

Bing 4. Anh huong ciia ham lrong metanol dén hiéu sudt biodiesel

Ty 1€ thé tich metanol/mé& 0,3 0.4 0,5 0,6 0,7

Hiéu suét tao biodiesel tir dau

thai, % 68,9 89,1 92,0 92,3 92,4

Qua d0 thi ta thay ty 16 metanol/ dau cang cao thi hiéu suat tao biodiesel cang 16n, vi phan
tig tong hop biodiesel 1a phan tmg thuan nghich nén cho metanol cang du thi phan tng s& hudng
theo chiéu ting biodiesel. Tuy nhién néu cho du qué nhiéu metanol thi hiéu suit biodiesel ting
khong dang ké (nhung mét nhidu chi phi thu hoi xir Iy metanol du), ¢6 18 vi phan Gmg da dat dén
trang thai can bang. Ty 18 thé tich metanol/m& thich hop nhat 14 0,6.

3.3.4. Anh hwéng ciia nhi¢t dp phan ting dén hiéu sudt biodiesel

Dé khao sat anh huong cua nhiét do ta tién hanh phan Gmg & cac nhiét do khac nhau, giit
cac diéu kién phéan ung nhu sau:100 ml déu thai, 50 ml metanol, luong xuc tac: 3 g, thoi gian phan
mg: 5 gid, nhiét d6 phan Gmg thay ddi tir 40°C - 80°C, toc do khudy tron 600 vong/phuit. Két qua
thu dugc trén bang 5.

Bing 5. Anh huong nhiét do phan g dén hiéu sudt biodiesel

Nhiét do phan ung, °C 40 50 60 70 80

Hiéu suét tao biodiesel tir dau thai,

o 46,9 68,5 92,0 85,8 73,0

Nhiét d6 phan tng ting thi hiéu suit tao biodiesel ting. Qua dd thi ta thiy nhiét do phan
{mg thich hop 1a 60°C. Néu tiép tuc ting nhiét d9 thi hiéu suat khong ting do metanol sbi va bay
hoi manh lam giam lugng metanol trong phan Gng.

3.4. Xac dinh chi tiéu chit lwgng ciia biodiesel tong hop dwoc.

Dé danh gia chat luong biodiesel tir dau thai trén xuc téc di thé Na,Si0,/MgO chiing t6i xéac
dinh cac chi tiéu k¥ thuat cua san pham theo tiéu chudn ASTM, két qua duoc thé hién & bang 6.
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Bing 6. Chi tiéu chdt lwong biodiesel thu dwoc tir dau thai

Chi tiéu phan tich Phwong phap ilso}iﬁs%g;i? 2“ Bi(;)gli ietslf;iﬁr

Ty trong ASTM D4052 0,82-0,9 0,86
Nhiét tri, MJ/kg ASTM D240 - 40,00
Do nhét, mm?/s & 40°C ASTM D445 1,9 - 6,0 5,5
Nhiét d6 chép chay, °C ASTM D93 Min. 130 143
Diém van duyc, °C ASTM D2500 -3 dén 12 5
Diém chay, °C ASTM D97 -15 dén 10 56

Chi s6 axit, mg KOH/g m& ASTM D974 0,8 0,2

S liéu tir bang trén cho thiy biodiesel tong hop c6 cac chi tiéu chit lugng dap tmg duoc
tiéu chuan quy dinh.

4. Kétluan

- ba téng hop dugc xuc tac Na,SiO,/MgO va xac dinh duge ddc trung vat 1y cua nd.

- Xac dinh dugc mot s6 chi tiéu k¥ thuat quan trong cta dau thai d3 xt ly dung lam nguyén
liéu tong hop biodiesel, va thiy da dat yéu cau lam nguyén liéu tong hgp biodiesel.

- Pi tong hop dugc biodiesel tir dau thai trén xtc tac di thé Na,Si0,/MgO véi hi¢u suét cao
nhat 12 92,0% véi cac diéu kién tdi uu sau:

Thoi gian phan tng 5 gio, ham lwong xuc tic 3g/100ml dau, nhiét d6 phan tmg 60°C, ty 18
thé tich metanol/ dau 0,5 va téc d6 khudy tron 600 vong/ phit.

- Xac dinh cac chi tiéu chét luong cua biodiesel thu duoc, théy réng biodiesel thu duoc dat
tiéu chuén theo ASTM.
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PAC PIEM HINH THAI, GIAI PHAU THiCH NGHI
CUA MOT SO LOAI THU'C VAT NUOC MAN SONG TAI
RUNG NGAP MAN THUQC PAM THI NAI, TINH BINH PINH

DUONG TIEN THACH", NGUYEN KHOA LAN?
'Khoa Sinh - KTNN, Truong Pai hoc Quy Nhon
?Khoa Sinh hoc, Truong Pai hoc S pham Hué

TOM TAT

Thuee vat ring ngdp man khu viee dam Thi Nai, tinh Binh Pinh da c6 nhitng thich nghi doc dao ve
hinh thai va giai phd~u véi cde diéu kién moi truong bat loi. Nghién cuu dwoc thuc hién nham tim hiéu
dac diém hinh thdi, gidi phd~u thich nghi cua 5 loai thuc vat g5m than gé~ va thdan bui thuoc 16p Ngoc lan
(Magnoliopsida) bang phwong phdp hinh théi so sanh, vi phau, nhuém kép, do mau trén kinh hién vi, chup
danh hién vi ld, than va ré cdy. Két qud nghién citu cho thdy cdc lodi thiee vdt nay ¢é tang ha bi phdt trién,
chiém ti 30,07% dp day ld nham thich nghi véi dnh sang manh va nhiét dé cao, ld cé tuyén tiét muoi thira,
ré va than c6 sé luwong mach g5 kha lon (cao nhat la 332,00 + 7,66 mach/mm? 6 ré va 218,67 + 14,11 mach/
mm? & thdn) dé thich nghi véi diéu kién han sinh Iy; ré chong dang nom, than va ré cé nhiéu soi go gitip
cdy thich nghi véi tac dong co hoc; ré the, mé khuyét trong ré phat trién gitip cdy thich nghi voi diéu kién
thiéu oxi.

Tir khéa: Dam Thi Nai, giai phau thich nghi, hinh thai thich nghi, thyc vat rimg ngap man.

ABSTRACT

Morphological and anatomical features related to adaptibility
of some mangrove plants in Thi Nai lagoon, Binh Dinh province

Mangrove plants, which live in Thi Nai lagoon, Binh Dinh province, have original morphological
and anatomical adaptions with adverse environmental conditions. The present study was carried out on the
morphological and anatomical features of 5 plant species of trees and shrub in Magnoliopsida. The morphological
compare methods, microsurgery, double staining, microscope measurements and microscope photograph at leaf,
stem and root were used. The results showed that the leaf hypodermis developed 30,07% of leaf thickness which
helped the plant adapt to bright sunlight and high temperature; salt glands in leaves, the high numbers of root
and stem xylem (332,00 £ 7,66 vessels/mm’ in root and 218,67 + 14,11 vessels/mm? in stem) for adapting to
salinity, the bend of the stilt roots, xylem fibers are much located in stem and root for adapting to mechanical
impacts; the pneumatophores and aerenchyma air spaces in root developed for adapting to hypoxia.

Keywords: Thi Nai lagoon, anatomical adaptions, morphological adaptions, mangrove plants.

1.  Ditvan dé

DPam Thi Nai thudc dia phan cta thanh phd Quy Nhon va huyén Tuy Phudc, 1a ddm nudc
lg chiu anh hudng sau sdc ché do ban nhat triéu cua bién, dat vung dam chu yéu 1a tram tich
bién, dugc phu sa song Coén va Ha Thanh bdi ddp. Pam co hé sinh thai rimg ngap man vo cing
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phong pht v6i nhiét d6 trung binh niam cao (27,5°C), tong sb gid ning trong nam cao (2.857,7
gi0), lugng mua cd nam la 1.351,4 mm, téng luong bdc hoi nude trong nam la 1276,4 mm va tde
d6 gi6 trung binh nim (2,7 m/s) kha cao (theo s6 liéu tir Tram thity van Quy Nhon niam 2015).
Tuy nhién, do viéc chit pha qua mirc rimg ngdp min dé nudi trong thiy hai san di 1am cho dién
tich rimng ngdp man tai ddm dang ngay cang bi thu hep; trudc 1975, co gan 1.000 ha rimg ngap
man, hién nay chi con khoang 50 ha cay ngép min, phan bd rai rac doc bo séng, lach, ven bd ao
dia nuoi tom. Vi vay, viéc nghién ctru 5 loai thuc vat ngap man phé bién tai ddm nham tim ra cac
dic diém thich nghi vé hinh thai va giai ph?lu cua thuc vat khu vuc nay, lam co sé khoa hoc cho
viéc phuc hoi va phat trién khu hé thyuc vat 1a rat can thiét.

2. Déi twong va phwong phap nghién ciru

2.1. DPoi twong nghién ciu

bdi twong nghién ctru 1a 5 loai thuc vat nuéc man séng chu yéu tai ddm Thi Nai, Binh Dinh:
Pudc bop (Pung) (Rhizophora mucronata Poir. in Lamk.) - Ho Pudc (Rhizophoraceae), Mim
trang (4vicennia alba BL.) - Ho Mam (Avicenniaceae), Su (degiceras corniculatum (L.) Blanco.)
- Ho Bon nem (Myrsinaceae), Coc vang (Lumnitzera racemosa Willd.) - Ho Bang (Combretaceae)
va Vet du (Bruguiera gymnorrhiza (L.) Lamk.) - Ho Pudc (Rhizophoraceae).

2.2. Phuwong phap nghién ciru

2.2.1. Phwong phap nghién ciru ngoai thuc dia

Co quan sinh dudng (&, than, 14) cta 5 loai thuc vét nghién ctru duoc tién hanh quan sat,
mo ta, do dac vé: hinh thai, chiéu dai ré, chiéu cao than, dién tich 14; déng thoi chyp anh cac loai
nay trong didu kién ty nhién. Sau dé, cac co quan sinh dudng dugc thu thap theo phuong phap
diéu tra thuc vat [10] va cho vao bao nhya mang vé phong thi nghiém dé bao quan va nghién ciru.

2.2.2. Phuwong phap nghién ciru trong phong thi nghi¢m

- Phuong phap cat mau va nhudém kép: Mau sau khi thu vé duoc rira sach bang nudc sau do
duoc c¢b dinh va bao quan trong dung dich FAC gém con etylic 96°, axit axetic 40%, focmalin va
nuée cat [14]. Mau dugc cit mong bang dao lam, nhudm kép va lam tiéu ban tam thoi. Phuong
phap nhuém kép nham phén biét duoc t& bio c6 mang bang cellulose (bat mau do cua thude
nhudn cacmin) va té bao co mang thAm lignin (bat mau xanh cua thudc nhudn xanh metylen) [7].
T d6 xac dinh dugc sy c6 mat va phan bd cta cac loai mo sé gitp thyc vat thich nghi véi cac
nhan t6 sinh thai nhét dinh.

- Phuong phap hién vi:

Mau vit dugce quan sat va chup anh tiéu ban dudi kinh hién vi Kruss MBL 2000 — T cua
Pure. Tir sy bat mau cua thude nhudm, chung ta xac dinh dugc: nhom té bao co mang tham lignin
(hoa gd) rat vimng chic nhu: soi va té bao da hay mo day (mang bang cellulose) gitp co thé thyuc
vat thich nghi vé6i tac dong co hoc [8]; mach gd va quan bao ciing c6 vach thi cap hoa gb (bat
mau xanh), sy phan bb nhiéu ciia nhimng yéu té dan nay gitip thyuc vét thich nghi véi diéu kién han
han [14].
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Do kich thudc cac thanh phan ciu tao ciia ré, than va 14 bang thudc do dugc tich hop trong
phan mém Microscope Manager. Viéc so sanh ty 1¢ cac thanh phan nay c6 lién quan dén sy thich
nghi v&i méi truong sdng cua thuc vat. Su thich nghi véi didu kién 4nh sing manh va nhiét do cao
clia cdy thé hién & mo gidu phat trién manh trong cau tao phién 14, 14 c6 16p 1ong day bao phi, c6
16p cuticun bao vé,... [14]. Sb lidu do dac dugc xir 1y theo phuong phap thong ké (sir dung phan
mém Microsoft Excel 2007) dé xac dinh:

_ Zn X;
Gid tri trung binh: X = 2E12E (g = )
n

Do léch chuan:  § =

- Phuong phap hinh thai so sanh: Dya vao ddc diém hinh thai, nhat 1a hinh thai co quan sinh
san, vi loai co quan nay it bién d6i hon so véi co quan sinh dudng khi diéu kién méi truong thay
d6i dé phan loai thuc vat [6].

- Phuong phép dinh danh khoa hoc: Giam dinh mau vat dya theo tai liéu ciia Pham Hoang
Ho [19] va Nguyén Tién Ban [16].

3.  Két qua va ban luin

3.1. Dic diém hinh thai thich nghi
3.1.1. Ré
3.1.1.1. Ré dinh dwong

Céc ddi twong nghién ctru khong co 1 coc hodc ré coc bi thoai hoa dan khi dn sau vao bun
(trir Coc vang), thay vao dé 1a hé théng ré phu xuat phat tir gbc than, c6 tir 8 - 10 r&, phat trién
manh theo huéng in ngang hon 1a dam sau; tir cac ré phu moc ra cac ré dam xudng dat dé hut chat
dinh dudng cho cay. Cac két qua nay hoan toan phii hop véi nghién ciru cia Nguyén Khoa Lan
(1997). R& c6 duong kinh tir 4,5 mm - 13 mm, cao nhat & Mam trang (13,1 mm). R& dinh dudng
lan rong ra xung quanh, bam chit vao 16p dat bun phia dui tao thanh dé chdng viing chic, neo
giit cAy ngap min trong diéu kién nén dét yéu. Riéng Coc vang do moc ¢ dét rdn gan bo it ngap
tridu nén co ré coc, phat trién ddm séu hon 1a in ngang.

3.1.1.2. Ré chong

R& chdng (6 Pung va Vet du) 1a nhitng r& phu [13], duoc hinh thanh tir gbc than hodc cac
canh gan gbc sau d6 phan nhanh va ddm xudng dat co dang hinh nom (Hinh 1 - A). Phin r& chong
phia trén mat dat c6 duong kinh tir 2 - 4 cm, ctng chéc tao thanh nhiing dudng cong parabol dam
xubng dit bun. Su uén cong nay gitp ré chiu dung t6t luc dé tir hé thong canh, 14 bén trén [5].
Méndez et al. (2015) khi nghién ctru vé Rhizophora mangle da két luan, phan r& nay nhu cac tru
dd than va canh gitp cdy dung viing trong nén dat bun nhio va tac dong thudong xuyén cua song
bién [11]. S6 luong r& chong ting dan khi cAdy moc xa bo. Quan sat cho thay, khi ciy moc trong
bun 1ay ngap triéu va cang xa bd, sé ré chdng nhiéu hon hin so véi cdy moc & bo dit it ngap
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triéu [15]. Pay 1a dic diém thich nghi ctia ciy ngip min, s luong ré chong ting ty 1& thuén véi
kha nang chiu luc, kha niang chdng d& cua ré.

Phan r& chéng phia trén mat dét c6 su phan bd cac 16 vo (Hinh 1 - D) gop phan cung cip
oxi cho phan ré nam dudi bun [22], véi s6 lugng trung binh tir 3 - 6 15 vo/cm? bé mit ré phu hop
v6i nghién ctru cua Nguyén Khoa Lan (1997). Tir mét r& chéng moc tir gbc than s& phanra 3 - 5
1& con cam xudng dat. Cac ré con ndy c6 mau niu sang, hoi xdp, kich thudc nhé hon, yéu té co
hoc kém hon so v6i phan ré chdng phia trén mat dat. Tomlinson (1986) cho ring, nhirng ré nay
thuc hién chirc nang chinh 1a dan truyén nuée, mudi khoang va duy trir khi [26].
3.1.1.3. Ré tho

Tir nhitng r& dinh dudng cia Mim tring nim ngang trong dt, cac ré thd dugc hinh thanh
va dam 1én khoi mat dat [21] (Hinh 1 - B). Chiéu cao trung binh cta ré thd 1a 15 - 20 cm, ¢6 duong
kinh tir 5 - 7 mm. Mam tréng c6 hé ré tho phat trién manh xung quanh gbc, voi ban kinh khoang
1 - 2 m tinh tir gbc cay.

Hinh 1. Hinh théi cdc logi vé ciia cdy ngdp mdn
A. Reé chong (0 Pung), B. Ré tho (0 Mam trang), C - D: Lo vo trén ré tho va ré chong

R& tho Mam trang xuét hién nhiéu 16 vo (Hinh 1 - C) gitip trao dbi khi gitra cay va moi trudng
khi nude tridu xudng. S6 lwong 156 vo trung binh 13 8 - 10 15 vo/em?, phi hop véi két qua nghién ciru
ctia Nguyén Khoa Lan (1997), kich thudc 16 vo tir 0,7 - 1,3 mm. R& thd phéan bb day xung quanh
gbc cdy, neo giir ciy gitp cdy bam chit vao dat bun nhio. Ngoai ra, sy phan bd tap trung thanh dai
cac ca thé Mam tring véi hé thong ré thé day dic tao thanh mot hang rao can trd viing chic va phan
nhé lyc tac dong ctia méi trudng 1én timg ca thé. Pay ciing 1a dic diém thich nghi khi Mam trang 1a
loai tién phong [24]. Bén canh do, r& thé con 1am nhiém vu quang hop tao san phim hitu co va oxi
duogc van chuyén xudng ré dinh dudng bén dudi dé thuc hién qua trinh ho héap [29].
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3.1.2. Thin

Céc loai dugc nghién ctru c6 dang than gb (Pung, Mim trang, Vet du) va than bui (Coc
vang, St) (Hinh 2). Chiéu cao cdy tai khu virc nghién ctru thap hon rat nhiéu Ian so v&i chinh cac
d6i tuong nay trong nghién ciru cia Pham Hoang Ho (1999), nhu: Pung ¢ khu vuc nghién ciru chi
cao 3 m - 10 m trong khi d6 nghién ctru cia Pham Hoang Ho (1999), cay c6 thé cao dén 20 m, theo
thir ty nhu thé, Madm tring 14 3 - 5mva 10 m, Vet du 1a 1 - 4 m va 35 m. Do déc diém dia hinh va
chat day ven b bién khong thuan lgi cho qua trinh sdng cua cac cdy ngap min nén cac dbi tugng
nghién ctru khong phat trién nhu cac khu vue mién Bac va mién Nam [28].

Bén canh d6, 16p vo thir cép than con c6 hé thdng 16 vo dang ndt san sui (& Pung va St) hay

nhirng duong nit doc (& Coc vang va Vet du) lam tdng kha nang thong khi cho cay [2].

Hinh 2. Hinh thdi cac doi twong nghién ciu
A. Mam trang, B. Vet du, C. Coc vang, D. Su, E. PDung

3.1.3. La

Céc loai thyc vat nghién ctru c6 dién tich phién 14 tir 4,5 - 160 cm?, cao nhét tir 40 - 160 cm?
& Pung. La clng cap, gion va day (day nhat & Coc vang: 1.302,58 pum) giup han ché sy mat
nudc [17] va chdng choi tot véi gio, bio thudong xuyén xay ra. Ngoai ra, cac ddi twong nghién ctru
déu c6 bé mit 14 bong, nhin do phit 16p cuticun day, c6 thé chiém dén 4,54% d6 day phién 14 (&
Pung). Bén canh d6, mit dudi 14 Mam trang con phi mot 16p 1ong day (94,67 + 1,53 pum, chiém
16,38% do day phién 14) 1én cac té bao 16 khi. Nhiing dic diém nay gitip han ché sy mat nudc cua
cdy théng qua bé mit biéu bi ctia 1a va chéng nong cho cay [13].
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3.2. Dic diém giai phiu thich nghi
3.2.1. Ré
3.2.1.1. Ré dinh dwéng

R& dinh dudng cua cac ddi twong nghién ctiru déu c6 ty 16 (Mé mém vo + libe thi cip)/ Gb
thir cip ludn 16n hon 1 (Bang 1), diéu nay nguoc lai voi nhitng cau tao ré thir cip thong thuong. So
di m6 mém vo chiém mét ty 18 16n trong ré thir cip boi sy sip xép clia cac té bao m6é mém vo chira
nhiéu khoang gian bao 16n [20] dé chira va van chuyén khi trong cdy gitip cay ngap man thich nghi
v6i diéu kién dam lay, thiéu oxi. Cac té bao nay c6 dang hinh sao (& Pung), hinh tam giac (& St -
Hinh 3) hay hinh bau duc chay thanh timg dai (& Vet dui - Hinh 4). Té bao da c6 thé phan bd rai rac
trong cac té bao mé mém vo (¢ Coc vang, St), tinh thé oxalat canxi phan b trong mé mém rudt (&
Vet dui - Hinh 6) [2] hay soi gd phat trién manh trong gb thtr cip (6 Coc vang - Hinh 5); nhiing yéu
t6 nay gitp ting cudng tinh co hoc cho ré dinh dudng & cac dbi tugng nghién ciru.

Bing 1. Kich thudc cic phan cdu tao ré dinh dudng thir cp ciia cdc loai thiee vét nghién ciru

M6 mém vo +

) Ban Libe thi ¢ z"lp Go thir cap M6 mém rudt
Ten SLM/ DKM
loai X85 % XS5 % XS5 % m? (um) X+S %
(m) BKR (um) BKR (um) BKR g U m)  BKR
150,08 1949,50 615,50 3733 5567 250,83
bung o510 9 Loess 0373 3146 2070 1533 1233 xi1s06 OO
Mim 227,50 3866,67 579,17 58,67 32,67 1875,00
wdng  £250 Y 13319 00 Lioge 38 1533 Lias ri2so 2863
. 142,17 1705,00 925,83 332,00 36,88
St 631 2 taanr O Ligeo B i7ee w3z K
Cée 1675 920,00 708,33 132,00 4125 465,00
vaing  +1754 T iis40 090 py750 333 1966 1380 1673 207
225,00 2841,67 615,00 128,00 50,63 912,50
Vetdu 0y A0 s O8S Lo 139 sy 1oq3 a7 1986

BKR: Ban kinh r&, SLMG: S6 luong mach, K: Khong co

100pum

e

Hinh 4. Mt phén ciu tao ré dinh dwing Vet dit
1. Chu bi, 2. M6 mém vé, 3. Khodng gian bao, 1. M6 mém rugt, 2. Go thir cap, 3. Libe thir cap,
4. Libe thir cdp, 5. Go thir cap 4. M6 mém vo, 5. Khodng trong chira khi
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Sé lugng mach go trong phﬁn tru tir 58 - 332 mach/mm2, cao nhét & Su (332,00 + 7,66
mach/mm?); duong kinh mach tr 32 - 55 pm, nhd nhat & Mam tr:flng 32,67 £ 1,45 um. Theo
Thomas et al. (2003), thuc vat Hat kin c6 duong kinh mach trung binh tr 8 - 500 um, phu thude
vao dic diém timg loai va diéu kién méi truong séng [25]. Nhu vay, duong kinh mach cac ddi
tuong nghién ciru khong 16n, thuc ddy kha nang hap thu va dan truyén nude nhanh chong cua ré
dinh dudng, han ché sy gdy doc cho cic md, co quan trong cy boi mudi.

Hinh 5. Mt phén ciu tao vé dinh dwing Coc ving Hinh 6. Tinh thé oxalat canxi
1. M6 mém libe, 2. Té béo dd dang cau, ¢ mo mém ruét vé dinh dwong Vet di
3. Mach go, 4. Soi go (theo dwong miii tén)

3.2.1.2. Ré chéng

Céu tao ré chéng & Pung (Hinh 7) gdm: vo thtr cap chiém 41,95%, tru chiém 26,85% va
rudt chiém 31,20% ban kinh r& (Bang 2). R& ¢6 nhiéu dic diém dé thich nghi tot v6i chirc ning co
hoc nhu: té bao da dang ciu phan bd rit nhiéu trong mé mém vo va mé mém rudt [2], libe clng
tao thanh dam trong libe thur cép, tru cliing chic do tap hop nhiéu soi g c6 thanh thAm lignin rat
day. Mic du thyc hién chirc ning nang d& 1a chinh tuy nhién ré chdng con tham gia chirc ning
chira va thong khi cho cdy théng qua hé thong cac khoang gian bao phat trién manh trong mo
mém vo cua ré [12].

