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ABSTRACT

This article evaluates the seismic response of reinforced concrete structure using MIDA (multi-
component incremental dynamic analysis) method. A numerical model examines the effect of the seismic
incidence angle used for this aim. The incident angle varies from 0 to 360 degrees with an increment of 10
degrees. The obtained results indicate that the influence of seismic incidence angle should be considered
sufficiently in the structural response assessment. Additionally, the maximum inter-story drift of structure
behaves from in the elastic to the inelastic range depending on the difference of incidence angle.

Keywords: Multi-component incremental dynamic analysis, reinforced concrete structure, seismics
incidence angle.

TOM TAT

Anh hwéng cia goc t6i dong dit dén img xir ciia két cAu bé tong cbt thép sir dung phwong phap
mida (multi-component incremental dynamic analysis)

Bai bdo nay danh gid vmg xir dong dat cia két cau bé tong cot thép sir dung phirong phdp MIDA
(multi-component incremental dynamic analysis). Mgt mé hinh s6 xem xét anh hiéng ciia géc (6i ciia dong
ddt dwoc sir dung cho muc dich nay. Goc t6i thay doi tir 0 dén 360 dg véi buée 10 dp. Két qua ciia nghién
cieu chi ra rang dnh hwong ciia goc toi dong dat can diege xem xét mot cach day dii trong viéc danh gid irng
xik ciia két cau. Thém vdo dé, ty 1é tréi tang Iom nhdt ciia két cau iing xir tie giai doan dan hoi dén khong dan
hoi phu thuge vao géc toi dong dat khdc nhau.

Tir khéa: Multi-component incremental dynamic analysis, két cau bé tong cdt thép, goc toi dong dit.

1. Introduction

Evaluation of seismic response of reinforced concrete structure is one of the most
important purposes in Performance Based Earthquake Engineering (PBEE). One of the basic
factors of PBEE is to predict seismic capacity and demand on structures by taking into account
their inelastic behavior [1]. The PBEE aims to make sure that the designed building satisfies
specified performance criteria. Estimation of the performance of a structure requires a method
that monitors the structural behavior from linear elastic region to yielding stage until its collapse.
One of the methods commonly used to evaluate the performance of structures in recent years is
Incremental Dynamic Analysis (IDA) [2, 3].

*Email: tranthanhtuan@hotmail.com.vn
Ngay nhan bai: 28/2/2018; Ngay nhan dang: 20/4/2018
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In this paper, the authors present the seismic inelastic response of three-dimensional
reinforced concrete structure modelled in OpenSees subjected to a set of ground motions. This
software is available online at www.opensees.berkeley.edu, which is one of the most powerful
analytical platforms. In OpenSees software, material inelasticity of the elements is made of so called
fiber modeling approach in which the element has been subdivided into many segments. The section
is discretized in sufficient quantity of fibres and the response of sections are obtained through the
integration single fiber’s response of individual fibres.To examine all these aspects, a multi-component
incremental dynamic analysis (MIDA) in the work by Lagaros [4] is used. This procedure conducts
randomizations on the seismic excitation considering the effects of incidence angle.

2. Theoretical Process

2.1. The Structure Model

The structure used in this study is three-story reinforced concrete building. The building
is similar in the plan and the same height of 3.3m in elevation. In layout plan, the building has
Ilm x 5m with 2 bays x 1 bay, shown in Figure 1. This building has been modeled using the
OpenSees software [5]. The structure is modelled using nonlinear Beam Column elements. The
cross sections are modelled using the Fiber Section approach, with rectangular concrete patches
and layers of reinforcement. Details of section that presented the inelastic behavior of structure is

displayed as follows:
section Fiber $secTag<-GJ $GI> {
fiber...
patch...
layer...
H
1000
5000 3000
B1 30050 Ba SCCxS 50
—t= — —)

h.f SoCu4C i:i 4004l i: Rt '
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pis 11

Figure 1. Model of 3-story building

7777777777777
i £0CC




Tap 13, S6 1, 2019

2.2. Incident Angle of Earthquake

t
4

ﬂ >
X
Figure 2. Vectorial representation of Ry and R,

A structure subjected to the ground motion for pair of given ground motion, is a major and
minor component. The one with the highest PGA corresponding the major component, while the
other is minor component. Therefore, called x and y the structure axes of the structure, the major
(p axis) and minor (w axis) component are additionally rotated 6 away from the x axis as shown
in Figure 2. The incident angle of the record O is defined an orientation of the two horizontal
excitation x and p axes.

In Fig. 2, called Ry and Ry, are response quantities along the x and y excitations, respectively [6].
Therefore, R, is denoted the resultant response of Ry and Ry, which is presented by Egs. (1) - (2)

Ro(t) = R, (t) cosa(t) + R, (t) sina(t) @)
«(®) = tan-! (gy Eg) @

where a(t) is the angle between R, and R,,.
The response quantities of rotated components R, and R, are defined as Egs. (3) - (4)

R, (8,t) = Ro(t) cos[a(t) — 6] 3)
R, (6,t) = Ro(t) sinfa(t) — 6] 4

To evaluate the response of structure, the ground motion records must be chosen. All of
the earthquakes records and data are downloaded from the PEER Ground Motion Databases,
NGA-West2 [7], is one of the most comprehensive databases of earthquake records and data sets
available in the world. The characterizations of records listed in Table 1 and Figure 3 show the
acceleration spectral with 5% damping ratio.
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Figure 3. Acceleration spectra of ground motions

Table 1. The set of ground motion records

ID Earthquake Name Year Station Name Magnitude R (km)
178 Imperial Valley-06 1979 El Centro Array #3 6.53 12.85
767 Loma Prieta 1989 Gilroy Array #3 6.93 12.82
1050 Northridge-01 1994 Pardee - SCE 6.69 7.46

2.3. Multi-Component Incremental Dynamic Analysis

IDA is an analysis method for evaluation of structure response (Vamvatsikos and Cornell,
2002). In this procedure, the curves showed the relation between the seismic intensity level and
the maximum seismic structural response are drawn. The intensity measure (IM) and the damage
measure (DM) are used as the intensity level and the structure response, respectively.

The MIDA proposed by Lagaros (2010), is based on the idea of IDA. However, herein
both the earthquake records at all possible directions will be applied. In this study, the variable
incident angle is also considered for assessment the response of 3D structure. A schematic
representation of procedure is illustrated in Figure 4, where two components of seismic excitation
of all accelerations are scaled to spectral accelerations at the fundamental natural periods of the

buildings.
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Figure 4. The MIDA procedure [6]
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3. Results and Discussions

In this work, the spectral acceleration with 5% damping ration at the fundamental natural
period, Sa (T, 5%) is selected as the IM parameter and the maximum inter-story drift (0,,,y) is
selected as DM. It should be noted that the inter-story drift is defined as the relative displacement
of each story divided by the story height, which are expressed as percentages. To examine the
effect of incidence angle to the response of the structure, all records shown in Table 1 are applied,
which vary from 0 to 360 degrees, with the interval of 10 degrees.

3.1. Inter-Story Drift Ratio

The MIDA curves from the nonlinear time history analysis for each record are displayed
in Figure 5. As seen that the MIDA curves have a considerable dispersion for different ground
motions although they have linear elastic response when the first signs of nonlinear occur. When
increasing the intensity of the earthquakes, the maximum inter-story drift is also increasing from
linear to nonlinear range. Considering about the closer examination of the linear elastic region
of the curves, it can be concluded that the response of structure depends on the characteristic of
ground motion. From the MIDA curve for each record, it is observed that the inter-story drift
varies in a wide range when the difference of seismic incidence angle is applied.
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Figure 5. The MIDA curves of the 3-story building
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3.2. Influence of Earthquake Incidence

Herein, the effects of incidence angle respected with the changes of intensity level are
examined. Figure 6 displays the maximum inter-story drift relating to incident angle and intensity
level. As the responses from 190 to 360 degrees coincide with the result in range of 0 and 180
degrees, so the author only shows for later value. As seen in the figure, the maximum inter-story
drift for the Imperial Valley varies from 0.045% to 0.126% for 0.5g intensity level while for
the 3.5g intensity level the maximum inter-story drift for the same record varies from 0.299%
to 1.047%. Similar results are also observed for other ground motions. Another significant
observation is that the maximum seismic response is encountered for different incident angles
when a different record is considered.
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Figure 6. Maximum story-drift ratio with respect to the incident angle of the record scaled
to 0.5g, 1.5g, 2g and 3.5g

o

4. Conclusions

The nonlinear seismic response of reinforced concrete structure has been studied to
estimate the seismic response of structure considering the influence of incidence angle. The
3-story building modeled using the OpenSees software is applied using. The obtained results
show that the effect of incident angles of horizontal component should be considered in seismic
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assessment, the performance of structural response will be dependent on the angle of incidence
of the earthquake input. In addition, the critical angle under two ground motion components in
structural behavior differs from one component, and performance assessment under bi-directional
ground motions should be considered conservative.
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NGHIEN CUU ANH HUONG CUA THIET BI TCSC PEN ROLE BAO VE
KHOANG CACH TREN PUONG DAY TRUYEN TAI PIEN NANG

NGO MINH KHOA®, DPOAN PUC TUNG
Khoa Ky thuat va Cong nghé, Truong Pai hoc Quy Nhon

TOM TAT

Bai bdo ndy nghién ciru anh huwdng cia thiét bi bit doc diéu khién bang thyristor (TCSC) dén role
bao vé khodng cach trén dwong day truyén tdi dién nang. Cdc dit liéu do lwong dong dién va dién dp tai
vi tri dat role dwrgc thu thdap va tinh toan gia tri téng tro do trong cac ché dé c¢é va khong co TCSC lcfp dat
trén dwong day. Sw cé ngdn mach xdy ra tai cac vi tri khdc nhau trén dwong day tai dién dwoc khdo st dé
tir d6 tinh todn va dinh vi vi tri sw cé xdy ra trén dwong ddy nham muc dich danh gia anh huéng ciia TCSC
dén role bao vé khodng cach. Phan mém mé phong Matlab/Simulink dwoc sir dung dé mé hinh héa so do
hé thong dién don gian bao gom mét dwong ddy tai dién ¢é hai nguon cung cdp & hai dau, cdc khoi nguon,
khéi dwong dady, khoi mé hinh TCSC, khoi do lwong dong dién va dién dp, khoi phan tich Fourier ciing
g tich hop trén mé hinh mé phong hé thong dién don gian dé. Cdc két qua mé phong di cho thdy sw anh
hiong ciia TCSC dén role bdo vé khodng cdch trong viéc xdac dinh tong tré do va dinh vi sw ¢6 trén dirong
day truyén tai dién.

Tir khéa: TCSC, bao vé khoang cach, tong tré do, duong day truyén tai, Matlab/ Simulink.

ABSTRACT
Impact of TCSC on Distance Protection Relay on Power Transmission Lines

This paper investigates the impact of thyristor controlled series capacitor (TCSC) on the distance
relay on transmission lines. Voltage and current measurement data at the relay positions are collected and
calculated for the apparent impedance measured in the modes with and without TCSC installed on the
line. Short circuit faults occur at different locations on the power transmission lines surveyed in order to
calculate and locate the fault occurring on the line for the purpose of evaluating the impact of TCSC on the
distance relay. Matlab/Simulink software is used to model the schematic diagram of a simple power system
consisting of a transmission line with two sources at the two ends, source blocks, line blocks, TCSC blocks,
measurement of voltage and current blocks. Discrete Fourier blocks are also integrated on the model.
The simulation results show that the impact of TCSC on the distance protection relay in determining the
apparent impedance and location of the fault in the transmission line.

Keywords: TCSC, distance relay, measurement impedance, transmission line, Matlab/ Simulink.

1.  Piatvan dé

V6i xu thé chung trén thé gidi vé viéc phat trién hé thdng dién thi nhitng nghién ciru va tng
dung dé khic phuc nhitng van dé ton tai trong qua trinh van hanh hé thong dién nhu: lap dat thiét

*Email: ngominhkhoa@qnu.edu.vn
Ngay nhan bai: 8/8/2018; Ngay nhan dang: 30/9/2018
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bi truyén tai dién xoay chiéu linh hoat (FACTS) vao hé thong dé van hanh linh hoat, diéu khién
dong cong suat trén ludi truyén tai, 6n dinh dién ap, giam dao dong cong suat va két hop truyén tai
dién cao ap mot chidu HVDC dé dat ché d6 ti wu trong trong truyén tai dién [1-4]. Ngoai nhitng
{rmg dung trén cta thiét bi FACTS thi khi lip dat n6 va hé thong dién ciing c6 mot phan anh hudng
dén su hoat ddng cuia cac bao vé role.

Bio vé khoang cach duoc xem nhu 1a mot bao vé chinh dbi véi cac dudng day truyén tai
dién [1, 2]. Khoang cach doc theo duong day truyén tai ty 1& thudn véi tré khang (Z /) cua duong
day gitra thanh cai A va B nhu hinh 1. Bao v¢ khoang cach do duoc khoang cach tur vi tri dat role
dén diém ngin mach bang cach tinh toan ty s giira dién ap va dong dién tai vi tri dit role khi co
ngén mach xdy ra. Role bao v¢ khoang cach dugc cai dat theo ba ving bao v¢ (£, Z,va Z)) dé bao
vé cho dudng déy truyén tai cao ap gitra thanh cai A va B v6i trd khang tong Z 5 15-8] nhu sau:

Zy =R + jX, =80%Z 15 = 0,8(R 15 + X 1)
Zy =R, + jX) =R 5+ JX 15 + 0,2(Rpc + jX pc) (1
Zy=Ry+ jX5 =R+ JX 15 +0,4(Rpc + jX pc)

Trong do: R, X, 1a dién tro va dién khang ctia doan dudng day tir nat i dén nit ;.

A B c
TI Z&B Zsc
I 1
MC CF—{Mc ‘T—D—l—b
1 :
| I
i i
Ving 1 (80%) ' |
Viing 2 (120%) J
Ving 3 (140%) '

Hinh 1. Cai dat cac vung bao vé cua bao vé khoang cach [6, 7]

Tuy nhién, khi c6 su tham gia cia TCSC thi n6 s& anh hudng truc tiép dén téng tré cua
duong day (Z,,) va dan dén cac ving duoc cai dat méi nhu sau [2]:

Z = 0’8[RAB + X 45 + JXqese (OL)]
Zy =Ry + JX 15 + JX s (q‘)+0’2’(RBC +jXBC) @)
Zy =R+ JX 15+ JXiese (a)+0’4(RBC +jXBC)

Do véy trong bai bdo nay, tac gia nghién ciru vé anh hudong ctia TCSC dén role bao vé
khoang cach trong hé théng dién, dé xem khi c¢6 su tham gia cua TCSC vao hé thdng thi c¢6 anh
hudng nhu thé nao trong viée xac dinh téng tro do ciia role bao vé khoang cach. Két qua nghién
clru cua viée phan tich anh huéng ciia TCSC dén role bao vé khoang cach nham gitip dua ra cac
giai phap ngan chin cac anh huong nay dé gitip ning cao tinh chon loc ciia role bao vé khoang
cach trong hé théng dién. Viéc thuc hién trén cac mo hinh thuc nghiém la tuong ddi kho khan, do
do, tac gia da lya chon cach tiép can béng viéc nghién ctru mo hinh hoa so dd luéi dién trén phén
Matlab/ Simulink dé thyc hién myc tiéu nghién ctru ctia bai bao nay. Do do, tac gia tién hanh xay
dung mot mo hinh mé phong cua role bao vé khoang cach trén Matlab/ Simulink dé thu thap két
qua va phan tich sy hoat dong cuia role bao v€ khoang cach khi c6 TCSC.

14
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2. Nguyén ly lam viéc ciia TCSC

2.1. Céu tao ciia TCSC

Thiét bi TCSC la thiét bi diéu khién tré khang nhanh ciia duong day va hoat dong trong
diéu kién 6n dinh cta hé thdng dién, n6 c6 cac chirc ning co ban bao gom: Gidm dao déng dién
dp; tang kha néng truyén tai dwong day bang cdch bit CSPK;... TCSC gdbm mdt tu dién C c6 gia
tri khong doi mic song song voi mot dién cam L duge didu khién bang cach thay doi goc mé van
thyristor nhu hinh 2(a). Gié tri goc mo thay doi giita 90° < o < 180° thi TCSC c¢6 thé duge mo ta
nhu so d6 thay thé hinh 2(b).

U
L ¢

c —h c C c

Iy jXg
ﬁ. I JX rCcsc
1
Control X ¢
(a) So b cdu tric (b) So db thay thé

Hinh 2. So' d6 céu tao ciia TCSC

Khi thay dbi gdc mo cua thyristor ta co thé thay ddi duge dong dién chay qua tu dién, tir d6
thay doi duoc dung khang cua thiét bi TCSC va dugc xéac dinh theo cong thirc sau:

XTCSC(OL):_Xc[l_A"'B] 3)
Trong d6: A= Kljz_ . (6 i S:l(a)) 4)
) Ktan(KSj - tan[sj
4K 50 2 2
L S (_j ®)
K~ -1 2 T
5=2(n—a) (6)
_ A
k= 2nf’ @
S ®

JLC

Goc dan & 1a mot phan cta chu ky trong d6 mdi van thyristor dang & trang thai dan va goc
mo a 13 thoi gian thé hién bang phép do goc dién (tir lic dién dp tu la 0 di qua dén lic bdt dau
ciia dong dan di qua van thyristor). Pudng dic tinh cia X, s 18 mOt ham cta goc mo o duge
chia thanh 3 ving khac nhau 13 cam khdang, dung khing va céng huéng duge thé hién & hinh 3.
TCSC ¢6 3 ché d6 lam viéc [7] bao gém: Ché dg thyristor khoa, ché dp capacitor néi tat va ché
do vernier.
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XTCSC
Ché'ajp
cam khdang o
|
Xmax
Ché'dop
Ximin cong huong !
0 | ) Orestd
90° } Olres } 180° o
XCmax ””””””” B I |
Olres-0 !
|
1
Xmin ”””””””””””” / }
/1 |
[ -
Ché'dop
dién dung

Hinh 3. Buong cong dac tinh cua TCSC
2.2. Cach tinh chon thong s6 ciia TCSC
Céac thong s6 ctia TCSC duoc lya chon phu thudc theo hé s6 bu &, vi du: k= 0,75 thi ta c6
thé xac dinh cac thong s ciia TCSC nhu sau:
X.=0,75X , (€))
Trong do: X, la di¢n khang cua ca duong day AB dugc bdo ve¢.
Gia tri dién dung cia TCSC la:
C= !
2nfX
Gia tri cia dién khang TCR phu thudc vao yéu cAu cua pham vi hoat dong cua TCSC. Binh
thuong X, /X . cho myc dich thuc té nén nam trong khoang tir 0,1 +0,3. Do d6 ta chon X, /X .= 0,25.
Tu d6 ta xac dinh duoc dién cam cua TCSC la:
XL
2nf (11)

(10)

L=

Trong d6: f1a tan sb ctia dong dién.
3. Nghién ctru anh hwéng TCSC dén role bao vé khoing cich

3.1. M0 ta dbi twong nghién ciru

Gia str xét hé thong dién don gian nhu hinh 4 gdm c6 2 ngudn phat, duong day 500 kV c6
hai nguén cung cép &2 dau duong day, né dugc bao vé béng 2 role bao vé khoang cach dat ¢ 2 dau
ctia n6 va bd bu doc TCSC duoge dit ¢ dau duong day. Cac thong sb clia cac phan tir trong so do
dugc thé hién nhu trong bang 1. O ché d6 xac 1ap ban dau ngudn A duoc gia dinh nhu 1a nguon PV
dang phat cong sudt 200 MW vé phia ngudn B va gitt vai tro 1a nut diéu khién dién ap, con ngudn
B giir vai trd 1 nat cAn bang c6 dién 4p va goc pha tham chiéu. Pudng day co chiéu dai 200 km
duogc khao sat sé xay ra su cd ngén mach tai céc vi tri khac nhau dé nghién ctru sy anh hudng cta
cac thong s6 ctia TCSC dén viéc xac dinh téng trdr do va vi tri su ¢d cua role bao vé khoang cach
& diu A. Tin hiéu dong dién va dién ap do dugc tu cac TI, TU sé dua vé role bao vé khoang cach
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va tir thong s6 dong dién va dién ap do s€ tinh ra dugc tong trd do cling nhu vi tri ngan mach tinh
tur vi tri dat bao vé dén diém ngan mach.
200 MW
Zs, JX resc(@) Zap Zss

Nguon B
Niit cdn bdng

Hinh 4. So d6 hé thong dién don gidan

Céc thong s ctia TCSC trén duong diy nay phu thudc vao hé sb bu &, bai bao nay gia sir hé
s6 bu cia TCSC 1a k= 0,75; theo phz‘in lya chon tinh toan cac thong s6 ta dd chon ty s6 X /X.=0,25

ttr do ta tinh dugc gid tri dién khang X,

csc theo goc mé a nhur sau:

X, =0,75.X ,, =0,75.58,67 =44 (Q); C=—— =L _0 7310 (F)
2m50.X,  2m.50.44
X, 1
X, =0,25.X,=0,2544=11(Q); L=—L=———=0,035 (H)
2nf 2150
A=t - ! _a8 30 k=822,
JLC  /0,035.0,723.10° ® 2150

Bing 1. Théng so ciia hé thong dién don gian

Stt Phén tir Théng s6
1 Ngudn A Dién ap: U =500 (kV)
Céng suat ngan mach: S = 8000 (MVA)
Ty s6: X/R =10
Nut PV: P =200 MW
2 Nguon B Dién ap: U =500 (kV)

Cbng suét ngan mach: S, = 10000 (MVA)
Ty s6: X/R =10
Nut cin bang

3 Puong day Chiéu dai: L =200 (km)
Téng tro thir ty khong va tha ty thuan:
z,=0,3864 +j1,2963 (Q/km)
z,=0,01273 +j0,32798 (Q/km)

Tur cac thong s6 ciia mo hinh hé théng dién nhu trén ta tinh toan dugc gia tri dién khang
X, s theo céc gia tri goc mo& a khac nhau va xay dung duge ddc tinh dung khang cua TCSC nhu
trong hinh 5. Trén hinh 5, duong déc tinh mau dé ndm & goc phan tu phia trén bén trai 1a gia tri
dién khang TCSC lam viéc & ché d6 cam khang tng voi goc mé a tir 90° dén 130°, & ché do nay

TCSC la dién khang c6 tinh cam nén dién khang X

cse > 0. Con duong dac tinh mau xanh nam ¢
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gdc phan tu phia dudi bén phai 1a gié tri dién khang TCSC 1am viéc ¢ ché d6 dung khang tmg véi
goc mo a tir 140° dén 180°, & ché d6 nay TCSC la dién khang co tinh dung nén X, 40 < 0, tuong
g voi ché d6 bu doc. R3 rang pham vi goc mé cua thyristor tir 130° dén 140° twong tmg v6i ché
d6 cong huong cia TCSC. Nhu vay két qua dic tinh nay gitp ta c6 thé lya chon duoc goc mé a
phi hop cho céc ché d van hanh cia TCSC mong mudn.