3.2.1.3. Ré tho

Lé6p ban cua vo thir cap ré kha day (277,50 + 1,44 um ) chiém 8,60% ban kinh r& (Bang 2)
gitip bao vé cac ciu triic bén trong [9], tranh sy xdm nhap cia vi khuan tir moi trudng ngoai co
nhidu x4c ba hitu co dang phan giai (Hinh 8). Ty 16 (M6 mém vo + libe thir cip)/ G& thu cép &
ré tho tuong tu ré dinh dudng, véi do day mo mém vo 1a 1529,17 + 15,02 pm chiém 47,41% ban
kinh r&. M6 mém vo v6i su sip xép céc té bao hinh sao [2], chira nhidu khoang gian bao gitup chira
va trao d6i khi gitra cdy voi moi truong. Trong mé mém rudt, mot s6 t& bao co thanh tham lignin
g6p phin tiang tinh co hoc cho ré thé.
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Bing 2. Kich thuéce cdc phan cau tao thir cdp ré trén mdt dat (ré chong, ré the)
cua cac loai thyc vat nghién cuu

M6 mém vé +

) Ban Libe thi c:?'lp Go thu cap M6 mém rugt
Loai ré — — — —
XxS % XxS % X£S8 % X£S %
(pm) BKR (nm) BKR (pm) BKR (nm) BKR
RE chéng 262,50 3388,33 2337,00 2715,33
(Pung) + 14,73 3,02 + 28,75 38,93 + 3,69 26,85 + 20,02 31,20
Ré thé 277,50 1529,17 904,17 514,58
(Mém tring)  +144 000 ysgp AT Ly O3 Lohg 1O
BKR: Ban kinh ré

_100um z; k' l: A -2

Hinh 8. Ciiu tgo vé thé Mim tring
1. Chu bi, 2. M6 mém vo, 3. Khoang gian bao,
4. Libe thir cap, 5. Go thir cap, 6. M6 mém rugt

Hinh 7. Céu tao mét phan ré chong Pung
1. M6 mém vo, 2. Khoang gian bao, 3. Té bao da
dang cau, 4. Mo cung, 5. Libe thir cap,
6. Mach go, 7. Tia go
3.2.2. Thin

Trong phﬁn tru cia tat ca cac dbi tuong nghién clru, sgi gS rat phat trién dic biét & Mim tréng,
St va Vet du (Hinh 9, 10, 11) thuc hién chirc nang nang d& chinh trong than cdy. Hon nita, & Pung,
Su, Vet dit c6 dai md ctmg 16n phan bé trong phan libe thtr cap (Hinh 9, 10); t& bao d4 dang cdu phan
bd trong m6é mém vo va mé mém rudt (& Pung) hay xen 13n véi libe thr cap (6 Coc vang); mdé mém
rudt & Mam tring, cac té bao tham lignin manh nén thanh rat day. Nhiing dic diém trén gitip than
cdy ctng chéc dé thich nghi voi diéu kién song gid, bdo thudng xuyén ciia moi trudng.

Hinh 9. Mt phén ciu tao thin thir cip Vet dit

L Hinh 10. Mt phén céu tao thén thir cdp St
1. Sgi go, 2. Mo cung

1. Spi go, 2. Mé cing
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Hinh 11. Ciiu tao dic bi¢t ciia thén thir cdp Mim tring
1. Chu bi, 2. Libe thir cap, 3. Go thir cap

L 3
G‘"_ €
' .q,,‘ =
, b iy — C
Hinh 12. Mé6 mém rugt é thin Pung Hinh 13. Tinh thé oxalat canxi & mé mém
1. Té bao da dang cau, 2. Tinh thé oxalat canxi rugt than Coc vang (theo dwong miii tén)

Bing 3. S6 lwong mach gé va dwong kinh long mach
0 than cua cac loai thuc vdt nghién cuu

Tenton UM (mach) DKM (um)
Pung 96,00 + 9,24 86,67 3,63
Mim tring 128,67 + 15,68 54,17 +2,20
Coc vang 117,33 £5,33 58,33 £2,20
Vet du 112,00 + 9,24 54,17 +2,20

St 218,67 + 14,11 35,83 + 3,00

SLM: S6 lwong mach, PKM: Pudng kinh mach

Pac biét, than thi cép Méim tréng ¢6 cAu trac khac thuong, gém nhiéu t?mg phat sinh tru tao
ra nhiéu vong gd va libe thtr cip sip xép xen k& nhau (Hinh 11), ddc diém nay cing cb thém tinh
co hoc cho céy khi 14 loai tién phong cua rimg ngap man. Ngoai ra, md mém rudt cua than Pung
(Hinh 12) va Coc vang (Hinh 13) con c¢6 sy xuét hién cac tinh thé oxalat canxi dang cau gai vira
chdng doc cho cdy, vira lam ting tinh ctmg ran cho than. Mach gb c6 s6 lugng kha 16n tir 96 - 218
mach/mm? (Bang 3), cao nhét & Su (218,67 + 14,11 mach/mm?), s6 liéu nay khac biét khong 16n
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so voi nghién ciru cia Nguyén Khoa Lan (1997) khi nghién ctru vé rimg ngdp min ¢ mién Nam
nhu: Coc vang ¢ khu vuc nghién ctru ¢6 sb lugng mach 1a 117 mach/mm? trong khi d6 nghién
ctru ctia Nguyén Khoa Lan (1997) 1a 137 mach/mm?, theo tht tu nhu thé, Pung 14 96 mach/mm?
va 113 mach/mm?, Mim trang 14 128 mach/mm? va 152 mach/mm?. Céc d6i tugng nghién ctru ¢6
dudng kinh mach tir 35 - 86 pm, nho nhit & St (35,83 + 3,00 um). Nhu vdy, s6 luong mach kha
nhiéu va dudng kinh long mach khong 16n [25] s& tao ap luc dong chay nhanh 1én canh va 14 [1],
han ché gay doc cho cdy boi mudi. Dé thuc hién chirc ning thong khi ciing véi ré va 14, moé mém
vo 0 than Vet du, Su con c6 sy phan bd nhiéu té bao thudc mod khuyét.

3.2.3. La

La cac d6i twong nghién ciru déu c6 ting ha bi hodc mé nudc (& Coc vang) phat trién (Hinh
14). Tang ha bi c6 thé chiém tir 4,37 - 30,07% do day phién 14 hay 16p md nude chiém dén 68,58%
d6 day 1a Coc vang (Bang 4). Cac ciu triic ndy sang mau do chira mé du trit nude [22] giup cay
thich nghi véi diéu kién han sinh 1y [17]. Ngoai ra, khi ndng d6 mubi cao, nudc duoc dy trir & ddy
s& pha loang mudi dé tranh gy hai cho ciu trac 14 & d6 min cao [23]. M6 x6p déu chiém ty 1é cao
so voi mo gidu (trir Coc vang khong co6 mo xbp), tir 37,02 - 57,94% d6 day 14, diéu nay hoan toan
phtt hop véi két qua ciia Samadder and Jayakumar (2015) khi nghién ciru trén Pung va Vet du. Ty
16 mé nay cao ddng nghia véi c6 nhidu khoang tréng chira khi cho cdy. Ngoai ra, mit dudi phién
1a Pung ¢ nhiéu chdm den duoc goi 1a nhitng khoang khi dic biét v6i vai tro tiép nhan khong
khi. Khi nghién ctru vé chi Rhizophora, Evans et al., (2005, 2008) da nhan xét, khong khi di vao
cac khoang khi dic biét sau d6 dugc dy trir @ mé xOp roi van chuyén xudng than va ré cling qua
hé théng md xbp & cac co quan nay [3], [4].

Bdng 4. Kich thuoc cac phan cau tgo phién la cua cac loai thuc vat nghién ciu

Cuticun Biéu bi Ha bi Mo gidu Mb x6p

Cuticun Cuticun I S S L.
Biéu bi trén Biéu bi dwdi

Tén trén dudi
loai _ _ _ — X+S % X+ % Xz °
X£§ % XS % X£S % X£§ % m‘)g })l/;L ( m‘; Dl/;’L ( m‘; DI/;’L
(um) PDL (um) PDL (um) PDL (um) pDL M " 2
22,67 12 24,67 19,33 229,33 148,33 306,33
Bung [ 297 500 157 L5y 323 4 153 253 Cal0q 3007 L5 1945 L3y 40,17
M xbp Long
Mim 5,07 3,75 14,92 21,67 125,00 99,00 214,00 94,67
tring 035 O 1100 005 1 038 28 Ly53 375 L5 2162 361 1713 ST 370}02 +1,53 160}38
pm 7 opm 7
. 8,67 4,67 18,67 10,67 86,00 80,33
Si 53 213 L psy BIS L 53 458 Ly g 262 09 2L1L [ 1972 198,335 1041 48,69
Vet 19,33 723 27,67 15,67 33,67 220,33
di 208 25 1003 094 1153 359 Lg3g 203 D15y 437 5 2861 44625+ 307 57,94
M6 nuwéec M6 gidu trén M0 gidu duéi
Coc 7,08 6,25 22,42 21,50
\ Nen 0,54 00048 U 1,72 T 70 1,65 89333 178,67 173,33 +
vang +0,52 +0,75 + 1,26 +0,50 > 4 ’
g Losyy 0838 yge 1372 se 1331

DPDL: B¢ day 1a
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S0um
Hinh 14. Ciu tao phién li Coc vang Hinh 15. Ciu tao phién ld Dung
1. Lép cuticun trén, 2. Biéu bi trén, 1. Lop cuticun trén, 2.Biéu bi trén, 3. Ha bi,
3. Mo gigu trén, 4. M6 nuoc, 5. Mo gidu dudi, 4. M6 giau, 5. Té bao da dang phdn nhanh,
6. Biéu bi duci, 7. Lop cuticun dudi 6. M6 xop, 7. Biéu bi dudi, 8. Lop cuticun dudi

Duéi tac dong co hoc ctia méi trudng, 14 ciy ciing c6 co ché thich nghi: mé cimg tap trung
thanh d4m, dai bao quanh gan chinh, nim xen k& trong moé mém thit 14 cé rat nhidu té bao d4
dang phan nhanh dai (6 Pung - Hinh 15) hay céc tinh thé oxalat canxi dang cau gai (& Vet du -
Hinh 16) [22]. Dic biét, dé thich nghi voi nudc min, bé mit cua phién 14 (6 St va Mim tring)
con c6 tuyén tiét mudi thira [18] gitp loai thai b6t luong mudi tich Iy trong co thé dé giam gay
ddc cho cay (Hinh 17).

6 7 8 8 7 6
Hinh 16. Ciu tgo phién li Vet dii Hinh 17. Céu tao phién li Sii
1. Lop cuticun trén, 2. Biéu bi trén, 3. Ha bi, 1. Lép cuticun trén, 2. Biéu bi trén, 3. Ha bi,
4. Mo gidu, 5. Tinh thé oxalat canxi, 6. Mo xop, 4. Mé giGu, 5. Mo xép, 6. Biéu bi dudi,
7. Biéu bi dudi, 8. Lop cuticun dudi 7. Tuyén tiét mudi thira, 8. Lop cuticun diwdi

4. Kétluan

Cdy RNM thudc nhom sinh thai wa sang, chiu nong.

Céc d6i twong nghién ctru c6 bé mit 1a bong, nhin do ph 16p cuticun day chiém dén 4,54%
d6 day phién 14 (6 Pung); mat dudi phién 1a Mam tring phu mot 16p 16ng day (94,67 + 1,53 pm,
chiém 16,38% d6 day phién 14).

Cay RNM thudc nhom chiu hgn sinh [y.

B& mit cta phién 14 (6 St va Mam tring) c6 tuyén tiét mudi thira. La c6 tang ha bi hodc
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mo nude (& Coc vang) phét trién, ting ha bi chiém tir 4,37 - 30,07% d¢ day phién 14 hay 16p md
nude chiém dén 68,58% d6 day phién 1a Coc vang. Phan tru ctia ré c6 s6 lugng mach gd kha nhiéu
(nhiéu nhat ¢ Sa: 332,00 + 7,66 mach/mm?) va duong kinh mach hep (nho nhat & Mam tréng:
32,67 £ 1,45 um).

Cady ngdp man thich nghi véi méi truong dat ngdp nwede dinh ky, thiéu oxi.

Céu tao ré dinh dudng va 1 thd ¢6 mdé mém vo chiém ty 1€ cao (47,41% ban kinh 1é & ré
th) véi nhidu khoang gian bao 16n dé chira va luu thong khi trong ciy. Hé thong 16 vo phat trién
manh trén ré& chdng, r& thd va than cay.

Cdc ddc diém thich nghi véi yéu té co hoc bat li (séng, gié, thiy triéu, bdo) va nén dat c6
tinh chdt co hoc yéu ciia cdy ngdp man tai dam.

RE& chdng (6 Pung) cing chic, uén cong, phan nhanh réi ddm xudng dat bun. RE thé phat
trién manh xung quanh gdc (6 Mam tring), v&i ban kinh khoang 1 - 2 m, neo giit cdy vao dat bin
nh3o. Than thir cap co soi gd rat phat trién, nhiéu dai mé cing 16n phan bé trong libe thir cip cua
than va gan chinh cua 1a. Té bao d4 dang cau, dang phan nhanh dai va cac tinh thé oxalat canxi
dang cau gai phan bd trong mé mém vo va mé mém rudt cua than hay nam xen k& trong mé mém
thit 14. Dic biét, than thir cAp Mam tring c6 cdu tric khac thuong, gdm nhidu ting phat sinh tru
tao ra nhiéu vong gb va libe thtr cap sap xép xen ké nhau.
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THU KHA NANG DPOI KHANG CUA NAM Trichoderma VOI
NAM BENH Sclerotium Rolfsii HAI LAC TRONG PIEU KIEN IN VITRO

NGUYEN BA NGHI', NGUYEN THI DIEP2, NGO HONG BUC?,
PO THU HA* NGUYEN THI MONG DIEP**

'Sinh hoc khéa 37, Khoa Sinh-KTNN, Truong Pai hoc Quy Nhon
2Nong hoc khéa 37, Khoa Sinh-KTNN, Truong Pai hoc Quy Nhon
3 Khoa Sinh-KTNN, Truong Pai hoc Quy Nhon
4 Khoa Duoc, Pai hoc Duy Tan, Pa Nang

TOM TAT

Ndm Scleroitum rolfsii la ndm cé nguon goc tir dat va cé phé ky chii réng. Viéc phong triv ndm
S. rolfsii gdp nhiéu khé khan. Trong nghién ciru nay, ching téi thir tinh doi khdang ciia nam doi khdang
Trichoderma trong phong trir sinh hoc nam S. rolfsii. Khdo nghiém kha néing irc ché va doi khang voi
S. rolfsii, c6 3 chiing doi khang cao va I ching doi khang yéu. Thoi gian hinh thanh hach nam khi cé mdt
ciia nam Trichoderma kéo dai hon tir 5-6 ngay so véi doi chirng (4 ngdy). Bon ching nam Trichoderma c6
kha ndng tec ché giam s6 leong hach ndm hinh thanh 0,00 — 4,51 hach ndm/cm? tan nam so véi doi chirng
(9,11 hach ndm/cm? tan ndam). Trong d6 ddang chit y ching Tri 2 ¢6 kha ning ikc ché hoan toan sw hinh thanh
hach nam S. rolfsii, lam cho hach nam khong hinh thanh duoc.

Tir khéa: Ddi khéang, hach ném, bénh ném, Trichoderma, Sclerotium rolfsii.

ABSTRACT

A test of the antagonistic activity of trichoderma isolates against peanut
pathogenic fungus sclerotium rolfsii in the in vitro condition

Scleroitum rolfsii is a soilborne fungus that attacks a wide range of host. There have been a lot
of difficulties controlling the plant pathogenic disease caused by S. rolfsii. In this study, we tested the
antagonistic potential of Trichoderma fungus in the control of S. rolfsii. The antagonism of 4 Trichoderma
isolates with S. rolfsii was investigated by the dual culture asay in which 3 isolates were strong antagonists
and | isolate was weak. The presence of Trichoderma in the dual culture asay also prolonged the length of
time needed to produce sclerotia from 5 to 6 days in comparison with the control (4 days). Four Trichoderma
isolates significantly inhibited the formation of sclerotia from 0,00 to 4,51 sclerotia/cm? of mycelia, while
the control produced 9,11 sclerotia/cm? of mycelia. Noticeably, the isolate 7 2 completely inhibited the
formation of sclerotia; no sclerotia were formed.

Keywords: Antagonistics, sclerotia, fungal pathogens, Tricoderma, Sclerotium rolfsii.

1.  Piatvan dé

Nam Sclerotium rolfsii (S. rolfsii) 12 mot trong nhitng nam c6 ngudn gdc tir dat, gay hai
ving ré cay trong can, chi yéu gay bénh théi r& méc tring. Ngudn bénh ctia nim ton tai chi yéu

Email: nguyenthimongdiep@qgnu.edu.vn
Ngay nhan bai: 05/5/2018; Ngay nhan dang: 10/7/2018
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trong dat, trong tan du thyc vat dang soi ndm, hach ndm. Hach ndm c6 stic séng cao, ton tai tir
nim ndy qua niam khéac va 1a ngudn bénh cho céc cy trong vu sau, nim sau. Nam S. rolfsii giy
hai trén nhiéu cdy trong khac nhau, nhung phd bién nhat 1a gay hai trén lac va cay trong ho ca [1].
Trén thé gidi S. rolfsii gy hai phd bién & cac ving trong lac. Thiét hai vé nang suit do bénh gay
ra udc tinh khoang 25 - 80%. O ving Geogia clia My, ton thit do bénh giy ra wdc tinh 43 tri¢u
USD/nam [2]. S. rolfsii 1a 1oai ndm c6 phé ky chi rong, c6 kha ndng xam nhiém trén 500 loai cay
ki cha thude 1 14 mam va hai 1a mam, dic biét 1a cac cay thudc ho dau dd, bau bi, ca va mot sb
loai rau tréng luan canh véi cay ho dau.

N&m Trichoderma spp. hién dién gin nhu trong tit ca cac loai dit va trong mot s6 moi
truong séng khac. Ching la loai ndm duoc nudi céy thong dung nhat. Chung hién dién véi mét
d6 cao va phat trién manh ¢ ving ré cta cdy, mot s gidng co kha nang phat trién ngay trén ré.
Rét nhiéu gidng Trichoderma c6 kha ning kiém soat tit ca cac loai ndm gay bénh khac. Nhidu két
quéa nghién ctru cho thdy, ndm Trichoderma giét nhiéu loai nAm gy thdi ré chu yéu nhu: Pythium,
Rhizoctonia va Fusarium. Tricoderma tiét ra mot enzym 1am tan vach té bao ciia cac loai nAm
khac. Sau d6 né co thé tin cong vao bén trong loai nim gay hai d6 va tiéu thu ching [3]. Nhiing
phat hién méi hién nay cho thdy rang mot sé gidng co kha nang hoat hoa co ché tuy bao vé cta
thuc vat, tir 6 nhimng gidng nay ciing c6 kha ning kiém soat nhitng bénh do cic tac nhan khac
ngoai nam.

Hién nay, viéc phong trir nAm S. rolfsii chii yéu dira vao bién phap hoa hoc. Tuy nhién bién
phap nay khong bén vimg va anh huong dén moi truong. Dé phong trir nam S. rolfsii chiing toi tién
hanh phén 1ap ndm d6i khang Trichoderma va danh gia hiéu Iyc trc ché ciia ching dén tin nim va
sur hinh thanh hach nim cua S. rolfsii trong diéu kién in vitro d chon ra ching Triochoderma co
tiém ning phong trir nAm S. rolfsii.

2. Vit liéu va phwong phap
2.1. Viatli¢u

Mau nidm bénh hai trén lac va cac mau dit tréng lac tai xa Cat Hi€p, huyén Phu Cat, tinh
Binh Dinh.

Phan lap ndm Tricoderma tir mau dét tai cac khu vuc tréng lac tai xa Cat Hi¢p, huyén
Phu Cat, tinh Binh Dinh va miu dét tai vuon thuc nghiém sinh hoc, Truong Pai hoc Quy Nhon.

Méi truong nudi cdy nam: Moi truong PDA, PGA, CMA, CA, WA, Czapek [4].

Mot s6 hoa chat va vat tu thiét yéu phuc vu cho nghién ctru thyc hién dé tai: Agar, duong
glucose, hop petri, 6ng nghiém, dao cit mau, panh, dén con, 6ng dong, giéy loc, lam kinh, lamen,
chau, vai, que céy, ta séy, ndi hép, ta lanh, ti 4m, buéng céy nam, kinh hién vi.

2.2. Phwong phap nghién ctru

Thu thdp va xir I mdu bénh

- Chon rudng trong lac bi bénh héo r& gbc méc tring, thu thap nhitmg miu ciy bénh c6 triéu
chimg dién hinh. TAt ca cic mau thu thap déu ghi rd tén cdy trong, ngay diéu tra va dia diém thu
thap mau. Mau bénh héo ré géc mbc tréng o tri¢u chung dién hinh hodc hach ndm S. rolfsii, mau
bénh tién hanh rira sach bang nude ct vo tring va dung gidy thdm vo tring dé thim kho mau
bénh. Tién hanh nudi ciy nim S. rolfsii trén moi trudng nhan tao, ciy truyén dé nhan duoc cac
isolate (mau phan lap) ndm S. rolfsii thudn.
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- Liy mau dat sau xudng cach mat dat 15 - 20 cm (khoang 5 kg/diém) cho véo bao nilong
sach (100m? lay 7 diém (35kg)), dem tron déu, liy ra khoang 5 kg cho vao bao nilong dem vé
phong thi nghiém dé tién hanh phan lap. Sau d6 14y ngiu nhién ra 1g dat phan lap bang phuong
phap pha loang trén méi truong chon loc PDA. Tién hanh ciy truyén va lam thuan bang phwong
phap cdy don bao tir [5].

Quan st dic diém hinh thdi

- Nghién ctru dic diém hinh thai ciia ndm S. rolfsii: tan ndm, soi nam va kha ning hinh
thanh hach ndm, anh huéng cua nhiét d6, moi truong nudi cy dén sy phat trién ctia ndm S. rolfsii.

- Nhan dang hinh thai ctia nam Trichoderma theo phuong phap cua Elad (1981) [6].

Phwong phdp dinh gid khd ning doi khdang ciia nam Trichoderma véi nam gdy bénh
trén cdy lac

Panh gia kha nang ddi khang cuia cac chung ndm Trichoderma phan 1ap duoc di véi ndm
S. rolfsii trong diéu kién in vitro. Str dung méi truong PGA trén dia petry. Cdy nim ddi khang
Trichoderma va nam S. rolfsii dbi xtng trén ciing mot dia moi truong PGA. Cong thirc ddi chimg
chi ciy nim S. rolfsii, khong ciy nam Trichoderma.

Theo ddi thoi gian hinh thanh hach nim S. rolfsii trén dia petry ciy dbi ximg v6i nAm Trichoderma.
DPém s6 hach nim tao thanh & dia c6 ca ndm Trichoderma va S. rolfsii va & dia dbi chimg.

Tinh s6 hach ndm hinh thanh/cm? tan nim S. rolfsii.

* Co so danh gia tinh khang ctia ndm Trichoderma: Sau 7 ngay nudi cay:

- Phin ndm Trichoderma phat trién bao phi qua phan ndm gay hai.

- Phan nam gay hai bi bao mon dan & mép khuan lac.

- Phan nam Trichoderma phat trién va khong ché lam cho phan nim gay hai khong phat
trién duoc.

Panh gia kha niing dbi khang cia Trichoderma véi nAm bénh
I: Nam Trichoderma ; I1: Nim bénh

A: Trichoderma khang manh véi nam bénh, phﬁn dién tich cua khuan lac Trichoderma
chiém > 80% mat thach (ky hiéu: +++).

B: Trichoderma khang trung binh véi nam bénh, phz‘in dién tich cta khuén lac Trichoderma
chiém khoang 60 - 80% mat thach (ky hiéu: ++).

C: Trichoderma khang yéu véi nAm bénh, phan dién tich cua khuan lac Trichoderma chiém
khoang 50 - 60% mat thach (ky hi¢u: +).

* Luu y: Trudong hop niam Trichoderma bi nam bénh lan at ky hiéu 1a (-).