200

150

100+ —

50

0r

507

XT (& o ()

-100 -

-150+

-200 -

2 L L I L L
5090 100 110 120 130 140 150 160 170 180

« (do)

Hinh 5. Bdc tinh dung khang cua TCSC theo goc mo thyristor
3.2. Xay dung m6 hinh mé phéng trén Matlab/ Simulink

Dé thuan tién cho viéc kiém tra cling nhu phan tich anh hudng ciia TCSC khi ¢6 ngan mach
xay ra, tc gid da xay dung mot mo hinh moé phdéng hoat dong cua role bao vé khoang cach trén
phan mém Matlab/Simulink nhu trong hinh 6. Tin hiéu dién ap, dong dién pha A sau khi qua cac khdi
phan tich Fourier roi rac s€ 1a cac gia tri bién do va goc pha cua dién ap va dong dién pha A. Ttr do sé
xac dinh dugc tong tré do tai vi tri dit role & dau duong ddy. TAt ca nhitng théng sb trén duogc luu vao
workspace ctia Matlab sau mdi 1an mé phong sy ¢6 ngén mach xay ra trén duong day. Tir két qua do,
téng tré do duoc tai mdi vi tri dit role s& duoc tinh toan va dé so sanh giira hai truong hop cé va khong
c6 dat TCSC trén duong day.

Mri:;' . e
| m ~ Ph o coma |
_é_ ~ Mag »im
- e
Phase
A B
Ale—a e A ) [y al._ |g A —a[R
R o —— e el S e ==t L
clo—e = cl (= cl c c p—
Three-Phase Three-Phase Three-FPhase Three-Phase Three-Fhase
Source A Senes ALC Branch Pl Section Line 1 PI Section Line 2 Source B
q\;‘ “ IThree-Phase
Fault

Hinh 6. M6 hinh mé phong hé thong khi cé6 TCSC trén Simulink

Trong hinh 6, khdi Three-phase source A and Three-phase source B 1a cac khdi ngudn 3 pha
& hai ddu duong day truyén tai tai thanh cai A va B. Puong day truyén tai ba pha dwoc mé hinh
dudi dang so dd hinh & duoc chia thanh hai doan Three-Phase PI Section Line 1 va Three-Phase
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PI Section Line 2. Khdi Three-Phase Series RLC Branch md ta cho thiét bi TCSC ma trong d6
gié tri dung khéng c6 thé diéu chinh dugc theo goc mé a. Cac dang ngén mach dugc gia 1ap bang
khéi Three-Phase Fault ndi vao diém giita hai doan duong day. Dién ap va dong dién tai thanh
cai A duge do ludng bai khdi do ap va dong. Sau d6 tin hiéu dién ap va dong dién tai thanh cai A
s¢ duoc dua qua khdi Fourier dé thuc hién viéc xtr Iy tin hi€u va tinh toan dién ap va dong dién &
tan s6 co ban dua dén cac khdi bién do dién ap vm, goc pha dién ap delta, bién do dong dién im
va goc pha dong dién theta. Tong trd duge tinh bang thuong sd gitra bién do dién ap va bién do
dong dién, sau do6 dua gia tri do dén khdi Z.

Gia st ngén mach ba pha truc tiép bét dau tai thoi diém 0,2 s xay ra tai vi tri chinh gitta
duong day trong trudng hop c6 va khong c6 TCSC dat ndi tiép vao dudng day, tin hiéu dang song
dién 4p va dong dién pha A & vi tri role dau dudng day dugc thu thap dé phan tich tinh toan tong
trér do tai vi tri role d6. Cac dd thi dang song dién ap, dong dién pha A dugc thé hién nhu trong
hinh 7 va hinh 8. O ché d6 xéc lap trude sy ¢ tng voi khoang thoi gian tir 0 dén 0,2 s thi dién ap
va dong dién pha A déu binh thudng. Nhung khi tai thoi diém ¢ = 0,2 s bat diu xay ra ngin mach
thi dién ap va dong dién bat ddu thay d6i nhu trong hinh 7 (@6 véi truong hop khéng ¢6 TCSC) va
hinh 8 (d@6i véi truong hop c¢6 TCSC véi hé s6 bi k= 0,75 va géc mo o = 180°). RS rang két qua
mo phong trén hinh 7 va hinh 8 cho thay rang vi c6 TCSC mic nbi tiép vao dudng day nén di lam
anh hudng dén dién ap va dong dién do duoc bdi role, cu thé dién ap va dong dién dao dong nhiéu
hon trong khoang thoi gian quéa do, bién d6 dong dién ngan mach ciing ting 1én so voi truong hop
khéong c¢6 TCSC. Chinh vi didu nay s& lam anh hudng dén tong tré qua do do dugc bai role va anh
hudng dén kha ning xac dinh vi tri su ¢b cua role s& duoc nghién ctru trong cac ndi dung tiép sau.

(2
500 T T T T T T T T T
o @ & i ox s
g .l I A A
N . ke R N S N I S
I 01 02 03 04 05 056 7 08 1
t(s)
®
:':: T L ] T T T Ll 1 T
] L L] L} ' ' ] (] L}
] L L} [ ' Ll (] L}
R || T Tr PP T o v T P T T Y Pr e AT P et
[ i i
L St s S Rt e R i
2 ¢ ¢ 9 0% & 4 4 &
0 01 02 03 04 5 )6 07 08 08 1

Hinh 7. Pién ap va dong dién pha A ngdan mach ba pha giita dwong day khi khéng c6 TCSC
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Hinh 8. Pién dp va dong dién pha A ngdn mach ba pha giita dwong day khi c6 TCSC

Tir két qua cua hai truong hop c6 va khong ¢6 TCSC da duge md phong va trinh bay &
trén, két qua téng tro' do dugc tai vi tri dat role dugc thu thap va phan tich. Hinh 9 thé hién téng
trd do dugc tai vi tri dat ro le khi khong c6 va c6 TCSC (uwng voi hé s6 bk = 0,75 va goc mo
a = 180°). Hinh 9 cho thiy rang trong giai doan tir 0 dén 0,2 s 1a ché d6 xac 1ap trude sy ¢b nén
téng tré do dugc phu thudc vao thong sb ché do xac lap trudce su cb, tue 1a phu thude vao dién
4p ngudn va cong suit tai truyén trén duong day (gid dinh 200 MW dwoc truyén tir nguon A dén
nguon B). Tong tré nay co gia tri kha 16n nén duoc zoom trong pham vi tir 0 dén 0,2 s nhu phan
bén trai cua hinh 9. Bt dau tai thoi diém 0,2 s ngén mach xay ra nén téng tro do dugc tai role dién
ra qué trinh qua d6 va giam manh dang ké nhu phan bén phai cta hinh 9. Qua d6 cho thiy TCSC
khong nhing lam anh huéng dén téng tré do trong giai doan qua do ma con lam thay dbi trong
giai doan xac lap sau sy ¢b. Diéu nay s& anh huong dang ké dén qua trinh lam viéc cia role bao

v€ khoang cach trén duong day.
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Hinh 9. Tong tré do khi ngdn mach ba pha giita dwong day
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Trong céac két qua sau dy, tac gia 1an luot khao sat su cd ngan mach 3 pha truc tiép xay ra
tai cac vi tri khac nhau trén duong day chéng han nhu ¢ vi tri 0, 20, 40, 60 km,... tinh tir vi tri dat
role dén diém ngén mach. Khi dé, cac két qua dong dién va dién ap dugc tinh toan dudi dang bién
dd va goc pha thong qua cac bién dbi Fourier roi rac va gia tri téng tré do tai vi tri dat role dugc
thé hién trong cac bang 2. Két qua mo phong trong bang 2 ciing da cho thy céac thong s6 TCSC
chang han nhu hé s6 bu va goc mé thyristor cia TCSC dé anh huong dén role bao vé khoang cach.
Bang 2 1a két qua tinh toan cac gi4 tri dién ap, dong dién va tong trd khi xay ra ngin mach 3 pha
trén duong day trong hai truong hop c6 va khong c6 TCSC. Tuy nhién gié tri goc md a ciia TCSC
dugc gia st & mot gia tri ¢ dinh dé khao sat su thay ddi cua téng tré do dugce cua role. Tur két
qua cho thay tong tré do ciia role khi c6 TCSC bi thay doi rd rét, do d6 chung ta can dwa ra nhiing
giai phap nham ngan chin anh hudng niy dé nang cao tinh chon loc ctia role bao vé khoang céach.

Bing 2. Két qua dién dp, dong dién va tong tré do tai role
khi xdy ra ngdn mach trén dwong day

Vi tri Khéng ¢6 TCSC C6 TCSC

(km) UA 6A IA (PA Zdo UA 6A IA (pA Zdo
V) ) A @@ © V) (do) (A) ) (@

0 12.63 -90.92 920890 -92.04 0.0 969496.18  -21.53  22034.63  68.47  44.00

20 45575.03  -5.05 7759.73 -92.55 5.87 1438626.69 -33.54  37727.65 56.08  38.13
40 78778.94  -5.41 6703.46 -92.92 11.75 2473250.74 -81.36  76661.50 773 3226
60  104065.17  -5.69 5898.80 -93.20 17.64 1222946.04 -147.50  46350.58  -59.16  26.38
80  123979.44  -5.92 526492 -9342 2355 51330536 -163.83  25041.56  -76.69  20.50
100 140082.20  -6.10 475227 -93.60 29.48 24452552  -167.93  16742.78  -82.97  14.60
120 153383.15  -6.25 432874 -93.74 3543 109308.56  -16590  12506.50  -86.10 8.74
140 16456447 -637 3972.65 -93.87 41.42 31631.58  -143.32 9953.19  -87.99 3.18
160  174103.58 -6.48 3668.83 -93.97 47.45 32996.43 -30.52 8250.23  -89.22 4.00
180  182344.67 -6.58 340632 -94.05 53.53 68796.30 -14.02 7035.58  -90.10 9.78
200 189542.08 -6.66 3177.03 -94.13 59.66 96993.43 -10.30 612529  -90.76  15.83

4. Két luan

Tir co s6 1y thuyét cua thiét bi TCSC va role bao vé khoang cach trong hé thng dién, bai
bao dd nghién ciru sy anh hudng ciia TCSC dén role bao vé khoang cach. Cac nghién ciru nay
duogc thuc hién trén viéc xay dung mé hinh mé phong bang phan mém Matlab/Simulink dé mé
hinh hoa so d6 hé thdng dién don gian gdm mot duong day co hai ngudn cung cip ¢ hai dau.
Céc gia dinh ngan mach dugc thiét lap trén duong day & cac vi tri khac nhau nham danh gia su
anh hudng d6 cua TCSC dén role bao vé khoang cach. Cac két qua mé phong cho thiy duoc anh
huong cuia TCSC dén bao vé khoang cach rang khi c6 dat TCSC thi tong trod do duoc tai vi tri dat
role bi anh hudng trong khoang thoi gian quéa do cling nhu trong khodng thoi gian xac 1ap sau su
cb. Piéu nay giy kho khan trong viée dinh vi su ¢ khi 6 ngdn mach xay ra, 1am chdm qué trinh

21



Ngb Minh Khoa, Poan Buc Tung

khic phuc sy ¢6 trén duong day. Két qua nghién ctru ciia bai béo s& 1a phan tham khao dé tim kiém

giai phap nang cao tinh chon loc cua role bao vé khoang cach trén dudng day truyén tai dién ning
trong diéu kién c6 lap dit thiét bi TCSC.
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FACTORS AFFECTING THE REVENUE OF THE ELECTRIC FACTORY
IN IMMEDIATE MARKET AND THROUGH CONTRACT FOR DIFFERENCE

DOAN DUC TUNG, LUONG NGOC TOAN"
Faculty of Engineering & Technology - Quy Nhon University

ABSTRACT

This article investigates the factors affecting the revenue of the plant when paying through the
electricity market and contract for the difference such as the affection of power, contract price and the
factory's offer price. The analysis has been applied to 14 network diagrams IEEE node, from which we can
see the impact and the role of contracting for differences in avoiding price risks in the electricity market.
Through the analysis process, the article also suggests the way to work properly so that the factory can
achieve the highest revenue.

Keywords: Contract for differences, electric power system, electricity market, location marginal
price, the profit in electricity market.

TOM TAT

Céc yéu td anh hwéng téi doanh thu ciia nha may dién
trong thi truwong dién giao ngay va thong qua hop dong sai khic

Bai bdo ndy nghién civu cdc yéu té anh hiong t6i doanh thu ciia nha méy khi thanh todn qua thi
trieong dién giao ngay va qua hop dong sai khdc nhie anh hwéng ciia cong sudt va gia hop dong, anh hwong
ciia bang gid chao ciia nha may. Cdc tinh todn phdn tich dwoc dp dung cho so do ludéi IEEE 14 mit, tir d6
thdy dwge anh hwéng va vai tro ciia viéc tham gia hop dong sai khac doi véi viéc tranh riii ro gid cd trong
thi truong dién, va thong qua qua trinh phan tich bai bdo ciing dé xudt cdch thire van hanh hop Iy d@é nha
mdy dat doanh thu cao nhdt.

Tir khoa: Hop dong sai khac, hé thng dién, thi trudng dién, gi4 bién nut, doanh thu trong thi
truong dién.

1. Introduction

According to the design, the electricity payment in the electricity market in Vietnam consists
of two main components: Contract for Difference (CfD) and spot market electricity payment. On
the electricity market, electricity generators directly entering the electricity market will send a
bid to the System and Market Operator (SMO) to sell electricity through the market, the price is
offered by the home. Machines are limited to the range from floor to ceiling.

Determining the spot price on the electricity market depends on two components: the first
is System Market Prices (SMP), which is the overall price of the whole system, and is determined
after the operation of the system. For the bid price of the power plant and within the limit between

*Email: Intoan@fit.edu.vn
Ngay nhan bai: 25/5/2018; Ngay nhan dang: 20/11/2018
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the floor price and ceiling price. Second, Capacity price (CAN) for each trading cycle, the CAN
price is calculated on the principle of ensuring that the final cost of conversion and fixed costs is
best captured. Full Market Price (FMP) is defined as follows [1]:

FMP = SMP + CAN (1)

Generally, the power supply unit sells electricity to customers at a fixed price, so they want
to stabilize the electricity purchase price. This can be done through risk management of electricity
purchase, fixing the price paid for the amount of electricity purchased from the market. Similarly,
plants also want to set prices in advance based on fuel costs and other costs. The factory can do
this through price risk management tools by means of financial instruments that are Contract for
Difference which is the mechanism that will work to stabilize market prices in the future.

Any Electric factory (EF) participating in the market expects the highest revenue, the
calculation of revenue for factories depends on many factors, there are values influence to revenue.
But it is regulated by the SMO such as Quantity contract (Qc), CAN and the value of the EF itself
decides as the bid power, the offer price and other factors related to the system as the change load
capacity, generator faults... leading to fluctuations in market margin (SMP) [2 - 4]. So the change
of these factors will affect the revenue of the EF. The paper will analyze the effects of the factors
that influence the turnover of the EF in the spot electricity market and through the Contract for
Difference.

2. The contract for difference in the electricity market

2.1. Contract price and contract power output

The total electricity price in the contract includes two components that apply to all direct
nuclear power plants participating in the electricity market. Fixed annual prices of thermal power
plants and hydropower plants are agreed on an annual fixed price basis and within the allowable
limits [1]. For thermal power plants, the annual variable price is adjusted to the base year variable
price, efficiency loss factor, base fuel price, fuel price at the time of payment.The monthly change
price of the hydropower plants is adjusted based on the annual electricity price, base year price,
environmental fee and royalty at the time of payment, total value of principal, foreign currency
loans, the power output is many years at the factory’s power point. Here is a detailed calculation
method of the relevant quantities:

a. The annual contract output: The annual contract output is determined on the basis of
the yearly output of the annual plan, average annual output and contract yield. They are determined
through the following steps:

+ Plan the next year’s power grid system according to the binding scheduling method.
+ Calculate the annual output of the power plant according to the following formula [1]:

AGO =EGO if axGO<EGO<bx GO (2)
AGO =ax GO if EGO <ax GO 3)
AGO =bx GO if EGO>bx GO (4)
Where:

AGO: Planned output of year N of power plant (kWh).

24



Tap 13, S6 1, 2019

EGO: The estimated output in year N of the power plant (kWh), determined from the
market simulation model in terms of the location of the measurement.

GO: Power yield agreement to calculate contract price (kWh).

a, b: Annual production adjustment coefficient shall be determined according to the
regulations on methods of determining electricity generation prices. The order and procedures for

the formulation and promulgation of power price brackets and the approval of power purchase
contracts.

Wherea=0.9;b=1.1.
+ Calculate the annual output of the power plant [1]:
Q. =axAGO (5)

Where:

Q_: Quantity contract of year N (kWh).

AGO: Planned output of year N of power plant (kWh).

o The rate of output paid according to the contract price applied to year N (%). In the first
year operating the electricity market o = 95%.

b. Monthly contract output: Production contract month of thermal power plants and

hydropower reservoirs to regulate over 1 weeks was determined in the process of planning next
year’s operation were identified:

Q= Q, x2 ©)

>Qi

t=1
Where:
Q. : Quantity contract of the t month of the power plant (kWh).
Q_: Quantity contract of the year of the power plant (kWh).

Qj, : The Quantity in the month of the power plant t determined from market simulation
models according scheduling method binding (kWh).
- The electricity system operator and the electricity market are responsible for determining
the contract output hours in the next month for power plants according to:
@=Q%%ﬁf (7)
2.Q:
i=1
Where:
i: Trading cycle i in month.
I: Total number of cycles in the month.
Qic : Quantity contract yield of the power plant in transaction cycle i (kWh).

Q. : Quantity of the power plant in the transaction cycle iis determined from the market
simulation model based on the binding scheduling method (kWh).

Q. : Quantity contract in monthly of the power plant (kWh).
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2.2. Payment under the contract of sale and purchase of electricity in the contract for
difference
Based on the market electricity prices and market capacity announced by the operator of the
electricity system and the electricity market, the electricity generating unit shall be responsible
for calculating the payment under the different types of electricity purchase contracts in the
billing cycle:
+ Revenue from electricity contract
Re, = (Pc—SMP, - CAN,)x Qc, ®)
Where:
Rc;: Difference payment in transaction cycle i (VND).
Qc;i: Electricity output is settled according to the contract price in transaction cycle i (kWh).
Pc : The price of electricity trading contract is different (VND/kWh). For hydropower
plants, this contract price does not include water resource tax and environmental fee.
SMP;: Price of electricity in the trading cycle i (VND/kWh).
CAN;: Capacity price in transaction cycle i (VND/kWh).
+ The payment for the portion of electricity that is paid at the market electricity price
(market power of electricity) of the power plant in the payment cycle is determined:
Rsmp, = Qsmp, x SMP. ©)
Where:
Rsmp,: The payment for the output is paid at the market electricity price of the power plant
in the cycle i in the payment cycle (VND);
SMP;: Price of electricity market of the ith trading cycle in the payment cycle (VND/kWh);
Qsmpi: Electricity output is paid according to the market electricity price of the ith trading
cycle in the payment cycle (kWh).
The operator of the electricity system and the electricity market shall be responsible for

calculating the market capacity payment for the power plant in the payment cycle in accordance
with the formula:

G
Rean; = CAN, x )" Qcan? (10)
g=1

Where:

Rcan: Payments for power plants in transaction cycle i (VND).

g: Units of the power plant are paid according to capacity.

G: The total number of units of the power plant is paid according to capacity.
CAN, : Market capacity in transaction cycle i (VND/kWh).

Qcan; : The amount of payment capacity of unit g in transaction cycle i (kW).

3. Evaluate the effect of different factors on the plant’s revenue in the power market
using the 14-node IEEE model

The analysis of net revenues in the electricity market is often the secret of the work of the
plants themselves. In this section, we will analyze the different factors affecting the revenue of
the EF based on the IEEE 14 bus system sample diagram as shown in Figure 1 with 5 plants in
the system. [5]

26



Tap 13, S6 1, 2019

Tara SR EEDEE curr

(G cerernarons

© rogmee - 4

Figure 1. [EEE 14 bus system

When entering the market the plants will send the bid to SMO, but the offer must follow
the principles:

+ There are up to 5 pairs of Pr (VND/kWh) and P (MW) bid for units for each trading cycle
of day D.

+ The power in the bid is the power of the generator terminal.

+ The offered capacity of the following range shall not be less than the capacity of the
preceding offer. The minimum bid of 3 MW, we have the price table of the EF as in table 2.

Table 1. Price quotes of factories

Electric Factory EF, EF, EF, EF, EF
P1 (MW) 50 80 100 20 50
Pr1 (VND/kWh) 100 110 150 305 200
P2 (MW) 70 120 120 40 60
Pr2 (VND/kWh) 210 310 300 450 500
P3 (MW) 100 160 200 60 75
Pr3 (VND/kWh) 320 400 405 510 600
P4 (MW) 150 180 220 80 80
Pr4 (VND/kWh) 402 508 506 610 700
P5 (MW) 200 200 250 100 100
Pr5 (VND/kWh) 500 550 620 710 720

Where:

EF.: ith electric factory.

P: Power of the factory.

Pr: The asking price of the factory.

When entering into the electricity market, if the power plants want to sign a contract
differently from the electricity buyer, they will be based on two components: Qc contract yield and
Pc contract price (Table 3). Capacity Charge per kWh announced by A for the beginning of the year
for each hour of each day and regardless of the factory bid. Assuming Can =20 VND/ kWh. Factories
from 1 to 5 are paid for at 20 VND/kWh.
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Table 2. CfD Contract Input Data

Electric Factory Ouﬁh(lcéti(;)tl(lgc) CID price(Pe )
W) (VND/KWh)
EF, 200 300
EF, 250 400
EF, 200 200
EF, 10 450
EF, 40 180

3.1. Effect of change of load on plant revenue

Considering the system is operating in normal mode (average load) with a total load of
800 MW, minimum (low load) mode with load 250 MW, and maximum (high load) mode with
additional load 1.400 MW. The change in load leading to the change in capacity of the plant varies
and the price of SMP is 400 VND/KWh, 200 VND/kWh, and 500 VND/kWh respectively.

900 - —+—GCm - 900 - ——Cm -
200 - Low load 200 4 Low load
& 700 - i & 700 - i
600 - Average 600 1 Average
g 300 load E 300 load
& 400 - el B 400 - M= O <
Highload Highload
E 300 4 E 300 4
& 200 - ——G-Low * 200 - ——(} - Low
100 load 100 load
0 T T i T 0 T T e e 3 -
EF1 EF2 _EF3 EF4 EF5 Average EF1 EF2 __EF3 EF4 EF5 Average
Factory load Factory load
Figure 2. Revenue chart of the factory Figure 3. Price chart of the plants
when the load changes when the load changes

With Rm, R be the revenue of the factory on contract and without the Contract for Difference,
we see that the revenue of the plants not participating in the contract will be paid at the market
price and the capacity of myself. At lower loads, power plants with CfD will have higher revenues
than non-participating power plants and vice versa. Meanwhile, if the load is stable and Qc output
is reasonable, the revenue of the factories that do not participate in the contract and participate in
the contract isnegligible for each other by the CAN value.

When the capacity is at a minimum (low load), some plants will not be mobilized. For
plants that pay in the spot electricity market, the factory’s direct dependence and ratio with an
SMP marginal price. [4]

For EFs when joining CfD in case of low load, EF2 has the highest revenue and selling
price while the mobilization capacity is 70 MW less than EF3. This problem is due to the high Qc
output and Pc selling price, but as load increases especially in peak load mode, EF4 has the lowest
output power and the output is distributed, Qc is the lowest but Pc price is the highest. This causes
EF4 to have the highest revenue, of which EF3 and EF5 have the output of Qc, Pc respectively
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of EF3 (200 MW, 200 VND / kWh), EF4 (40 MW, 180VND/kWh). Although Qc of EF3 is much
larger than EF4, but Pc price difference is not much, so the higher the load, the higher the price
Pc factory will achieve higher sales.

In fact, when demand for additional load is lower than forecast, there will be surplus due to
the large amount of electricity sold through contracts and the market price will drop to the floor
price, which is not good for Investors develop the source. In order to solve the problem, the output
rate under the CfD contract must be less than 100%.

3.2. Effect of contract output (Qc) and contract price (Pc) on revenue of factory

Qc output is allocated by A in 24 hours and Pc price is negotiated between the plant and
the buyer. The results of EF’s revenue calculation when Qc changes are shown in Figure 4. The
selling price of EFs when Qc changes is shown in Figure 5.

120 4 —+—Rm - Reduce ey 500 —+—0m - Reduce
~ 100 Qe g 400 Qe
% 80 - ek~ Qe i 300 - —&—Gm- Qe
8 60 ~d—Rm - Increase & 200
2 Qc 5 —a&—Cm - [ncrease
g 40 100 Qe

~+——R- Reduce X
= 90 Qc 0 + . + . T . ——G - ReduceQc
] : : , =#*—R-Qc EF1 EF2 EF3 EF4 EF5
EFl EF2 EF3 EF4 EF5 o Thikii Factory e
Factory Qe

Figure 5. Selling prices of plants

Figure 4. Turnover of factories
when Qc changes

when Qc changes

Table 3. Contract price and contracted output of the plants

Electric Qc Pe
Factory (MW) | (VND/kWh)
EF, 200 300
EF, 250 400
EF, 200 200
EF, 10 450
EF, 40 180

Based on Figure 4 and Figure 5, it can be seen that changing Qc and Pc for noncontractors
will have no effect and is equal to the marginal cost and the revenue of the EF will depend on the
capacity which EF has.

For CfD plants, if Pc is equal to the marginal market price, Qc changes will not affect the
factory price. The factory price is higher than the market price, the Qc increases, the price of the
plant also increases. In contrast, for plants with less Pc margin, when Qc increases, the selling
price of the EF decreases, so when the Pc price of the plant is smaller than the market price, the
plant should generate a smaller capacity than Qc to achieve high turnover.
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3.3. Where the incident occurred for the EF

Considering the system operating in normal mode, EF2 is the plant keeping the marginal
cost with SMP = 400VND/MWh. We assume that EF2 and EF5 cannot enter the market.

180 - —#—Rm in normal

160 -+ state

140 - —#—R in norm al
- 120 state
g 100 - —#&—Rm in
‘.! 20 - incident state
E 60 - —==—R inincident
& 40 - Aty

20 ~

1] T T T sp—

-20 © EF1 EF2 EF3 EF4 EF5

Factory

Figure 6. Factory revenue when incidents occur

When the EF entered the market in an incident, high-priced EF will be mobilized to ensure
the balance of the power system, the marginal price of the market will now increase, and in this
case specifically SMP = 405 VND/kWh.

500 -
450

-~ 400 4
g 350 - —+—Gm in nomal
300 {1 X state
'E 250 \ —#—G in normal
&% 200 state
150 ) R
g 100 4 —4—Gm inincident
50 \ state
0 —T T —a G in incident
state

EFl EF2 EF3 EF4 EF5
Factery

Figure 7. Selling price when the plant is affected

As SMP increases lead to higher sales and sales of non-CfD power plants, the plants that
are not mobilized will have zero sales.

If the EF has a low Pc and Qc output, the revenue of the EF will be negative, which EF will
pay to the market.

3.4. Where the bid price and bid volume are changed

A factory may want to reduce the offer price in its bid to be mobilized in the trading
cycle. However, this will affect the marginal cost of the system, assuming that all EFs are
discounted to 40 VND/kWh, then we will have the selling price and EF sales as shown in Figures
8 and 9.
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Figure 8. Turnover in case of change
of the offer price

When the factories offering discounts on their offer will reduce the SMP to 360 VND/kWh,
however, this will cause the factory prices to be approximately the same. Sell will be high (EF2)

and vice versa (EF4) (Table 5).

Figure 9. Selling price when changing
the offer price

Table 4. Result of the price of the host

s | oy || e | oo
EF, 200 300 310.90 398.18
EF, 250 400 404 .41 398.89
EF, 200 200 220 398.18
EF, 10 450 435 390
EF, 40 180 228 396

In the case of EF lowering the offered bid volume for the purpose of raising the market
price, the SMP is increased to 402 VND/kWh. The lower the price, the lower the selling price
(EF3, EF5). This causes the plant’s revenue to decrease as shown in Figure 10. For EFs with Pc

prices larger than SMP, the reduction in the plant’s offered capacity will increase (Figure 11).
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Figure 10. Factory revenue when changing

capacity

Figure 11. Selling price of factory when
changing capacity
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4. Conclusion

Based on the IEEE 14 bus system model, the article has assessed the influence of various
factors on the electricity market. We see that. When the load changes, the CfD participating plants
will have higher revenues than the non-CfD plants and vice versa. When there is a change in
contract output and contract price. Non-contracted plants will receive a settlement price equal to
the marginal cost and the revenue of the plant will depend on the capacity the plant generates. In
the event of a factory failure occurring in the electricity market.

The SMP price will increase compared to the normal state, which will cause the sales
price and sales of the plant without the CfD contract to increase, which plants will not generate
revenue will be zero. The impact of these factors on the plant’s revenue will allow the participating
factories to have an overview of the impact so that they can have a reasonable pricing plan to
bring the business highest earning.
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PIEU KHIEN VA GIAM SAT HE THONG TUOI NUOC TU PONG SU DUNG
MANG KHONG DAY TRONG THOI PAI CONG NGHE IoT

LE THAI HIEP", BUI LIEM TUNG?
! Khoa K¥ thuat va Cong nghé, Truong Pai hoc Quy Nhon
% Sinh vién Khoa Ky thuat va Cong ngh¢, Truong Pai hoc Quy Nhon

TOM TAT

Cung cdp dii mede theo nhu cau sinh trieong ciia cdy trong la yéu t6 quyét dinh dén nang sudt. Do
@6, bai bdo dé xudt cdu tric diéu khién hé thong twdi nuwée tw dong theo kiéu IoT ddp g dwoc yéu cau vé
dé am theo ddc tinh sinh truong ciia cdy trong. Tai cum cdy trong thir i trong trang trai, cdc thong sé vé do
am ctia dat va nhiét do dwoc cac cam bién do dac va gui dén mach Arduino i. Mach nay sé giri yéu cGu diéu
khién dén Arduino Server qua mang WiFi dé phoi hop diéu khién tuwdi nude. Tat ca cac Arduino két néi voi
nhau qua WiFi va két néi véi cac smartphone qua mang internet hodc mang di dong dé diéu khién va giam
sat tir xa. Hé thong nay cho phép nguwoi sir dung gidm sat va dieu khién qud trinh twdi nuée ¢ bdt cir noi
ddu. Két qua ciia hé thong thir nghiém da dap vmg dwoc yéu cau vé d¢ am dat cho rau Dién.

Tw khéa: Hé théng tudi nuoc ty dong, do am cua dat, mang WiFi, arduino, cong nghé IoT.

ABSTRACT

Control and Supervise Automatic Irrigation System Using Wireless Network
in the Time of IoT Technology

Providing enough water to meet the growing needs of the crops is an important element that impacts
on the productivity of crops. Therefore, the article suggests a control structure of the automatic irrigation
system according to 10T technology to meet the moisture requirements of the growth characteristics of
crops. At the ith plant cluster on the farm, the soil moisture and temperature parameters are measured and
sent to Arduino i. This circuit sends control requests to the Arduino Server via a WiFi network, after that
they combine to control the irrigation system. All the Arduinos connect to each other via WiFi and connect
to smartphones via the Internet or the mobile network for remote control and supervision. This system
allows users to supervise and control the watering process anywhere. The results of the test system have
met the moisture requirements of Dicliptero chinensis (L.) Ness.

Key words: Automatic irrigation system, soil moisture, WIFI network, arduino, IoT technology.

1.  Patvan dé

Hién nay nong nghiép sach 1a nhitng van dé dang duoc nhidu ngudi quan tim, nhét 1 nong
nghiép cong nghé cao trong nha kinh dang phat trién manh mg&. Trong d6 chii dong diéu chinh do
am dat trong trang trai (ké ca trong nha kinh) 13 van d¢ quan trong c6 tinh quyét dinh dén ning
sut cia cy trong [1]. Viée tudi thu cong von 13 mot cong viée ton rat nhidu nhan lyc ma do6 4m
thudng khong diing yéu cau ki thuat.

*Email: lethaihiep@qnu.edu.vn
Ngay nhan bai: 03/8/2018; Ngay nhan dang: 18/10/2018
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Xu huéng cong nghé tudi nudce hién nay dang ap dung theo cong nghé & Israel, gdm c6
cac cong nghé (Hinh 1): tudi thim trong long 16p dét canh tac; tudi nho giot; twdi phun buyi; tudi
phun vang.

Hinh 1. Hinh anh vé céng nghé tudi nieée

a) Tuéi tham trong long lop ddt canh tac; b) Tudi mede nho giot; ¢) Tudi phun suong; d)
Tuoi phun vang.

Cong nghé tudi thim trong long 16p dét canh téc 1a cong nghé cung cap tryc tiép nudc, phan
bon, khong khi, ké ca thude bao vé thuc vat (qua ré) vao trong long 16p dat canh tac. Cong nghé
nay co6 thé dat hiéu suat sir dung nude xap xi 100%. Cong nghé nay cung cip mot ché do t6i uu vé
4m do va dudng khi dé tao ra ning suét va chét luong san phim cao nhat cua cdy trong.

Cong nghé tudi nhé giot cAp nudce thanh giot vao ving ré cay. Phuong thirc nay thuong két
hop véi bon phan va thude bao vé thuc vat (qua ré). Cong nghé nay co6 thé dat hiéu sut sir dung
nudc, phan bén rat cao. Qua do, truc tiép gop phan lam ting ning suat, chat lugng ciy trong.

Theo cong nghé tudi phun buyi thi mot dau phun bui tudi cho mot dién tich cay trong
nhét dinh. Phuong thuc nay co thé két hop thuc hién cac bié€n phap bao vé thyc vat va bon
phan qua la. Cong nghé tudi phun bui chi thich hop cho canh tac trong nha kinh véi mat do
gbc tuong ddi nhiéu.

Cong nghé tudi phun ving 14 cong nghé tudi nude da chién, chu yéu dp dung cho cac canh
dong rong, trong cy véi mat do cao. Hidu qua st dung nudc clia cong nghé nay khong cao nhu
cac loai hinh tudi nudce néu trén.

Hién nay da c6 nhidu nghién ctru va tng dung hé thong tudi nude ty dong vao trong san
xuét. Vi du nhu, hé théng tudi phun tu dong da nang gém mot cam bién do nhiét do va mot cam
bién do d6 4m cua dit dat tai nha mang trong hoa, duoc didu khién boi PLC-S7-1200 [2]. PLC
diéu khién dé nhan nudc va tudi phun ding 05 phut s& ngimg tudi, hodc khi cam bién bao do am
hodc nhiét d¢ da dat yéu cau [2]. Hé théng nay c6 nhuogc diém 16n nhat 1a khong thé giam sat va
diéu khién tir xa. Bén canh do cling c6 nghién ciou da dé xuét hé théng giam sat nhiét do va do
am trong nha kinh [3]. Tuy nhién hé thdng nay chwa dap (mg nhu cau tudi ty dong. Ngoai ra, co
nghién ctru da thir nghiém hé thdng tuéi ty dong str dung mang ludi cac cam bién khong day két
ni vi cac thiét bi giam sat tir xa qua mang GPRS [4]. Nghién ctru nay chwa chi trong viée diéu
khién hé thong tudi tu dong.

Chinh vi vay, can mot hé théng dap tng duoc cac yéu cau cong nghé cao, c6 kha nang md
rong tuy y va giai phong dugc nguoi lao dong khoi vi tri [am viée.
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2. Vit tw va phwong phap

2.1. Vattw

Mach Arduino Uno R3 bao gdm mét vi didu khién AVR véi céc linh kién bo sung giup dé
dang 1ap trinh va c6 thé két ndi mé rong vi cac mach khac.

Module cam bién do 4m dat FC-28 véi phén dau do ctia cam bién duoc cim vao dat tuong
g v6i do siu co nhiéu ré cua ciy trong dé phat hién d6 am cua dat. Bé dat duoc thong sb theo
chuong trinh mot cach linh hoat thi can 1ay gié tri twong tw & AO cua cam bién qua chan Analog
trén Arduino.

Cam bién nhiét do loai DS18B20 do dugc trong pham vi -55°C dén +125°C va c6 d6 chinh
xac £ 0,5°C trong pham vi -10°C dén +85°C. Cam bién nay co thé duoc ndi thém day dan va boc
dau bang kim loai dé bao vé.

Module WiFi ESP8266 c6 chirc nang két ndi cac Arduino vao mang WiFi tao thanh mot
hé théng. Module nay chuan 802,11 b/g/n, tan s6 2,4 GHz, c¢6 3 ché d6 hoat dong: Client, Access
Point, ca Client va Access Point.

Router WiFi TP-Link TL-WR841N, téc do 300 Mbps, chuin khong day IEEE 802.11
b/g/n, tan sb phat tin hidu 2,4 GHz. Cac router nay c6 chirc ning tao thanh mot mang WiFi dé cac
Module WiFi ESP8266 truy cap vao.

Ngoai ra con st dung modem cap quang GPON IGATE GW040, module Sim 900A, man
hinh LCD, mach Relay, bom nuéc, van dién tir, cam bién ap suét... Module Sim 900A hoat dong
& 2 tan s6: GSM EGSM 900 MHz; DCS 1800 MHz nhu mt thiét bi ddu cudi v6i chirc ning goi
dién thoai va nhén tin SMS. Bai b4o chon bom chim dé bom nudce vi loai nay c6 do tin cay cao,
khong can moi nudce khi bom.

Céc thiét bi sir dung trong hé thong c6 thé thay thé tuong dwong tiy vao diéu kién tmg dung.

2.2. Phuwong phap

Tir cac van dé gap phai vé viée tudi nudce trong san xuit ndng nghiép, két hop véi cong nghé
M2M (Machine to Machine) hién nay va xu huéng cong nghé IoT (Internet of Things), bai bao
dé xuit hé théng tudi nude ty dong trong néng nghiép. Sau dé nhom nghién ciru ché tao mod hinh
thir nghiém va danh gi tinh kha thi ctia dé xuét vé tmg dung thyc té, cling nhu kha ning mé rong.

2.2.1. Co s¢ khoa hoc

Viéc tudi nude khong chi cung cap nude cho cdy ma con gitip diéu hoa do 4m va nhiét do
clia moi trudong xung quanh cay trong, qua do tac dong dén nang suét cta cay. Nhiét do trong nha
kinh hodc trang trai s& giam thap ¢ noi c6 nhidu hoi nuéc va cdy trong twoi tot [5]. Bén canh do,
trong mot ngay, twong tng vai luc dd 4m cao vao budi tdi va budi sang thi nhiét do thap, vao budi
trua va budi chiéu thi nguoc lai [6].

Cay trong bi thoat mat mot lugng hoi nuée E T dé duy tri qua trinh sinh truong hang ngay
(tinh theo (1)). Dong thoi mat dat ciing bi boc hoi mat mot lugng hoi nude ET nio d6 trong ngay
(tinh theo (2)). Néu khong duoc cung cap bod sung nudc thong qua tudi, hodc mua, hodc suong
thi d6 4m cua dat s& bi giam dén.

Luong bdc thoat hoi nude qua 14 cay E T dugc xac dinh theo cong thirc sau [7]:
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ET =K, ET, (1)

Trong do: ET, — Luong bdc thoat hoi nudce ciy trong tham chiéu dugce tinh theo cong thirc
FAO Penman-Monteith [6]; K — H¢ s6 cdy trong.

Luogng bdc thoat hoi nudc qua bé mit dat ET duoc xac dinh theo biéu thirc sau [8]:

ET =K.ET, 2)

V6i K 12 hé sb ty 18, phu thudc vao bé mit va do am cua dét [6], [8].

2.2.2. Dé xuit hé thong twéi tw dpng

Trong mdt trang trai ndng nghiép rong 16n thi nhiét d6 va do 4m mdi noi s& khac nhau, ké
ca nhu cau nudc mdi loai cay trong ciing khic nhau. Ung v6i mdi loai cdy trong, ngudi sir dung
chi can dit thong sé d6 am yéu cau, hé thong s& ty dong dap tng. Pay chinh 1a yéu cau co ban ma
hé thong tudi nude ty dong duoc dé xuidt trong bai bao phai dap img. Cu trac cta hé thong tudi
nudc ty dong dugc dé xuat nhur Hinh 2, hé nay co thé ap dung cho tat ca cac cong nghé tudi hién
nay. Hé théng tmg dung céc thiét bi ki thuat M2M hién c6 theo xu hudng cong nghé IoT.