Phuwong phdp xir Iy sé liéu

S4 liéu thuc nghiém dugc tinh gid tri trung binh va phan tich ANOVA (Duncan’test,
p <0,05) bang chuong trinh SAS 6.01.
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3. Két qua va thao ludn
3.1. Pic diém hinh thai ciia nim S. rolfsii

Sau khi tién hanh phan lap cic ching vi nAm gay bénh thdi ré mdc tring tir mau lay tir dat,
ré, than, 14 tai xa Cat Hiép, huyén Phu Cat, tinh Binh Pinh trén méi trudng PDA dic trung cho
ndm mdc gay bénh dé Iya chon khuan lac ndm dic trung ctia S. rolfsii, sau d6 nAm S. rolfsii phan
1ap duoc tién hanh nuéi trén dia thach & cac méi truong khac nhau dic trung cho nim S. rolfsii 1a
PGA, CMA va CA dé quan sat hinh dang, mau sdc khuan lac, soi nam, hach nam. Ap dung khoa
phan loai ndm méc cua Pang Vii Hong Mién (1999) [7] va cAm nang chan doan bénh ciy cua
Phan Thiiy Hién (dich 2009) [5], két qua dugc trinh bay ¢ bang 1 va hinh 1.

Bing 1. Ddc diém hinh thai cia nam S.rolfsii phdn ldp tiv
ddt, ré va than cdy lac bi bénh héo ré goc moc trdng

STT | Chi tiéu Pic diém

- Khuén lac mau tréng, dam tia, phat trién tdt trén moi truong PGA, CMA, CA.

- Khuan lac phat trién khong lam bién d6i moi truong nudi cay.

1 Khuén lac |- 6] nhiét do thép, tan ndm phat trién cham, thoi gian hinh thanh hach non va gia
cham hon, con & nhiét d6 thich hop (25 - 30°C) khuan lac phat trién nhanh va hinh
thanh hach non sém (3 ngay).

- S¢i nam da bao khong mau, phan nhanh nhiéu.

2 Soi nam u A . < , PR LA 1A: A A < , LA
- O phan vach ngan cta s¢i nam ¢6 mau 16i 6m lay 2 ngan cta sgi nam.

- Sau 3 - 4 ngay hinh thanh hach non nhé mau tring, vé sau chuyén dan sang mau
3 Hach nam |vang, nau den khi hat gia (5 - 6 ngay).
- Hach nam c6 dang hinh tron, nho nhu hat cai.

Mau [6i

<«

2D,
g, 8

Véch ngdn

S R e G A
Hinh 1. Tan ndm S.rolfsii hinh thanh hach non sau 3 ngdy (A), chuyén sang mau vang sau 4 - 5 ngay (B),
chuyén mau den sau 6 ngay (C) nudi cdy ; Soi nam S.rolfsii c6 vach ngan va mau 16i (D).
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3.2. Phén lap nim Trichoderma tir cic miu dat

Phén 1ap cac chung nim trén méi truong Czapek, lwa chon nhitng khuén lac dic trung nghi
ngo 1a nam Trichoderma tiép tuc cay truyén trén moi truong thach dia cho dén khi khong con tap
nhidm nita. Sau d6 cdy truyén sang méi truong PGA dé nhan sinh khdi va quan sat sy phat trién
clia cac chiing nam da phan lap duoc.

Dua vao cac dic diém hinh thai quan sat bang mat thuong va duéi kinh hién vi, nhan dang
hinh thai ctia ndm Trichoderma theo phuong phap cta Elad (1981) [6]. Két qua sau khi phén 1ap
cac mau dat thu thap tir ving trong lac & huyén Phu Cat, tinh Binh Pinh va vuon thuc nghiém
sinh hoc Truong Pai hoc Quy Nhon thi da phan lap dugc 4 ching Trichoderma ki hi¢u tu Tri 1
den Tri 4.

Bing 2. Két qua phdn ldp cdc ching nam Trichoderma

Chiing nAm | Pia diém thu thip | Puong kinh khuin | Dic diém khuin lac Bao tir
lac mm (sau 72 gio
nudi cdy, 30°C)
Dt tréng lac & 67 mm Moc roi rac, c6 dang bdt| Hinh cﬁu, mau
Tri 1 huyén Phu Cat min, tao nhiéu bao tu, luc, tron
mau luc dam
. Vuon thye nghiém 45 mm Moc rdi rac, tbe do phat| Dang elip, mau
Tri 2 . <R A s
sinh hoc trién cham, mau luc nhat luc, tron
Vuon thye nghiém 72 mm Moc thanh toa tron, sinh | Hinh tron, mau
Tri 3 sinh hoc truéng rat nhanh, mau luc, tron
luc dam
Vuon thye nghiém 70 mm Moc tda tron, sinh trudng | Hinh tron, mau
Tri 4 sinh hoc rat nhanh, mau luc nhat luc, tron
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Chiing nim Khuin lac nubi cdy Hinh dang canh bao tir Hinh dang bao tir
Tri | " ; ¢
G |
5 ‘ %
B ‘ ¢
&

b $7¢ |
l d. N ‘

Tri 2

Tri 3

Tri 4

Hinh 2. Hinh thai khudn lac va bao tir cua cac ching nam Trichoderma

Qua két qua bang 3 chiing t6i c6 mot sb nhan xét nhu sau: Nhitng ching ndm Trichoderma
da phan lap duoc c6 mot s6 dac diém chung la déu hinh thanh hé soi, soi phan nhanh, c6 vach
ngan, bao ti hinh thanh nhiéu c6 mau xanh luc, toc do phat trién trén moi truong nudi céy nhanh.
Khuén lac cua ching 7ri 1 va Tri 2 moc roi rac, ¢6 dang bot min, con khuén lac cua ching 7ri 3
va Tri 4 phat trién theo kiéu toa tron.

3.3. Panh gia kha niing d6i khang ciia nim Trichoderma phan lap dwgc d6i véi nAm S. rolfsii

Dung 4 ching ndm Trichoderma da phan 1ap dugc dé thir kha ning d6i khang ddi véi loai
ndm bénh 1a S, rolfsii. Thi nghiém thir tinh dbi khang dugc thuc hién trén moi truong PGA. Tién
hanh quan sat va ghi nhan két qua trong vong 7 ngay nudi ciy trong diéu kién nhiét d6 30°C. Két
qua thu duoc trinh bay ¢ bang 3 va bang 4.
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Bing 3. Kha nang doi khang ciia nam Trichoderma doi véi ndm bénh Sclerotinum rolfsii

TT Chang nim Kha ning dbi khang Hinh déi khang giira
Trichoderma cia Trichoderma Trichoderma va S.r Qlj%ii
1 Tri 1 +
2 Tri 2 4+
3 Tri 3 -+
4 Tri 4 4+

Ky hiéu: khang manh (+++), khang trung binh (++), khang yéu (+),
1 nam bénh, 1I: nam Trichoderma
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Bing 4. Tdc dung irc ché ciia ndm Trichoderma dén tan ndam va hinh thanh hach nam S. Rolfsii

Anh huéng ctia nim Trichoderma dén sy phit trién ciia nAm
Sclerotinum rolfsii
TT Chiing nim Téc d9 phat trién Téc do hinh thanh S6 lwgng hach tao
(ngay) hach (ngay) thanh/cm? tan nam
1 Dbi ching 3 4 9,11
2 Tri 1 4,3 6 4,51°
3 Tri 2 4,7 khong tao hach 0
4 Tri 3 4 6 0,20¢
5 Tri 4 4,6 5 0,35¢

Trong mot cot, cdc chit cai khdc nhau chi sy sai khac co y nghia voi p < 0,05

Hach ném la giai doan bét budc trong chu ki phat trién cua nim S. rolfsii, do nhiéu soi nAm
dang két lai v6i nhau tao ra hach nAm. Hach ndm c6 st séng cao va mam bénh cua nim S. rolfsii
duoc bao ton trong hach nam. Vi vay, viéc nghién ctru kha nang tic ché thoi gian hinh thanh hach
nam ciing nhu s6 lugng hach ndm déng vai trd quan trong khi tmg dung trong thuc tién san xuat.

O cong thirc dbi ching thi thoi gian hinh thanh hach nam rat sém, chi sau 3 ngay. Con &
cac cong thirc khac ¢ mdt ciia nim Trichoderma thi thdi gian hinh thanh hach ndm kéo dai hon
4 — 4,7 ngay. Bén ching nim Trichoderma tc ché sy hinh thanh hach nim dat tir 0,00 - 4,51 hach
nam/cm? tan ndm, giam dang ké ¢ ¥ nghia so voi dbi chimg (9,11 hach nAm/cm? tan nam). Piac
biét chung 7ri 2 rc ché hoan toan kha nang hinh thanh hach nim (Bang 5).

Nhu véy, kha nang uc ché hinh thanh hach nim tirc 14 c6 thé han ché duoc su tich Iy
ngudn bénh va 1ay lan ctia ngudn bénh ngoai ddng rudng. Khi c6 mit ciia nim Trichoderma, thi
nam Trichoderma phat trién nhanh hon ndm bénh S. rolfsii, chiém vi tri, canh tranh thirc an, tiét
chét khang sinh tc ché su phat trién cua ndm bénh, tir d6 e ché sy hinh thanh cua hach nim.
Dic biét, ching Tri 2 can duge nghién citu tiép tuc dé ¢ co s& phat trién va sir dung chung ndm
Trichoderma nay trong san xuat ché pham sinh hoc tmg dung trong thyc tién san xuét.

4. Két luan

- Cac isolate ndm S.rolfsii phat trién thuan loi trén moi truong PGA, CMA, CA va trong
ngudng nhiét do rong, thich hop nhét 1a 25 - 30°C. S¢i nim da bao khéng mau, phan nhénh, &
phan véach ngin cta soi nAm c6 mau 16i 6m iy 2 ngin cta soi nAm. Hinh thanh hach non nhé
mau trang sau 3 - 4 ngay, vé sau chuyén din sang mau vang va nau den khi hat gia (5 - 6 ngay).

- Da phan lap dugc 4 ching ndm Trichoderma dé khao nghiém kha nang trc ché va ddi
khang véi ndm bénh S. rolfsii, trong d6 c6 3 chiing c6 hiéu qua trc ché cao va 1 ching c6 kha ning
trc ché yéu. Thoi gian hinh thanh hach nim khi c6 mat ciia ndm Trichoderma kéo dai hon tir 5 - 6
ngay so véi ddi chimg (4 ngay)

- Bén ching nam Trichoderma (Tri 1, Tri 2, Tri 3, Tri 4) c6 kha nang trc ché giam s6 luong
hach nidm hinh thanh 0,00 - 4,51 hach nam/cm? tan nim so véi ddi chung (9,11 hach nam/cm? tan
nam). Trong d6 dang chi y chung Tri 2 ¢6 kha ning we ché 100% sy hinh thanh hach nam S.rolfsii.
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CHE TAO VAT LIEU HAT NANO TiN/ TiO, CO CAU TRUC LOI/'VO NHAM
TANG CUONG SU HAP PHU BE MAT CAC PHAN TU AXIiT 4-MERCAPTOBENZOIC

NGUYEN HOAI HUE!, LE THI THANH HUONG!,
NGUYEN THI HUYEN!, LE THI NGOC LOAN*
ICao hoc Vit 1y chét ran, Khoa 19 Truong Pai hoc Quy Nhon
*Khoa Vit ly, Truong Pai hoc Quy Nhon

TOM TAT

Trong bai bdo ndy, ching t6i trinh bay phirong phdp ché tao cdu triic 16i-vé TiN/TiO, nham ting
cuong su hdp phu cua phan tir axit 4-MBA trén bé mat cua vat liéu. Bc%ng cach oxy hoa vat lieu hat nano
TiN trong méi truwong khéng khi & cdc nhiét dé tir 300 dén 400°C, cau triic 16i-vo TiN/TiO, dugc hinh thanh
V6i chiéu day I6p vo TiO, c6 thé thay doi dwoc. Két qua cho thdy cde phéan tir 4-MBA hdp phu tang voi sw
tang ciia bé day 16p v TiO,. Déc biét, cdc phén tir 4-MBA hdp phu tot hon trén bé mdt ciia vt liéu cdu triic
[6i-vo so voi vat liéu ngu&n TiN va vat liéu hat nano TiO, P25 thuong mai. Su khdc biét nay c6 thé do lop
tiép xiic kim logi/ ban dan TiN/TiO, gay nén sy thay doéi dién tich bé mdt cia vt liéu, qua dé dnh hwéng
dén twong tac véi cdc phan tir 4-MBA.

Tir khéa: Cdu tric 18i - v6 TiN/TiO,, hip phu bé mat, 4-MBA.

ABSTRACT

A synthesis of TiN/TiO, core-shell nanostructure for enhanced surface
adsorption of 4-mercaptobenzoic acidmolecules

This work presents an approach to fabricate core-shell TiN/TiO , nanoparticles for the enhancement of
the adsorption of 4-mercaptobenzoic acid molecules on the particle surface. The core-shell nanostructured
was fabricated by oxidizing TiN nanoparticles in air at temperatures in the range of 300-400°C. By varying
the oxidation temperature, the thickness of the TiO, shell layer can be tailored. The results show that
the adsorption of 4-MBA molecules increases with increasing the thickness of the shell layer. Especially,
the adsorption is higher on the core-shell particles than the intial TiN and the commercial TiO, P25
nanoparticles. This could be due to the influence of the metal/semiconductor (TiN/TiO,) contact that causes
the surface charge distribution, which consequently affects the adsorption of the 4-MBA molecules.

Keywords: TiN/TiO, core-shell nanoparticles, surface adsorption, 4-MBA.

1.  Giéi thiéu

Bién tinh bé mit vét liéu nano 1a mot trong nhitng phwong phap phd bién nham thay doi
va diéu khién, qua do cai thién tinh chét cua vat liéu cho phu hop voi cac ing dung cu thé [1-3].
bic biét, viéc st dung cac phan tu hitu co trong bién tinh bé mat ngay nay dugc sir dung rong rai
trong nhiéu linh vuc nhu xuc tac, cam bién va phan tich [1, 2, 4]. Su c6 mit cua cac phan tir hiru

*Email: lethingocloan@qnu.edu.vn
Ngay nhan bai: 24/4/2018; Ngay nhan dang: 10/6/2018
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co ¢6 tac dung lam thic day qua trinh dich chuyén cia dién tich tai 16p tiép xtc, qua do thay doi
dién tich trén bé mat vat liéu, hé qua 1a 1am thay dbi cac qua trinh phan tng 6xy hoa/ khir xay ra
trén bé mit [5]. Ngoai ra, sy hap phu cta cac phan tir hitu co trén bé mit con c6 tic dung lam ting
do nhay cua cac phép do [1]. Pay la mot trong nhiing phuong phép thuong duoc st dung trong
cac phép do nham phat hién cac chat c6 ndng do rit bé, dic biét 1a trong phuong phap ding phd
Raman ting cudng sir dung hiéu tmg plasmon (goi tit 1a SERS) [2, 6, 7].

Do c6 tinh chit plasmon ndi troi, cac vat lidu kim loai quy nhu vang (Au) va bac (Ag)
thuong dugc str dung linh vire SERS [8]. Nhuoc diém 16n nhit cua cac vat lidu nay 1a gia thanh
cao, 1am han ché kha ning tng dung vao thuc té. Do viy, cac nghién ciru hién nay tip trung vao
viéc tim kiém céc vat liéu c6 tinh chét plasmon méi c6 gia thanh thap hon. Titan nitrua (TiN) hién
nay duoc xem 1a mot trong nhimng vat lidu cé tinh chat plasmon t6t co kha nang thay thé cac vat
liéu kim loai quy trong linh vyc [9, 10]. Gan day, nhom Aizawa da nghién ctru bién tinh bé mit
vét liéu TiN bang phuong phéap cdy ion nhém, clo va cacbon nhiam giam kha ning bi oxy hoa cua
TiN va tang kha ning chong bao mon [11]. B& mat hat nano TiN ciing dwoc nghién ciru gén cac
phan tir hitu co nhim Gng dung trong cam bién sinh hoc [12]. Cac nghién ctru trén vat liéu TiN
két hop v6i viée bién tinh bé mit nham ting cudng tinh chét plasmon cua vat liéu dang thu hit sy
quan tdm ctia nhiéu nhom nghién ctru hién nay [13].

Trong béo cao nay, chiing toi nghién ctru sy hap phu ctia cic phan tir axit 4-mercaptobenzoic
(4-MBA) 1én cac hat nano TiN/ TiO, ¢6 chu trac 18i-vo. Cau triic nay dugc ché tao bang cach oxy
hoéa bot nano TiN trong méi trudng khong khi. Bang cach thay dbi nhiét do ciia qua trinh 6xy
héa, bé day 16p vo TiO, ¢ thé duoc diéu khién, qua d6 1am thay déi sy hap phu cua cac phan tir
4-MBA. Két qua cho thiy, su hip phu ciia cic phén tir 4-MBA ting dan theo chidu day cua 16p vo
TiO,. Déc biét, su hép phu trén vat li¢u c6 cu tric 18i-vo xay ra tot hon so véi vat liéu TiO, tinh
khiét. Diéu nay cho thdy su anh huéng cia 16p tiép xtic TIN/TiO,.

2. Thuc nghiém

Ché tao vt liéu TiN/TiO, ¢6 cdu triic 16i-v6. Cdu tric 18i-vé TiN/ TiO, duge ché tao bang
phuong phap 6xy hoa nhiét vat liéu TiN. Trong mdi thi nghiém, 40 mg bot TiN duge nung tir nhiét
d6 phong véi toe d6 gia nhiét 50 do/ phut 1én nhiét d 6xy hoa (300°C, 350°C va 400°C) va giit
0 nhiét do nay trong thoi gian 2 gio. Sau qua trinh 6xy hoa, vat liéu dugc 1am ngudi trong moi
truong khong khi dén nhiét d6 phong. Cau trac 18i-vo cta vat lidu sau khi 6xy hoa duoc khao sat
béang phuong phap hién vi dién tir truyén qua (TEM) sir dung méy hién vi dién tir JEOL JEM1400.
Céu trac tinh thé cua vat liéu duoc khao sat bang phuong phap nhidu xa tia X (XRD) sir dung may
PANalytical X-pert Pro voi bude song tia X kich thich 0,154 nm.

Gdn cdc phan ti 4-MBA lén trén vt liéu TiN/TiO . Sau khi dugc 6xy hoa, vat ligu TiN/TiO,
dugc phan tan vao trong 20 ml dung dich ethanol c6 chira 2 mol 4-MBA va duoc khudy déu st
dung may khudy tir trong thoi gian 30 phit. Sau d6, hdn hop duoc quay li tim véi tde do 3000
vong/phut trong thoi gian 20 phit dé tach cac hat nano. Phd hap thu hong ngoai (FTIR) cua vt
liéu dugc do su dung may IRAffinity-1S Shimadzu.
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3. Két qua va thao ludn

Hinh 1 mé ta anh TEM cua vat lidu ngudn TiN trude (Hinh 1a) va sau khi @ trong khong
khi & cac nhiét o khac nhau (Hinh 1b-d) trong thoi gian 2 gio. Két qua cho thdy sy hinh thanh
16p vo TiO, voi bé day khoang 2 nm bao boc xung quanh cac hat TiN sau khi u & 300°C. Bé day
16p mang TiO, tang dan khi tang nhiét d¢ & 1én 350°C. O nhiét d9 400°C, phan 16n vat liéu TiN da
bi 6xy hoéa thanh TiO,. Diéu nay duoc minh chimg boi két qua khao sat phd nhidu xa tia X duoc
trinh bay trong Hinh 2.

)

Hinh 1. Anh TEM ciia bét TiN nguon (a) va bét TiN duwoc ii trong khéng khi
trong 2 gio o cdc nhiét do khac nhau: 300°C (b), 350°C (c) va 400°C (d).

Hinh 2 trinh bay phé nhiéu xa tia X cua vat liéu TiN nguén va vat liéu TiN sau khi 6xy hoa
& nhiét do 350 va 400°C trong thoi gian 2 gid. Két qua do cho thiy cau trac 1ap phuong ciia vat
liéu TiN véi cac dinh nhiéu xa tai cac goc 20 c6 gia tri 36,8°, 42,9°, 62,2°, 74,5° va 78,5°, tuong
g v6i anh nhidu xa cia cac mat phang tinh thé (111), (200), (220), (311) va (222) [14]. Sau khi
6xy héa & nhiét d6 350°C, cuong cac dinh nhiéu xa cua TiN giam manh, dong thoi bt dau xuit
hién cac dinh nhiéu xa cua vat liéu TiO, ¢ pha anatase tai cac vi tri goc 20 co gia tri 47,78°, 53,7°
va 54,5° trong tmg v6i cac mat phang (200), (105) va (211). Piéu nay minh chimg cho ciu trac
16i/v6 TiN/TiO, quan sat dugc trén anh TEM trinh bay trén Hinh 1. Sau khi u ¢ 400 °C, cac dinh
nhiéu xa caa TiN hau nhu bién mat hoan toan. Thay vao d6, cac dinh nhiu xa quan sat duoc déu
la cac dinh dac trung cua vat liéu TiO, ¢ pha anatase [15]. Két qua nay chung to vat liéu TiN da
bi 6xy héa déng ké thanh TiO,.
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I I I I | I
—— TiN-400°C
—— TiN-350°C
—TiN

215)

Cuong do (d.v.ty.)

§(22

30 40 50 60 70 80

2 theta (d6)

Hinh 2. Anh nhiéu xq tia X ciia bot TiN nguon, bt TiN 1 trong khong khi
o nhiét do 350 °C va 400 °C trong 2 gio

Hinh 3 trinh bay phé hap thu hong ngoai FTIR ctia cac vét lidu TiN va TIN@TiO, sau khi
dugc gan 1én cac phan tir 4-MBA, duoc vé trong viing sb song tir 1200 dén 1600 cm, twong tmg
v6i viing phd gdm cac dinh hip thu dic trung cta vat liéu 4-MBA (Phé 6). Két qua cho thdy, trén
vat liéu TiN ban dau, chi mot phan nho tin hiéu cua 4-MBA thu duoc trong viing sb séng giita
1400 va 1450 cm! (ky hiéu Ving IT trén hinh v&). Can néi thém rang ving hip thy nay khéng
dugc quan sat thay dbi véi pho FTIR cua vét liéu TiN ban dau khi khong gan céc phan tir 4-MBA.
Su hép phu céc phan tr 4-MBA dién ra tuong tu ddi véi vat liéu TiN dugc 6xy hda ¢ 350°C
(Phé 2), v6i dinh hap thu FTIR chi yéu trong Ving II. So véi pho FTIR cia vat liéu TiN ban
d4u, hinh dang phd FTIR cua vét lidu dugc 6xy hoa & nhiét do 350°C khong c6 sy thay ddi nhiéu,
chimg t6 tin hiéu ctia TiN van chiém wu thé. Didu nay phi hop véi két qua quan sat dugce tir anh
TEM trinh bay & Hinh 1, cho thay chi mot 16p mong TiO, dugc hinh thanh. Déi v6i mau 6xy hoa
& nhiét do 400°C (Pho 3), tin hiéu ciia 4-MBA con dugc tim thiy & Ving I (s6 song gan 1600
cm™) va Ving IIT (s6 song gan 1300 cm™). Nhitng su hap thu ny c6 thé nhin thiy bang cach so
sanh pho FTIR giita mau c6 va khong c6 gan cac phan tir 4-MBA (Pho 3 va Pho 5). Nhu vay, két
qué cho thiy qua trinh 6xy hoa tao 16p vo TiO, bao boc TiN da tang cuong su hép phu cac phan
tir 4-MBA trén bé mit. Dic biét, cac tin hiéu ciia 4-MBA khong dugc quan sat théy trén vat liéu
nano TiO, P25 (Ph 4). Diéu nay cho thy vai tro clia céu triic 18i-vé trong viée hip phu céc phan
tir 4-MBA trén bé mat vat liéu.
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(1)

(5)

Do hép thu (d.v.ty.)

(1) (1) (1)

1600 1550 1500 1450 1400 1350 1300 1250 1200

S6 s6ng (cm™)

Hinh 3. Phé hcfp thu héng ngoai FTIR cua cdc vat liéu TiN duoc u trong khong khi o cac nhiét do
khdc nhau trong 2 gio trude khi gin cac phan tir 4-MBA: vt liéu TiN nguon (1), TiN i ¢ 350°C (2) va
400°C (3). Phé (4) mé td phé FTIR cuia vt liéu TiO, P25 duoce gin cdc phén tir 4-MBA dudi cung diéu kién
thuwe nghiém, phé (5) mé ta phé FTIR cia vét liéu TiN i ¢ 400°C khéng gdn cac phan tir 4-MBA va phé (6)
mé ta hdp thy ciia cac phan tir 4-MBA.