O mot khu vue trong trang trai, néu do 4m cua dat (hoac vat ligu tréng rau, tréng nam...
trong bai bao tam goi 1a dat) duoc do qua cam bién do m c6 gia tri RH thap hon gia tri dat mic
thp RH_ thi mach Arduino timg khu vuc s& diéu khién d€ tuéi cho cdy trong. Hé théng s& tudi
dén khi do Am dat dat gia tri dat mic cao RH _thi co thé xir ly theo mdt trong hai cach sau:

Cdch thir nhdt, tién hanh dimg tudi. Cach nay ap dung véi nhiing cdy trong c6 pham vi do
am phu hop hep.

Cdch thir hai, tiép tuc kéo dai thoi gian tudi thém dé cham tudi 1ap lai. Vi khi tudi thi do
am ctia 16p dat ndng nhanh chong dat gi tri ngudng trén, néu dimg viéc tudi tai thoi diém nay thi
dat s& nhanh kho. Truong hop nay ap dung véi cdy trong c6 dai dd am phu hop kha rong va c6 kha
ning chiu ngap nude tam thoi (tir 10 dén 60 phuat).

Trong trudng hop hé théng tudi phun swong, néu nhiét dé do boi cam bién nhiét do co gia
tri T cao hon nhiét do dat 7 thi s& tién hanh tuéi dé diéu hoa nhiét d6. Néu phun dén khi d6 am
dat gia tri dat RH _nhung nhi¢t do van con cao thi phai ngimg phun. Viéc hd trg diéu hoa nhiét

do 1a yeu to phy, con nhi¢ém vu diéu chinh d§ am dat dong vai tro chinh cta h¢ thong tudi.
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Router WiFi

Phuong an 2

Hinh 2. So d6 hé thong twdi nude t dong

Ngudi dung c6 thé giam sat thong sé trang thai cta hé thdng trén smartphone, trong pham
vi trang trai thi st dung WiFi, con bén ngoai pham vi trang trai thi thyc hién theo mot trong hai
phuong an (nhu Hinh 2):

- Phwong dn 1, st dung WiFi két ndi mang Internet dé giam sat va diéu khién, ciing co thé
st dung mang Internet thong qua mang 3G hodc 4G. Phuong an nay phai lip dit thém modem
hoic sir dung modem két hop router WiFi va phai tra cudc phi sir dung Internet.

- Phirong dn 2, st dung mang di dong dé giam sat va diéu khién. Phuong 4n nay phai lap
dat thém Modul sim 900A két ndi véi Aduino Server, va phai tra cude phi tin nhan cho mang di
dong. Céc Iénh diéu khién ciing co thé thyc hién theo hinh thirc nha may dé giam cudc phi.

Trong tuong lai thi sit dung phuong an 1 1a chinh, phuong 4n 2 1a du phong. Tuy nhién hién
nay, cudc phi cac dich vu 3G, 4G, Internet con kha cao so voi cude phi tin nhén. Nén tam thoi
phuong an 2 1a phuong an chinh cho tmg dung & nong thon, vi mang Internet chua pho bién & cac
ving nay. Tuy nhién, dbi v6i khu vuc thanh phd thi nén sir dung phuong an 1, vi rat nhiéu noi c6
san mang WiFi két n6i Internet.
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2.2.3. Pé xuit thudt todn diéu khién hé théng twéi tw dong

Trong h¢ thong dé xuat (trén Hinh 2), mach Aduino Server diéu khién bom déng vai tro
la mach chu, chi phéi hoat dong chinh cta hé théng. Céac mach Aduino i (véi i = in ) tai cac khu
vuc la cac mach con, ¢6 chirc nang diéu khién, giam sat tai chd va gui yéu cau dén mach Aduino
Server.

Diéu khién tai hién truong trong pham vi trang trai: cr mdi khu vue (co thé chia pham vi
theo kha nang ctia bom, hodc chia theo loai cay tréng) s& cdm mot cam bién do dd 4m dat va mot
cam bién nhiét do két ndi véi mot mach Aduino. Mach Aduino 7 s€ lam viéc theo chuong trinh
da 1ap trinh dé bat bom nho truyén thong trén mang WiFi thong qua Modul WiFi ESP8266. Bom
duoc bat theo Iénh tir mach Aduino i. Déng thoi mach Aduino i tai khu vuc cling nhan phan hoi
ctia Aduino Server dé ra 1énh mé van dién tir va dan nude dén cac dau phun (theo thuat toan trén
Hinh 3). Néu cung luc co nhiéu mach Aduino tai cac khu vuc gui Iénh bat bom dén mach Aduino
Server thi thyuc hién theo nguyén Iy xép hang. Cac van dién tir tai cac khu vuc duge mo theo dung
thir tyr xép hang (theo thuat toan trén Hinh 3).

Qua trinh tudi vang duoc thuc hién theo mot trong hai tuong hop (Hinh 3):

- Truong hop thir nhat, néu & am RH,_dugc dit nho hon 99% thi tudi khi do am do RH
c6 gia tri thap hon gia tri dat muc thap RH,  vangung tudi khi do am dat dat gia tri dat muc cao
RH

max’

cap tuong ung theo timg ngay (hodc ting gid véi cdy rat ngin ngay) phi hop véi qua trinh sinh

tuong tmg v4i cach thir nhat da trinh bay ¢ trén. Cac gia tri RH vaRH _dugc caidatm

truong cla cdy trong. Voi m cai dit bang sé ngay (hodc s gio) sinh trudng cua cdy trong. Néu cy
lau nam thi dat m = 7, nghia la ngay hom sau c6 gia tri dat nhu ngay hom trudce.

- Truwong hop thir hai, néu do am RH___duoc dit 16n hon hodc bang 99% thi phdi tinh toan
thoi gian tugiz | theo (3), twong Gmg voi cach thi hai da trinh bay ¢ trén. Cac gia tri RH,  vaRH
cling duoc cai dat linh hoat pht hop véi qué trinh sinh truéng cta ciy trong.

t.T,
tOﬂ =
T

s

3)

Vi ¢ — thoi gian duge cai dat, 7, — nhi¢t do do dugc theo cam bién nhiét, T — nhi¢t do
duoc cai dat.
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Hinh 3. Luu d6 thudt todn diéu khién hé thong twéi phun ving

Trong cac thuat toan, thoi gian ¢ dugc tinh tir lac bat bom va ¢ bi dat vé khong khi tat bom.
Trong qua trinh hé thong dang tudi thi ap suat nude p,, dugc do nho cam bién ap suat. Néu gid tri
nay khong thoa (4) thi hé thdng canh bao dén nguoi sir dung qua dién thoai.

Prin < P < P “)

Trong d6 p,, vap, . lan luot a gid tri ddt nho nhat va 16n nhat cho phép tudi.

Néu 4p dung hé thong theo kiéu tudi phun swong thi thuat toan ciing nhu tudi phun ving
(Hinh 3), nhung bd sung thém truong hop tudi dé diéu hoa nhiét d6. Tudi diéu hoa nhiét d thuc
hién cho dén khi nhiét d6 do 7, thap hon nhiét d¢ ddt 7’ hodc khi d¢ am dat gia tri dit RH .

Néu ap dung hé thdng theo kiéu tudi nho giot hodc tudi thim trong 1ong dit thi cac van dién
tur thtr i duge dong mo truc tiép boi cac Arduino 7 tai khu vuc (nhu thuat toan trén Hinh 4). Khi
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d6 may bom c6 chirc ning bom diéu ap cho duong 6ng dan nudce chinh. Khi 4p suit duong ong
p, do boi cam bién 4p suét thap thi Arduino Server diéu khién bién tan dé bom nhiéu nuéc hon dé
dua ap suat vé gia tri dat mong mudn. Khi ap sudt duong dng cao thi diéu khién nguogc lai. Néu
gi4 tri 4p suét dudng 6ng do dugc 16n hon gia tri dat D, thi ngmg bom, day chinh la Iic h¢ théng
khong con tudi cho khu vire nao ca. Néu ap suat do du:orc D, thap hon gia tri dat P, thi canh bao,
tuong trng voi truong hop khong bom duge nude.

o lenh bat bcm

@ Sai | Do ap suit nudce trong 6ng (pm) |
Y

[ Piéu khién 6n dinh 4p sudt |

Tét bom, giri canh
béo dén dién thoai,
bat dén, coi canh bao

Hinh 4. Luu dé thudt todn diéu khién hé th(fng twdi nho giot hodc tudi tham
2.2.4. M6 hinh thir nghiém hé thong twéi nwéc tw dong

M0 hinh thir nghiém duogc lép dat ¢o chu triic nhu Hinh 5. Trong md hinh thir nghiém, viéc
gidm sat tir xa cac thong s6 vé do am, nhiét do, trang thai hoat dong cuia hé thong tudi, ké ca viéc
diu khién bat, tit bom tir xa duoc thuc hién trén smartphone theo phwong 4n 2 (nhu trén Hinh 6).
M6 hinh thir nghiém duoc thue hién theo phuong 4n nay nham dap tng cho cac tng dung tai thoi
diém hién nay ¢ néng thon.

4
. e Cam bién do

Mach Aduino Cam bién nhigt dé ' Modul sim 9‘0CIA dd Am dédt

Hinh 5. M6 hinh tuéi nuoc tw dong

40



Tap 13, S6 1, 2019

Wi I & 8:21 Ll o

4y HE THONG
‘DIEU KHIEN TUOT.RAU

L HE THONG
DIEU KHIEN TUOI1.RAU

Thoi Gian ;0820 - 13/04/2017 Thai Gian :  08:20- 13/04/2017

Nhigtdé: 28 °C

ﬁ 44.!§£n9ﬁ5

T

Hinh 6. Diéu khién hé thong tudi nieée thong qua smartphone

Trong mo hinh nay, viéc diéu khién va cai dat thong s tai hién truong dugce thyc hién thong
qua cac nut nhan (nhu Hinh 7). Cac hudng dan va thong sb didu chinh dugc hién thi trén man hinh
LCD (nhu Hinh 7). Kém theo d6 hé thong c6 thong bao bang LED: LED sang tuong tmg voi dang
tudi, LED tit trong ng véi nglg tudi.

+-— MENU CAI DAT =—-—+ | = . DO _AM
Cai dat do am Gia tri 235

1-Menu 270K 3/Thoat, | 1-Luu 274

Hinh 7. Thiét ldp théng sé, diéu khién tai cho
3.  Két qua va binh luin

Trong mé hinh thir nghiém, lac dang khao sat thi ¢ am giéi han thap RH = dugc dat & mirc
40%. Khi d6 am dat thap hon gia tri nay thi h¢ théng s& tu dong tudi cho i khi dat gid tri RH .
Gia tri RH _ban dau dat & mirc 77%, dén trua ngay 10/12/2017 thi dat lai 6 muc 71% (Hinh 8).
Hé théng duoc thiét 1ap s€ tu dong thu thap dir liu do am theo chu ky 02 gio 01 14n nham phuc
vu cho qua trinh khao sat, danh gia.

RH (%)

40

30 ! RH min 40%
20 |

10

0 | [
Qg ) Zs Z> Z3 L Z5
Za YU s ) “ Y 73 L
<~ ~ ~ <~ <27y ) <2y
<0 %(]J ﬂoJ) qu) "‘7_]) ‘.02) 'v()"?)

Hinh 8. P thi dj dm do béi mé hinh thir nghiém tir ngay 09/12/2017 dén ngay 15/15/2017
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Trong qué trinh thir nghiém c6 nhiing lac hé thong khong tudi nhung d6 4m ciia dat c6 ting
nhe 14 do hip thu hoi nude trong khong khi, vi mé hinh dugc dit ngoai troi dé rau quang hop. Rau
trong thir nghiém 1a rau Dién.

Céc cdy trong thuong hip thu nudce tot nhét trong mot gidi han duoc goi 1a nude dé tidu [9].
Néu do 4m thip qua thi cay kho hit nude vi lac ndy chi con cac phan tir nude o lién két chit ché
v6i dat. Nguoc lai, néu do 4m cao qua thi anh hudng xau dén sinh trudng cia ciy boi vi luong
khong khi trong dat khong du dé ré cay hap thu.

Chinh vi thé, co mot s6 loai cay trong yéu cau phai giit do am trong pham vi hep (nhu
Hinh 9.a) thi méi sinh truong tot, chang han nhu nim va mot s6 loai cay ¢ Bang 1. Tuy nhién
v6i mot sd loai cay can lic thi phai c6 6 am cao, sau d6 phai dé dat du kho (46 am thap) thi méi
tudi 1dp lai, nhu cdy ca phé, tiéu,... (Hinh 9.b). Phan 16n cac loai cy ldu nim va rau déu c6 kha
nang chiu do am 100% trong thoi gian ngan (luc dang tudi). Bén canh d6 c6 mot sb loai cay trong
yéu cau phai ¢6 do am thay doi theo qua trinh sinh truéng mot cach nghiém ngit (nhu Hinh 9.c).

ARH (%) AEE (%) ARH (%) pyy
100 100[ A\ 100 JOANS
_________________________ A ﬁMRH WNNN
RHmin - N
a) 0 t. b) 0 t. )0 K
> > 12345 n
ngay

Hinh 9. 6 thi bién thién do am cua dat thong qua twoi nudc boi hé thé'ng duoc dé xuat

a) Giir dj am trong pham vi hep; b) Giit d6 am trong pham vi réng véi RH  =100%;
¢) Giit dp am theo qud trinh sinh truéng cia cdy trong.

Bing 1. Théng so do am, nhiét @6 phit hop cho sinh trieong ciia mét sé lodi cdy trong

Loai cdy tréng Dj dm Nhiét do

Nam Linh chi do 90 +95% [10] -

Nam so 80 + 100% 25 +35°C [11]
Ném s0 vua 70 + 85% 13 +22°C [12]
Cay hung tay 50 + 5% 24 +2°C [13]
Hoa hdng 75% 19 +20,5°C [14]

4. Két luan

Hé thdng tudi nude ty dong dugce dé xuit trong bai bao ty dong thu thap cac thong sb nhiét
d6, d6 am. Tir d6 hé thong tién hanh tudi theo cac sb liéu da thiét 1ap phu hop voi qua trinh sinh
truong clia cdy trong. Day 1a yéu cau quan trong trong nong nghiép cong nghé cao. Pong thoi hé
thdng cho phép nguoi ding giam sat va diéu khién tir xa trén smartphone. Nho d6 nguoi sir dung
c6 thé quan 1y, cham soc trang trai ciia minh gian tiép ¢ bt ky noi dau.

Két qua thir nghiém cho thy hé thong d& xuit hoan toan kha thi cho ung dung trong thuc
té. Nguoi st dung chi can hiéu rd dic tinh sinh trudng ciia cay trong. Tir d6 nhap cac gia tri ¢ 4m
RH vaRH thih¢ thdng s& tw dong dap g dung nhu cau nude cho cay trong.

1
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Hé thdng nay c6 kha ning tng dung vao thoi diém hién tai va ca trong twong lai khi cong

nghé IoT dugc st dung pho bién. Pay 13 xu hudng ciia cude cach mang cong nghé 4.0.
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PIEU KHIEN TOI THIEU TON THAT HE TRUYEN PONG
PONG CO PONG BQ NAM CHAM VINH CUU CHIM

NGUYEN AN TOAN
Khoa K¥ thudt & Cong nghé¢, Truong Pai hoc Quy Nhon

TOM TAT

Bai bdo dé xudt mét thudt todn t6i thiéu tén that cho dong co déng bé nam cham vinh citu chim
(IPMSM). Dua vao mé hinh ton that cia dong co dong by nam cham vinh ciru (PMSM), thanh phan truc d
16i wu ctia dong dién stator dwoc diea ra dé giam thiéu ton that cong sudt. Dong dién nay dwoc xem xét trong
hai truong hop: t6i thiéu ton that ¢ trong vimg giéi han dién dp va dong dién, va toi thiéu ton that trén bién
gidi han dién dp. Bdo hoa tir ciing duwoc xét dén dé ting do chinh xdc cua thudt todn. Cudi ciing, két qua mé
phong khi sir dung thudt todn dé xudt va mot thudt todn diea ra gan day dwge so sanh va déanh gid.

Tw khéa: Dong co déng bd nam cham vinh ctru, tén that cong suét, thuat toan t6i thiéu ton thét.

ABSTRACT
Loss-Minimization Control for Interior Permanent-Magnet Synchronous Motor Drives

This article proposes a loss-minimization algorithm (LMA) for interior permanent-magnet synchronous
motor (IPMSM). Based on the loss model of permanent magnet synchronous motor (PMSM), the optimal d-axis
component of the stator current is given to minimize power losses. This current is considered in two cases:
loss minimizing in the voltage and current limit interior and loss minimizing on the voltage limit boundary.
Magnetic saturation is also considered to improve the accuracy of the algorithm. Finally, the simulation
results using the proposed algorithm and an algorithm introduced recently are compared and evaluated.

Keywords: Permanent magnet synchronous motor (PMSM), power loss, loss-minimization
algorithm.

1.  Datvin dé

Véi hiéu suét cao va ty 1& cong suat trén khoi lugng 16n... PMSM rit phi hop cho céac tng
dung trong cac hé truyén dong c6 ngudn cung cip han ché nhu pin, ic quy. Dé tang tinh canh
tranh ctia san phdm thi mot yéu cau dat ra cho cac ing dung nay 1a phai ting thoi gian st dung
pin (dc quy), hodc ciing c6 thé giam kich ¢& pin (ic quy) néu can thiét. Khi d6, diéu khién nang
cao hiéu sudt PMSM tré thanh mot yéu ciu quan trong. Vi vay, viéc diéu khién tbi thiéu ton that
cho dong co nay can duoc nghién ctru chuyén sau.

Tén that dong co bao gdm ton thit co khi, ton that dong, ton thit sit, ton that phu va mot
s6 ton that khac. Mademlis va cac cong su [1] dd xay dung cong thirc ham ton thét trong hé toa
dd d-g, va suy ra cach dé giam thiéu ton that theo dong dién truc d. Nhung tdi thiéu ton that trén
bién gidi han dién ap ¢ toc do cao chwa duge xét dén. Jeong va cac cong su [2] da xét ving bio
hoa va tach kénh trong mé hinh ton thét, va img dung phuong phép Newton online trong tim kiém
gia tri toi vu. Nhung mot nghién ctru t6i wu & ving tée d6 cao ciing chua duoc xét téi. Lee va cac

"Email: nguyenantoan@gqnu.edu.vn
Ngay nhan bai: 11/6/2018; Ngay nhan dang: 30/7/2018
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cong su [3] da dua ra thuat toan giam thiéu ton that bang phuong phap Lagrange dya trén mé hinh
ton that cia Mademlis [1], va da dung phép xap xi dé tim nghiém trén bién gidi han dién ap.

Bai bao dé xudt mot thuat toan tdi thiéu tén that dua trén mo hinh ton that va duoc sip xép
nhu sau. Muc 2 trinh bay m hinh ton that cong suét clia dong co theo ham toan phuong clia céc
dong dién, cau hinh diéu khién ma tac gia str dung va mot sé phuong phap giam thiéu tn that da
biét. Giai bai toan téi thiéu ton that v6i hai truong hop riéng biét va thuat toan ti thiéu ton that
duoc dua ra & muc 3. Muc 4 trinh bay két qua mo phong khi sit dung thuét toan dé xuét, sau do
so sanh v6i két qua mo phong khi str dung mot phuong phap dugc dua ra gan day [3], va déanh
gia két qua. Cac wu diém ndi bat cua thuit toan dé xuit duoc tong hop ¢ muc 5.

2. Mo hinh ton that va mét s6 phwong phap ti thiéu ton thit da biét
2.1. Mo hinh cia PMSM

Trong hé toa d0 d-g quay déng bd v6i van tde dién ®,, quan hé dién ap va dong dién dugc

U | _ R +sL, -olL, i . 0 )
u, oL, R+sL |i| |ow,]|

: dién ap dau cuc theo hai truc d, q;

biéu dién nhu sau [4]:

trong d6 u,, u,

R : dién tro stator;

s

L,, L, : dién cam doc truc va ngang truc;

w : toc d0 dién;

e

iy @, dong dién stator theo truc d, ¢;
v, : tir thong nam cham vinh curu.
Do déc diém cau tao cua rotor nén dién cam truc ¢ cuia IPMSM 16n hon so véi dién cam

trucd (L, >L,). bat & 1lahé s6 nhap nho:

§=i>1. )

Gidi han tir thong rotor c6 thé dwoc phan anh qua L, va ngudn dong ao i, [5]. Khi do, c6

thé xem:
W, =Ly, 3)
Momen dién tir cua dong co duogc tinh theo cong thirc sau [3]:
3 . ST
T, =Rl [i, = (&=, i, 4)

trong d6 P, 1 s6 doi cuc.
Goi 1

§max

la bién do dong dién 16n nhét. Lac do, gi6i han dong dién dugc biéu dién 1a mot
duong tron (Hinh 1) c¢6 phuong trinh nhu sau:

-2 -2 2
g iy <T0 .- (%)
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Dién ap roi R, va R, trén dién tro cudn day stator la nho so véi cac thanh phan khac

trong ving toc do cao, chiing thudng duoc bo qua khi chon gidi han dién ap. Rang budc dién ap
trong (1) trd thanh:

(id+if)2 . z';
Ul ! @21, UL a2l

S max s max

(6)

trongdo U, . =U, / NERH dién ap dinh 16n nhit cta bo nghich luu. Gidi han dién ap (6) 1a mot

ellipse (Hinh 1) trong mit phang (i 4> i,) - Ellipse nay co lai tai (—y/m /L, ,O) khi téc do o, tang [3].
moémen cue dat < q Gidi han
trén tu thong A

dong dién

e S W [T
()
PROC N
®

G161 han
dién ap

Hinh 1. Puong tron gidi han dong dién va ellipse gidi han dién dp doi véi IPMSM
2.2. M hinh ton thit ciia PMSM

Ton thit cia PMSM bao gom ton that dong, ton that sit, ton that phy, va mot sd ton that
khac.