Su hap phu ctia cac phan tir 4-MBA d xay ra trén bé mit cua cac hat nano TiIN@TiO, ma
khong xay ra trén bé mit vat liéu TiO, trong cung didu kién khao sat. Theo chung toi, két qua
nay 1a do anh huong ciia 16p tiép xtic kim loai/ban dan TiN/TiO,. Lép tiép xtic nay co tac dung
thiic ddy su dich chuyén dién tich giita TiN va TiO,, két qua la lam thay d6i mat do dién tich trén
bé mat vat liéu. Piéu nay c6 anh huong dén tuong tac giita cac phan tir hitu co 4-MBA va céc hat
TiN@TiO,.
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4. Két luin

Bing cach 6xy hoa vat liéu bot nano TiN trong méi truong khong khi, chiing t6i da thanh
cong trong viée ché tao céu trac 16i-vo TiN/TiO, c6 bé day 16p vo co thé thay d6i bang cach thay
d6i nhiét d6 cua qua trinh 6xy hoa. Két qua nghién ctru sy hdp phu cia cac phan tir axit 4-MBA
trén vat liéu dugc tong hop cho thay céu tric 16i-vo TiN/TiO, ¢6 kha nang hap phu tét hon so v&i
vat liéu TiN ban dau va vat liéu TiO, P25 thuong mai. Su khac biét nay c6 thé do 16p tiép xtc kim
loai/ban dan TiN/TiO, gdy nén sy thay d6i dién tich bé mit ctia vat lidu, qua d6 anh huong dén
tuong tac voi cac phan tir 4-MBA.
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ABSTRACT

In this paper, we introduce a new method for three-mode factor analysis, in which the common part
is modelled by Tucker3 and the unique variances are presented as a diagonal matriz. In our method, the
unique variances are estimated by Minimum Rank Factor Analysis; the factors can be rotated to simple
structure by using Joint Orthomax rotation. We present a three-step algorithm to estimate the Tucker3
part. Also, we fit our model to datasets in the literature and compare to the Parafac solutions.

Keywords: Three-mode data, factor analysis, Parafac, Tucker3, Minimum Rank Factor Analysis.

TOM TAT
Mot phuong phap méi cho phan tich nhan té ba chiéu

Trong bai bao nay, ching toi gidi thiéu mot phuong phdp mdi cho phan tich nhan té nhiéu chiéu
dua trén co s6 ctia mo hinh Tucker3. Ching toi sé udc ligng cic phuong sai riéng bing phuong phdp phan
tich nhan t6 hang nhé nhit. Cdc nhan té sé cé cau tric khd don gidn bing cdch s dung phép quay Joint
Orthomaz. Ching toi sé dua ra mot thudt todn ba budc dé udc lugng phan chung ciia moé hinh. Dong thoi,
mo hanh nay duge minh hoa bing cdich dp dung cho mot s6 tap dit licu. Cac két qud nhan dugc sé dugc
50 sanh vdi cdc két qud phan tich trén cung tap di liéu doi véi mo hinh dva trén Parafac.

T khéa: Three-mode data, factor analysis, Parafac, Tucker3, Minimum Rank Factor Analysis.

1 Introduction

In 1970, Parafac model was independently introduced by [4] and [6]. This model is given
by
Xnxsx)y=F(CO B)" + EnxiKky, (1.1)

where C® B = [c1 ® by| ... |cg ® bg] is the (column-wise) Khatri-Rao product, and contains
Kronecker products between the corresponding pairs of columns of C and B. The covariance

model corresponding to (1.1) is given by

»=(CoB)®(CoB’+U. (1.2)

"Email: lamthithanhtam@gqnu.edu.vn
Ngay nhan bai: 21/3/2018; Ngay nhan dang: 25/6/2018
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For model (1.2), [13] proposed an estimation procedure and a novel algorithm to fit that
model.

In this paper, we propose a new approach to three-mode factor analysis that is based on the
Tucker3 model in [15]. Unlike Parafac model, in the Tucker3 model, each mode of the data may
have a different number of components, and all their interaction strengths are included as entries
Grpq of the so-called core array. Suppose that we have R components for the IV observations, P
components for the J variables, and () components for the K conditions. The Tucker3 model

can be written in the form
Xnxir) =FG(C®B) +Eyr), (1.3)
where the matrix G (R x P(Q) is of interaction strengths as follows

guur .- gipP1 | --- | 911Q --- 91PQ
G = : : : : . (1.4)
9gri1 --- YRrRP1 | --- | YR1Q --- YRPQ

It is well known that the three-mode Tucker3 model is not unique. All of F, C, and B
can be rotated, with inverse transformations applied to the interaction strengths in G, without
affecting the model part FG(C®B)T. The covariance model corresponding to (1.3) is determined
as

»=(CoB)G'®#G(CeB) +U, (1.5)

where C is a K X ) matrix containing the ) method components as columns, B is a J x P
matrix containing the P variable components as columns, C ® B is the Kronecker product of C
and B.

For simplicity, one considers ¥ = GT®G as a factor covariance matrix. For the case of
diagonal ¥, (1.5) can be rewritten as ¥ = (CCT @ BBT) 4 U and the latter is known as
the direct product model; see [3,16]. In this model, CCT and BB” may be seen as covariance
matrices corresponding to methods and variables, respectively.

Fitting the covariance model (1.5) can be done by directly fitting the component model
(1.3) to the data. Alternating least squares algorithms minimizing the sum-of-squares of E(y s
can be found in [8,10]. Contrary to the confirmatory factor analysis approach, convergence
problems do not often occur. One may also fit the covariance model (1.5) by an algorithm for
nonlinear optimization. For example, [1,2] propose to use a Gauss-Newton algorithm. For an
overview of three-mode component and factor models based on [15], we refer to [11]. For an
accessible introduction to three-mode component analysis, we refer to [9].

The rest of this paper is organized as follows. In Section 2, we provide an estimation
procedure to fit model (1.5) such that ¥ — U is a covariance matrix. The percentage of explained
common variance is then computed by employing the procedure. In the next two sections, we
apply model (1.5) to datasets in the literature. Finally we close the paper by some discussions

in Section 5.
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2 Estimation Procedure

In this section, we present our estimation procedure for the Tucker3 covariance model (1.5).
After having computed the data covariance matrix 3, the steps of our estimation procedure for
model (1.5) are as follows.
Step 1. Use the MRFA algorithm of [14] to estimate U. This implies that U is nonnegative,
3 — U is a covariance matrix, and the trace of ¥ — L — U is minimal, where L is a best rank-PQ
approximation of X — U.
Step 2. Compute the eigendecomposition ¥ —U = V S VT with V having orthonormal columns,
and S the diagonal matrix containing the eigenvalues in decreasing order. This is also the singular
value decomposition of ¥ — U. Let P = VS'/2 which implies £ — U = PPT.
Step 3. Fit the Tucker3 model as P ~ (C ® B)GTT” by using the alternating least squares
algorithm of [10] with the number of components in each mode respectively R, P, ). Matrix P
(JK x JK) is the matricized K x Jx JK array, G (Rx PQ) is the matricized Rx P x Q) core array,
and T is a JK x R matrix satisfying TT = Ip. The columns of B, C, and T are scaled such
that they have length 1. We obtain £~ U ~ (C®B)¥(C®B)”, where ¥ = GTTT'TG = GTG
is an interaction matriz of the factors in the second and third modes. We set R = PQ not to
constrain the rank of ¥. We use Joint Orthomax rotation of [7] to rotate the Tucker3 solution
to simple structure in B, C, and in the core G. We use the standard weights specified in [7].
We evaluate the Tucker3 fit as
ssq(P — (C® B)GTTT)

ssq(P) ’

which is the percentage of the sum-of-squares of P that is fitted by (C ® B)GTTT. In the
alternating least squares algorithm, (C ® B)GTT7 is the regression of P on (C ® B)GT. Since

the regression and the residual are orthogonal, it follows that (2.1) is equal to

100 — 100 -

(2.1)

100 - ssq((C ® B)GTTT) /ssq(P).

Since we were not able to construct an algorithm for the simultaneous estimation of U
and C, B, ¥ under the restriction that 3 — U is a covariance matrix, we instead estimate U
and C, B, ¥ sequentially. First, we estimate U by MRFA based on a rank-P@Q factor model
for 3 — U. For fitting (C ® B)¥(C ® B)” to ¥ — U, we have chosen to fit Tucker3 to P with
> — U = PP”. We run the algorithm of Tucker3 that is programmed by Henk A. L. Kiers
10 times for random starting with convergence criterion le — 9 and keep the solution with the
highest fit percentage. The percentage of explained common variance in the Tucker3 covariance

model is given by (2.1), which can be written as

trace((C ® B)¥(C ® B)”)
' trace(X — U)

100 (2.2)

To obtain a percentage of explained common variance for each variable-condition combina-
tion separately, we proceed as follows. Contrary to the two-mode case of MRFA, it may happen

that some diagonal entry of (C ® B)¥(C ® B)” is larger than the corresponding communality
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on the diagonal of 3 — U. Because of this, we formulate the explained common variance per
variable-condition combination analogous to (2.1) rather than to (2.2). A particular variable-
condition corresponds to a row of P — (C ® B)GTT7. Let row m of this matrix be denoted as

ql . Then we define the corresponding percentage of explained common variance as

ssq(dy,)

100 — 100 - ——m2ml
(2 —U)mm

(2.3)
where (X — U),,, is the corresponding communality. Tt is well-known that (C ® B)W is also
the covariance matrix between the variables and factors. This matrix is used to interpret the

factors.

3 Application I

In this section, we apply our model to the data set taken from [5]. The correlation matrix
of the job behavior ratings is reproduced in Table 1. The data set is obtained from N = 149
subjects with J = 3 traits assessed by K = 3 methods. The three traits are: Getting along with
others (G), Dedication (D), and Ability to Apply Learning (L). And the three methods are: Peer
Nominations (PN), Peer Checklist ratings (PC), and Supervisor Checklist ratings (SC).

In Section 3.1 we fit the three-mode Parafac factor model of [13] to the data set. In Section
3.2 we fit our three-mode Tucker3 factor model (1.5) to the data set and compare the results to

those in section 3.1.

Table 1: Correlations of three traits Getting along with others (G), Dedication (D), and Ability
to Apply Learning (L) measured by three methods Peer Nominations (PN), Peer Checklist
ratings (PC), and Supervisor Checklist ratings (SC).

PN PC SC

G D L G D L G D L
G 1 0.524 0.241 | 0.071 0.022 0.076 | 0.136 -0.028 -0.054
D | 0.524 1 0.403 | 0.102 0.096 0.102 | 0.132 0.168 0.162
L | 0.241 0.403 1 -0.018 0.018 0.100 | 0.061 0.135  0.252
G | 0.071 0.102 -0.018 1 0.435 0.342 | 0.243 0.093 0.053
D | 0.022 0.096 0.018 | 0.435 1 0.347 | 0.203 0.209  0.108
L | 0076 0.102 0.100 | 0.342 0.347 1 0.100 0.042  0.108
G | 0.136 0.132 0.061 | 0.243 0.203 0.100 1 0.461  0.294
D |-0.028 0.168 0.135 | 0.093 0.209 0.042 | 0.461 1 0.280
L |-0.054 0.162 0.252 | 0.053 0.108 0.108 | 0.294  0.280 1

94

Note: Data taken from [5]
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3.1 Three-mode Parafac factor analysis solution

Here, we fit the three-mode Parafac factor model of [13] to the data set. Following is the

three-mode Parafac factor solution with R = 2 orthogonal factors

0.64 0.74\ G 0.99  0.68\ PN
B=|062 058|D, C=]059 —0.64]|PC, (3.1)
045 034/ L 0.74 —0.61) SC

and the unique variance U = diag(0.18 0.38 0.59 0.49 0.47 0.67 0.15 0.55 0.68). Matrix B is
rescaled to have columns of length 1. The percentage of explained common variance is 64.68%,
where 38.81% is due to factor 1, and 25.87% is due to factor 2. The percentages of explained
common variance for each trait-method combination are given in column 8 of Table 5. They are
between 44 and 91 percent, where the percentages of L-PC and L-SC are rather low (44% and
45%). The model has 10 parameters, not counting unique variances.

For interpretation of (3.1) we compute (C ® B)®; see columns 4 and 5 of Table 2. Factor
1 is a general factor with larger loadings for Peer Nominations (PN) and Supervisor Checklist
ratings (SC). Factor 2 represents a contrast between Peer Nominations (PN) and Peer Checklist
ratings (PC) and Supervisor Checklist ratings (SC), mostly for Getting along with others (G)
and Dedication (D).

The solution with R = 3 orthogonal factors is:

0.63 0.79 0.61\ G 1.04 —0.44 —0.41\ PN
B=[063 052 061|D, C=[062 020 090 |PC, (3.2)
0.46 0.30 0.49) L 061 097 -0.17/) SC

and the unique variance U = diag(0.24 0.36 0.60 0.49 0.47 0.67 0.08 0.56 0.67). Matrix B is
rescaled to have columns of length 1. The percentage of explained common variance is 82.76%,
where 37.60% is due to factor 1, 24.47% is due to factor 2, and 20.69% is due to factor 3.
The percentages of explained common variance for each trait-method combination are given in
column 10 of Table 5. They are between 59 and 94 percent, where the percentages of L-PC and
L-SC are much larger than those in case R = 2. The model has 15 parameters.

For interpretation of (3.2) we compute (C ® B)®; see columns 9, 10, 11 of Table 2. Each
factor loads high on one method. Factor 1 is a general factor with highest loadings for Peer
Nominations (PN). Factor 2 can be interpreted as a combination between Getting along with
others (G) and Dedication (D) for Supervisor Checklist ratings (SC). Factor 3 is also a general
factor for Peer Checklist ratings (PC).

We also obtain similar matrices B in the case of oblique factors with R = 2 and R = 3.
The oblique solutions yield highly correlated factors (0.69 for R = 2 and 0.84 for R = 3). This
implies that the solutions with oblique factors give less clear interpretation than with orthogonal

factors; see Table 2.
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Table 2: Values of (C © B) ® for the estimated Parafac covariance model with R =2 and R =3
factors fitted to the MTMM data from [5].
R=2 R=3
oblique | orthogonal oblique orthogonal
G-PN 033 -032|0.64 0.50 | 038 0.14 -0.14 | 0.65 -0.35 -0.25
D-PN 0.44 -0.12|0.61 0.40 | 0.46 0.16 0.07 | 0.65 -0.23 -0.25
L-PN 0.32 -0.05 | 0.44 0.23 | 0.28 0.04 0.07 | 0.47 -0.13 -0.20
G-PC 0.54 0.55 | 037 -0.46 | 0.59 0.68 0.28 | 038 0.16 0.55
D-pPC 0.48 0.46 | 036 -0.37 | 0.58 0.68 0.25 | 038 0.10 0.55
L-PC 032 031 026 -0.21 |0.46 0.54 0.19| 028 0.06 0.44
G-SC 0.63 0.58 | 0.47 -0.45| 0.54 0.23 0.85 | 037 0.77 -0.10
D-SC 0.57 0.50 | 0.45 -0.35| 0.40 0.15 0.62 | 038 0.51 -0.10
L-SC 038 033 | 033 -0.21| 024 0.07r 039 027 0.29 -0.08
Note: Numbers larger than 0.4 are in boldfont.

variable

3.2 Three-mode Tucker3 factor analysis solution

Next, we fit our model (1.5) to the data set of [5]. The explained common variances for
P e {1,2}, and Q € {2,3} are given in the following table

Table 3: The explained common variances for P € {1,2}, and @ € {2,3}.

P | Q | ECV% for Tucker3 | ECV% for Parafac with R = PQ
1|2 64.41 64.68

212 76.11

113 81.69 82.76

213 91.56

Below, we present the solutions with P=1,P =2, P=Q =2,and P =1,Q = 3. And we
compare these solutions to CP solutions with R = PQ. After rotating, the solution with P =1

and @ = 2 is as follows:

0.68\ G 001 0.99\ PN
B=|060|D, C=]|0.70 —0.09|PC,
041/ L 0.71  0.06/ SC
-1.29 —0.14 1.68 0.33
G= , U= . (3.3)
012 1.19 0.33 1.44

The unique variance is: diag(U) = (0.18 0.38 0.59 0.49 0.47 0.67 0.15 0.55 0.68). The percentage
of explained common variance is: 64.41. The percentages of explained common variance for each

trait-method combination are given in column 2 of Table 5. They are between 41 and 90 percent,
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where the percentages of L-PC and L-SC are rather low (45% and 41%). Since both matrices B

and C are rescaled to have columns of length 1, C is very close to the following form

0
*

o O =

*

and W is symmetric, it follows that we obtain 2 parameters from B, 1 parameter from C, and
3 parameters from W. Hence, the model has 6 parameters in total.

For interpretation of (3.3) we also compute (C @ B)¥; see columns 2,3 of Table 4. The
solution (3.3) can be interpreted as follows. Only entries on the diagonal of ¥ are large and each
diagonal entry of ¥ corresponds to a column of C® B = [c; ® B | ca®B]. Factor 1 is interpreted
as a general factor but only for Peer Checklist ratings (PC) and Supervisor Checklist ratings
(SC). Factor 2 is also a general factor but only for Peer Nominations (PN). Both factors have
smaller loadings for Ability to Apply Learning (L).

Compared to the solution (3.1) using Parafac, matrix C in (3.3) has a clearer interpretation
than C in (3.1). Matrix B in (3.3) has only one column which is very similar to the first column
of B in (3.1). Since the Tucker3 factor model has less parameters than those of the Parafac
factor model, solution (3.3) is more parsimonious than solution (3.1).

After rotating, the solution with P =2 and @ = 2 is as follows:

0.70 —0.65\ G 014 0.97\ PN
B=|[060 035|D, C=]|061 -023]PC,
0.38  0.66/ L 0.78  0.00/ SC
008 003 1.13 0.06 1.79 0.00 0.26 0.14
-1.33  0.00 —0.12 —0.10 0.00 0.35 0.05 0.22
G = R . (3.4)
—0.01 —0.59 —0.01 —0.37 026 0.05 1.30 0.08

-0.01 —-0.01 -0.00 -0.31 0.14 0.22 0.08 0.25
The unique variance is: diag(U) = (0.30 0.34 0.60 0.50 0.47 0.66 0.00 0.56 0.67). The percentage

of explained common variance is: 76.11. The percentages of explained common variance for each
trait-method combination are given in column 4 of Table 5. They are between 46 and 98 percent,
where the percentage of G-PC is rather low (46%). Since both B and C are rescaled to have
columns of length 1, C has one entry that equals to zero, and ¥ is symmetric with one zero
entry, this implies that B has 4 parameters, C has 3 parameters, and ¥ has 9 parameters.
Hence, the model has 16 parameters in total.

For interpretation of (3.4) we also compute (C ® B)W; see columns 4, 5, 6, 7 of Table
4. The solution (3.4) can be interpreted as follows. Only the first and third entries on the
diagonal of ¥ are large and each diagonal entry of ¥ corresponds to a column of C ® B =
[c1®Dby | ¢1 @ bs | c2 ® by | ¢2 ® bg]. This implies that columns ¢; ® be and ¢z ® bs play only
a minor role in the interpretation. Hence, this solution is interpreted almost the same as the

interpretation of the solution (3.3).

97



Lam Thi Thanh Tam

After rotating, the result with P =1 and QQ = 3 is:

0.68\ G 1.00 —-0.01 -0.01\ PN
B=]060]|D, C=1001 0.01 1.00 | PC,
0.42) L 0.01 1.00 -0.01/) SC
1.18 0.12  0.07 1.42 0.29 0.17
G=]-0.06 -0.16 -1.07 |, ¥=|029 1.33 040 |. (3.5)
-0.11 -1.13 -0.18 0.17 040 1.19

The unique variance is: diag(U) = (0.24 0.36 0.60 0.49 0.47 0.67 0.08 0.56 0.67). The percentage
of explained common variance is: 81.69. The explained common variances for all trait-method
combinations are given in column 6 of Table 5. They are between 58 and 91 percent. Most
trait-method combinations with low percentages of explained common variance in the solutions
with P =1,Q = 2 and P = Q = 2 have much larger percentage of explained common variance
in the P = 1,Q = 3 solution. Since both B and C are rescaled to have columns of length 1, C
is almost completely fixed, and ¥ is symmetric, this follows that we obtain 2 parameters from
B, and 6 parameters from W. Therefore, the model has 8 parameters in total.

For interpretation of (3.5) we also compute (C @ B)¥; see columns 8, 9, 10 of Table 4.
The solution (3.5) can be interpreted as follows. Since only entries on the diagonal of ¥ are large
and each diagonal entry of ¥ corresponds to a column of C® B =[c; @ B | c2 ® B | ¢3 ® BJ,
this implies that we obtain one method per factor. Factor 1 is a general factor but only for
Supervisor Checklist ratings (SC). Factor 2 is a general factor but only for Peer Nominations
(PN). Factor 3 is a general factor but only for Peer Checklist ratings (PC). All factors having
smaller loadings for Ability to Apply Learning (L).

Compared to the solutions (3.1) and (3.2) using Parafac, matrices C in the Tucker3 so-
lutions (3.3) and (3.5) have much more weights that are very close to zero. And each column
of C in Tucker3 solution has at least one entry close to zero and at least one entry close to 1.
This means that matrices C in Tucker3 solutions have a clearer interpretation than C in Parafac
solutions. Matrices B in (3.3) and (3.5) have only one column instead of two similar columns of
B in (3.1) and (3.2).

Since Tucker3 solutions have less parameters than the Parafac solutions with R = PQ
factors, the Tucker3 solutions are more parsimonious than the corresponding Parafac solutions.
However, the percentages of explained common variance of Tucker3 are a little bit less than of
Parafac solutions with R = PQ.
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Table 4: Values of (C ® B) W for the estimated Tucker3 covariance model (1.5) with P traits
factors and @ method factors, fitted to the MTMM data from [5].
| variable | P=1,Q =2 | P=2Q=2 | P=1Q=3 |
G-PN | 024 0.98| 026 -0.14 0.86 -0.11 |0.97 0.18 0.10
D-PN | 022 0.87| 035 0.12 0.81 0.16 | 0.85 0.16 0.09
L-PN | 0.14 0.59 | 029 0.19 0.56 0.22|0.59 0.11 0.06
G-PC |0.78 0.06 | 0.75 -0.11 -0.10 -0.00 | 0.13 0.29 0.82
D-PC |0.69 0.05|0.61 0.05 -0.07 0.06| 0.12 0.25 0.72
L-pC |0.47 0.03| 037 0.10 -0.04 0.07| 0.08 0.18 0.50
G-SC |0.83 022|098 -0.18 0.12 -0.03| 0.21 0.91 0.26
D-SC |0.74 0.20|0.84 009 014 0.13] 0.18 0.79 0.22
L-SsC |0.50 0.13]0.54 0.18 0.10 0.16 | 0.12 0.56 0.15
Note: Numbers larger than 0.4 are in boldfont.

Table 5: The explained common variances for all trait-method combinations and the communal-
ities for the MTMM data from [5].

_ P=10=2 P=2Q=2 P—1,0-3 | CPwith R—2 | CP with R—3
variable
ECV% | comm. | ECV% | comm. | ECV% | comm. | ECV% | comm. | ECV% | comm.

G-PN 78 0.82 98 0.70 81 0.75 79 0.82 78 0.75
D-PN 90 0.61 93 0.66 91 0.63 91 0.62 94 0.63
L-PN 58 0.40 53 0.39 58 0.40 60 0.41 65 0.40
G-PC 58 0.51 46 0.49 91 0.51 55 0.51 90 0.51
D-PC 65 0.53 66 0.52 90 0.53 62 0.53 90 0.53
L-PC 45 0.33 51 0.33 82 0.33 44 0.33 85 0.33
G-SC 61 0.85 81 1.00 85 0.91 62 0.85 88 0.91
D-SC 55 0.44 60 0.43 81 0.44 57 0.45 80 0.43
L-SC 41 0.32 70 0.33 58 0.32 45 0.32 59 0.33

ECV% total 64.41 76.11 81.69 64.68 82.76

4  Application II

In this section, we apply our three-mode Tucker3 factor model (1.5) to BJW dataset from
[12] which is also fitted to Parafac factor model in [13] with R = 3. To compare to the Parafac
solutions in [13], we fit our model (1.5) to this dataset with P € {2,3} and Q € {1,2}. The

explained common variances for P € {2,3}, and @ € {1,2} are given in the following table

Table 6: Explained common variances between models of Tucker-based and Parafac-based.

P | Q | ECV% for Tuckerd | ECV% for Parafac with R = PQ
211 71.00 74.51

311 74.76 84.54

21 2 86.00

312 91.52
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Below, we present the solutions with P =2,Q =1 and P = 3,Q = 1. After rotating, the
result with P =2 and Q@ =1 is:

0.33  0.13) item 1
0.41 —0.17 | item 2
0.41 —0.25 | item 3
g | 033 028 |item 4, oo (0.70) Yourself
0.10 0.78 | item 5 0.72) Others’
0.33 0.31 | item 6

0.38 —0.25 | item 7

0.40 —0.14 /) item 8

-2.76 —-0.42 7.61 1.2
G = 0 , U= 6 . (4.1)
0.07 1.24 1.26 1.73
The unique variance is diag(U) = (0.34 0.12 0.16 0.19 0.30 0.15 0.21 0.11 0.21 0.24 0.15 0.23 0.00

0.11 0.20 0.12). The percentage of explained common variance is 71.00. The explained common

variances for all item-condition combinations are given in column 2 of Table 8. They are between
58 and 85 percent with low percentage for items 7 and 8 for Others (58%).

For interpreting (4.1) we compute (C ® B)W; see columns 2, 3 of Table 7. The solution
(4.1) can be interpreted as follows. Factor 1 is a general factor. Factor 2 is a combination of
items 4,5, and 6. There is not much difference between two conditions.

Compared to the Parafac solution with R = PQ = 2, this solution has less percent
explained common variance than of the Parafac solution (71.00% versus 74.51%). In Parafac
solution, there is one general factor and one "for Yourself" factor.

After rotating, the result with P =3 and Q =1 is:

0.32 —-0.17  0.72) item 1

0.40 —0.25  0.09 | item 2
0.39 —0.17 —0.35 | item 3
g | 035 007 024 | item 4 C:<0.69> Yourself
0.18 0.87 —0.08 |item 5’ 0.72) Others’
0.36  0.23  0.17 | item 6
0.36 —0.17 —0.33 | item 7
0.40 —0.04 —0.36/ item 8
-2.79 —0.20 —0.14 7.79 0.61 0.40
G=| 001 o008 o076|, =061 1.39 037]. (4.2)
0.02 1.16 0.24 0.40 0.37 0.64

The unique variance is diag(U) = (0.34 0.13 0.16 0.19 0.29 0.15 0.21 0.11 0.21 0.25 0.15 0.23 0.00
0.11 0.19 0.11). The percentage of explained common variance is 74.76. The explained common
variances for all item-condition combinations are given in column 4 of Table 8. They are between
62 and 89 percent.
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For interpreting (4.1) we compute (C ® B)®; see columns 4, 5, 6 of Table 7. The solution
(4.2) can be interpreted as follows. Factor 1 represents a general factor. Factor 2 represents item
5. Factor 3 represents mostly item 1. There is not much different between two conditions.

In the Parafac solution with R = PQ = 3 factors (see [13], Table 4), factor 1 is a combi-
nation of items 2,3,7,8 and has higher loadings for Yourself; factor 2 is a combination of items
1,4,5,6 and has higher loadings for Others; factor 3 is a contrast factor between Yourself and
Others. This implies that solution (4.2) is not clearer than the Parafac solution. Additionally,
solution (4.2) has less percent explained common variance than of the CP solution (74.76%
versus 84.54%).

Clearly, to estimate the BJW data set, the three-mode Parafac factor model from [13] is
more useful than our model (1.5). Whereas for the data set from [5], our model (1.5) is more

useful. Hence, it depends on the dataset, the model of which has a clearer interpretation.

Table 7: Values of (C ® B) ¥ for the estimated Tucker3 covariance model (1.5) with P = 1,
Q € {2, 3} factors fitted to the BJW data from [12].
| vatiable | P=2Q=1] P=3Q=1 |
item 1, yourself | 1.88 0.45|1.90 0.15 0.37
item 2, yourself | 2.06 0.16 | 2.05 -0.05 0.08
item 3, yourself | 1.94 0.05 | 1.94 -0.09 -0.09
item 4, yourself | 2.00 0.64 | 2.04 0.38 0.25
item 5, yourself | 1.26 1.04 | 1.34 0.89 0.23
item 6, yourself | 2.06 0.68 | 2.10 0.42 0.24
item 7, yourself | 1.84 0.03 | 1.83 -0.09 -0.09
item 8, yourself | 2.01 0.18 | 2.02 0.02 -0.06
item 1, others | 1.94 0.47 1 1.98 0.16 0.38
item 2, others | 2.12 0.17 | 2.13 -0.06 0.09
item 3, others | 2.01 0.05 | 2.01 -0.09 -0.09
item 4, others | 2.06 0.66 | 2.13 0.40 0.26
item 5, others | 1.30 1.07 | 1.40 0.93 0.24
item 6, others | 2.13 0.70 | 2.19 044 0.25
item 7, others | 1.89 0.04 | 1.90 -0.10 -0.09
item 8, others | 2.08 0.19 | 2.10 0.03 -0.06
Note: Numbers larger than 0.5 are in boldfont.
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Table 8: The explained common variances for all item-condition combinations and the commu-
nalities for the BJW data from [12]

Cariablo P=2Q=1 P=3Q=1 CPwith R=2 | CPwith R=3

ECV% | comm. | ECV% | comm. | ECV% | comm. | ECV% | comm.
item 1, yourself 68 0.66 87 0.66 69 0.66 70 0.66
item 2, yourself 70 0.88 71 0.87 86 0.88 85 0.87
item 3, yourself 68 0.84 67 0.84 93 0.84 94 0.84
item 4, yourself 70 0.81 71 0.81 74 0.81 82 0.81
item 5, yourself 79 0.70 86 0.71 43 0.70 79 0.71
item 6, yourself 72 0.85 72 0.85 68 0.85 81 0.85
item 7, yourself 68 0.79 89 0.79 85 0.79 88 0.79
item 8, yourself 70 0.89 72 0.89 89 0.89 89 0.89
item 1, others 68 0.79 85 0.79 74 0.79 72 0.79
item 2, others 76 0.76 78 0.75 76 0.76 83 0.75
item 3, others 66 0.85 70 0.85 65 0.85 88 0.85
item 4, others 85 0.77 85 0.77 89 0.77 90 0.77
item 5, others 81 1.00 85 1.00 62 1.00 85 1.00
item 6, others 78 0.89 79 0.89 86 0.89 86 0.89
item 7, others 58 0.80 62 0.81 62 0.81 90 0.81
item 8, others 58 0.88 62 0.89 66 0.88 86 0.89
ECV% total 71.00 74.76 74.51 84.54

5 Discussion

In this paper, we have proposed and demonstrated a method for three-mode factor analysis
using MRFA to estimate unique variances U and Tucker3 to estimate the covariance matrix of
the common part. This method is an extension of the Parafac-based method that is proposed
in [13].

By using the Tucker3 covariance model, the component matrices and the core array of
interactions of the factors in the second and the third modes are not unique. Therefore we use
the Joint Othomax rotation of [7] to rotate the Tucker3 solution to simple structure in matrices
corresponding to the second and the third modes, and also in the core array.

The solutions in Section 3 show that the Tucker3 solutions have a clearer interpretation
than the Parafac solutions for the MTMM data of [5]. However, the solutions in Section 4
show that the Parafac solutions have a clearer interpretation than the Tucker3 solutions for
the BJW data of Section 3.2. Hence, the Tucker3 factor model is not always more appropriate
than the Parafac factor model and vice versa. Therefore, we advise to use both models on the
same dataset and to choose the model with the clearest interpretation (provided the explained

common variances are similar in size).
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NGHIEN CUU CHE TAO MANG MONG CdS:Zn UNG DUNG LAM LOP PEM
TRONG PIN MAT TROT MANG MONG CulnS,

TRAN THANH THAI'"", MAI THANH LOI2
'Phong Hanh chinh - Téng hop, Trudng Pai hoc Quy Nhon
Trudong THPT Tran Cao Van, TP. Quy Nhon, Binh Dinh

TOM TAT

NGHIEN CUU CHE TAO MANG MONG CdS: Zn UNG DUNG LAM
LOP PEM TRONG PIN MAT TROI MANG MONG CulnS,

Mang mong CdS khong pha tap va CdS pha tap Zn (CdS:Zn) duwoc ling dong bang phirong phdp
phun phii nhiét phéin hé tre siéu am USPD. Anh hirong ciia sw pha tap Zn [én tinh chdt vt Iy ciia cdc mang
dige nghién ciru. Két qua cho thdy cdc mang ché tao déu c6 cdu tric da tinh thé, trimg khép pha CdS véi
cau triic hecxagonal. Tinh chat quang ciia mang thé hién mang CdS:Zn cé dg rong viing cam quang tang
khéng dang ké so véi mang CdS khéng pha tap. Tat cd cac mang CdS:Zn c6 dién tro sudt ciing bic 10°Q.cm
va mang pha tap Zn véi nong dg 6wt.% c6 dién tré sudt nho nhat 1,2.10°Q.cm. Pin mdt troi IZ0/CdS:Zn/
CulnS,/Me ciing duoc ché tao dé danh gid kha ndang déap g quang dién ciia mang CdS:Zn.

Tir khéa: Mang mong CdS, 16p dém, pin mat troi, tinh chat quang va tinh chat dién.

ABSTRACT

Deposition and study of CdS:Zn thin film for
application as a buffer layer in CulnS, thin film solar cell

Undoped and Zn doped CdS (CdS:Zn) thin films were prepared by the ultrasonic spray pyrolysis
deposition (USPD) technique. The effect of Zn doping on the physical properties of the films were
investigated. It was observed that all the deposited films were polycrystalline, fitting well with hexagonal
type CdS. The optical properties of undoped and Zn doped CdS films showed that the optical band gap of the
Zn doped CdS is slightly bigger than its undoped CdS. All Zn doped CdS films have resistivity in the order
of 10°Q.cm and the CdS:Zn film prepared 6wt.% Zn concentration had a minimum resistivity of 1,2.107C.
cm. The glass/ IZO/CdS.: Zn/ CulnS / Me solar cell was also produced to evaluate the photovoltaic property
of CdS: Zn thin films.

Keywords: CdS thin films, buffer layer, solar cells, optical and electrical properties.

1.  Giédi thiéu chung

Céc ban dan hop chit A'BY!, bao gdm céc chat CdS, CdTe, CdSe..., tir 1au dd duoc quan
tam nghién ciru dé ché tao cac vat liéu quang dién tir hoat dong trong ving anh sang nhin thay
[1-3]. Hién nay, cong ngh¢ pin mit troi mang mong CdTe va Cu (In, Ga) (S, Se), cho thdy CdS
1a vt liéu thich hop nhat 1am 16p dém hodc 16p cira s6 [4, 5]. Tuy nhién, dién tré suat cia mang

*Email: ttthai@qgnu.edu.vn
Ngay nhan bai: 18/5/2018; Ngay nhan dang: 04/7/2018
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CdS rat 16n (> 10* Q.cm ) [6, 7]. Dé 1am giam dién tré suat c6 thé sir dung qua trinh pha tap bang
cac nguyén t6 nhu Al, Cu, Zn, Fe hodc In [1-4, 6, 8]. Tiép can hudng nghién ciru trén, ching toi
st dung mang mong CdS:Zn dong vai tro 16p dém trong pin mat tréi mang mong 1ZO/buffer/
CulnS,/Me.

Mang mong CdS khong pha tap va c6 pha tap c6 thé ché tao bang nhiéu phuong phap khac
nhau nhu phun xa RF [1], ling dong bé hoa hoc [2, 4, 6], SILAR [8], boc bay chan khong [7],
phun phu nhiét phan [3, 5], ...Trong sé cac phuong phap nay, phun phii nhiét phan 1a phuong
phap trién vong vi khong str dung chan khong, gia thanh thap, nhiét do lang dong thap va co thé
lang dong trén nhiéu loai dé khac nhau [5, 8]. Pé cai thién hon chat lugng mang mong lang dong
ching t6i da phat trién cong nghé phun pha nhiét phan h trg siéu am USPD (Ultrasonic Spray
Pyrolysis Deposition) [9].

Trong bai bao nay, ching t6i thong bao két qua nghién ctru tinh chat cdu triic va tinh chét
quang - dién cta mang mong CdS: Zn ling dong bang phuong phap USPD véi nong do pha tap
Zn khac nhau.

2.  Thuwe nghiém

Léy 2 thé tich dung dich mubi CdCl, va (NH,),CS tuong tmg véi ti 1& mol [Cd]/[S] = 1:3.
Dung dich ZnCl, dugc thém vao véi ndng do phan trim nguyén tir Zn thay di tir 3wt.% dén
9wt.% va khudy déu trong khoang 15 phut dé tao thanh cac dung dich precursor tién chat. Tién
hanh ling dong dung dich precursor tién chit bang phuong phap USPD véi cac thong sb cong
ngh¢: V_=6ml; f =130 KHz; v=0,8 ml/ min; L = 12 cm; Nhi¢t do léng dong: T = 380°C (chi
tiét hé thuc nghiém va cac thong s6 cong nghé co thé tham khao trong [9]).

Cac mau mang CdS khong pha tap va pha tap CdS:Zn khdo sat duoc ky hiéu lan luot 1a
CZS-00 (khong pha tap), CZS-03 (3wt.% Zn) CZS-06 (6wt.% Zn), CZS-09 (9wt.% Zn).

Céu trac va tinh chat quang-dién ciia mau sau lang dong duoc khao sat bang phuong phép
phan tich phd nhiéu xa tia X (XRD), phép do AFM, phuong phap phé truyén qua UV-VIS va
phuong phép do hiéu tmg Hall. Thanh phan cac hogp phan dugc xac dinh tir phép do pho tan sic
nang luong EDX. DPic trung J-V cia cac pin mat troi dugc khao sat trén hé thiét bi do Keithley
4200-SCS va SOLAR SIMULATOR c6ng suit 300W. Cong suit ngudn sang chuan 1a 1 sun
(100mW/cm?).

3. Két qua va thao luin
3.1. Khao sat ciu tric

Gian d6 nhidu xa tia X cia cic mau CdS khong pha tap (CZS-00) va pha tap CdS: Zn (CZS-
03, CZS-06, CZS-09) khio sat dugc biéu dién trén hinh 1.
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(c) CZS-06

(b) CZS-03

(a) CZs-00

(thé chuin)
PDF 77-2306

(101)
[ (112)

20 25 30 35 40 45 50 55 60

Hinh 1. Gian d6 nhiéu xq tia X ciia cdc mau khao sat (a) CZS-00 (khéng pha tap),
(b) CZS-03 (3wt.%Zn), (c) CZS-06 (6wt.%Zn) (d) CZS-09 (9wt.%Zn)

Trén hinh 1a, gian dd XRD ctia mau CZS-00 (khong pha tap) c6 cac vach nhidu xa tuong
g véi cac mit phang (100), (002), (101), (102), (110), (103) va (112) thé hién ciu trac hexagonal
(theo thé chuén PDF 77 - 2306) [6]. C6 thé thay, hinh 1b, ¢, d thé hién hinh dang cac gian dd XRD
khong thay d6i va cac dinh nhiéu xa dic trung cua cac mau pha tap CdS: Zn déu tuong ty truong
hop mau khong pha tap CZS-00. Piéu nay c6 thé quy cho ciu tric cac mau CdS: Zn ling dong la
hecxagonal. Nong do pha tap Zn gia ting da dan dén mé rong cac vach nhidu xa va du hiéu nay
xéac nhan sy thim nhap Zn vao mang tinh thé nhu théng bao trong [1, 6]. Két qua 1a kich thudc
tinh thé ciia mau suy giam tir 37,3 nm xudng 22,5 nm. Quy luat nay mot 1an nira dugc kiém chimng
khi khao sat anh AFM cua cac méu (hinh 2). Két qua phén tich anh AFM cho thiy, mang c6 do
bam dinh t6t va dic sit. Khi gia ting ndng d6 pha tap Zn thi bé mat mang dong déu hon va kich
thudc hat suy giam. Gia tri Ra dic trung cho d6 gd ghé ciia cac mau nhan duoc bang chuwong trinh
phan tich Nanoscope V613R1 ¢6 gia tri trong khoang Ra = 15,2 = 20,5 va d6 gb ghé ciia mang
giam khi gia ting nong d¢ pha tap.
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Hinh 2. Anh AFM ciia cdc mau khdo sdat CdS khéng pha tap va CdS:Zn

Dé kiém tra thanh phan hop phan cac mau ling dong, ching t6i sir dung phuong phap
EDX va két qua dugc trinh bay trong bang 1.

Bing 1. Thanh phan hop phan cdc nguyén t6 ciia mau CdS khéng pha tap va CdS: Zn

Miu Ti 1§ thanh phin phin trim nguyén tir (at.%)
Cd S Zn Cl
CZS-00 46,42 47,91 0 5,67
CZS-03 44,78 47,05 1,21 6,96
CZS-06 43,67 49,47 3,47 3,39
CZS-09 41,73 47,19 4,82 6,26

C6 thé thdy, thanh phan hop phin trong cac mau déu thé hién hop phin cua nguyén t6 S 1a
du. Trong khi d6, thanh phan hop phan ctia nguyén té Zn hop nhat vao mau lang dong gia ting da
lam giam thanh phan hop phan ciia nguyén t6 Cd. Theo chung t6i, hién twong nay c¢6 thé gan cho
kha ning nguyén tir Zn da thay thé vi tri cta nguyén tir Cd trong cAu truc tinh thé.

3.2. Khio sat tinh chit quang va tinh chit di¢n

Phd truyén qua cua cac mau CdS khong pha tap va CdS: Zn khao sat dugc thé hién trén
hinh 3. C6 thé thiy, khi nong d6 Zn gia ting, d6 truyén qua ciia mau ciing gia ting. Nguyén nhan
dugce cho 1a do kich thude hat cia mau suy giam va hinh thai bé mit dong déu hon da lam suy
giam hién tugng tan xa tai bé mit mau. D& dang nhan théy, mau CZS-06 co do truyén qua cao
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nhit (T~ 86%) va cdc mau chi c6 mt bd hép thu tai bude séng A ~ 480 - 500 nm nhu truong hop
mau CdS khong pha tap.

Tir dit liéu phd truyén qua, ching t6i dd xac dinh do rong ving cim quang E, dwra vao do thi
quan hé (ahv)? vai ‘hv (hinh 4). B9 rong vung cérr} quang ciia cac mau gia tén/g tur E,=242eV dén
E,=244eV véi ndng do pha tap gia tang tir 0 dén 9wt.%. Nhu vay, su khuéch tan cac nguyén tir
Zn vao trong mau CdS da lam gidm kich thudce tinh thé va [am cho bé mat mau dong déu hon nén
d3 1am giam tan xa tai b& mit cia mau va din dén lam gia ting d6 truyén qua. Két qua lam cho do
rong viing cam quang clia mau gia ting khi gia ting nong do pha tap. Tuy nhién, su gia ting cua
d6 rong vang cAm nay khong dang ké.

100 160
(c)
(b) (c)
80
_ 4~ 1204 (a) (d)
¥ C
g 60+ e (a) CZS-00 (khéng pha tap)
=4 S (b) CZS-03 (3wt. % Zn)
= w " 4
£ (a) CZ$-00 (khong pha tap) =) 80+ (c) CZS-06 (6wt. % Zn)
£ 401 (b) CZS-03 (3wt. % Zn) = O A CieEa)
= (¢) CZS-06 (6wt. % Zn) = (a) E =242eV
A (d) CZS-09 (9wt. % Zn) ) w (b)E,=243eV
20+ AR (c)E =243eV
Pz o (d)E =284 ev
A.A'_A‘ b2 JE =244 ¢
o FaRaRtt :
I e S e N s m e e L L S S B S L R L B S B
400 500 600 700 800 900 2,2 23 24 25 26 27

Budc song (nm)
Hinh 3. Phé truyén qua ciia cdc
mau CdS khong pha tap va CdS:Zn khdo sat

. hv (eV)
Hinh 4. Po6 thi quan hé (ahv)’ véi hv cua cdc
mau CdS khong pha tap va CdS:Zn khdo sdt

Loai d4n cia mau CdS khong pha tap va CdS:Zn khao sat dwoc kiém tra bing phuong phap
dau do nhiét va cac thong sb dién dugc khao sat b::ing phuong phap hiéu ing Hall. Két qua dugc
trinh bay trong bang 2.

Tir bang 2, c6 thé thiy d6i voi mau CZS-06 dién try suat suy giam dang ké (p = 1,12.10°
Q.cm) va ndng do hat tai cling gia ting manh (n, = 1,54.10" cm”). Theo chiing t6i, su thay thé
clia nguyén tir Zn vao vi tri ctia nguyén tir Cd d lam gia ting cac khuyét tat CdvaVv, dan dén
lam gia ting nong do hat tai va lam cho dién tro sudt ciia mau giam.

Bing 2. Cdc thong sé dién cia cac mau CdS: Zn

x Pién tré suat Nong dd hat tai Do linh dong . x
Mau Loai dan
p (Q.cm) n_(cm™) 1, (cm?*/V.s) :
CZS-00 3,07.10° 1,68.10" 102,1 n
CZS-03 5,69.10° 7,63.10 65,5 n
CZS-06 1,12.10° 1,54.10" 49,7 n
CZS-09 8,43.10° 8,12.10™ 80,2 n

Dé danh gia kha ning dap tmg quang - dién cta cac mang CZS khao sat, chiing toi ché tao
pin mat troi (PMT) véi cau tric Ag/1Z0/CdS:Zn/CulnS,/Ag theo quy trinh cong ngh¢ cong bd
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trong [9]. Pic trung J-V cia mau PMT PZ-06 dat hi¢u suét cao nhét dugc trinh bay trén hinh 5.
Céc thong s quang dién cua PMT khao sat duge tong hop trong bang 3.

4 {/‘ ,7.
(a) _a
0 o-lo—8—8-—85-—85-8 s—n-n-n-n-u_8-"97"7 |
/0/
—_ )
an -4 O/O/
S o
E 8 °
= (b) .o
%b 12 o
b ol PMT PZ-06
© o2 V__ =375mV
=. 16 - & oc¢ s
= o Jo. =19,87 mAlcm
oyl ° FF =25%
s n =093%
/0/
24 L | | } ! |
0 150 300 450

Dién dp (mV)
Hinh 5. Bdc trung J-V ciia mau PMT PZ-06 trong t6i (a) va chiéu sing (b)

Bing 3. Cdc thong s6 quang dién ciia pin mdt troi

Mau PMT (Zf{s) (mi7§m2) (f/f) (:/lo)

PZ-03 3wt.% Zn) | 354 12,42 21 0,84

IZO/CZS/CIS | PZ-06 (6wt.% Zn) | 375 19,87 25 0,93
PZ-09 (Owt.% Zn) | 295 9,65 17 0,47

1ZO/CAS/CIS | PZ-00 (Ref. [9]) 422 10,17 27 1,05

Két qua cho thdy, qua trinh pha tap Zn vao 16p dém CdS da anh huong dang ké dén cac
thong sb quang dién ctia PMT. C6 thé thdy, PMT PZ-06 nhin duoc cac thong sb quang dién
t6t nhat. So sanh cac thong s6 quang dién cia PMT PZ-00 sir dung 16p dém khong pha tap
(CZS-00) va PMT PZ-06 sir dung 16p dém co pha tap (CZS-06) cho thiy, dién ap ho mach va
hiéu suét chuyén d6i cia mau PMT PZ-06 (V. =375 mV; 1 = 0,93%) la c6 gia tri thip hon so
véi mau PMT PZ-00 (Voo =422 mV; n = 1,05%) [5] nhung mat do dong ngin mach J s CO gid tri
16n hon gan gap d6i. Chiing tdi cho rang, nguyén nhan la do 16p dém CZS-06 su dung trong PMT
PZ-06 c6 dién tro suét thip, kich thudc hat nho, bé mit bang phang va do truyén qua cao hon 16p
dém CdS khong pha tap. Cac dic diém nay da lam giam dién tré ndi tiép va tén hao quang trén
16p dém dan dén gia ting s6 lugng photon dén 16p hap thy lam gia ting dong quang dién phat
sinh. Mt khac, vi nguyén tir Zn thay thé vi tri nguyén tir Cd nén nguyén tir Cd tré nén tu do va
c6 thé két hop voi nguyén tir O trong qua trinh ling dong hinh thanh hop chat CdO c6 dién tro
suat thdp. Hop chat nay dinh xtr ngay trén tiép xuc cong nghé va 1a nguyén nhan hinh thanh céac
dudng din ngin mach tai ranh gi6i tiép xuc CdS: Zn/CulnS, lam cho R | suy giam va da dan dén
Vo €0 gid tri thap.
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Nhu vay, c6 thé danh gia pin mat troi CulnS, su dung 16p dém c6 dién tré suét thap cho
phép dat duge mat do dong ngin mach cao. Két qua nay gop phan mo ra kha niang thuc sy dé ché
tao pin mat troi c6 mat do dong cao.