Ton that déng cua PMSM phu thudc dién tré cia cudn day stator va dugc tinh theo cong
thire [3]:

P, =3R5152 =§RS (i +1). (7)
2 2
Tbn that sét, ngoai phu thudc vao cAu tao va vat liéu con phu thudc vao tan s6 lam viéc clia

dong co, nén ton thét sit thuong duoc xac dinh theo cong thirc thuc nghiém [1], [3]:

f}e = Cfea)! [(l//m + Ldid )2 + quiqz:l
=C /L[ (i, +i,) + &% | (8)
trong d6 y =1,5+1,6 va C,, la h¢ s0 ton that sat.

Viéc tinh toan ton that phy 1a rat kho khin va thuong khong dam bao do chinh xac, nén trong
thue té tén thit nay duoc ude luong theo cong thirc [6]:
P, =C,a(i;+i) )

str str e
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trong d6 C,, 1 h¢ s6 ton that phu.
Tong cac ton thit cia PMSM d3 dua ra ¢ trén ma c6 thé diéu khién duoc:
=P, +P,+P

cu str

= A(i} +1))+ B[ (i, +1,)" + & | (10)
trong do: A :%RS +C,@ (11)
va B=C 0L (12)

2.3.  CAu hinh diéu khién

So dd khdi chu trac ciia mot hé truyén dong dién didu khién tua theo tir thong rotor (FOC)
sir dung PMSM dugc thé hién trén Hinh 2. So d¢6 gdm hai mach vong diéu khién: mach vong
dong dién va mach vong toc d6. Pong co duoc nudi bang bién tan ngudn ap. Khdi PWM str dung
phuong phap diéu ché vector khong gian. Khdi R, 1a b diéu khién dong dién tach kénh thong
dung PI. Khéi LMA chta thuét toan diéu khién t6i thiéu ton that. Gia tri dat toc d6 truc dong co
o, (" tuong trung cho gia tri dit), qua bd diéu khién toc do R, , dua ra gid tri dong dién dat i .
Gia tri dat i; va toc do thuc ciia rotor o, dugc dua vao khdi LMA, dau ra cho gi tri dong dién
dat toi wu i,

Hinh 2 chi ra ring dé diéu khién t6i thiéu ton that dong co can phai tim ra mot thuét toan
diéu khién dua ra dugc dong dién dat i, t6i wu dé giam thiéu ton that nhung van tao ra mémen
xéc lap tai toc do dat.

T

de

| I

@ + ! Uy Y, >
¥ q = = v -4
—O—> R » "| dq u, Nghich Ivu
s o . R y >» PWM neudn ip
o, 1y 1oL gy Sabe )
» . . 4
i, | i, 6,
\ A h 4 i
L 1 dg w 7: 9
hr.. 'r;
IbL & I’ abe le— <
d
_ P ]
({r n
f 6, / IPM
Motor

Hinh 2. Cdu triic diéu khién t6i thiéu ton that cho IPMSM
2.4. Mot s6 phwong phap toi thiéu ton thit da biét
Céc nghién ctru dé giam thiéu ton that nham nang cao hiéu sudt ctia hé truyén dong rat duoc

quan tAm trong nhiéu thap ky qua, dic biét 1a cho hé truyén dong dung dong co khong dong bo.
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V6i su phat trién manh m& cia PMSM, c4c nghién ctru vé didu khién tdi thiéu ton that cho IPMSM
cling duogc dua ra.

Mademlis va cac cong sy da dua ra bd diéu khién theo md hinh t6n thdt nham xac dinh
thanh phén truc d t6i uu ciia dong dién stator dé ton that cong suat 1a nho nhat [1]. Dé ing dung
b diéu khién nay, thi khong yéu cau phai hiéu biét v& mo hinh ton that vi bién phap thuc nghiém
cho phép xéac dinh cac tham sd bo diéu khién. Hon nira, mo hinh ton that ciia IPMSM ma
Mademlis xay dung [1], [7] c¢6 thé dugc sir dung nhu mdt co s¢ dé suy ra didu kién giam thiéu
ton that cho dong co dong bo nam cham vinh ciru bé mat (SPMSM). Tuy nhién, phuong phap
cling c6 mot s6 nhuoc diém: 1) Vi dung thuc nghiém dé tim céc tham s6 cua bd diéu khién, nén
yéu cau cac thiét bi do phai c6 d6 chinh xac cao va nguoi tién hanh thuc nghiém phai ¢ kinh
nghiém; 2) Phuong phap chwa xét dén viéc tdi thiéu ton that trong ving téc do cao.

Gan day, Lee va cac cong su da dung phuong phép giai tich dé tim nghiém cho bai toan tdi
thiéu ton that IPMSM [3]. Bai toan dugc Lee chia lam hai truong hop: 1) tim 16 giai tir cac rang
budc dién ap va dong di€n, va 2) tim 101 gidi trén bién gidi han dién ap.

O trong vung gi6i han dong dién (5) va dién ap (6), Lee st dung phuong phap Lagrange dé
tim gia tri dong dién dat i:, va i; Vo1 gia tri dau vao 1a mémen dat T, va tbe do dién o, (c6 dugc
tir toc do thuc cia rotor ®, ). Viéc tim nghiém t6i vu dan dén bai toan tim nghiém cta phuong
trinh bac 4:

Sz )= Ay + Byiy + C,ii + Dyiy + E, =0 (13)
trong d6 4,,B,,C,, D, , E, 1a cc h¢ s6 phu thudc vao téc do va cac thong sb cia dong co [3].
Déi voi cac PMSM hoat dong & tdc do cao, cac hé sd A, va B, la rat nho so véi cac hé sb

khac, do vdy Lee x4p xi gan dung (13) thanh phuong trinh bac hai C,i’+D,i,+E, =0 va c6

_-D, +1/Dj —-4C,E, (14)

idl - 2C
L
, Ty
L= .
T GR I 2, + (L, —L)iy)

nghiém la:

(15)

Sau d6, Lee dung phép khai trién chudi Taylor dé cai thién d6 chinh x4c ciia nghiém tim
dugc. Bdo hoa tir truc ¢ dugc xét dén bang cach thay L, bang L,(1-a,i,) vao cac hé s6

A, ,B,,C,,D, E, cia(13). Khi do, gia tri nghiém dugc tinh lai lan hai:

LG
lip =1y G i) (16)

00.To

d (17)

i,= .
” GBP, /2y, +(L, - qu(l —aiy))igy)

Khi nghiém (16) va (17) khong con niam trong ving gidi han dién ap va dong dién, thi Lee

tim nghiém Xép xi trén bién gidi han dién ap (6):
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l.#_ﬂ‘\/ﬂz—(1—ﬂ/ﬂ4)(ﬂ2—P+2ﬂ/ﬂ2)_ v, (18)
-
(=n/u' )L, ~L,) L,-L,
i = & . (19)
GF, /1 2)y, +(L, —L,)iy)
j 4T2 A Uvzmax
trong 0 =8y =L, (=8 g prva p=(1=0)' =0

Thuét toan ctia Lee ¢ thé duoc tom tit nhu sau. Dau tién, Lee tinh toan i 5 (16)va i, (17).
Sau d6, diéu kién gi6i han dién 4p (6) dugc kiém tra. Néu théa man, thi i, =i,, va i, =i ,. Néu
A 9 ~ Nk T3 Nk .
khong thoa man, thi i, =, (18) va i, =i) (19).

Ta thiy rang, ddy 1a mot phuong phap khong phirc tap, nhung két qua giam thiéu ton that
1a rat kha quan [3] va ca bio hoa tir ciing dugc dé cap dén. Tuy nhién, trong qua trinh dua ra cong
thirc nghiém thi Lee va cic cong su da sir dung nhiéu phép xap xi gan ding, dic biét 1a dudng
xap xi gia tri dién cam truc ¢, diéu nay c6 thé dan dén két qua nghiém cudi cing chua lam cho
t6n that dong co 13 thip nhat c6 thé.

3. Phwong phap tdi thiéu ton that dé xuit

Viéc tim mot nghiém t6i wu dé ton thit cia IPMSM (tén that déng, ton that sit va ton that
phu) 1a cuc tiéu, tuong duong voi viée tim cuc tiéu ctia ham ton that nhan duoc tir cong thue (10).

Dua trén déc tinh van hanh cua dong co, viéc ti thiéu tdn that dugc thuc hién trén hai
vung: vung trong gidi han dién ap va trén bién gidi han dién ap.

3.1. Téi thiéu ton thét & trong ving giéi han dién ap va dong dién

Trong vung nay, dong dién i,, i, thoa man:

(Lyiy+v,) @} +(Li) o <U;

S max

(20)
va i+ <I 1)
Theo [1] va [8], diéu kién téi thiéu ton thit ¢ trang thai 6n dinh theo thanh phan dong dién
i, la:
oP

t

ai,

N
= (A+B)i, + Bi, + (A+ BEY, # -0. 22)

T,,0, d

O trang thai 6n dinh, mémen dién tir ciia dong co duoc giir bang hang sd, nén tir (4) ta suy

ra duoc:
or,
0i,

N
=i, ~(¢-Di, ]2~ (-1, =0 (23)

w{’

| a, _ (£-D;,
suy ra: i, = - @), . (24)

Thay (24) vao (22), ta dugc:
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A+2B-BE _ Bij +(A+BE)E-D)i;
A+ B 1 A+B

(&-Diz - 0 (25)

Dé ton that cia dong co P, 1a nho nhét va c6 xét dén bao hoa tir thi nghiém tdi wu duge tim
qua hai budc: 1) tim nghiém i, ciia phuong trinh béc hai (25); va 2) xét anh huéng cua bdo hoa

tir trén truc g dé dwa ra nghiém toi wu , .
opi

3.1.1. Budc 1: Gidi phwong trinh bdc hai

Giai phuong trinh béc hai (25) theo 4n i ', thu duoc hai nghiém thuc phan biét. Nhung khi
thay 1an luot hai nghiém nay vao (4) thi chi c6 mot nghiém thoa man tinh chét ciia mémen dong
co do la:

d

__A+BQ-8) . (A+B¢é)’ i2>+A+B§2 P 26)
204+B)&E-1) 7 \4A4+B)¥ (-1 A+B ¢

3.1.2. Buéc 2: Xét dén sw thay doi ciia dién cim

Mot van dé ciing can duogc xét 1a bio hoa tir. Vi khi bdo hoa tir thi gia tri dién cam cia dong
co ciing thay ddi. Ma dién cam lai anh huong dang ké dén két qua nghiém (26) thong qua &.
Khao sat gia tri dién cam ctia mot [IPMSM (Bang 1) khi thay dbi dong dién dugc thé hién trén
Hinh 3 [3]. Ta thiy ring L, > L, vacéc dién cam tuong tac chéo L, va L , 1a dunho dé duoc
b6 qua. Ciing thay rang, L, hau nhu khong thay doi. Con L, lai khac, khi i, <180A thi L _ it
thay d6i, nhung khi i, >180A thi L, lai giam déng ké khi i, tang. bat /, 1a mdc gié tri i, ma
L, bét dau giam manh khi j, tang (trong Hinh 3 (b) thi 7, =180A). Sy thay doi L, khi i, > 1,
duoc x4p xi bang mot ham tuyén tinh theo , trén Hinh 3 (b):

L=Ly-al,- L, ) 27)
trong d6 L, la gia tri cua L, khi i, =0 va a>0 la mot hang s twong g véi do ddc.

Vi vy, khi tinh toan gia tri hé s6 nhap nho (2) trudc khi thay vao cong thirc nghiém (26)
can kiém tra gia tri dong dién i Néu i , <1, thi:

g=_1, (28)

Con néu iq > [q thi:

(29)
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Dién cam [H]

o Ld - 0.0008 -
O el
I 0.0006 -
I 0.0004 -
-0 o
i 00 [0 PO ) 9 o--g--0--0 ~0--0
I 0.0002 -
Qe Qe Qe Qe Qere Qoo Qsn Qe Qe Qo0 [ 00000
! T

T I e o o Y

T T
00 200 300 0 500
: e i, [A]

(b)

Hinh 3. Gid tri do dién cam: (a) L, va L, theo i, khi i, =1604 va (b) L, va

; .
U theo 't khi i, =—160 A

Thay hé s6 nhép nhd &'va i, =y, /L, vao (26), ta c6 nghiém t6i wu dé tdi thiéu ton that

IPMSM la:

_ A+B(Q2-¢) -
G 2L (A+B)E-1)" "

va(A+BS)  A+BE , 30)

AL} (A+B)* (£ -1 A+B *

Bing 1. Cdc thong sé va hé sé ciia mot PMSM.

Tén thong sb (hé sb) Gia tri
Cong suat dau ra dinh muc [kW] 40
Momen dinh mic [Nm] 133
Tbc @6 dinh mirc [r/min] 2600
Dong dién pha dinh muc [A] 216
S6 ddi cuc (P,) 3
Tt thong rotor (y,,) [Wb] 0,07
Moémen quén tinh (J) [kgm?] 0,02
Dién cam truc d (L,) [pH] 375
bién cam tryc g (L,) [uH] 835
bién tro stator (R,) [mQ] 29.5
Heé s6 ton that sat (C ) 2,1x107
Hé s6 ton that phu (C,,) 6,5x10”

3.2. Té6i thiéu ton thit trén bién gisi han dién ap

Khi toc do tang, gidi han dién ap co lai. V6i qua trinh cong suat cyc dai, néu nghiém toi
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thiéu t6n that khong con ndm bén trong giéi han (20), thi nghiém duoc tim trén dudng cong giGi
han dién ap [3], [4].

Phuong trinh dié€n ap stator:

U=RI +E, (€29)
v6i E 1a stre dién dong tu cam dugc tinh bﬁmg cong thuc:
da
E =—+joA, 32
= T (32)
Tu (31), suy ra:
E <U, -RI,,. (33)

Tt thong stator A, trén hai truc d, ¢:

A, =L +
{ d ) d.d Vo ‘ (34)
ﬂ'q _quq
E,=1,% o1
. ° dt c
Do dé: di (35)
i
E, :qu+ o,Li,+oy,
Xét ¢ trang thai on dinh:
E, =-wlLi
sd e Iq q (36)
Esq =w L, +toy,
Tu (33) va (36), ta co:
Es = \/ Eszd +E52q < Udm _Rs[dm
2
—R I
< (Li) + (L, +vy,) < (Mj ) (37)
a)e
Pat U, =U, —R.I, ,vatl(37) rat ra dugc cong thirc tinh i nhu sau:
[ SR LTRG (38)

Ly L,

e
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¥
i,

we =wr[:l
3
A =ER:+Cma)f

B=C L,

_ A+B(2-&) | yl(4+BEY LA+B§'21,.2
“ QL (A+BYE 1) " \AIL(A+BY( -1 A+B °

. 2 2 N2 2 2
(Ldldnp, +Wm) we +(quq) CUC S(].sm'mx

; 1 |U? .
=ty = Sy
'Ld d €

Hinh 4. Thudt todn t6i thiéu ton that (LMA) dé xuat
) Cac két qua trinh bay ¢ trén duoc téng hop va xay dung thanh luu db thuét toan t6i thiéu

ton that (LMA dé xuat) nhu Hinh 4. Nhu da phan tich ¢ muc 2.3, dau vao LMA la dong dién dat
i; va tbe do thuc cua rotor ., dau ra la dong dién dat tbi uu i;. Ngoai ra, dau ra cia LMA con
can mot khau gidi han theo diéu kién gidi han dong dién (21).
4. Moé phong va danh gia két qua

X4y dung mé hinh c6 cdu tric nhu Hinh 2 trong MATLAB/SIMULINK véi dong co ¢6
cac thong sb va hé s6 nhu trong Bang 1. Pong co niy c6 I, =180Avaa=1,07x 10°. Dya vao
[4], tinh dugc mOmen cuc dai cua dong co 7, =101Nm va tbe do n,,., =33421/min tai diém
A(i, =-119A; i ,=180A) trén Hinh 1. Ta cling tinh dugc mémen cua dong co 7, =76,1Nm
va toc d0 n, =5405r/min tai diém B(i,=-w,, /L,=-186,7A;i =108,6A) trén Hinh 1. Thyc
hién mo6 phong voi cac gia tri dat nhu trong Bang 2. Trong d6, ¢ dai toc 4o n < n,,.» thi LMA
dua ra nghiém trong vung gidi han dién ap id“p’ (30). Con & dai téc do n > n,,.» tht LMA dua ra
nghi€m trén bién dién ap ij (38).

bé danh gia hiéu qua cia LMA dé xuat, tac gia tién hanh moé phéong LMA d€ xuat va

phuong phap diéu khién t6i thiéu ton that cho PMSM sir dung phép xap xi da thic (muc 2.4) ctia
Lee va cac cdng su (phuong phap cia Lee) [3] trén cung mot moé hinh xay dung trong
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MATLAB/SIMULINK. Céc két qua mo phong duoc thé hién trén cac do thi dudi day. Dua vao
dd, co mdt s6 nhan xét sau:
e Toc d6 va mémen cua dong co ¢ ca hai phuong phap déu dat gia tri dat va on dinh trong

thot gian ngan (Hinh 5 va Hinh 6). Tuy nhién, d6 qua diéu chinh mémen khi sir dung LMA dé
xudt trén Hinh 6 (a) 1a nho hon so véi khi sitr dung phuong phép ciia Lee trén Hinh 6 (b).

Bdng 2. Gid tri dat téc dé va mémen can trén truc dong co theo thoi gian

ST 0 02 04 06 08 10 12 14 16 18 20
p*[rmin][ 1300 | 2600 [ 3342 [4326] 5405
INm] | 0 [ 50 [ 80| 101 | 76,1

(a) Ddp itng téc do trén truc dong co khi sit dung LMA dé xudt

__ 6000
£ 4000
E
Z.2000(
= 0
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
t[s]

(b) Ddp iing toc dé trén truc dong co khi sit dung phuong phdp ciia Lee
__ 6000
£ 4000r -----
=)

=~
E.20000 -~
=
0
0

-

—
2]

—

Hinh 5. Dé thi dap vmg téc do trén truc dong co
e Dap tng dong dién i, khi sit dung LMA dé xuét (nét lién) trén Hinh 7 thi nho hon so voi
khi sir dung phuong phép ciia Lee (nét dirt). Con dong dién i, khi sir dung LMA dé xuét (nét lién)
trén Hinh 8 thi lai 16n hon so v6i khi stt dung phuong phap cia Lee (nét dut).