4. Kétluan

Phuong phap phun phii nhiét phan hd tro siéu am USPD cho phép ling dong mang méng
CdS:Zn véi ndong do pha tap Zn thay d6i c6 do két tinh tot. Sy gia ting ndong do pha tap Zn (tir
3wt.% dén 9wt.%) khong anh huong dén cau triic hecxagonal ctia mau CdS nhu trong truong hop
khong pha tap. D6 rong ving cAm quang gia ting nhe tir 2,42eV dén 2,44 eV véi su gia ting ndng
d6 pha tap Zn. Trong khi do, dién try suit cia mang CdS:Zn giam déng ké cling véi su gia ting
nong do hat tai khi nong do pha tap Zn gia ting. Mang lang dong v&i ndng d6 pha tap 6wt.% nhan
dugc dién tro suat thap nhat 1,12.10° Q.cm va dat duogc do linh dong 49,7 cm?/V.s, nong do6 dién
tir 1,54.10' cm3. Két qua str dung CdS:Zn v&i ndong do pha tap 6wt.% Zn 1am 16p dém trong pin
mit troi Ag/1ZO/CdS:Zn/CulnS /Ag nhan dugc mat do dong ng'fln mach ting rat 16n so voi khi
str dung 16p dém CdS khong pha tap. Pay 1a tién dé cho phép md ra kha nang sir dung 16p dém
CdS:Zn d ché tao pin mat trdi mang mong c6 mat do dong cao.
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PANH GIA CHUYEN VI MUC TIEU CUA QUY TRINH PHAN TiCH
TINH PHI TUYEN TRONG THIET KE KHANG CHAN

TRAN THANH TUAN", NGUYEN THI KHANH NGAN, PHAM THI LAN
Khoa K¥ thuat & Coéng ngh¢, Truong Pai hoc Quy Nhon
TOM TAT

Bai bdo nay danh gia chuyén vi muc tiéu cho nha cao tang trong quy trinh phdn tich tinh phi tuyén
sir dung cdc dang tai ngang theo tiéu chuan FEMA-356 va phdn tich ddy dan theo dang dao dong (Modal
Pushover Analysis) cho ba khung thép phdng mét nhip 3, 6 va 9 tang chiu tic dong cia hai bo dong dat
V6i tan sudt xay ra la 2% va 10% trong 50 nam.

Tir khéa: Phan tich tinh phi tuyén, phan tich ddy dan, chuyén vi muyc tiéu.

ABSTRACT

An evaluation of target displacement of non-linear
static analysis for seismic design

The aim of this paper is to estimate the target displacement for high-rise buildings in FEMA-356
Nonlinear Static Procedure (NSP) and Modal Pushover Analysis (MPA) procedure when it is applied with
toone-bay steel frames of 3, 6 and 9 stories. Each frame was analyzed by two set of 10 ground motions
records were assembled representing probabilities of exceedance of 2% and 10% in 50 years.

Keywords: Nonlinear static procedure, modal pushover analysis, target displacement.

1. Téng quan

Phuong phap phan tich phi tuyén theo gian db gia tbc NL-RHA (Nonlinear Response
History Analysis) 1a mot cong cu manh trong danh gia tic dong cta dong dat dén cong trinh,
ung XU cua két cau khi chiu dong dat co thé duge ude tinh mot cach chinh xac. Tuy nhién,
phuong phap c6 mot s6 han ché nhu: thoi gian mo hinh, chuén bi dau vao, thoi gian tinh toan va
viéc giai thich két qua lam cho viéc sir dung phuong phap phan tich nhu vay khong thuc té.
Chinh vi 1y do nay, nhiéu nha nghién ctru da dé xuét cac phuong phap va cac mé hinh don gian
hon dé udc tinh tac dong cua dong dat dén cong trinh. Cac dé xuat dua ra dé don gian héa quy
trinh phén tich thuong dua vao viéc thay hé nhiéu bac ty do-MDOF (multi-degree-of-freedom)
thanh hé mot bac ty do twong duong-SDOF system (single-degree-of-freedom system) — day
chinh la phép phan tich modal (modal analysic).

Phan tich tinh phi tuyén, hay phén tich dy dan da duogc phat trién trong nhiéu nam qua va
da tro thanh mot phuong phap dugc st dung phd bién trong thiét ké va danh gia dong dat cho
cong trinh. Nhiéu cong trinh nghién ctru khac nhau vé cac phuwong phap phén tich cua cac tac
gia da dugc cong bd: phuong phap pho kha nang-CSM (Capacity Spectrum Method) dugc trinh
bay trong ATC-40 (Applied Technology Council, 1996) [1], phuong phap hé sb chuyén vi-
DCM (Displacement Coefficient Method) dugc trinh bay trong FEMA-356 (Federal Emergency
Management Agency) [2], va phuong phap phan tich ddy din MPA (Modal Pushover Analysis)
[3, 4] do Chopra va Goel dé xuat.

‘Email: tranthanhtuan@qnu.edu.vn
Ngay nhan bai: 20/8/2017; Ngay nhan dang: 10/12/2017
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Phuong phap hé s6 chuyén vi DCM trinh bay trong FEMA-356 [2] 14 mot phuong phap
Xép xi dua trén hé sb hiéu chinh chuyén V. Chuyén vi 1én nhét cua hé nhiéu bac tu do duogc hiéu
chinh thanh chuyén vi cia hé mdt bac ty do tuong duong béng mot sd cac hé sb. Theo FEMA-
356 [2], phan tng dia chan cua két cAu duogc tinh todn bing phuong phap tinh phi tuyén, trong
d6 két ciu chiu tac dong cua tai bét bién khong ddi theo chiéu cao dén khi dat chuyén vi muc
tiéu. Cac dang tai duoc dé xuét trong FEMA-356 1a tai phan bd twong duong (Equivalent lateral
force (ELF) distribution), tai phan b6 theo dang dao dong co ban (Fundamental mode
distribution), tai phan bd déu (Uniform distribution), ...

Trong phan tng clia cong trinh dudi tac dong cua dong dat, dang dao dong dau tién la
phan tng chil yéu cua két cau, diéu nay 1a pht hop cho céc cong trinh thdp ting, c6 dao dong
trong khoang 1 gidy va duong cong kha ning duoc xdy dung tir dang dao dong dau tién ctia
cong trinh. Tuy nhién, voi nhitng cong trinh cao tang, khi sy dong gép cua nhitng dao dong tiép
theo 1 dang ké thi phuong phap tinh phi tuyén khong con chinh xac. Dé khic phuc han ché nay,
mot phuong phép cai tién phuong phap tinh phi tuyén, duoc goi 1a phuong phap phan tich tinh
sir dung lyc ngang dya trén dang dao dong cé xét dén dong gép cua cac dang dao dong cao
MPA (phuong phap phan tich day dan theo dang chinh), duoc dé xuat boi Chopra va Goel
(2002). Phan tmg dia chan trong MPA duoc xac dinh tir phan tich dy dan, dung phan phdi luc
quan tinh tng véi mdi dang dao dong nham xac dinh chuyén vi muc tiéu. Sau d6, cac dap tng
dinh ctia phan phdi luc S; =m¢,, va phan tich dong luc hoc & dao dong thir n ciia hé SDF khong
dan hoi, duoc két hop bang cach str dung mot quy tic td hop can bac hai cua tong binh phwong
- SRSS dé bao ham dugc tat ca dap tmg.

Trong nghién ciru nay, phuong phap phan tich day dan theo dang dao dong MPA va theo
cac dang tai ngang khac nhau dwgc dé xuét trong FEMA-356 dugc dé xuit dé danh gia tmg xir
ctia két cdu chiu dong dat. Cac két qua vé chuyén vi muyc tiéu dugc dua ra dé danh gia sai léch
va do chinh x4c ctia cac phuong phap ddi voi khung thép chiu tac dong dong dat. Qua dé co thé
danh gia sy déng gdp cua phuong phép nay trong thiét ké cong trinh thuc té chiu dong dat.

2. Cac phwong phap phan tich
2.1. Phan tich phi tuyén theo mién thoi gian NL-RHA
Phuong trinh thé hién phan Gmg ctia cong trinh chiu tai trong dong dit voi gia toc nén
Ug (t) nhu sau:
mii + ¢ +f; (u, sign i) = -midi (1) (1)

Trong do6:

e ula vector ciia chuyén vi.

e m,c, va k la ma tran khbi luong, ma tran hé sb can ban dau, va ma tran do cung cua

hé.
e 11 vector anh huong voi mdi phan tir bing mot don vi.
V& phai cua phuong trinh (1) dugc xem 1a lyc dong dat:

peff (t) = _m”:ig (t) (2)
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Luc dong dét co thé xéac dinh:

N N
peff (t) = Zpeff, n = Z_snl:ig (t) (3)
n=1 n=1
Véi s, 1a luc phan phéi cho ham dang tht n
s =I,m¢, “4)

Va

mi = ZN:sn = ZN:/'nmcl)n )
n=1 n=1

Trong d6 ¢, 1a ham dang dao dong thir n ctia cong trinh, va

L T T
FnzM—n’Ln=¢nm"Mn=¢nm¢n (6)

n
Luc dong dat & ham dang thi n trinh bay ¢ phuong trinh (3) ¢6 thé duoc viét lai nhur sau:
Peftn = -ang (®) (7

Poéng gop cua luc dong dit p off n dén dap ung cia hé MDOF khong dan hdi 1a cta toan
bd n dang dao dong.

Céc phan tich dang dao dong co ban thi khong di sau vao ving déo vi su két hop cua cac
dang dao dong nhim lam déo két ciu. Cac dang dao dong khac dang dao dong thir n ciing s&
dong gop dén dap tng cua hé:

N
U, ()= > 49,1 ()

r=1
Tuy nhién, Chopra va Goel (2002) dd ching minh ring sy déng gép cua cac dang dao
dong khac dao dong thir n 13 twong di nho. M rong chuyén vi cta hé khong dan hoi duoc gidi
han bai cac dang dao dong tu nhién cua hé tuyén tinh twong g, chung ta co:

N
ut)= > 4,0, ©)

n=1
Thay phuong trinh (9) vao phuong trinh (1), va cing nhan ca hai vé véi ¢nT , sau do st
dung truc giao khéi lugng va hé sb can cua dang dao dong ta dugc:

. . F
qn+2§nwnqn+ﬁ=-l'nug(t), n=1,2,..,N (10)

n
Phuong trinh (10) dai dién cho N phuong trinh trong hé can bang ham dang q,, - Khong
gidng nhu hé tuyén tinh dan hoi, nhitng phuong trinh nay 1a sy két hop cho hé khong dan hoi.
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2.2. Phan tich diy dén theo dang dao dong MPA (NSP-2)

Phuong phap MPA thuc hién viéc tinh toan tac dong ciia dong dat 1én cong trinh theo hai
giai doan:

Giai doan 1: Thyc hién viéc tinh toan ddy dan cho timg dang dao dong khac nhau cua két
cAu c6 nhiéu bac tu do (vi du cac dang dao dong 1, 2, 3...) dé xéac dinh dap tng cua cac dang
tuong (mg & cac chuyén vi muyc tiéu.

Giai doan 2: Xéac dinh dép ung toan phan ciia hé két ciu bang cach t6 hop cic phan tng
thanh phan theo mét trong cic phuong phap t6 hop cic phan Gmg 16n nhét cua cac dang chinh,
vi du t6 hop dang cin béc hai cta tong cac binh phuong (SRSS).

Phén dudi ddy gi6i thiéu ngin gon chi tiét cac bude tinh toan cta phuong phap MPA, da
dugc Chopra va Goel (2002) trinh bay, bao gdm cac budc sau:

- Tinh cac tan s dao dong tu nhién, @, , va cac vecto dang dao dong (mode shape), ¢, ,
cho cac dang dao dong dan hoi tuyén tinh ctia cong trinh.

- Pbi v6i dang dao dong thir n, xay dung dudng cong day dan biéu dién mbi quan hé giira

luc cat ddy-chuyén vi mai ( Vin =Up, )bang cach phan tich tinh phi tuyén cong trinh, dung luc

phéan phéi s, = M, v6i m 1a ma tran khdi lugng.
- Ly tuong héa duong cong ddy dan nhu mot dudng cong song tuyén tinh (Hinh 1a).
- Chuyén ddi cac dudng cong 1y tuong ddy dan qua mdi quan hé giita luc = bién dang

(Fg, / L, +D, ) ctia dang dao dong thir n cua hé¢ mot bac tw do khong dan hoi tuong duong
(Hinh 1b) va xac dinh tan s dao dong dan hoi o, ,Vva bién dang déo Dny . Dang dao dong thir n
ctia hé mot bac ty do khong dan hodi twong duong duogc xac dinh boi dudng cong biéu didn mbi

quan h¢ lyc - bién dang (Hinh 1b) (v6i hé sb d6 clng post-yield ¢, ) va hé s6 can &,, danh cho

dang dao dong thu n.
* Tml
V6i M, =T, L, 1a khéi lugng tac déng, L, = ¢, mi, I, = ¢T” . va mdi phan tir véc
n m n

to anh hudng 11a bang véc to don vi.
- Tinh bién dang dinh, D, =max | D, (f)|, cia dang dao dong thir n ctia hé mot bac tu do
khong dan hoi voi mbi quan hé luc — chuyén vi caa Hinh 1b do luc dong dat Cig (t) bang cach
giai phuong trinh phi tuyén:
" . Fy,(D,,D
D, +2{,w,D, +—S”(L” n) =

n

-y (1) (11)
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V.4 a) Ly twéng héa dwéng cong Fo/LT  b) Méi quan hé F.y/L,+D,
day dan
Ly twéng 2
== Aok Vond/M*, a0
S \Thét
7
4
. k, w?,
S /1 1
/
/
Urny 'u"” Dny=urny/rn(prn VD”

Hinh 1. Ly twéng héa diong cong song tuyén tinh

- Tinh toan chuyén vi dinh muc tiéu ctia hé nhiéu bac ty do, Urno két hop véi dang dao

dong tht n hé mot bac tu do khong dan hoi tur phuong trinh (12):
T
_ y ¢, i
Umo = nOmDp v6i T'p = —F (12)
¢, mg,

- Rut ra két qua mong mudn, o > tr dir liéu duong cong day dan khi chuyén vi dinh bang

chuyén vi Upno -

- Lap lai budce 2 dén budc 7 cho nhiéu dang dao dong.

- Xé4c dinh dap tng tong "Pa bang cach két hop phan ung cua nhiéu dang dao dong
béng cach su dung td hop cac phan tng 16n nhét cua cac dang chinh dao dong, vi duy, can bac
hai cua tong binh phuong chuyén vi dinh dugc biéu dién ¢ cong thue (13):

(13)

"mpa =

Véi j 1a s6 dang dao dong tham gia.
2.3. Phan tich tinh phi tuyén theo FEMA-356

Quy trinh tinh phi tuyén trinh bay trong Fema-356 duoc ap dung cho két ciu voi dang
dao dong dau tién chiém uu thé, khong xét dén cac dang dao dong cao hon. DBé giam anh hudng
ctia dao dong cao hon dén két cau, hai quy trinh phan tich phd phan ing duoc dua ra: (1) xét cac
dao dong chiém 90% tong khéi lugng, va (2) sir dung dang dao dong co ban.

Quy trinh thuc hién gdm cac budce sau:
2.3.1. Xdc dinh dwong cong khd ndng

Puong cong kha nang duogc thé hién trong mbi quan hé chuyén vi dinh, U, va luc cat

day, Vp,, . Puong cong kha nang duoc xac dinh bdi luc tinh cta két cau voi tai ngang phan phdi
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theo mot quy luat nhat dinh. Xéc dinh chuyén vi dinh, U,,, va luc cit ddy, V},, cho dén khi két
cAu xuat hién diém chay déo dau tién. Tai trong duoc gia ting cho dén khi két cau xuit hién
khép déo va duong cong kha nang duoc ve.

Céac dang tai dugc trinh bay sau day:

- Tai phan b6 déu §; =M;, trong d6 m;la khdi lugng va s 1a lyc phan b tai ting j. Luu
y rang luc phan bd 1 nhu nhau tai tat ca cac tang néu khéi luong cac tang 1a nhu nhau. (NSP-1)

. ., N I Y * k , ¥ \ \ DN
- Tai tam gidc phan b6 theo chiéu cao §; = mjhj , trong d6 s  va hlj( la lyc va chiu cao

tai tng j, trong d6 k =1 néu T1 = 0.55 k=2 néu T1 = 2.55 va cac gia tri khac ndi suy. Dang
tai nay duoc str dung trong trudng hop hon 75% khbi lugng tham gia dang dao dong co ban.
(NSP-3)

2.3.2. Chuyén vi muc tiéu

Chuyén vi muc ti€u dugc xac dinh qua cong thic:
T 2
5, =C,C,C,C,S, (2—j g (14)
T

Trong do:

e (- hé s6 hiéu chinh dya trén ph6 chuyén vi ciia hé SDOF tuong duong véi chuyén vi
dinh cta h¢ MDOF;

e C, - hé sb twong quan gifra bién dang cuc dai cua hé khong dan hoi va bién dang cua
hé dan hdi tuyén tinh;

e C, - hésbdcoké dén anh hudng cua vong lap tré (pinch), su suy bién do ctng va su
giam do bén trén dap ung chuyén vi cuc dai va hé s hiéu chinh;

e C;-hé sbké dén hiéu tng P-A, b6 qua hé s6 do cimg (post-yeild).

3. Kétqua

Két qua nghién ctru cho khung thép mot nhip 3, 6 va 9 tang (trong du an SAC) chiu tac
dong cua 20 tran dong dat duoc chia thanh 2 bd, mdi bd ¢6 10 tran dong dat co tan sudt 1a 10%
trong 50 nam (LA10IN50) va 10 tran dong dat co tan suit 1a 2% trong 50 nam (LA2IN50),
nghia 1a xay ra 1 1an trong 2475 nim va 475 nam [5].

- Gia tri trung binh cua chuyén vi muc tiéu dugc xac dinh tir cac phuong phap duoc trinh
bay trong Hinh 2.
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LA2IN5S0
T T < 30
= 60 BStor'y: _t T 30 6story 1{, 1 2 9story | :
= i . L = — .
240 7 4" 22 [ =T 2 20 T
5. |1 3 I~ h | = S
5 30 |~ s . = Sl
e ! { E If !I E ,;/ ! !
& 20 - — NSP-1 s 10 | s 10
2 T Napa2 2 !| 2 ; ! |
» 10 - f - - NSP-3 » | 4 |
@ —| — Series3| @ 1 b -
@ — — Seri @ I = L |
g 0 T l_\ $enesﬁ g 0 g o 0 T
0 1 2 3 4 0 1 2 0 1 2
Roof disp/Total height (%) Roof disp/Total height (%) Roof disp/Total height (%)
LA10IN50
< < < 30 .
‘:_— 60 I' 3 story E— 30 GFTOW 1 = 9|%tory
550 SRR e S :
S I. /.,- /// S /./'l -1 T |i -
240 |7 _—— 320 7 _4—" 2 20 - i
s A — = I/”'I s - P
e | !! E If !I E ; '.'l
& 20 — - — NSP-1 S 10 - s 10
I I ——— 5 ¥ g7
“ 10 | - === NSP-3 n | [ |
4 | —-— Series3| @ - b |
[} . [} (%]
& o Il S = feies] & L & o I ‘
0 1 2 3 4 0 1 2 0 1 2
Roof disp/Total height (%) Roof disp/Total height (%) Roof disp/Total height (%)

Hinh 2. Gid tri trung binh chuyén vi muc tiéu cua cdac hé khung
Khi so sanh d6 chinh xac chuyén vi dinh dugc xac dinh tir phuong phap ddy dan theo
dang dao dong NSP-2 va phan tich diy dan theo FEMA-356 chiu tai phan b déu NSP-1, tai
trong tam gidc NSP-3 so voi nghiém chinh xdc NL-RHA duoc thdng ké theo hai bo dong dat.
b6 chinh xac cua chuyén vi dinh dugc kiém tra b:?lng cach xac dinh ty sb gitia chuyén vi dinh du
doan cua hé SDF va chuyén vi dinh dwoc xac dinh tor phuong phap NL-RHA:
(U: hse = (U nsp 7 (U nimia - TY $6 (U )ysp cang gn 1 thi két qua cang chinh xéc. Bidu dd

phan tan cua ty sb nay duoc trinh bay & Hinh 3.

119



Tran Thanh Tuén, Nguyén Thi Khanh Ngan, Pham Thi Lan

LA2IN50 LA10IN50
20
Z 18] xnsp 6_NSP =
14 ] 1=1.077 1=0.547 <
» & 124xX.NSP 0_NSP &
S = 10 - =
2 = 8 - BNSP-1 =
o € g : ONSP-2 4
2 3] BNSP3 R
0 .
0 02040608 1 12141618 2 0 02040608 1 12141618 2
(U, *)snr (U, *)snr
20 20
= ig 1 x_NspP O_NSP = {g 1 x_NspP 0_NSP
14 ] 1=1.077 1=0.547 14 ] 1=1.077 1=0.547
5. 12 { X_NSP O_NSP 5. 12 { X_NSP 0_NSP
2 =10 = 101
é (E. : (g, :
o e g - i
7] . N 4
0 02040608 1 12141618 2 0 02040608 1 12141618 2
(U, *)snr (U, *)snr
20 20
= 181 ¥ Nsp 6_NSP = 181 ¥ Nsp 6_NSP
< 10 11=1077 1=0.547 < 10 11=1077 1=0.547
5. 12 { X_NSP O_NSP 5. 12 { X_NSP 0_NSP
=10 - < 10 A
g 581 FE
2 = 64 = 64
S w 4 A w 4 A
2 2 2 2
0 - 0 -
0 02040608 1 12141618 2 0 02040608 1 12141618 2
(U, *)snr (U, *)snr

Hinh 3. Biéu do ty s (Ur )NSP cia cdc hé khung vmg véi hai bo dong dat

Tir biéu do ty sé (ur )nsp > tdc gid cé mot s6 nhén xét nhu sau:

- Véi mdi bo tran dong d4t khac nhau, do 1éch chuén va gia tri trung binh cua chuyén Vi
dinh 1a khac nhau & cung mot hé khung. Vi cung mot hé khung, d6 1éch chuan va gia tri trung
binh ciia chuyén vi dinh 1a khac nhau & hai bo cac tran dong dat.

- Do léch chuédn cia chuyén vi dinh duge xac dinh bang phuong phap NSP-1 16n hon
nhiéu so v&i phuong phap NSP-2 va NSP-3 ¢ ting tran dong dit cho ting hé khung.

- Gia tri trung binh (uIr Jnsp duoc xéc dinh theo phuong phap NSP-1 1 nho nhit so véi

hai phuong phap con lai.

Mot cach biéu dién khac cua gia tri chuyén vi dinh: néu ldy gia tri chuyén vi tir két qua
phuong phap NL-RHA 1a chuén, ta xem xét tip hop diém két qua chuyén vi mai cua cac
phuong phap NSP-1, NSP-2 va NSP-3 ung vdi hai bo tran dong dat duge chon s& hoi tu nhu thé
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nao dén duong chuan. Tap hop cac gia tri (u: )Jusp trén duong chuan (ur )nLrua €O hé sb géc
bang 1 dugc trinh bay tai Hinh 4.

- Tap hop nhiing diém chuyén vi dinh ciia mdi hé khung dugc xac dinh bang cac phuong
phap chiu hai bo cac tran dong dat ludn bam sat theo dudng chuan.

- Do phén tan nhitng diém chuyén vi dinh cho cac tran dong dat LA2/50 ddi v6i mdi hé
khung 16n hon so véi cac tran dong dat LA10/50 cho timg phuong phap.

- Vi mbi bo cac tran dong dat, & cac hé khung cang cao thi tap hop cac diém chuyén vi
dinh duoc xac dinh boi cac phuong phap cang phén tan, tich rdi khoi duong chuan.

- Bbi véi cac tran dong d4t LA10/50, gia tri chuyén vi dinh trung binh ctia NSP-1 nam
dué6i duong chun & cac hé khung 3, 6, 9 tang, tirc 1a gia tri chuyén vi dinh udc tinh nho hon.
Gia tri nay cang chénh I¢éch voi cac h¢ khung cang cao.