(a) Ddp iing mémen ciia dong co khi sit dung LMA dé xudt

Hinh 6. Dé thj ddp img mémen ciia dong co
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™ T T I IS T e
oo ! ! ! ! . |---i, Phuong phdp ciia Lee
SO N 1 |—i, LMA dé xudt
; L ] ,, : : : ! :
W - by e ! -
-100: : :a :M | p I : |
= : ! : e j !
ﬁ -150F----- IR 4:1 77777 [ [ IR A ' fM 777777
- : " : : : o : :: '.
h : $ : : : ¥ : v/
2000----- T - a------ - (it T 7, ****** (tetttitid [ i
: : : : : : : i L e
% NN R N N SS SRN S S S
| | | | | | | | i/
300 | | | | | | | | i
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
t[s]

300

250

-- -iq Phuong phdp clia Lee)||

—iq LMA @& xuat

1.4 1.6 1.8 2

Hinh 8. Do thi dap vmg dong dién i, cua dong co ¢ cdc toc dé va mémen khdc nhau

(a) Ddp irng dong dién ba pha khi sir dung LMA dé xudt

o
e R

0.6 0.8 1 1.2
t
(b) Trong khodng 0,98-1,02s [s] (c) Trong khodng 1,73-1,77s

— 225 w — 200 w
<

1.73 1.74 1.75 1.76 1.77
t[s]

Hinh 9. Ddp irng dong dién ba pha ¢ cdc toc do va mémen khdc nhau khi sir dung LMA dé xudt.
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(a) Dap trng dong dién ba pha khi sir dung phwong phdp cua Lee

400
L 200 === - A ‘
o (b [Hmp ki
— 0
o ! ‘WHM\H \
”_TGG 2007 - : 7777777777777777 Nt it A
400 1 ‘ ‘ 1
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
2 t S ?2
(b) Trong khodng 0,98-1,02s [s] (c) Trong khodng 1,73-1,77s
— 225 T T T — 200 T T T
< | | | < ) | —i,
o220 k- dF b Tovop kLt i
22150 - [ R RN BEE =2 180FF 1 N
- [ ! « | -1
< [ | 1] ! ! C
- 210 Il L I .- 1
0.98 0.99 1 1.01 1.02 1.73 1.74 1.75 1.76 1.77
t[s] t[s]

Hinh 10. Ddp irng dong dién ba pha ¢ cdc téc dg va mémen khéc nhau
khi sir dung phwong phdp cua Lee

e Bién do dong dién ba pha khi sir dung LMA dé xuat trén Hinh 9 nho hon so véi khi sir
dung phuong phap cua Lee trén Hinh 10. O téc d6 dinh mucn m=2600r/min va momen
T,.. =101Nm (t5i thiéu ton that trong ving giéi han dién 4p), bién do dong dién ba pha khi sir
dung LMA dé xuat trén Hinh 9 (b) nho hon 2 +3A so véi khi sir dung phuong phap cua Lee trén
Hinh 10 (b). O ving téc d6 cao n =4326r/min va T,=76,1Nm (t6i thiéu ton that trén bién gidi
han dién 4p), bién d6 dong dién ba pha khi str dung LMA dé xuét trén Hinh 9 (¢) nho hon t6i
8+10A so v6i phuong phap cta Lee trén Hinh 10 (c). Didu nay chung t6 ring, LMA ma bai bao
dua ra s& cho ton that ddng thip hon phuong phap cia Lee.

e Tén that cong suét khi sir dung LMA dé xuét trén Hinh 11 13 nho hon so véi khi st dung
phuong phap ctia Lee trén Hinh 12. O tdc d6 dinh mirc 7, = 2600 /min va moémen 7, =101Nm
(t6i thiéu ton that trong viing gidi han dién ap), ton that cong suat khi sir dung LMA dé xuat trén
Hinh 11 (b) nho hon 20 <+ 30W so v&i phuong phap cta Lee trén Hinh 12 (b). O ving téc d6 cao
n=4326r/minva 7,=76,1Nm (t6i thiéu ton thét trén bién gidi han dién ap), ton that cong suat
khi sir dung LMA dé xuét trén Hinh 11 (c) nho hon t&i 80+100W so v6i phuong phap cia Lee
trén Hinh 12 (¢).
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(a) Ton that cong sudt khi sir dung LMA dé xudt
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Hinh 11. Ton thét cong sudt ciia dong co ¢ cdc toc do va mémen khéc nhau khi sir dung LMA dé xudt

(a) Ton that cong sudt khi sir dung phwong phdp cia Lee

(b) Trong khodng 0,98-1,02s (c) Trong khodng 1,73-1,77s

Hinh 12. Tén that cong sudt ciia dong co ¢ cdc téc dp va mémen khdc nhau

khi sw dung phwong phdp cua Lee
5.  Kétluan

Bai bao da dé xuit mot thuat toan t6i thiéu ton thit (LMA) cho IPMSM. Thuét toan ndy c6
mot s& wu diém ndi bat. Tha nhét, dong dién dat truc d tdi wu cuia LMA dua ra duge xét trén mot
dai tbc d6 rong va khong phire tap hon so voi phuong phéap cua Lee, dong thoi hiéu qua giam
thiéu ton that lai tbt hon. Thir hai, bai bao da xét dén hién twong bio hoa tir ciia dong co va dua
ra mot luat xap xi gan dung cho dién cam truc ¢. Cudi cliing, thuat toan ma tic gia dua ra khong
doi hoi khéi luong tinh toan 16n, va hoan toan cé thé trién khai trén vi didu khién hoac DSP thong
dung.
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NGHIEN CU'U LIEN KET HOA HQC CUA CAC CLUSTER Si,M (M=Sc-Zn)
BANG PHUONG PHAP HOA HQC LUQNG TU

DOAN THI SANG, PHAM NGOC THACH, LE THI CAM NHUNG,
HO QUOC PAIL VU THI NGAN*
Phong Thi nghiém Hoéa hoc tinh toan va M6 phong, Khoa Hoéa - Truong Pai hoc Quy Nhon

TOM TAT

Nghién ciru hoéa hoc luong tur theo phwong phap ly thuyét phiém ham mdt @¢ (DFT) va phan tich
obitan tw nhién NBO ¢ mirc 1y thuyét B3P86/6-311+G(d) doi véi day cluster pha tap Si.M (M=Sc-Zn) cho
phép xac dinh cdu triie, do bén va hiéu ré ban chat lién két héa hoc ciia chiing. Cluster Si M t6n tai ¢ 3
dang cdu triic hinh hoc voi mot 56 trang thai spin. Hau hét cluster Si.M bén nhat ¢ dang 3M-1, rieng Si,Co
va Si,Ni cé dong phan bén nhat ¢ dang 3M-3. Pang chii ), Si.Ti bén nhat dang 3M-2 va ciing la cluster
bén nhat trong ddy do c6 cau hinh electron bén va bdc lién két Si-Ti cao nhat. Trong cdc cluster nay cé s
chuyén dién tich manh tir AO-4s ciia M sang khung silic. Phdn tich NBO cho thdy lién két Si-M la lién két
cong héa tri phan cuc va chii yéu dwoc hinh thanh béi su té hop ciia AO-3s, 3p ciia nguyén tir Si va AO-3d
cua M. Phan tich dinh tinh MO cho cluster Si Ti biét duoc lién két Si-Ti ¢6 ban chit o va .

Tir khoa: B3P86, cluster silic pha tap kim loai, Si,M, lién két hoa hoc, obitan lién két tu nhién.

ABSTRACT
A Quantum Chemical Study on Chemical Bonding of the Doped Clusters Si,M (M=Sc-Zn)

A quantum chemical calculations and natural bond orbital (NBO) analysis at the B3P86/6-311+G(d)
level of theory are carried out for the Si,M (M=Sc-Zn) cluster series, allowing to identify geometrical
structures, stability and revealing the nature of their chemical bondings. All of the clusters exist in three
structural forms at different spin states. The global minima of most clusters are 3M-1. Three exceptions
happening for M=Ti, Co, Ni. The Si,Co and Si ,Ni clusters have the global minima of 3M-3. Remarkably, the
Si,Ti cluster has the lowest-energy isomer of 3M-2 and it is also the most stable cluster in the series due to
its stable electronic structure and highest Si-Ti bond order. There is an electron transferring from AO-4s of
M to silicon frame. The NBO analysis results in a polar covalent nature of the Si-M bonds which are mainly
formed by the overlap between AO-3d(M) and AO-3s, 3p of Si atoms. The qualitative analysis of the MOs
find that the Si-Ti in Si Ti is of sigma and pi bond.

Keywords: B3P86, metal-doped silicon cluster, Si,M, chemical bonding, natural bonding orbital.

1.  Giéi thi¢u
Silic 1a nguyén td pho bién trong vo trai dat, co nang luong ving cim nho, nén duge sir
dung pho bién dé ché tao té bao quang dién, pin mat trdi va céac thiét bi dién tir. Vi thé cac nha

khoa hoc cluster dic biét quan tim nghién ciru tinh chit ciia cluster silic voi ky vong tim ra nhitng
vat lidu c6 tinh chat méi hodc wu viét hon nhiing vat liéu dang co [1].

*Email: vuthingan@gnu.edu.vn
Ngay nhan bai: 14/8/2018; Ngay nhan dang: 20/12/2018
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CAu trtic hinh hoc cua cluster silic tinh khiét da duoc tim théy véi do tin cdy cao dya vao
tinh toan theo thuyét phiém ham mat d DFT va thuc nghiém do phé héng ngoai xa [2, 3]. Nhiéu
cong trinh nghién ctru cong bd vé cdu tric hinh hoc va cau trac dién tir cua cluster silic pha tap
cac nguyén td khac nhu kim loai chuyén tiép V [4], Cr [5], Mn [6], Fe [7], hay kim loai quy Cu [8],
Au [9]. Cac nghién ctru d6 cho thiy rang, cu tric va tinh chat cia cluster silic bién d6i manh theo
loai nguyén tir pha tap, do vay vdi su pha tap phu hop, ching ta co6 thé thiét ké cluster véi nhitng
tinh chat mong mudn.

Mt khac, lién két hoa hoc 1a van dé cbt 16 quyét dinh tinh chat 1y hoa cua cluster. Cac nghién
ctru vé van dé nay chu yéu di tim nguyén nhan ciia mot s “cluster ky diéu” nhu Si, V' [4,10] va dé
giai thich d6 bén dic biét cua chung ngudi ta thudng dung quy tic dém nhu quy tic 20 electron
cho Si, V' [11] hay dung md hinh 16p v electron nhu d6i vai Si Cr[12]. Gan day trong mot bao
cdo cua Li va cdng su, tac gid da quan tdm sau hon dén ban chat lién két gitra cdc nguyén tur trong
cluster, cu thé 1a ho di cho rﬁng lién két gitra kim loai Nb va Ta véi Si Ge  trong cluster cation
SixGeyM+ (x + y = 4) vira c¢6 ban chat o dinh vi va khong dinh vi [13]. Tuil nhién, van chua c6
nhiing nghién ctru thuc sy chi tiét vé ban chat lién két hoa hoc trong cac cluster silic pha tap. Véi
mong mudn gitp cac nha hoa hoc dé dang du doan mdi lién hé ciu tric va tinh chat cua cluster,
chiing t6i chon mét day cluster silic nho Si,M véi M thude day 3d dé tién hanh nghién ctru k¥ vé
ban chat lién két hoa hoc gitra cac nguyén tir trong cluster.

2. Phuong phap tinh

Trong nghién ciru nay, chung toi sir dung phuong phap hoa hoc lwong tir dira vao thuyét
phiém ham mat d¢ dung phiém ham hdn hop B3P86 két hop véi bo ham co sd tach ba 6-311+G(d)
¢6 bao gdm ham khuéch tan va ham phan cuc dé thuc hién céac tinh toan t6i wu hoa hinh hoc phan
tr va tinh tan s6 dao dong cuia phan tir. Mtc 1y thuyét nay da cho két qua phu hop tdt vai thuc
nghiém d6i véi cac cluster silic pha tap kim loai chuyén tiép kich thudc 16n [6].

Dbi voi mdi cluster Si,M, nhiéu dang hinh hoc két hop véi cac trang thai spin da dang (tir
singlet toi nonet) duoc t6i vu hda véi cAu hinh spin khong han ché. Phép tinh tin s6 dao dong
duoc thuc hién véi sy gﬁn ding dao dong diéu hoa nhiam x4c dinh dic trung ctua cAu trac dugce tdi
uu trén bé mit thé nang va tinh niang luong dao dong diém khong (Zero Point Vibrational Energy,
ZPE). Pé tim cic dong phéan bén cua cluster, chung t6i giit lai cac cau trac 1a cuc tiéu trén bé mat
thé nang. Nhirng diém khong phai 1a cuc tiéu trén bé mat thé ning sé dugc giam tinh d6i xtng dé
tim toi diém cuec tiéu gan do.

Pé khao sat sy phan bd dién tir trong cluster nham tim hiéu lién két gitra cac nguyén tir,
chung t6i thuc hién phan tich obitan lién két ty nhién (Natural Bond Orbital, NBO) tai muc 1y
thuyét B3P86/6-311+G(d) voi phan mém NBO.5G [14]. Phan tich NBO cho phép xac dinh dién
tich, cau hinh electron ctia nguyén tir va bac lién két Wiberg. Hinh anh obitan Kohn-Sham ciing
duoc xéc dinh tai cung muc ly thuyét. TAt ca cac tinh toan héa hoc lugong tur duoc thuc hién b?mg
phan mém Gaussian 09 (C.01) [15].
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3.  Két qua va thao luin

3.1. Dong phan bén cia cluster Si,M

Thuyec hién qua trinh tim kiém v&i nhiéu dang cdu trac va nhiéu trang thai spin cho thiy cac
cluster Si,M (M=Sc-Zn) bén nhit ¢ 3 dang cau tric gdm: ciu triic dang thoi phang (ky hiéu la
3M-1, 3M-3) va dang thap tam giac (ky hiéu 1a 3M-2). Cau triic 3M-1 dugc tao ra bang cach thay
thé mot nguyén tir Si & goc nhon hinh thoi cua cluster Si . bang nguyén tir M, vi thé M c6 s phdi
tri 2 va dong phan nay c6 dbi ximg cao nhat 1a C,.; 3M-2 dugc hinh thanh bang cach gan thém
mot nguyén tir M trén bé mit tam giac Si,, nén M ¢6 sO phi tri 3 va dong phan c6 ddi ximg cao
nhat 13 C,,; 3M-3 dugc tao thanh bang cach thay thé mot nguyén tir Si & goc ti cua cau trac hinh
thoi Si,, do vay M co s6 phéi tri 3 va ddng phan c6 ddi ximg cao nhat 1a C,.

M&i ciu trac ung véi mot trang thai spin xac dinh dugc goi 1a mot déng phan cua cluster.
Vi thé d6i v6i mdi cluster Si,M, ching t6i xac dinh dugc khoang 10 - 15 dong phan khac nhau &
3 dang hinh hoc trén. Do bén twong ddi dugc xac dinh theo ning luong twong dbi cua chung dbi
v6i dong phan c6 ning lwong 4m nhat (goi 1a dong phan bén nhat). Do vay, ning lugng tuong ddi
ctia mot ddng phan dugc tinh bang d6 chénh léch cua ning luong tong di hiéu chinh ZPE cua
dong phéan do6 so v6i dong phan bén nhat. Pong phan c6 ning luong thap nhét img véi mdi dang
cdu trac dugc liét ké trong Bang 1.

Bing 1. Trang thdi electron va ning heong twong doi (eV) ciia dong phdan bén nhat iing
véi ba dang cdu tric ciia cluster Si M (M=Sc-Zn)

3M-2

M 3M-1(C,, C) c.c)
s? 1

«© 3M-3(C,)

3V’

r\ a
™ —)

T < .

o

Sc 27,3 0,00 A”; 0,41 ‘B,; 0,45
Ti 3A,; 0,20 A5 0,00 SB,; 0,70
\% “B,; 0,00 A’ 0,12 ‘A 0,39
Cr SA’; 0,00 SA”; 0,50 A ;0,38
Mn °A,; 0,00 “A”; 0,65 ‘B,; 0,82
Fe 5A,; 0,00 3A”; 0,02 'B,; 0,04
Co “B,; 0,05 “A; 0,05 2B ; 0,00
Ni 'B,; 0,29 A”; 0,17 1A,; 0,00
Cu 24,5 0,00 2A’; 0,22 B,; 0,39
Zn 1A,; 0,00 SA’; 2,16 B; 1,12

Ddi voi cluster Si,Sc, ba dang hinh hoc 3S¢-1, 3S¢-2, 3Sc-3 ton tai & mot sd trang thai spin
khac nhau. Trong d6 3Sc-1 bén nhét & trang thai spin doublet °A,, 3Sc-2 bén nhit ¢ trang thai
spin quartet “A” va 3M-3 bén nhit & trang thai spin quartet ‘B,. Bang 1 cho thdy 3Sc-1-doublet
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12 ddng phan bén nhat cua cluster Si;M, con céac ddng phan 3Sc-2-quartet va 3Sc-3-quartet kém
bén hon mot lugng nang luong lan luot 1a 0,41 va 0,45 eV so vdi dong phan bén nhat. Nghién
clru ciia Xu va cong su ciing cho két qua twong tu vé ddng phan bén nhit cua cluster Si,Sc [16].

Doi voi cac nguyén to pha tap 3d khac, ching t6i cling tim thay dugc cac dong phan ¢ ba
dang cau tric trén. Bang 1 cho thay c6 7 trong 10 cluster c6 dong phan bén nhit ¢ dang thoi phing
3M-1, chi c6 dong phan bén nhét cia cluster Si,Ti bén nhét ¢ cau triic thap tam gidc 3M-2 va cia
Si,Co, Si,Ni ¢ dang thoi phing ma nguyén tir kim loai c6 ba phdi tri 3M-3. Két qua ctia chung toi
phu hop voi két qua da cong bo ve dong phan bén nhat ciia mot so cluster trong cac cong bo trude
day [17, 18, 19]tuy nhién cac nghién ctru trude di khong khao sat mot cach day di cac dong phan
0 cac trang thai spin da dang.

Nhu vay, tat ca cac cluster Si,M déu c6 thé ton tai & ca 3 dang hinh hoc 3M-1, 3M-2 va
3M-3. Phén 16n céc cluster c6 dong phan bén nhat dang phing (3M-1 hodc 3M-3), chi riéng Si, Ti
bén nhat & dong phan dang thap tam giac (3M-2).

3.2.  Su phu thugc ciia d9 bén cluster vio nguyén tir pha tap

Dé nghién ctru sy phu thudce cua do bén cluster day Si,M vao nguyén tir pha tap, chung t6i
khao sat do bén cia tat ca cac dong phén liét ké trong Bang 1. Chiing toi tinh cac dai luong gom
nang lugng lién két trung binh BE, nang lugng phan ly D(M) va niang luong ving cim HOMO-
LUMO dé danh gia d6 bén cua day cluster nay. Nang luong lién két trung binh cho phép danh
gi4 d6 bén trung binh cua cluster, dai lwong nay ciing dugc xem nhu nang lwong nguyén tir hoa
cua cluster va tinh theo cong thirc (1). Trong do, E(Si,M) 1a nang lugng téng cua cluster Si,M da
dugc hiéu chinh boi ning lugng diém khong ZPE. E(M) va E(Si) 1a nang lwong cua nguyén tir M
(M=Sc-Zn) va nguyén tir Si ¢ trang thai co ban.

BE(Si,M) = [E(M) + 3E(Si) - E(Si,M)]/4 (1)

Bén canh d6, nang lugng phan ly D(M) la ndng lugng can thict dé tdch nguyén ti M ra khoi
cluster Si;M, dai lugng nay cho biét d6 bén trung binh ciia cac lién két Si-M trong cluster va dugc
tinh theo cong thirc (2). Trong do, E(Si,M) la nang lugng cua cluster Si,M khong c6 hi¢u chinh
ZPE. E(M) 1a nang lugng cua nguyén tu kim loai M ¢ trang thai co ban va E(Si,) 1a nang lugng
diém don khong hiéu chinh ZPE cta hop phan Si, dugc tao ra tu cluster twong Ung.

D(M) = E(M) + E (Si,) - E(Si,M) )

Hinh 1 mo ta su phu thudc cia BEva D(M) cua 3 dang dong phan vao loai nguyén tir pha
tap (chti ¥ sw khac nhau vé ty 18 trong thang do ning lwong & hai d thi trong hinh). Cac d6 thi cho
thiy gia tri BE va D(M) & 3 dang dong phan c6 xu hudng bién thién kha trong ddng khi M chay
tir Sc dén Zn. C6 thé thiy c6 4 nhom nguyén tir pha tap v6i ning luong lién két trung binh cua day
Si,M gidam dan nhu sau: (Sc-V) > (Fe-Ni) > (Cr, Mn, Cu) > Zn. Nhém I gdm cac kim loai M=Sc-V
c6 cau hinh electron phan 16p 3d chua t6i ban bao hoa, nhom II gom cac kim loai M=Fe-Ni
¢6 phan 16p 3d qua ban bio hoa nhung chua téi bao hoa, nhom III gdm cac kim loai M=Cr, Mn
va Cu c6 phan 16p 3d hoic 14 ban bio hoa hoic 1a bio hoa nhung van c6 kha ning twong tac, con
nhém cubi cting (nhom IV) chi c6 nguyén tir Zn-1a nguyén tir c6 phan 16p 3d va 4s déu bio hoa
nén phén 16p 3d ctia Zn rat bén. Nhu vay, cau hinh electron ctia nguyén tir pha tap 1a yéu t quyét
dinh truc tiép dén d6 bén cua cluster Si,M.
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Hinh 1. o thi biéu dién sw phu thuéc nang heong lién két trung binh va nang leong phan li
cua cluster Si,Mtheo M ¢ 3 dang dong phdn

Dang chu ¥, BE va D(M) ctia cac dong phan phing (3M-1 va 3M-3) cua cluster Si,M voi
M thudc nhém I (M=Sc-V) ¢6 gia tri xdp xi nhau, nhung cac gia tri ning lwong d6 ddi véi dong
phan 3M-2 cua Si,Ti 16n hon hén hai cluster con lai. Do vdy, c6 thé néi nguyén tir pha tap Ti uu
tién tao cu trac 3D voi cluster Si,, khéc biét véi cac nguyén t6 1an can (Sc va V) ciing nhu cac
nguyén tb khac trong diy 3d.

Cluster Si,M nhoém IT (M=Fe-Ni) c6 BE va D(M) cta 3 dang ddng phan rat gan nhau, dic
biét dbi véi Si,Fe. Nhu vay, kha ndng tao thanh cac dang ddng phan khac nhau cua céac cluster nay
1a trong duong nhau. Noi cach khac, kha ning ton tai dong thoi cac dang dong phan khac nhau
ctia nhing cluster nhom II 14 cao, cao nhat déi véi Si,Fe. Diéu nay ciing c6 thé nhén ra tir s liéu
& Bang 1 véi nang luong twong ddi cua 3 dong phan cua cluster nhom nay rat nho.