- P6i v6i mdi hé khung, tap hop chuyén vi dinh ciia phuong phap NSP-2 va NSP-3 bam
sat voi dudng chuan hon so v6i phuong phap NSP-1.

LA2INSO
1 1 1
3 story 6 story 9 story
A
0
S S S 7
% ANSP-1 % A % A
q q q A A
ONSP-2 A A
oNSP-3
0 0 0
0 1 0 1 0 1
Anrua (%) Anrua (%) Anrua (%)
1 1 1
3 story 6 story 9 story
5 ANSP-1 | & & A
q q I
ONSP-2
<NSP-3
0 0 0
0 1 0 1 0 o 1
Anrun (%) Ayrrua (%) Anirua (%)

Hinh 4. Tép hop cdc diém chuyén vi dinh ciia cdc hé khung
Két qua sai léch chuyén vi dinh cta hé khung tng véi mdi bd cac tran dong dat duoc

trinh bay trong bang sau:
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*
Bdng 1. Gid tri trung binh va sai léch (@, )nse cua cdc hé khung

LA2IN50 LAT0IN50
He khung  NSP-1 NSP-2 NSP-3 NSP-1 NSP-2 NSP-3

7 3 7 3 7 3 7 3 7 3 7 3
3thng  0.835 0202 1.007 0.048 1.011 0.046 0.863 0290 1.014 0.027 1.025 0.030
6ting 0979 0.144 0986 0.068 1.003 0062 0924 0.175 1.062 0.096 1.086 0.092
9tAng 0930 0238 1.094 0.122 1.130 0.122 0977 0.138 1.036 0.151 1.064 0.149

- Véi cung mot bo cac tran dong dét, v6i cac hé khung cang cao thi Kkét qua do léch chuén

ctia phuong phap NSP-2 va NSP-3 cang ting. Két qua nay ddi voi NSP-1 thi nguoc lai ¢ hé

khung 9 tang.

- Vi cung mot h¢ khung, do 1éch chuén cua hé khung & cac tran dong dat LA2/50 16n
hon nhiéu so véi tran dong dat LA10/50.

Hinh 5 va Hinh 6 thé hién gia tri trung binh va dd léch chuén cta cac hé khung duoc xac
dinh boi cac phuong phap NSP-1, NSP-2, NSP-3 so véi nghi€ém chinh xac NL-RHA.

2

[=)

Trung binh ur*
71-

2

,_.
n
L

—

(=]

LA10INSO

(=]

So t‘fmg

Hinh 5. Gid tri trung binh chuyén vi dinh cua cac hé khung dwoc xdc dinh bcﬁng

cdc phwong phdp so voi phwong phap NL-RHA

LA2INS0
1.5 A
E l i o= = D
fi A_’ ,___»——'=’ ''''' —h
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Hinh 6. Sai léch chuyén vi dinh cua cdc hé khung dwoc xdc dinh

bdng cdc phirong phdp so véi phirong phap NL-RHA
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4. Kétluan, kién nghi

- Gia tri trung binh chuyén vi dinh duoc xac dinh bang cac phuong phap ¢ mdi bo dong dat
la khac nhau.

- Do 1éch chuin chuyén vi dinh cua cac hé khung tmg véi mdi bo cac tran dong dét duoc
xac dinh bdi cac phuong phap khac nhau thi khac nhau va cé su tach biét gitta mot nhoém la
NSP-2, NSP-3 va nhom con lai 1a NSP-1. D¢ léch chuan ciia phwong phap NSP-1 16n hon nhiéu
s0 v6i phuong phap NSP-2 VA NSP-3 ¢ hai bo dong dat.
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TRAINING THE LEARNER'S THINKING THROUGH THE REVERSE PROBLEM OF
BUILDING THE ALTERNATIVE CIRCUIT OF TRANSFORMERS WHEN
CONVERTING FROM PRIMARY TO SECONDARY

NGUYEN NGOC MY", NGUYEN THAI BAO
Faculty of Engineering and Technology, Quy Nhon University

ABSTRACT

Based on the basic electromagnetic equations so as to establish the diagram of the alternative
circuit is the principal content which makes the research foundation for electric machines - a primary
subject of electrical engineering. Mastering and applying effectively the alternative circuit of the
transformer not only help learners to study transformers but also study other types of electric machines
efficiently. Course books and materials on the transformer only build the alternative circuit of the
transformer when converting the secondary side to the primary one (the directly proportional problem);
however, when reversing the learner is confused, unable to resolve the problem. This paper deals
with the challenges above, and this reversible problem is also used for certain more complicated situations,
contributing to train the leaner’s thinking.

Keyword: Diagram of the alternative circuit, converting the secondary side to the primary one,
leaner’s thinking.

TOM TAT

Reén luyén tw duy ngudi hoc qua bai toan nguwoc xay dung so do
thay thé may bién ap khi qui doi so cip vé thir cAp

Dua vao cde phwong trinh dién tiv co ban dé xdy dung so do thay thé la néi dung trong tam, lam
co s¢ dé nghién ciru cdc may dién - mén hoc nén tang cua nganh dién. Ndm chdc, hiéu sdu va van dung
16t so do thay thé mdy bién dp khong nhitng gilip nguoi hoc nghién cibu mdy bién dp ma con nghién ciru
cdc loai may dién khdic mét hiéu qua. Cdc gido trinh, tai liéu vé mdy bién dp chi xdy dung so do thay thé
may bién dp khi qui déi phia thir cap vé so cap (bai todn thudn), khi qui doi nguwoc lai thi nguoi hoc ling
ting, khong gidi quyét dwoc. Noi dung bai bdo nay sé giip gidi quyét nhitng van dé trén va sir dung bai
todn nguroc nay cho cdc trieong hop cu thé, phirc tap hon, gép phan rén luyén ning e twe duy cho nguoi hoc.

Tir khoa: So db thay thé, qui doi phia thir cAp vé so cap, nang lyc tu duy.

1. The alternative circuit of the two-core transformer
L R X, R, X, I
: TATATATAN
U, E, E; U, Z,

Figure 1. The alternative circuit of the transformer before converting

"Email: nguyenngocmy.ktcn@gmail.com
Ngay nhan bai: 23/4/2018; Ngay nhan dang: 16/5/2018
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1.1. Converting the secondary side to the primary one
R =K’R,
E’,=kE,; U, = kU,; I
Converting parameters: /2 I ’ ’ , ? :>X2/ =k2X2 N X, =kX, (1)
I =f;R’2 = k’R, 77 =k*Z,
Z =k'Z,
L R X R LX)

Figure 2. The alternative diagram of the transformer after converting from secondary to primary

1.2. Converting the primary side to the secondary one

E| =%; U =%; U =k1; I =kI;
. X = Xl
Converting parameters: T

2)
R R (

/ / a
Rl = k—; =R = F
X
/ 1
X,U = k;

Figure 3. The alternative diagram of the transformer after converting from primary to secondary

2. Building an alternative circuit of the step-up auto-transformer from the one of the

step-down auto-transformer converting primary to secondary

Based on the alternative circuit of the step-down auto-transformer converting primary to

secondary and the transformer reciprocity, an alternative circuit of the step-up auto-transformer

can be built as follows: L

. e
L WP W) & (Y.
: — | U= .
(Ui-T3) }{‘l“‘.’l-“u'z}=:\’\.?m . R __H U,
ol Wi I ) Wy ..
U, . . T } . U, m 1' lll—fz
-1 W, U, 1 i

(Fig. a) " (Fig. b)

Figure 4. The circuits of the step-down auto-transformer (Fig. a) and the step-up one (Fig. b)
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In [1], a characteristic system of the step-down auto-transformer is constructed:

. . /

ll = lo+12

Us = (2, +Z, K, Z,) T (K, Z, HoL ) 3)

. . . 1 o
U} = (k,Z,HjoL ) Lo— {knz(l-k—)} Z,1

12

From (3), if the loss of iron is considered, an alternative circuit (Figure 5) can be inferred:

S (-
7, -kl e

Figure 5. The alternative circuit of the step-down auto-transformer

In order to establish an alternative circuit of the step-up auto-transformer (figure 4b),
from the alternative circuit of the step-down auto-transformer (figure 5), the following steps
should be fulfilled:

2.1. Converting primary to secondary

The alternative circuit of the step-down auto-transformer (figure 5) will become that in
figure 6 when converting from primary to secondary:

Zxr (1_;('1_2)22 1
. .. S . 5.
BCOTR e
L
U,
HIGH VOLTAGE LOW VOLTAGE

Figure 6. The alternative circuit of the step-down auto-transformer
when converting from primary to secondary

2.2. Changing the direction energy transfer from low voltage to high voltage

When changing the energy direction transfer from the secondary side (low voltage) to the
primary side (high voltage), the alternative circuit in figure 6 will be in the form in figure 7:
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-1z S [l“ﬁ],_z;_,
v | (%) "y
W, W, A
- — — v .
-1 W, ; W
LA W, Z, W, !

<.

Us

» H|e
L
SJ‘E” § ,I

K

e \3
s (&)
W, W,
HIGH VOLTAGE LOW VOLTAGE

Figure 7. The alternative circuit of the step-down auto-transformer
from primary to secondary

2.3. Permuting the primary (high voltage) and secondary (low voltage) names in the
alternative circuit of Figure 4

When permuting the primary (high voltage) and secondary (low voltage) names, the
alternative circuit in Figure 6 will be: primary (low voltage), secondary (high voltage). Then the
transformer will become the step-up auto-transformer as in Figure 4b:

The auto-transformer is a step-up transformer when primary voltage U, is put into the low
voltage side. Then the primary side (low voltage) is at index 1, the secondary side (high voltage) index
2. Therefore, the low voltage index (2 to 1) and the high voltage index (1 to 2) must be permuted.

Zr—>7; U—>U; LoILi; Wo>W,va Wi —> W,

Then, the alternative circuit in Figure 5 will be:

* For the left branch: |, 1 |, index 2 changed to 1 and vice versa:
& 2
W2
1 1 W,
1—Wl Z,— I_WZ Z]:(l—Wllez(l—ku)Zl 4)
1 = 2
W, W,
* For the middle branch:
- Components: Wz - W, Z, index 2 changed to 1 and vice versa:

W, E 2 W,
W,
W W
—222 — —1Z1 =k,,Z, 5
A\

1 2
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- Components:

- Components :

- Components

- Components

- Components

1

2
oL, [%J ol index 2 changed to 1 and vice versa:

2 2
W, . W, . 2 .
—2 | JjoL —| —| .joL =k’ joL (6)
(Wl j ] y (WZ j ] 7 12] 7
2
R, _ [&J g 1ndex 2 changed to 1 and vice versa:
2 a
w W
WZ
W 2 W 2
—2 | R, >|—| R, = ksza (7)
W, W,
: W I , index 2 changed to 1 and vice versa:
W2
Wi Woio o dy g (8)
0 0
WZ 1 ﬁ k12
WZ
: E J index 2 changed to 1 and vice versa:
W, “
W Wy 4 ©)
W2 Wl E k12
W2
: E b ) index 2 changed to 1 and vice versa:
W, g
Wi Wy o L (10)
2 g 1 ! m 12
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Changing index 2— 1 and 1—2 in the right side of (2), we have:

2 2 2 2
2 (W) (W) (W), L (W)L (W) (W),
W, W, W W, W, W,

2

2 2
hay Z, E + E 1_& Z = klzzzm + klzz 1_i Z,
W. W, W ki

2

Therefore, the items in the right side can be replaced as follows:

Zu +(1_Ej Z, equals klzzZm+k122{l—kL]Zl (11)
( 2

w) U W w !
WZ W2
Apply the value from (4) to 11 into the alternative circuit in Figure 7, we can find
out the alternative circuit of the step-up auto-transformer (Figure 8) inferred from the

transformer reciprocity:

1
. Z —hpZy _kljzz:r ~kp|1-— |z,
h — — . ko
"k

Figure 8. The alternative circuit of the step-up auto-transformer with the no-load
current 1y built from the alternative circuit of the step-down auto-transformer

In which:
I L 1 L
0 (high voltage) — k 0 (low voltage) a (high voltage) — k a (low voltage)
12 12
1 2
Ra (high voltage) = klZRa(low voltage)

I,u (high voltage) = k Y (low Voltage)
12

. 1.2 -
_]WL” (high voltage) — k12-] wLy(low voltage)
W

With: k,, = Wl
2

Then the alternative circuit of the step-up auto-transformer as in Figure 9 is acquired.

This is the circuit established in [3] :
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Z, -k.Z, _k]llzn: L‘-‘-:-‘EE_IT'Z'-
L Io I
klizl
U i L U:
R, oL,

Figure 9. The alternative circuit of the step-up auto-transformer
with the no-load current I considered
3. Conclusion

Based on the alternative circuit of the step-down auto-transformer converting primary to
secondary and the transformer reciprocity, an alternative circuit of the step-up auto-transformer
can be constructed. This diagram accurately reflects the energy process occurring in the
machine and is completely appropriate with the diagram established from the basic
electromagnetic equations in [3]. This asserts the accuracy of the alternative circuits of the auto-
transformer and the 3-core 3-phase auto-transformer, in which the two-core auto-transformer
has been built in [1], [2], [3].

The reversible problem above helps to train the learner’s thinking, research methodology,
which makes the learner have a thorough understanding about not only the transformer but also
other types of electric machines.
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SHORT-TERM SOLARPHOTOVOLTAIC POWER FORECASTING
ERROR DISTRIBUTION ESTIMATION

TUAN-HO LE
Department of electrical engineering, Faculty of Engineering and Technology, Quy Nhon University

ABSTRACT

Among the potential renewable energies, solar photovoltaic (PV) power has recently experienced
enormous utilizationin electrical power generation due to the advances of solar PV technologies. Various
studies have been conducted in order to forecast solar PV power generation in different perspectives.
Unfortunately, there is always a mismatch between the forecasted solar PV power data from the proposed
methodologies and the measured generation data. Therefore, the main purpose of this paper is to statistically
investigate the short-term solar PV power forecasting errors of practical generation measurements. First
of all, the Belgium short-term solar PV power generation data was analyzed. Secondly, the solar PV
power forecasting errors were considered by using different statistical methods. Then, the analyzed error
distribution of solar PV power was compared with the commonly assumed normal distribution. Finally, a
correcting method was utilized to improve the assumption of solar PV power forecasting error distribution.

Keywords: Error distribution, forecasting, short-term, solar photovoltaic power.
TOM TAT
U'éc hrgng thong ké ham phan phdi ciia sai s6 trong dw bao ngin han vé ning lwong mit troi

Cdc dang nang lwong tdi tao bao gom nang lheong gié va nang lwong mdt troi dwoe xem nhi la
nguon nang lwong sach va nguon nang heong vé tdn trén thé giéi. Do do, gan ddy, nang lwong mdt troi
dwoc sw dung rong rdi trong cac ngu&n dién cua cac hé th(fng dién boi cac vu diém va sy tién bo vé cong
nghé cia dang nang heong nay. Viéc duw bdo vé hrong dién nang dwoc tao ra béi cdc tam pin ndng heong
mdt troi la mot cong viée khd quan trong va da cé nhiéu nghién civu dé xudt cdac phwong phap dir bdo ve
liwong dién nang tao ra. Tuy nhién, cdc phicong phép dir béo nay hau nhie khong thé hién dwoc sw vieot troi
50 VGi cdc phiong phdp con lai do ¢6 sai s6 heong dién ndang duw bdo va do dac diege. Do d@6, cdc nhén vién
van hanh hé thdng dién can hiéu ré vé cac sai s6 duw bdo nay dé c6 thé van hanh hé théng dién tot hon.
Chinh vi vdy, muc tiéu chinh cia bai bdo nay la nghién civu theo thong ké cac sai s6 dir bdo ngdn han ciia
nang lwong mat troi sw dung cdc dir liéu thuc té. Truede tién, bai bdo phan tich dir liéu dién nang dwoc tao
ra boi nang lwong mat troi trong hé théng dién cua Bi. Sau do, cac sai 56 dw bao nang lwong dién mdt troi
dirge xem xét theo nhiéu tiéu chuan thong ké khdc nhau. Tiép theo d6, ham phdn phéi sai s6 nay dwoc phin
tich va so sanh véi ham phéan phéi chudn. Cudi ciing, mét phirong phdp hiéu chinh diege dp dung trong bai
bdo nay véi muc dich la dé giam nhe gia thiét vé ham phédn phoi sai sé trong dw bdo ngdn han ciia ndang
lwong mat troi.

Tiwr khéa: Dy bao, ham phan phéi sai sé, nang lugng mat troi, ngén han.

*Email: tuanhole@qnu.edu.vn
Ngay nhan bai: 18/5/2018; Ngay nhan dang: 30/6/2018
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1. Introduction

The conventional energy resources from fossil fuels have been gradually reduced in
electrical power generation systems because of several environmental issues about greenhouse,
global warming, and climate change. In order to achieve this purpose, a transition from these
traditional energies towards renewable energy resources such as wind power and solar power, is
imperative. Particularly solar power generated through photovoltaics (PV) has seen tremendous
growth over the last decade, with a total of 227.1 GW installed at the end of 2015 [1]. According
to IEA’s highest projection, the installation of global solar PV power capacity could exceed
1700 GW by 2030 [2]. Unfortunately, high penetration of renewable energy into interconnected
power systems is challenging to the balance of electricity due to the variability of these weather-
dependent generation resources. The unpredicted solar PV power output adversely affects the
stability, reliability, and scheduling of the power system operation, aside from the economic
benefit [3,4]. An accurate forecasting of solar PV power generation may diminish the uncertainty
of solar PV power on several electrical system issues, such as system reliability, power quality,
and penetration level of PV systems. Therefore, a variety of useful forecasting methodologies and
techniques were proposed to predict the solar PV power generation. According to time framework,
solar PV power forecasting methodologies can be divided into four different types, namely very
short-term, short-term, medium-term, and long-term predictions [5]. According to [5], very short-
term solar PV power forecasting can refer to the generation information from a few seconds to
minutes, and the application of this classification is for solar PV and storage control and electricity
market clearing. Short-term prediction is used for the data from 1 hour up to 48-72 hours, and
such forecasts arecrucial for different decision-making problems involved in the electricity market
and power system operation, including economic dispatch, unit commitment. The medium-term
forecasting indicates the forecasting up to one week ahead, and it is classified for maintenance
scheduling of PV plants, conventional power plants, transformers, and transmission lines. The
long-term prediction/estimation can be applied for long-term solar energy assessment and PV
plant planning up to months to years. In this paper, the short-term forecasting is used to analyze
the solar PV power.

Similar to wind power forecasting domain, solar PV power forecasting methods can
be generally classified in terms of physical models, traditional statistical methods, artificial
intelligent (Al) approaches, and hybrid models [5, 6, 7]. Statistical approaches are based on data-
driven formulation using historical measured data to forecast solar time series [8]. Several Al-
based techniques were proposed to construct solar forecasters [9]. Physical models are based
directly or indirectly on numerical weather prediction (NWP) or satellite images that predict
solar irradiance and solar PV generation [10, 11]. The combination of two or three mentioned
models can provide different hybrid models [12, 13]. All of the forecasting models and tools
were proposed to estimatethe most accurate solar PV power generation values compared to the
measured ones. Unfortunately, there are always errors between the predicted and practical data
due to several factors, such as solar prediction, the path of sun, the atmosphere’s condition, the
scattering process, and the characteristicsof a solar power plant. In most existing methods and
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statistical viewpoint, the forecast error distribution is often assumed to be normally distributed.
This assumption may not always be guaranteed when the solar PV power forecast error distribution
includes skewness and excess kurtosis. In this situation, the assumption of error distribution will
have an impact on the final study results. Moreover, the error distribution is often assumed to
be normal distribution with zero mean and constant variance. While assumed error distribution
in solar power forecasting is normally distributed, the mean of this distribution does not always
equal zero. Therefore, the primary motivation of this paper is to analyze the statistical properties
of short-term solar PV power forecasting error distribution from Belgian solar power generation
measurements. The comparisons were made between the investigated results and the commonly
assumed normal distribution in most of electrical power system simulation studies. Finally, a
correcting method was utilized to improve the normal distribution assumption of solar PV power
forecasting error distribution.

2. Data analysis
2.1. Belgium solar PV power generation

In this paper, solar PV power generation forecasting data from Belgian transmission
system operator on their homepage was analyzed [14]. Belgium’s installed solar power capacity
is currently 416.27 MW. The significant level of such solar PV capacity increases steadily, and
this is also expected to progress in the following years. At every quarter of an hour, the unique
quarter-hourly power generation value for upscaled measurements can be updated. This is also the
amount of solar power generation equivalent to the running average evaluated for that particular
quarterhour. In this paper, the available solar power data was monitored from April 26", 2018
to May 03", 2018. The Belgian solar PV power generation and forecasting information was
demonstrated in Figure 1. The solar power forecasting data was demonstrated by the solid line.
The solar power forecasting data was illustrated by the dashed line. In the analyzed period, the
mean value of generated solar power was 476.40 MW, the maximum generated solar power value
was 2833.45 MW, and the minimum generated solar power generation was 0.00 MW. Also, the
mean value of predicted solar power was 563.28 MW, the maximum predicted power generation
was 2419.39 MW, and the minimum predicted solar power value was 0.00MW.
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Figure 1. Belgian solar PV power generation and forecasting

2.2. Statistical background

The Belgian solar power measurements were analyzed by several statistical techniquesin this
paper. From statistical viewpoint, the range of values of a continuous random variable is normally
illustrated by a probability density function (i.e., pdf) or density. The normal distribution is usually
assumed to describe solar power forecasting error distribution. The first two standardized moments
consisting of mean (i.e., £ ) and standard deviation (i.e., o ) or variance (i.e., o) are the primary
information of solar PV power forecasting error distribution. In addition, the third moment of
distribution (i.e., skewness) is the measurement of a probability distribution’s asymmetry, while
kurtosis provides a measurement of the peakedness of a distribution as well as the weight of the
tails of the distribution. If an observed data set is assumed to be normally distributed, the values
of both skewness and kurtosis equal zero. In statistics, a histogram represented by a bar chart is
normally used to demonstrate both the skewness and kurtosis of the probability distribution of
a continuous variable. Another useful statistical criterion is quantile-quantile (Q-Q) plot which
can be employed to compare the probability distribution of the Belgian solar power data set to
the associated normal distribution by drawing their quantiles against each other. Furthermore,
a probability plots is a graphical representation for comparing the similarities and differences
between the distribution of observed data and the corresponding normal distribution. In this given
plot, the non-normality of the observed data set with the associated 95% confidence interval (i.e.,
significance level 0=0.05) is investigated by using Anderson-Darling (i.e., AD) test. Finally, a plot
of empirical cumulative distribution function (i.e., cdf) is a statistical criterion used to evaluate
the fitness of a distribution to solar power data, to estimate percentiles, and to compare different
sample distributions. While the fitted distribution in a probability plot is a straight line, the fitting
distributionin an empirical cdf plot is a highly nonlinear curve. In order to perform all statistical
analysis in this paper, the MINITAB software and MATLAB software were utilized.

3. Results

The impact of solar PV power generation forecasting error distribution on operations of
power system will be considered in this section. The distribution of solar PV power generation
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forecasting errors observed in seven days from Belgian transmission power system was
investigated. In this paper, error solar PV power value (i.e., Precas ) is calculated by subtracting the
forecast value (i.e., P, ) to the realized value (i.e., £, ) as follows:

gp()wer = Pﬁzrecast - Pactual (1)

Figure 2 shows a histogram plot of the observed solar PV power forecast errors from Belgian
transmission system in 2018. In this figure, the dotted line demonstrates a normal distribution
with the mean value (86.76 MW) and standard deviation (351.5 MW) as the observed errors. The
mean value (86.76 MW) shows the positive mean bias. In this figure, the number of observed
data points is shown by N (i.e., 721). The observed error distribution is highly peaked, with the
extremely right tail than the corresponding normal distribution. The error distribution of Belgian
solar power generation forecasting is positive skew and leptokurtic. This histogram plot shows
that the solar power generation error distribution is highly non-normal.

Normal distribution

70 Mean 86.76

StDev 351.5
N 721

Percent

800 1200 1600 2000
Error

Figure 2. Histogram of the observed solar PV power generation forecast errors

in the Belgian transmission system in MW

In statistics, a Q-Q plot is also used to examine the normality of the distribution. A normal
Q-Q plot of Belgian solar power forecast errors generated by MATLAB software was shown in
Figure 3. The solid line in the graph get sover the first and third quantiles of the planes of the
observed data. This QQ plot also confirms non-normality of the errors distribution because all
observations (i.e., the star symbols) do not fit the straight line. The probability plot of Belgian solar
PV power generation forecasting errors with the corresponding 95% confidence intervals was
drawn by using statistical MINITAB software as shown in Figure 4. Three solid lines in Figure 4
indicate a normal distribution of the observed data (i.e., the middle line) with the same mean (i.e.,
86.76 MW) and standard deviation (i.e., 351.5 MW) with the associated 95% confidence intervals
(i.e., two border solid lines).