Dbi voi cac cluster Si,M nh6m IIT v6i M=Cr, Mn, Cu, BE va D(M) déu thip hon han cluster
nhém I va II, cho thiy nhiing cluster nay kém bén hon dong thoi lién két Si-M ciing kém bén hon
cac kim loai nhom I, 11 & trén. Didu nay c6 thé 1a do phan 16p 3d ban bio hoa (ctua Cr va Mn) va
bédo hoa (ciia Cu) trong ddi bén va it tham gia xen phu v6i cac AO cta cac nguyén tir Si. Thi vi
hon, dong phan phing 3M-1 v&i M ¢6 sb phéi tri 2 cta nhitng cluster nay bén hon hén nhiing
ddng phan khac c¢6 sb phdi tri 3. Piéu nay c6 thé 1a do AO-3d ciia cac nguyén t nay it tham gia
nén chi vu tién s6 phdi tri 2.

Cubi cung, ca 3 dong phan cua cluster Si,Zn déu kém bén hon nhidu so véi cac cluster
khac, trong d6 kém bén nhit 1a ddng phan dang thap tam giac, diéu d6 co thé do phén 16p 3d cua
Zn khéong tham gia vao sy hinh thanh lién két Si-Zn. Ly do nay kha hop 1y do nguyén tir Zn c6
céu hinh electron bdo hoa & ca 2 phan 16p 3d va 4s, twong tu cu hinh electron cua cac nguyén t6
nhém chinh. Ddi vdi cluster nay, dong phan phing véi M c6 2 sb phdi tri 3M-1 dwoc wu tién hon,
chimg to cht yéu AO-4s ctia Zn hinh thanh lién két hoa hoc voi khung silic.

3.3. Ning lugng viing cAim HOMO — LUMO

‘ i oo Lowo 14 MOt dai luong thuong duoe ding dé danh gia
dd bén cua cau trac dién tir cua phan tu. Gia tri nay cang cao thi cau truc dién tir cang bén va
kha nang phan tng cang thip va nguoc lai. Sy phu thudc cta gia tri AE, o vo.LumoCua cac cluster
Si,Mvao nguyén t6 pha tap M=Sc-Zn ¢ 3 dang cau trac dugc minh hoa trong d6 thi ¢ Hinh 2.

Gia tri nang lugng ving cAmAE
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Hinh 2. 6 thi biéu dién sw phu thugc nang luwong vung cam cua cluster Si.M vao M

Hinh 2 cho thiy sy phu thudc clia ning lugng viing cam vao nguyén tir pha tap ¢ hai dang
ddng phan phing (3M-1 va 3M-3) ctia Si,M (M=Sc-Zn) kha tuong tu nhau. Cu thé la khi M=Cr,
Cu thi cac dong phéan c6 ning lugng ving cdm thip hon cac cluster con lai, dong phan 3Zn-1
¢6 ning luong ving cim cao nhat. i v6i cac dong phan thap tam giac (3M-2) thi cluster Si,Ti
¢6 nang luong viing cidm cao hon han,ching to cau trac dién tir ciia n6 rat bén. Diéu nay giup
giai thich cho d6 bén dic biét cia n6 nhu da thay khi phan tich cac thong sé ning lugng & phan
3.2.Nhu vy, Si,Ti vira ¢ d6 bén hinh hoc cao vira c6 d¢ bén cau tric dién tir cao, con Si,Zn co
d6 bén hinh hoc thip nhung c6 d6 bén ciu tric dién tir cao.

3.4. Phan tich NBO
3.4.1. Bic lién két

Dé tim hiéu sau hon vé& nguyén nhan bién doi do bén cluster theo nguyén tir pha tap, ching
t6i khao sat bac lién két trung binh cua lién két Si-M bang phuong phap NBO va tim hiéu méi lién
hé gitra bac lién két va do dai lién két trung binh dg, \, dbi voi 3 ddng phan ¢ trén cua céac cluster
Si,M. Gia tri bac lién két trung binh va do dai lién két trung binh cta cac cluster Si,M (M=Sc-Zn)
dugc tong hop trong Bang 2.

Bing 2. Bdc lién két trung binh N, ,, va do dai lién két trung binh ., (A) trong cluster Si M

Cluster Now dg

3M-1 3M-2 3M-3 3M-1 3M-2 3M-3
Si,Sc 1,05 0,85 0,78 2,54 2,56 2,60
Si,Ti 1,04 1,26 0,71 2,48 2,44 2,52
Si,V 1,04 1,37 0,76 2,41 2,30 2,49
Si,Cr 0,67 0,67 0,23 2,47 2,46 2,30
Si,Mn 0,64 0,60 0,58 2,44 2,48 2,45
SiFe 0,75 0,70 0,70 2,31 2,30 2,31
Si,Co 0,72 0,60 0,67 2,27 2,30 2,26
Si,Ni 0,68 0,55 0,59 2,19 2,26 2,25
Si,Cu 0,52 0,35 0,36 2,31 2,36 2,38
Si,Zn 0,58 0,20 0,34 2,43 2,74 2,50
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Tir Bang 2 cho thiy sy bién ddi ctia bac lién két Si-M trung binh trong ba cu trac 3M-1,
3M-2, 3M-3 cua cluster Si;M gan twong dong khi nguyén té pha tap thay doi khi di tir trai sang
phai trong day 3d. Bac lién két bién d6i nguoc chiéu véi do dai lién két, nghia 1a bac lién két ting
{mg voi do dai lién két giam. Bac lién két trung binh N lién hé truc tiép véi gia tri BE, cu thé
gia tri Ny, v6i M tir Cr dén Zn kha thap va giam dan giai thich cho d¢ bén cta nhiing cluster
giam dan.

S6 liéu ¢ Bang 2 cho thay do dai lién két Si-M trung binh trong cac dong phan 3M-1, 3M-2,
3M-3 bién thién phu thudc vao 2 yéu to: ban kinh ctia nguyén tir M va do bén lién két Si-M. Do
dai lién két trung binh Si-M (véi M 1a kim loai nhom I) giam déan tir Sc dén V, do ban kinh nguyén
tir kim loai giam dan, con do bén cluster va d6 bén lién két Si-M cuia nhitng nguyén tir pha tap nay
xap xi nhau nhu di phan tich BE va D(M) va béc lién két twong tu nhau. Do dai lién két Si-M cua
cac cluster pha tap kim loai nhom II ciing bién d6i twong tu nhém I do ban kinh nguyén tir giam
tir Fe dén Ni. Do dai lién két Si-M trong cac cluster pha tap kim loai nhém III va IV (M=Cr, Mn,
Cu, Zn) kha dai boi vi lién két Si-M trong nhing kim loai nay kém bén hon.

D0 dai lién két trung binh & cluster Si,Ni thap nhat trong ddy, ddc biét dbi voi dong phan
3Ni-1. Piéu nay do 2 yéu té: ban kinh nguyén tir Ni nhé nhit trong diy va d6 bén twong dbi cao
cua Si,Ni so v6i cac nguyén t cting nhom voi no (Fe va Co).

3.4.2. Sw phén bé dién tir trong cluster

Ap dung phuong phap NBO, chung t6i xac dinh dugc dién tich, c4u hinh electron trén
nguyén to M cua céc cluster Si,M. Di¢n tich ctua nguyén tir pha tap M trong ba dang dong phan
cua cluster Si,M dugc trinh bay trong Bang 3.Trong tat ca cac dong phan khéo sat cta cluster
Si M (M=Sc¢-Zn), cac nguyén tir M déu mang dién tich duong, di€u do cho thay qua trinh chuyén
electron trong tat ca cac cluster Si M déu theo mot hudng tir M sang nguyén tir Si. Diéu d6 chimg
t6 cac lién két Si-M 1a cac lién két phan cuc. Mot trong nhitng 1i do gdy ra sy phan cuc d6 1a sy
khac nhau vé d6 am dién cua Si (1,90) va nguyén tir M (nho nhét ddi véi Sc=1,36 va 16n nhat
d6i v6i Ni=1,91). Tuy nhién, trén thyc té Ni ¢ d6 am dién x4p xi Si nhung nguyén tir Ni trong
cac cluster khao sat van mang dién tich duong va tri s6 dién tich duong nho hon trong cac cluster
khac. Do vay, d6 4m dién khong phai 14 yéu t6 duy nhat quyét dinh huéng chuyén dién tich trong
nhiing cluster nay.

Bing 3. Pién tich (e) ciia nguyén tir pha tap M trong 3 dang dong phan cia Si M

M 3M-1 3M-2 3M-3 M 3M-1 3M-2 3M-3
Sc 0,90 0,69 0,83 Fe 0,61 0,24 0,33
Ti 0,75 0,16 0,48 Co 0,52 0,25 0,18
v 0,51 0,04 0,49 Ni 0,28 0,12 0,14
Cr 0,57 0,36 0,60 Cu 0,48 0,51 0,55
Mn 0,78 0,55 0,68 Zn 0,74 0,56 0,73

Phan tich cdu hinh electron ctia M trong trong 3 déng phan bén cua cluster Si,M cho thy
electron chu yéu phéan bé trén AO-3d va 4s ctia M. Hon nita, mat d electron trén AO-3d(M) trong
cluster 16n hon trong nguyén tir c6 1ap, nguoc lai mat dé electron AO-4s(M) trong cluster nhd
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hon trong nguyén tir cd 1ap. Hay noi cach khac, khi hinh thanh cluster pha tap, mat d electron
trén AO-3d ting va trén AO-4s giam. Dé dénh gia mirc d6 ting va giam mat do electron cua céc
nguyén tir pha tap khi hinh thanh lién két trong cluster, ching t6i khao sat sy bién thién mat do
electron trén cac AO-3d va 4s cua nguyén tu M trong cluster so voi trang thai c6 1ap co ban (ky
hiéu 14 Ad va As). Su phu thudc ciia Ad, As vao nguyén tir pha tap dugc biéu dién ¢ Hinh 3.

184
IM-1 16
==
—e— AS 1'2-
1.24 4

1.0+

4 o8] 4
3 0.6+
. 3
0.4
04
24
0.2 .
00 =
S¢ Ti V Cr Mn Fe Co Ni Cu Zn A o B o . s e o B
Nguyén tif pha tap Nguyén tir pha tap
1.6 4
—a—Ad
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(=4
i

02 T T T T T T T T T T 1
Se Ti V Cr Mn Fe Co Ni Cu Zn

Nguyén tir pha tap
Hinh 3. o6 thi biéu dién sw phu thuc ciia Ad, As vao M iing voi 3 dang dong phén

Do thi Hinh 3 cho théy khi pha tap M=Sc-Zn sy thay ddi mat do electron trén AO-4s 16n
hon AO-3d. Mt khac sy phén tich cdu hinh electron cia M trong cluster & trén cho thay sb
electron chuyén tir AO-4s ctia M sang cac nguyén tir Si cao hon so véi sd electron chuyén tir Si
sang AO-3d ctia M. Do vy tit ca cac nguyén tir M trong cluster déu mang dién tich duong.

Mat khac, cac gia tri Ad va As ciing thé hién mirc 46 tham gia tao lién két ciia cac AO hoa tri
clia cic nguyén tir tham gia 1ién két va thay ddi theo nguyén tir pha tap. Gia tri Ad thay ddi giam
dan theo thir tu: (Co, Ni) > (Sc-V, Mn, Fe) > (Cr, Cu, Zn), con gia tri As thay dodi giam dan theo
thtr tu: (Sc-V) > (Mn, Fe, Co, Ni) > (Cr, Cu, Zn).

3.5. Phan tich dinh tinh hinh dang MO

Pé 1am rd ban chét lién két hoa hoc trong cac cluster chiing t6i tién hanh phan tich su hinh
thanh cac MO tir cac AO hoa tri. Cac ham song toan phan co spin a, B lan luot dugc ky hiéu 1a
aMO va BPMO. Khi aMO va MO c¢6 hinh dang tuong ty nhau thi dugc hiéu mot cach dinh tinh
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1a cac electron trong cac obitan d6 chiém cting mot MO khong gian néu xét cdu hinh vo md han
ché (ROHF). Néu hai obitan nay déu bi chiém thi spin tong bang 0.
Bing 4. Phan tich déng gop ciia MO héa tri vao lién két cua 3Ti-2-triplet.
Lién két duoc viét it la “Ik”

Si-Si Si-Ti
Cap ?\I/\[/[(;) va AO ciia Si AOT?ﬁa Kiéu Kiéu Bic
p i Ik Bac Ik Ik o
(o,m) (o,m)
«HOMO 35Si1,3psSi,
3d,2 +1/4(1k6 +1/4(1K1,2,3
BHOMO . 3p,Sis x?-y? o (Ik6) n (k1,2,3)
«HOMO-1 3p,Si1,3p,Si,
3d, +1/5(1k4,5 +1/5(1k1,2,3
BHOMO-1 “ 3p,Sis y c (1k4,5) T ( )
aHOMO-4 3p,Si;,3p,Sia,
3d +1/6(1k4,5,6 +1/6(1k1,2,3
BHOMO-3 ‘ 3p,Si; 3 ° (k4,5.6) = (lk1.2.3)
«HOMO-5 3p,Si1,3p,Sia,
3d +1/6(1k1,2,3
BHOMO-2 ‘ 3p,Sis s T ko (.2
4.5.6)
«HOMO-6 PSS, H/6(k4,5) o +1/6(1k 2,3)
HOMO- -3sSi13 G - T +
OMO-4 3sSi v 1/6(1k 6 1/6(1k1
«HOMO-7 3sSin, 35S, c  +16(k6) o +1/6(1k1,.2,3)
BHOMO-5 -35Si v o -1/6(1k4,5)
«HOMO-8 35Si,,35Si, +1/6(1k
3d +1/6(1k1,2,3
BHOMO-6 ‘ 3sSis z? ° 4,5.,6) © (k1,2,3)
, 0,70 (Ik4,5)
T$ 12
ong 0,75 (k6) 28

Phan tich sy hinh thanh ctia 9 aMO bi chiém cao nhat (tHOMO-8 dén aHOMO), 7 fMO bi
chiém cao nhat (BHOMO-6 d¢én BHOMO) ctia dong phan 3Ti-2-triplet tir AO dugc tong hop trong
Béng 4. Hai electron doc than phan b trén cac obitan tHOMO-2 va aHOMO-3 khong tham gia
tao lién két. Do do6 bac lién két cua Si-Si bang 0,70 dbi voi lién két s6 4 va 5; bang 0,75 ddi véi
lién két s6 6 va bang 1,28 ddi véi lién két Si-Ti.

Thuyec hién twong tu véi ddng phan phing 3Ti-1-triplet, chung toi du doan duoc bac lién két
bang 0,65 hodc 0,80 ddi voi lién két Si-Si va 1,05 d6i véi lién két Si-Ti. Sy phan tich dinh tinh
MO cho két qua kha hop 1y khi so sanh bac lién két dinh tinh v6i bac lién két Wiberg theo phan
tich NBO ¢ trén. Cu thé 1a bac lién két Si-Ti dinh tinh ctia ddng phan 3Ti-1-triplet va 3Ti-2-triplet
lan luot 1a 1,04 va 1,26, xap xi cac gia tri bac lién két Wiberg tinh theo NBO bang 1,05 va 1,28
tuong ung. Ching to sy phan tich dinh tinh ¢ trén la hop ly.
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Két qua phan tich kiéu lién két cho thdy AO-4s ctia nguyén tir Ti khong tham gia xen phu
v6i AO cua Si dé hinh thanh lién két. Nhung phan tich & trén cho thdy c6 su giam dang ké mat do
electron trén AO-4s cua nguyén tir pha tap, ching t6 electron trén AO-4s dd chuyén sang khung
silic, 1am cho cic nguyén tir pha tap mang dién tich duong. Hon nita, phan tich MO con cho thay
lién két Si-Ti trong 3Ti-1-triplet chu yéu 1a 6 con trong ddng phan 3Ti-2-triplet chii yéu 13 7.

4. Két luan

Tom lai, tinh toan hoa hoc lugng tir va phan tich phan bd electron NBO cho phép chiing
t6i hiéu 13 hon vé ciu triic, d6 bén va lién két hoa hoc cua diy cluster Si,M (M=Sc-Zn) véi cac
két luan:

- Tét ca cac cluster Si,M déu c6 thé ton tai 3 dang dong phan 3M-1, 3M-2 va 3M-3, phan
16n cluster c6 dong phan bén nhat dang thoi phang voi M ¢6 2 phdi tri (3M-1), riéng Si,Co va
Si,Ni bén nhét & ddng phan phing véi M c6 3 phdi tri (3M-3) va chi co Si,Ti bén nhat & dong
phan dang ti dién (3M-2).

- D6 bén cluster Si,M bién dbi theo ban chat va cau hinh electron cta nguyén tir pha tap
nhu sau: (Sc-V) > (Fe-Ni) > (Cr, Mn, Cu) >Zn, cluster pha tap nguyén tir cung nhém c6 do bén
xap xi nhau. Cluster Si,Tico do bén cao nhat do tao thanh ciu tric dic khit, cdu hinh electron bén
va bac lién két Si-Ti cao nhat.

- Lién két Si-M 1a lién két cOng hoa tri phan cuc, dugc tao thanh nho sy xen phu gitra cac
AO-3d (M) va cac AO-3s, AO-3p cuia cac nguyén tir Si. Co su chuyén mat do electron tir AO-4s
(M) sang khung silic, muc do chuyén electron phu thudgc vao d6 am dién ciia M. Mat d¢ electron
trén AO-4s cua M gidm manh, manh hon sy tang ctia mat do AO-3d trén nguyén tir M nho su xen
phi1, nén mat do electron tong trén nguyén tir M giam va M mang dién tich dwong.

- Phan tich ban chét lién két Si-Ti trong mot s6 dong phén cua Si,Ti cho thiy lién két nay
vira c6 ban chét cua lién két 6 vira co ban chét cua lién két m. Cy thé hon, lién két Si-Ti trong
dong phan phing 3Ti-1-triplet chii yéu mang ban chét o, con trong dong phan thap tam giac
3Ti-2-triplet cht yéu mang ban cht .
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CHE TAO VA PAC TRUNG TiNH CHAT CUA XUC TAC PIEN HOA CO CHUA
COBAN CHO QUA TRINH OXI HOA GLYXEROL TRONG MOI TRUONG KIEM

HUYNH THI LAN PHUONG", NGUYEN VAN LUONG
Khoa Héa, Truong Pai hoc Quy Nhon

TOM TAT

Vit lidu dién cuc coban va cdac vit liéu dién cuc t6 hop hai kim logi platin - coban, ba kim logi
platin - paladi - coban trén nén glassy cacbon di dwgc téng hop thanh cong bang phwong phdp két tia
dién héa. Hinh thdi hoc bé mdt va thanh phan cua vit liéu bién tinh va t6 hop Co, Pt - Co va Pt - Pd - Co/
GC dugc khao sdt bang phicong phdp hién vi dién tir quét (SEM) va phieong phdp tan xa nang lwong tia X
(EDS). Phwong phdp phén cuc vong dwoc sie dung dé khao sdt tinh chat dién héa cia cdc dién cuc nay.
Céc két qud chi ra rcing vat liéu téng hop ba kim logi thé hién hiéu sudt hoat dong xuc tac dién hoa cao
hon cho qud trinh oxy héa glycerol trong dung dich kiém.

Twr khéa: Coban, platin, glycerol.

ABSTRACT

Synthesis and Characterization of Electrocatalyst Containing Cobalt
for Glycerol Oxidation in Alkaline Medium

Cobalt, cobalt-platium bimetallic modified and the trimetallic cobalt-palladium-platinum composites
modified were successfully synthesized by electrodeposition method. The formation of cobalt, bimetallic
Co-Pt and trimetallic Co-Pd-Pt glassy carbon electrode was surveyed on glassy carbon confirmed by
SEM AND EDX. Cyclic voltammetry was used to investigate the catalytic activity of these electrodes. The
results showed that the trimetallic composite materials exhibited higher electrochemical catalytic activity
performance for glycerol oxidation in alkaline solution.

Keywords: Cobalt, platinum, glycerol.

1.  Mé dau

Viéc nghién ctru ché tao dién cuc o hoat tinh xtc tac dién hoa dang thu hut dugc sy quan
tam ctia nhiéu tac gia khoa hoc trong nudc ciling nhu trén thé gii boi nhitng tng dung rat hiéu
qua ctia chung trong mot s6 linh vuc nhu x1c tac, chuyén hoéa cac hop chét hiru co, ché tao dién
cuc cho cac nguén dién, xur li moi truong.