137



Tuan-Ho Le

QQ Plot of observed data versus Standard Normal
25001

20001 et
St

oy

1500r

* oy
s

1000+

w

>

>
T

Quantiles of observed data
=
T
-
%ﬂ‘*

=500

-1000 L L L L [ [ [ [
-4 -3 -2 -1 0 1 2 3 4

Standard Normal Quantiles

Figure 3. O-Q plot of Belgian solar PV power generation forecast errors
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Figure 4. Probability plot of Belgian solar PV power generation forecasting
errors with the associated 95% confidence intervals

The solar power errors shown as the star symbols in Figure 4 (i.e., outside the 95% confidence
intervals) indicate the non-normality of the solar power error distribution. Both AD test value
(132.808 greater than 0.641) and p-value (less than 0.005) describe the null hypothesis of the
forecast error data coming from a normal distribution that was rejected at a statistical significance
level of a = 0.05. A cdf plot of the observed errors and the corresponding normal distribution is
shown in Figure 5. In this figure, the dashed line shows the fitted normal distribution with the
same mean and standard deviation and the solid line show the empirical cdf of the observed
errors. This figure also confirms the non-normality of the errors distribution because the dashed
line is different with the solid line.
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Figure 5. A cdf plot of Belgian solar PV power generation forecasting errors

Obviously, Figures (2) - (5) showed that the solar PV power forecasting errors are non-
normal distribution which is usually assumed in the existing solar PV power generation forecasting
studies. The estimated mean value of errors in the fitted normal distribution (i.e., 86.76 MW) as
shown in Figures (2) - (5) are not zero. The accuracy of solar PV power forecasting models and
methods can be increased by improving this mean value. The corrected solar PV power generation
forecast can be transformed by subtracting the mean value of solar PV power forecast errors from
solar PV power forecast as follows:

peorreet _ p. E( £

forecast forecast - power )

(2) where P! and E (6‘ ower ) are the corrected solar PV power forecast and the average

Jforecast

of solar PV power forecast errors, respectively. Based on Equation (2), the corrected solar power
) can be calculated as follows:

gcorrect — Pcorrect _ P

power forecast actual

forecast errors (i.e., £

power
3)

From Equation (3), the fitted normal distribution of the corrected solar power forecast
errors can be drawn in Figure 6. As shown in Figure 6, the fitted normal distribution of corrected
errors has zero mean value and the same standard deviation value (i.e., 351.5 MW) with the
previous error value as shown in Figure 2.
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Figure 6. Histogram of the corrected solar PV power generation forecast
errors in the Belgian transmission system in MW

Obviously, the biased mean of error in the commonly assumed normal distribution showed
that the existing difference between the forecasted and practical values in most actual forecasting
methods. This normal assumption may cause the errors of forecasting results. Based on the
proposed method, the error of solar power forecasting in common assumption is expected to be
reduced when the mean of errors of the normal distribution equals to zero. Hence, the accuracy
of the solar power forecasting can be increased. Therefore, the errors of solar power generation
scheduling will be diminished.

4. Conclusions

In this study, the solar PV power generation information including the forecast values
and practical measurements from Belgian transmission system was investigated. In addition,
the short-term solar PV power generation errors were analyzed by using various statistical
methods including histogram plot, quantile-quantile plot, probability plot, Anderson-Darling test,
and empirical cumulative distribution function plot. The errors distribution of solar PV power
generation forecastingis not normally distributed as frequently assumed in several existing solar
PV power forecasting studies. Moreover, the mean value of the corresponding fitted normal
distribution does not equal zero. Therefore, a corrected method was applied in order to transform
the mean value of the fitted normal distribution into zero. The applied method was presumed
to reduce the solar PV power forecasting errors of existing estimation models and methods.
For further studies, the Belgian short-term solar PV power generation forecasting errors will be
statistically analyzed with other renewable resources in the same electrical power system. The
actual distribution of renewable generation forecasting errors also can be investigated.
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PAC PIEM SINH HQC DINH DUONG CUA CA CHACH CAT (Cobitis sp.)
PHAN BO O SONG AN LAO - BINH PINH

VO VAN CHI", TRAN THANH AN?
'Khoa Sinh - KTNN, Truong Pai hoc Quy Nhon
2Phong Thanh tra - Phap ché, Truong Pai hoc Quy Nhon

TOM TAT

Cd Chach cat (Cobitis sp.) la loai ca nwedc ngot co kich thudc nho, mau sdc dep, dwoc xem la lodi cd
¢6 tiém nang cho nudi canh ¢ nweée ta, tuy nhién nhitng hiéu biét vé ddc diém sinh hoc ciia lodi ndy van con
rat han ché. Trong nghién civu nay, dac diém sinh hoc dinh dwéng ciia cda diege nghién ciru thong qua khdo
sat dac diém cua hé tiéu hoa va thirc an tw nhién cua ca. Céu tao hé tiéu hoa cuia ca va chi 56 tiwong quan
gitka chiéu dai rudt va chiéu dai than cho thdy cd c6 tinh dn thién vé dong vat. Thanh phan thirc an ti nhién
cia cd khd da dang, bao gom rat nhiéu lodi con moi thuée 3 nhém: dong vit phit du, déng vdt day va tao.
Ciong do bdt moi ciia cd khéac nhau gitta nhitng cd thé trong ciing nhém ciing nhie giita cdc nhém kich cé.
Nhue vdy, chiing t6i da thu thap dwoc nhitng théng tin quan trong vé dic diém sinh hoc dinh dwéng cia cd
Chach cdt, va hy vong rang nhitng thong tin nay sé gép phan quan trong cho nhitng nghién ciru nuéi thuan
duong ca ciing nhu sinh san nhan tao ca sau nay.

Tir khéa: Ca Chach cat, cuong do bat moi, hé tiéu héa, tap tinh an, thirc an tu nhién.

ABSTRACT
Feeding Biology of Loach (Cobitis sp.) distributed in An Lao River - Binh Dinh

Loach (Cobitis sp.) is a freshwater fish species having small body and beautiful colour that has
been considered as a potential ornamental fish species in Vietnam, however, the biological information of
this species is not well known. In this study, feeding biology of this fish was studied by examining digestive
system and natural food. The results showed that characteristics of its digestive system and the value
of the relative length of the gut appeared to adapt carnivorous feeding. The natural food of this species
wasdiverse and included lots of prey items belonging to 3 groups namely zooplankton, zoobenthos and
algae. Its feeding intensity differed between individuals of the same size class as well as those of different
size classes. Here, we collected some important information on feeding biology of loach with the hope to
support next studies related to culturing and breeding this fish species.

Keywords: Digestive system, feeding behaviour, feeding intensity, loach, natural food.

1. Patvan de
Ca canh noi chung va ca canh nudc ngot nudc ri€ng ngay cang trd nén pho bién trén thi
truong gidi tri. Sy hap dan, cudn hut cia nhitng con cé dep vé mau sac, hinh dang va da dang vé

chung loai ngay cang thu hat su quan tdm cua nhi€u nguodi. Bén canh céc loai ca canh nudc ngot
dang dugc va chudng va da dugc nhan giong thanh cong nhu ca vang, cé la han, ca rong, ca dia,...

*Email: chignu@gmail.com
Ngay nhan bai: 10/5/2018; Ngay nhan dang: 28/6/2018

143



V& Van Chi, Tran Thanh An

thi & nudc ta van con nhiéu loai ca nude ngot khac tir tw nhién ciing duoc danh gi 1a c6 tiém ning
nudi canh, trong d6 ¢6 c4 Chach cat (Diéu va cong su, 2016) [1].

Ca Chach cat 1a mdt loai ca nude ngot co kich thude nhod, ¢6 hinh dang va mau séc dep, da
duoc mot sé nude nudi 1am canh. Tuy nhién, ¢ Viét Nam no6i chung va Binh Pinh néi riéng chua
¢6 nghién ctru ndo vé dic diém sinh hoc cia loai ¢4 nay. Vi vdy, viéc nghién ctru nhimng dic diém
sinh hoc co ban dé 1am co s¢ cho nuéi thuan dudng va tién xa hon 14 san xuat gidng d6i twong nay
1a can thiét, gop phﬁn da dang hoa dbi tuong ca nudc ngot nudi canh ¢ Viét Nam.

2. Vatliéu va phwong phap
2.1. Doi twong nghién ciru

Loai ca Chach cat Cobitis sp.
2.2. Thoi gian va dia diém nghién ciru

- Thoi gian: Dé tai duoc tién hanh tir 1/2017 dén 5/2017

- Dia diém thu mau: Séng An Lao, xa An Hao Pong, huyén Hoai An, tinh Binh Dinh.
2.3. Phuong phap nghién ciru
2.3.1. Thu va xi Iy méu cd

C4 Chach céat dugc danh bit truc tiép tai khu vuc nghién ctru (vao khoang 8-9 gid sang va
1-2 gio chiéu). Ca duoc phéan chia thanh 4 nhém kich ¢& dwa vao chidu dai than (2,5 — 4,1 cm,
42-58cm,59—-75cmva7,6-9,2cm)vadugc ¢b dinh trong dung dich Formol 5%. Mot )
c4 duoc sir dung ngay sau khi danh bét dé xac dinh cac dic diém hinh thai, giai phau can thiét.

2.3.2. Khdo sat hé tiéu hoa va xdc dinh tdp tinh dn cia ca

- Mo ta dac diém cua hé tiéu hoa (tap trung vao cac co quan nhu miéng, lugc mang, va rudt)
bang viéc két hop quan sat cac dic diém bén ngoai va giai phau.

- Tép tinh an cua ca: T4p tinh dn cia ca dugc nhan dinh thong qua chi sb trong quan giita
chiéu dai rudt va chiéu dai than (RLG) theo Al-Hussainy (1949) [5].

RLG dugc tinh theo cong thirc sau:
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Trong do6:

Li: Chiéu dai rudt ca (cm)

L: Chiéu dai toan than ca (duoc do bang thude kep, tir mém dén cudi vay dudi — cm)

2.3.3. Phan tich thurc an tw nhién ciia ca

Tai phong thi nghiém, 120 ca (30 c4 thé/nhém kich ¢&) duge giai phau dé phan tich thic
an trong rudt ciing nhu xac dinh cudng d6 bit mdi cua ca. Bang viée sir dung kinh hién vi hai mat
va kinh hién vi soi ndi, cac loai thirc an trong rudt ca dugc quan sat va phan loai dén cép d6 phan
loai thip nhat c¢6 thé dwa vao cac tai lidu [4], [7], [8].

- Xac dinh tan s xuat hién (%0) ctia mdi loai thirc in bang cong thirc sau (Hyslop, 1980) [9]:

%201 =

50 lromg da day céchitaconmii i

»* 100

Tang =6 da diy cé dwoc khio =it
2.3.4. Xdc dinh cwong dp bit moi ciia cd

Cuong do bat moi cua ca duoc ude lwong dua vao do no cua cé theo thang 5 bac dugc mo
ta bai Lebedev (1946). Cu thé, rudt ca khong c6 thirc an twong tng v6i do no béc 0, d no sé& ting
dan theo sy gia tang ) lugng thirc an trong rudt, va khi rudt chira dﬁy thirc an thi d6 no tuong
ung la bac 4 [10].

3.  Két qua va thao ludn
3.1. Hg¢ tiéu héa va tip tinh an cta ca

Nho hoat dong ctia hé tiéu hoa ma cac chéat dinh dudng tir méi truong ngoai duge chuyén
vao co thé dudi dang thirc dn nhim cung cap dinh dudng cho qua trinh trao d6i chit cua co thé
(D4 Thi Thanh Huong va Nguyén Vin Tu, 2010) [2]. Vi véy, dé nudi thuan dudng thanh céng mot
lodi ¢4 nao do thi viéc nghién ctru dic diém dinh dudng cua ca 1a rat can thiét. Mot trong nhimng
van dé can quan tam 13 hinh thai, cdu tao cua cac co quan tiéu hoa.

Theo két qua quan sat cia ching toi, hé tiéu hoa ctia ca Chach cat gém cac bo phan nhu hau
hét cac loai ca khac. Tuy nhién, dé hd trg cho viéc nhan dinh dic diém dinh dudng cua ca, ching
t6i tap trung mo ta mot s co quan sau:

- Miéng:

Miéng ca nho, hinh mong ngwa. Moéi trén day phat trién rong vira phai, 6 ranh nong chay
doc. Méi dudi phat trién & goc miéng, phan giita chia 2 gén v6i cam tao thanh hai thuy hinh ban,
vién ngoai ¢o khia ring cua, mit cudi kéo dai thanh rau.

Hinh 2. Hinh dang miéng ca Chach cat

145



V& Van Chi, Tran Thanh An

- Rang:

Ciing giéng nhu nhitng loai c4 khac trong bd ca chach, ca Chach cat trén ca hai ham déu c6
rang nho nhon, mat rang nham va sdc nhon. Nhu vay, voi dic diém rang dugc mo t4, ca Chach cat
c6 thé 1a loai an thién vé dong vat.

- Lwg'c mang:

Lugc mang 1 hé thong que sun hodc xuong gin vao xuong cung mang va nam d6i dién voéi
to mang. Theo quan sat ctia ching toi, luge mang ctia ¢ Chach cat c6 mot hang, phan gdc gin vao
cung mang, ngon hudng vao xoang miéng. Lugc mang clia loai ca nay c6 mau trang, ngan, tuong
dbi nhon va xép kha thwa. Hinh dang va kich thudc luge mang cua ca thuong thich hop véi tap
tinh dinh dudng ctia chiing. Tir ddc diém ciu tao ctia luge mang, ¢6 thé nhan dinh ring c4 Chach
cat thich nghi v6i tinh an thién vé dong vat.

- Rudt:

Chung toi quan sat thiy rang, doan du ciia rudt ca Chach cat phinh to hon, trong gidng
nhu da day, nhung khéng phan hoa riéng biét nhu da day ¢ cac loai ca khac. Vi vay, ¢6 thé noi ca
Chach cat khong c6 da day rd rang. Két qua tuong tu cling dugc tim thdy boi Robotmam (1977)
trén loai Cobitis taenia [12].

Hinh 3. Chiéu dai rudt so véi chiéu dai than cd

Rudt ciia ca Chach cat twong ddi ngan, 1 bo phan cudi cua ng tiéu hoa. Chiéu dai rudt cua
ca phu thudc vao thirc an ty nhién ma chung tiéu thu, chiéu dai rudt tang theo ti I¢ gia tang cac
loai thirc an thyc vat trong khiu phan 4n cua ca [3]. Dé nhan dinh chinh xac hon tap tinh in cua
c4, chiing t6i dé tinh toan chi sb trong quan gitta chiéu dai rudt va chiéu dai than ca, két qua thé
hién ¢ bang 1.

Bing 1. Chi s6 RLG ciia ca Chach cat

Nhém kich thwéc ca (cm)  Chiéu dai thin L(cm)  Chiéu dai rudt L, (cm) RLG

2,5-4,1 3,43+043 1,46 £0,19 0,43
4,2-5,8 5,22 +£0,44 2,26 £ 0,25 0,43
59-17,5 6,77 £ 0,42 3,14+0,22 0,46
7,6 -9,2 7,88 £0,39 3,62+£0,19 0,46

Cé Chach cét c6 chi s6 RLG kha thap (tir 0,43 dén 0,46) (Bang 1). Theo Nikolski (1963),
nhiing loai ca in dong vat thuong c6 RLG <1 [11]. Nhu vdy, ¢6 thé nhan dinh rang ca Chach cat
thudc nhom ca an dong vat. Két qua ¢ bang 1 ciing cho thay rang, chi s6 RLG thay doi ¢ cac
nhom ca c6 kich thude khac nhau; cu thé 1a chi sé RLG ciia nhom cé c6 chidu dai tir 5,9 - 9,2 cm

146



Tap 12, S6 5,2018

(0,46) 16n hon chi sé nay ctia nhom cé c6 chidu dai 2,5 - 5,8 cm (0,43). Su thay d6i ndy c6 thé 1a
dic diém thich nghi ctia ca d6i v6i timg giai doan phat trién. Biswas (1993) cho rang, trong ciing
mot loai chi s6 RLG ciing ¢6 thé khac nhau tuy theo giai doan phat trién cua c4 [6]. Cu thé hon,
trong qué trinh sinh truéng, 6ng tiéu hoa ciia ¢4 s& gia ting vé chiéu dai va gia tang cac nép gap dé
gitip ca tiéu hoa va hap thu cac vat chit c6 ngudn gde thuc vat, didu nay din dén sy gia ting gia tri
RLG [3]. Nhu vay, voi su gia tang gia tri RLG ¢ cac nhom ca 16n hon cé thé du doan r:fmg, thirc
an thyuc vt ciing gia ting trong khiu phan in cia ca.

Nhu vay, tir dac diém céu tao cua co quan tiéu hoa va chi $6 RLG ¢6 thé théy réng, ca Chach
cat 1a loai c6 tinh an thién vé dong vat. Tuy nhién, dé c6 nhitng nhan dinh chinh xac hon, ching
t6i da tién hanh phén tich thanh phan thic an thirc 4n tu nhién. Két qua duoc thé hién ¢ phan sau.

3.2. Thirc an tu nhién cia ca

Két qua phan tich thanh phan thirc dn ty nhién trong rudt ca Chach cat dugc thé hién ¢

Bang 2.
Bing 2. Thanh phan thirc an tw nhién ciia cd Chach cat
STT Loai thitc dn Tan s6 xuit hién (%O0)
Dong vat phu du
1 Dipleuchlanis propatula 95,5
2 Lepadella acuminata 39,5
3 Macrocyclops 23,5
4 Lecane curvicornis 91,0
5 Acanthocyclops verrrnalis 35,5
6 Pleuroxus laevis 100,0
7 Hyperoche medusarum 16,5
8 Colurella obtusa 31,5
9 Synchaeta stylata 24.5
10 Gomphonema sp. 75,0
Dong vit day
11 Bivalvia 60,5
12 Gastropods 36,5
Tdo

13 Closterium 80,5
14 Achnanthes minutissima 100,0
15 Synedra sp. 100,0
16 Synedra ulna 64,5
17 Melosira italica 32,5
18 Cladophora glomerata 68,5
19 Bacillariales 100,0
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20 Mougeotia 64,5
21 Oscillatoria 36,5
22 Cosmarium 70,5
23 Volvox 44.5
24 Trachelomonas euchlora 24,5
25 Neidium sp. 100
26 Navicula 92,5
27 Rhoicosphenia curvata 20,5
28 Cladophora sp. 80,5

Thtrc an ty nhién cta cd Chach cat tuong déi da dang, bao gém 3 nhém mdi la dong vat
phu du, dong vat day va tdo, trong d6 dang chu y 1a dong vat phu du va tao (Bang 2). Nhiing
con moi trong nhom dong vat phu du c6 tan s6 xuat hién cao 1a Dipleuchlanis propatula, Lecane
curvicornis, Pleuroxus laevis (91 - 100%), trong khi d6 cac loai tao co tan sd xudt hién cao la
Achnanthes minutissima, Synedra sp., Bacillariales, Neidium sp. (100%). Pong vat day cting co
tan s6 xuat hién tuong ddi cao, nhu céac loai hai manh vé ¢ tan sb xuét hién 60.5%. Nguoc lai,
mot sé loai nhu Hyperoche medusarum va Rhoicosphenia curvata 13 loai thirc dn 6 tan sb xuat
hién nho nhat (twong tng 16,5% va 20,5%).

Mic du két qua khao sat dic diém cua cac co quan tiéu hoa va chi sé6 RLG (duoc md ta
& phan trén) cho thiy ca Chach cat c6 tinh an thién vé dong vat, tuy nhién két qua ¢ bang 2 cho
thay rat nhiéu loai tio dugc tim thiy trong rudt ca. Pay c6 thé 1a mot dic diém thich nghi riéng
ctia ¢4 Chach cat, hoic ciing c6 thé cac loai tao dugc ca dn vao ngiu nhién trong khi an cac loai
dong vat phu du va dong vat day. Tuy nhién, dé c6 nhirng nhan dinh chinh xac hon vé tap tinh
an cua ca thi viéc xac dinh tim quan trong twong dbi cua mdi loai thue an (Index of Relative
Importance - IRI) nén dugc nghién ciru, vi chi s6 ndy s& cho thdy duoc loai thirc an nao 13 quan
trong nhét trong khau phan an ctia c4. Chi s6 nay da dugc Hyslop (1980) va mot sd tac gia khac
dé cap [9]; chi s6 nay khong nhirng phu thudc vao tan sb xuat hién ma con phu thudc vao thé tich
(hodc khdi lugng) va sb luong ctia mdi loai con mdi (thirc an). Vi vay, nhitng nghién ciru tiép
theo nén quan tam dén khia canh nay.

3.3. Cuwong dd bit mdi cia ca

Cudng d6 bat mdi cta ca duge danh gia thong qua do no cua ca, két qua dugce trinh bay ¢

Bang 3.
Bdng 3. Do no cua ca Chach cat

Nhém kich Do no

cd ca (cm) Bac 0 Bac 1 Bac 2 Bac 3 Bac 4
2,5-4,1 36,7 10,0 36,7 16,6 0,0
42-58 26,7 16,7 333 23,3 0,0
5,9-7,5 16,7 16,7 23,3 33,3 10,0
7,6-9,2 16,7 36,6 333 6,7 6,7

Ghi chii: 86 liéu thé hién trong bang la % trong tong s6 cd theo cdc nhém kich c&
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Cuong do bat moi cia ca thay doi gitra nhitng céa thé trong ciing nhom kich ¢& va ciing
khéc nhau gitta cac nhom ca (Bang 3). Chi s6 d6 no cua ca xuét hién & ca 5 bac (tr bac 0 dén
bac 4). Tuy nhién, dang cha y 1a mot ty 1€ 16n (26,7 - 36,7%) ca ¢o kich thude nho (2,5 - 5,8 cm)
khong c6 thure an trong rudt, trong khi do no cuc dai chi dugc quan sat th.'?iy 6 2 nhém ca 16n hon
(5,9 - 7,5 cm va 7,6 - 9,2 cm). T chi s6 d6 no c¢6 thé néi rang, nhém cé c6 chiéu dai tir 5,9 - 7,5
cm 1a nhém cé c6 cuong do bat mi tich cuc nhat; thé hién & 33,3% sb ca dat do no bac 3 va 10%
dat do no bac 4. Nguoc lai, nhom ca 2,5 - 4,1 cm c6 cudong do bat moi thép nhat (36.7% s6 ca
khéng c¢6 con mdi nao trong rudt).

RG rang rang, mic du ca dugc danh bat ¢ cing mot thoi diém nhung cuong d6 bat moi khac
nhau giita cac nhém kich ¢& cua ca. Piéu nay c6 thé phu thudc vao dic diém cua timg giai doan
phat trién cua ca. Giai doan ca c6 chiéu dai tir 5,9 - 7,5 cm c6 thé 1a giai doan ca chuén bi cho su
thanh thuc sinh duc nén can tich lity nhiéu chat dinh dudng hon, vi vay ca bat mdi tich cuc nhat.
Tuy nhién, thdi diém trong ngay ciing c6 thé anh hudng dén cuong do bat moi ciia cac nhom kich
¢d ca. Do d0, viéc thu mau ¢ nhiéu thoi diém khac nhau trong ngay 1a diéu can thiét trong nhimng
nghién ciru tiép theo dé co thé nhan dinh dlang hon vé cuong do bat mdi cua ca Chach cat. Diéu
nay s& rat hiru ich dé Iya chon thoi diém cho c4 an khi tng dung vao nudi canh.

4.  Kétluan

- Cé Chach cat c6 miéng nho, hinh mong ngua; rang ca nho, nhon; luwgc mang c6 mau tréng,
ngan, twong d6i nhon va xép kha thwa. C4 Chach cat khong c6 da day rd rang.

- Pic diém cAu tao cua cac co quan ti€u hoa va chi s6 RLG cua ca Chach cat thé hién sy
thich nghi véi tinh an thién vé dong vat.

- Thanh phin thirc 4n ty nhién cta ca twong dbi da dang, bao gdm 3 nhom: dong vat phu
du, dong vat day va tao.

- Cuong do bat mdi cua cé thay doi gitta cac nhom kich ¢& ca va giita nhimg cé thé trong
cung nhom.
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