Platin van duoc biét dén 1a kim loai c6 kha ning xtc tac t6t cho nhiéu phan tmg héa hoc,
dac biét 1a phan tng oxi hoa ancol. Tuy nhién, do platin c6 gia thanh cao lai dé bi ngo doc boi
c4c san phim trung gian cua qua trinh oxi hoa ancol [6] cho nén ngudi ta tim cach thay thé platin
bé’mg cach ché tao vat liéu bién tinh cua chung trén nén chit dan dién [8] hodc ché tao vt lidu to
hop cé chira chiing cung véi cac kim loai khac [5, 7, 8]. Sy ¢6 mat thém cua cac kim loai trong
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mang tinh thé c6 thé mang dén cho vat lidu t6 hop cac dic trung cua timg kim loai ciing nhu sy
cong hudng tinh chat cua chung dé tao ra loai vat liéu dién cuc xuc tac wu viét hon. Nham tim ra
mot vat liéu td hop c6 dugc nhitng uu diém ké trén, mot s6 nghién ctru [3, 4] da dua Ni vao thanh
phﬁn kim loai xtic tac, vi vay Ni dugc dua vao cac to hop dién cuc va thu duoc két qua rat kha
quan [2]. Nhén thiy Co c6 nhiéu dic tinh giéng Ni do véy trong cac nghién ctru Co da dua vao
thanh phan cua dién cuc don kim loai hodc t6 hop dé khao sat. Pay 1a vat liéu c6 nhiéu tinh chat
wu viét hon hin cac vat liéu khac nho kich thude tinh thé nho - ¢& nanomet, dién tich bé mat lén
nén dan dén mot s tinh chat khac cua vat liéu thay déi, rat phu hop véi muc tiéu cua nghién ciru.
V&i muc tiéu ché tao vat liéu xuc tac ¢6 chira Co véi hoat tinh xtc tac cao, vat liéu bién tinh Co
trén nén chit dan dién glassy carbon (GC) va vat li€u bién tinh hai, ba kim loai Pt-Co, Pt-Pd-Co
trén nén GC da duoc ché tao béng phuong phap két tha dién hoa va nghién ctru tinh chét dién hoa
ctia vat liéu thu dugc trong méi truong kiém c6 mit glycerol.

2. Thuec nghiém
2.1. Hoéa chit

Hoa chat chinh duoc sir dung trong nghién ctru gom: K,PtCl,, Na,PdCl, (Aldrich),
C,H,(OH),, KOH, H,SO, (Merck), CoSO,.7H,0, H,BO,, NaCl (loai AR cua Trung Québc).

2.2.  Phuwong phap chuin bi dién cuc

Pién cuc glassy cacbon ctia Metrohm véi ban kinh 1 mm trudc khi ma dugce mai bang gidy
nham min C-2000 (Nhat Ban). Sau d6 dugc trang rira sach béng nude cat va duoc hoat hoa bé“mg
cach phan cuc vong nhiéu chu ki trong dung dich H,SO, 1 M t6i khi dudng phan cuc on dinh.

Vit liéu dién cuc Co/GC, va cac to hop dién cuc Co trén GC duoc ché tao bang phuong
phap két tua dién hoa trén thiét bj Autolab 30 (Ha Lan).

bién cuc glassy cacbon lya chon 1am dién cuc chuén duoc mai bé'lng gi?iy nham min C-2000,
sau do6 trang rira sach bang nudce cat va duge mai bong dé ting kha ning bam dinh kim loai trén vt
lidu nén. Sau d6 tiép tuc duge hoat hoa biang cach quét CV nhiéu vong trong dung dich H,SO, 1M
t6i khi dudong phéan cuc 6n dinh. Pién cuc duge do trong dung dich KOH 1 M ¢6 mat glycerol
1 M. Céc dung dich dugc pha béng nudce cat hai 1an va duoc chuan bi méi trude mdi lan do.

Dé ché tao vt liéu to hop ba kim loai viéc chon thé dién phan cling dua trén cac tiéu chi
da duge dua ra khi chon thé dién phan dé ché tao vat liéu td hop hai kim loai da dua ra trong cac
nghién ctru trude [1].

2.3. Phuwong phap nghién ciru

Cac phép do dién hoa dugc thuc hién trén thiét bi do dién hoa da nang AUTOLAB 30
(Ha Lan). Hé do gém ba dién cuc: Pi¢n cuc bac clorua duogc sir dung lam dién cuc so sanh, dién
cuc platin 1am dién cyc ddi va dién cuc lam viéc la cac dién cuc can khao sat, khoang thé quét
tir -0,6 dén 0,7 V, toc do quét thé 50 mV/s. Anh chup SEM va phén tich tin xa ning luong tia X
(EDX) duoc thyc hién trén thiét bi SEM-JEOL-JSM 5410LV (Nhat Ban) tai Bo mon Vit 1y chat
ran - Khoa Vit 1y - Truong Pai hoc Khoa hoc Ty nhién - PHQGHN.
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3. Két qua va thao luin

3.1. Phan tich hinh thai hoc bé mit di¢n cwe ciia vét liéu bién tinh Co/ GC va céc vit ligu
dién cue td hop Co trén GC.

Pién cuc Co/GC duoc ché tao trong diéu kién tinh, ¢ nhiét do phong voi gia tri thé dién
phan 1a — 0,713 V. Thanh ph?m dung dich dung dé ché tao dién cyc la dung dich CoSO,1 M, dung
dich dém (NaCl, H,BO,), pH: 4 ~4,5.

Két qua anh SEM chup trén bé mat vat liéu cho théy bé mat vat liéu GC kha min va nhin
(hinh 1.a), so sanh v&i bé mit cia vat lidu bién tinh Co/GC (hinh 1.b) d& dang nhan thiy sy thay
d6i cua hinh thai hoc bé mit vat lidu sau khi thyc hién két tia Co. Két qua thu dugc cho thiy su
ton tai cua cac hat Co trén bé mat vat liéu nén GC. Hinh 1.b cho théy cac hat Co trén 16p phu co
kich thudc nho va kha dong déu. Hinh anh thu dwoc di so bd cho phép két ludn da ché tao dwoc
16p phu kim loai trén nén GC bang phuong phap két tua dién hoa.

IMS-NKL x50.0kSEV)

Hinh 1. Anh SEM cua vit liéu GC (a) va Co/GC(b)

Ung v6i nhirng két qua di cong bd trude [1,2], vat liéu hai kim loai Co-Pt/GC dugc t6 hop
theo ti 16 ndng do mudi trong dung dich dién li 1a 60:1 va vat liéu ba kim loai Co-Pd-Pt/GC theo
ti 18 14 60:1.5:1. Pién cuc Co-Pt/GC va Co-Pd-Pt/GC duoc ché tao trong diéu kién tinh, & nhiét
d6 phong voi gia tri thé dién phan 1an luot 1a — 0,21 va — 0,18 V. Thanh phan dung dich ding
dé ché tao dién cuc Pt-Co/GC ti 18 1:60 la [K,PtCl,]/[CoSO,] = 1:60 va dién cyuc Pt-Pd-Co/GC
ti 1€ 1:1,5:60 la [K,PtCl,]/[Na,PdCl,]/[CoSO,] = 1:1,5:60 trong dung dich d¢ém (NaCl, H,BO,),
pH: 4 ~4;5.

Anh SEM cuia vat liéu t6 hop hai, ba kim loai dwoc thé hién trén hinh 2. Két qua thu duoc
cho thdy bé mit cac vat liéu c6 sy khac nhau rd rét. Kich thudc cia cac vat lidu to hop hai kim
loai dwoc ché tao kha nho, nho hon vt liéu bién tinh mot kim loai. VAt liéu dién cuc t6 hop Pt-Co/
GC cho 16p phii tron, déu, kin bé mit nén. So sanh danh SEM cua vt liéu t6 hop ba kim loai véi
vét liéu bién tinh mot kim loai va vat liéu t6 hop hai kim loai ¢ thé thay sy anh huong dang ké
ctia kim loai thtr ba dén hinh thai hoc bé mit cta vat liéu to hop. Hinh anh thu dugc bude dau cho
phép két luan da dong két tia nhom 2, 3 kim loai 1én trén nén GC.
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Hinh 2. Anh SEM ciia vt liéu Co-Pt/GC (a) va Co-Pd-Pt/GC (b)

Su ton tai cia cac kim loai trong thanh phan 16p mang mong kim loai trén nén GC con duoc
khang dinh qua két qua phan tich phd EDX. Két qua duoc biéu dién trén hinh 3.

s ops
! |_Kim loai_| Khdilwong (%) | Nzuyén tir (%) |
- — | o Co s | 19.78 38.05
M, Khoi lrang (% pg 31.70 33.77
Co 1331 33.69 i 28.18
100 Pt 86.69 66.31 400
Tong 100 100
Pt
B Pt
Pt
pt M p ®
1:) 1|5 Energy (keV)
Energy (keV)

Hinh 3. Phé EDX cua vit liéu dién cuc Co-Pt/GC (a) va Co-Pd-Pt/GC (b)

Két qua phan tich EDX (hinh 3) cho thiy su xuat hién cac murc nang lwong dic trung cho céc
kim loai coban, paladi va platin. Tuy nhién, két qua thé hién thanh phan kim loai trong vat liéu to
hop khac véi ti 16 ndng d6 mudi cua cac kim loai trong thanh phan dung dich ma (ti 1¢ thanh phan
dung dich ma theo nong d¢ 1an lugt 14 1:60 va 1:1,5:60 dbi véi mau Pt-Co/GC va Pt-Pd-Co/GC).
Ham luong nguyén tir Pt trong mau c6 phan cao hon (86,69% theo khdi lwong dbi voi mau
Pt-Co/GC va 48,51% theo khdi lugng dbi vi mau Pt-Pd-Co/GC) so vai Pd (chi 31,70% theo khdi
lwong dbi trong mau ba kim loai) va Co (Ian luot 1a 13,31 va 19,78% theo khdi lwong), diéu nay
c6 thé duogc giai thich 1a do gia tri thé phong dién cuia qua trinh ché tao vt liéu t6 hop hai, ba kim
loai cO ph?m uu tién hon cho qua trinh két tua Pt v6i muc dich st dung dung dich ma voi néng do
mubi [PtC1,]> khong lon.

3.2. Panh gia kha ning xic tac dién héa va do bén hoat dong ciia vat liéu dién cue cho qua
trinh oxi héa glycerol trong méi truomg kiém

Hoat tinh xtc tac dién hoa cia vat liéu Co/GC, Co-Pt/GC, Co-Pd-Pt/GC duogc khao sat tai
nhiét d6 phong bang phuwong phap phan cuc vong trong méi truong KOH 1 M ¢6 mit cua glycerol
v6i nong d6 1 M (hinh 4).
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Hinh 4. Puong phdn cuc vong cua cac dién cuc
trong moi truong KOH 1 M va glycerol 1 M (v = 50 mV/s)

Tir hinh 4 d& dang nhan thdy, dién cuc nén GC khong thé hién kha ning xuc tic dién hoa
cho qua trinh oxi héa dién hoa glycerol (khong thay xuat hién pic oxi hoa (i ~ 0,00 mV/cm?) trong
qua trinh phan cuc anot). Hinh dang ctia duong phan cuc vong Co/GC thu dugc khac voi duong
phan cyc vong cua GC (tai gid tri thE E=-0,30V co pici~ 0,50 mV/cm?), mot l4n nita chung to
su ¢6 mat cua Co trén nén GC.

Vé mit 1y thuyét qua trinh oxi hoa hoan toan glycerol trong méi truong kiém xay ra theo
phuong trinh [2]:

C,H,(OH), +20 OH — 3 CO*+14 HO+ 14 e, E°=- 0,69 (V/SHE)

Nhiing Kkét qua trén cho théy, vat liéu Co/GC da thé hién hoat tinh xtc tac dién hoa cho qua
trinh oxi hoa glycerol trong méi trudng kiém. Tuy nhién, kha ning xtc tic cia loai vat liéu nay
con kém khi so sanh véi vat lidu td hop hai, ba kim loai Co trén nén GC. Tir hinh 4 cho théy tai pic
anot dau tién dic trung cua dién cuc to hop ba kim loai Pt-Pd-Co/GC (tai gia tri thE E=-0,15V
cé pic oxi hoa véi gia tri mat do dong i ~ 45,00 mV/cm?) cho mét do dong cao hon so véi cac dién
cuc td hop Pt-Co/GC (tai gié tri thé E =- 0,25 V ¢6 pic i ~ 7,00 mV/cm?) va dién cuc Co/GC. Qué
trinh oxi hoa glycerol bt dau xay ra o gia tri thé 12-0,5V, pic oxi hoa tai gia tri thé -0,1V dic trung
cho vat liéu t6 hop chira ddng thoi Pt va Pd [2], pic & gia tri thé 0,6V dic trung cho kha niang oxi
hoa glycerol trén xuc tac Co va Pd. So sanh chiéu cao pic oxi hoa tng véi pic oxi hoa 1 cua vt
liéu Pt-Co/GC va cta vat liéu to hop Pt-Pd-Co/GC co thé két luan vat liéu to hop ba kim loai mac
du ¢6 ti 18 thanh phan kim loai quy thip hon, nhung lai c6 hoat tinh cho qua trinh oxi hoa dién
héa cao hon. Két qua thu dugc phu hop voi Kkét qua phan tich hinh thai hoc bé mat cua vat liéu (do
xen phu bé mat cta vat liéu 3 kim loai cao hon so vé&i vat liéu hai kim loai). Ngoai ra, nhu chung
ta biét Pt c6 kha nang xuc tac dé hydro hoa vuot trdi nhung lai dé bi mét hoat tinh xtic tic boi cac
san phdm trung gian cta qua trinh oxi hoa. Trong khi d6, Pd ¢ kha ning hap phu OH- cao ma
hoat tinh khong bi anh hudng bdi cac san phém trung gian [1]. Bén canh d6, sy c6 mét cua Pd, Pt
trong thanh phan dién cuc t6 hop con lam giam su ngd ddc trén xuc tic nho sy thay thé cac vi tri
ctia Pt trong nut mang tinh thé, do d6 lam thay d6i thanh phan ctia cac phén tir hap phu. Va sy co
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mat kim loai Co trong thanh phén ma thé hién vai tro xtc tac dién hoa cao trong moi truong kiém
va su ¢6 mat cua Co trong thanh ph::in vat liéu c6 thé lam tang kha nang dan dién cua hé. Vi vay,
qua trinh oxi héa dién ra véi mirc do sau hon. Do d6, su c6 mat déng thoi cia ba kim loai trong
thanh phan dién cyc t6 hgp c6 thé mang dén su cong hudng cac yéu t lam ting hoat tinh xuc tac
ctia vat liéu so v6i hé bién tinh 1 kim loai hay hé t6 hop 2 kim loai.

Gi4 tri cua vat liéu xtc tac dién hoa dugc xac dinh bai kha ning xtic tac va do bén hoat
dong cua vat lidu. Vi vdy, ngoai viéc khao sat hoat tinh xuc tac can danh gia do bén, do 6n dinh
cua chung. Do bén hoat dong cua cac vat ligu bién tinh va vat liéu tb hop duogc do bﬁng phép do
dong - thoi gian va quét phan cuc nhiéu vong dién cuc t6 hop trong méi trudng KOH 1 M ¢6 mit
cua glycerol 1 M.

Phép do dong - thoi gian duoc do tai thé cb dinh (thé dinh pic anot trén duong phan cuc
vong cua cac dién cuc bién tinh), trong khoang thoi gian t = 1200s. Két qua dudng cong dong -
thoi gian cia cac vat li¢u bién tinh mot kim loai va vat liéu td hop hai, ba kim loai ¢c6 mat Co trén
nén GC duoc biéu dién trén hinh 5.

1.2 =
]
104 — GCICO-Gly
. =+ GCIPICo-Gly
o~ 0Ed s = = GC/PtPdCo-Gly
2 0.5 = L] [}
g ‘ b
N
= . )
0.4 = a
. T e o -
l ¥ e LN )
0.2+ i A M
0.0 - e
T L] T T L
0 200 400 00 BOO 1000 1200

ti(s)

Hinh 5. Duong cong dong - thoi gian cua cac vit liéu Co/GC, Pt-Co/GC va Pt-Pd-Co/GC
trong dung dich KOH 1 M c6 mat glycerol 1 M(v = 50 mV/s)

Tu hinh 5 dé dang nhan théy, cac vat liéu dién cuc c6 mat do dong suy giam 10 rét trong
khoang thoi gian rit ngin (60s dau). Nguyén nhan dong giam dot ngdt 1a do su hinh thanh cac hop
chit trung gian trong phan mg oxi héa dién hoa glycerol. Sy hap phu cac san pham trung gian
nhu Cth, RCHOhp 1én bé mat dién cuc 1am khoa tAm xuc tac, ngan can phan tng oxi hoa glycerol
[9]. Tuy nhién, di€éu dang chu y 1a sau khoang thoi gian sut dong, nhin chung, gia tri mat do dong
cuia cac vat liéu déu 6n dinh.

Tir cac két qua & trén, cho thdy vat liéu t6 hop ba kim loai Pt - Pd - Co/GC ¢6 hoat tinh xtc
tac dién hoa cho qua trinh oxi hoa glycerol trong mdi trudng kiém tbt hon véi pic oxi hoa c6 gia
tri mat do dong cao (i ~ 45,00 mV/cm?), ddng thoi, trong thoi gian khao sat (1200 s), vat liéu t6
hop ba kim loai ¢6 do bén chong ngd doc cao hon so véi vat liéu bién tinh mot kim loai va vat liéu
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t6 hop hai kim loai. Vi vay, chiing t6i tién hanh nghién ciru nhitng yéu t6 anh huéng téi hoat tinh
xuc tac, 4o bén va qué trinh oxi hoa glycerol trong mdi truong kiém trén hé vat liéu t6 hop ba kim
loai Pt-Pd-Co/GC véi ti 1€ 1:1,5:60.

3.3. Khao sat anh hwéong ctia nhi¢t do téi hoat tinh xuc tac cia vat lieu dién cuc
Pt-Pd-Co/GC.

Hinh 6 thé hién duong phan cuc vong cua dién cyc Pt-Pd-Co (ti 1¢ 1:1,5:60) tai cac nhiét
do khac nhau (tr 20 — 60°C).

Két qua thu dugc khi khao sat anh hudng ctuia nhiét do toi hoat tinh xtic tac cua vat liéu
(hinh 6) cho thay, khi nhiét d6 tang, mat d6 dong ciing ting va thé dich chuyén dan vé phia duong.
Diéu nay c6 thé giai thich la: nhiét d6 ting lam kha ning dan dién cua cac ion OH- ting din dén
tang qué trinh chuyén chéat. Pong thoi ting nhiét do, dong hoc phan tng dién ra nhanh hon, lién
két C-C d& dang bi bé giy, qua trinh khuéch tan glycerol dén bé mat dién cyc d& dang hon. Tir cac
duong phan cuc vong trén, ta théy dién cuc to hop 3 kim loai Pt-Pd-Co/GC (ti 1¢1:1,5:60) co thé
hoat dong 6n dinh trong ving nhiét d¢ khao sat (tir 20 — 60°C).
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Hinh 6. Duong phdn cuc vong cua dién cuc Pt-Pd-Co/GC (ti l¢ 1:1.5:60) tai cac nhiét do khdac nhau
trong dung dich KOH 1M co mat glycerol 1M (v = 50 mV/s)

3.4. Khao sat anh huéng ciia s6 vong quét thé téi hoat tinh xic tac ciia vat liéu dién cuc
Pt-Pd-Co/GC.

Sy 6n dinh xuc tac con duge khao sat bang phép do phan cyc vong nhiéu chu ki trong dung
dich kiém c6 chira glycerol. Két qua duoc biéu dién trén hinh 7.
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Hinh 7. Puong cong phdn cyc vong cua dién cyc Pt-Pd-Co/GC trong moi truong
KOH I M + glycerol 1 M sau 50 vong phan cuc (v = 50 mV/s)

Két qua dudng quét phan cuc nhiéu vong cua dién cyc tong hop Pt-Pd-Co/GC thu dugc cho
thiy, sau 50 vong phén cyc thi cac duong cong gan nhur khong thay doi so voi nhitng vong phan
cuc dau (hinh 7).

4. Két luan

Bing phuong phép két tua dién hoa da ché tao duogc vat liéu Co/GC va té hop Co-Pt/GC,
Co-Pd-Pt/GC c6 hoat tinh xuc tac cho qua trinh oxi hoa dién héa glycerol trong méi truong kiém.
So sanh két qua thu dugc cho théy hoat tinh xtic tic va do bén chiu ngo doc cua vt ligu dugc sép
xép theo chiéu ting dan Co/GC < Co-Pt/GC < Co-Pd-Pt/GC.
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NGHIEN CUU CAU TRUC, TINH CHAT VA THAM DO HOAT TiNH
KHANG UNG THU CUA PHU'C PLATIN(II) CHUA ETYLEUGENOXYAXETAT
VA 8-HYDROXYQUINOLIN

NGUYEN TA NGUYET NU", PHAN BANG CAM TU!, NGUYEN THI THANH CHP,
NGUYEN TIEN TRUNG'?, TRUONG THI CAM MAP>*
"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

Nghién ciru 1y thuyét twong tdc giita [PtCl (Eteug)] va 8-hydroxyquinolin tai mirc Iy thuyét B3LYP/
LanL2DZ, thu dwge 6 cdu triic bén. Bién thién enthalpy va bién thién nang lwong tw do Gibbs ciia cdc
phdn img tao phirc trong khodng 36,28 - 113,19 kcal. mol* va 43,05 - 113,03 kcal.mol™. Két qua phén
tich AIM cho thdy d¢ bén ciia phitc dwoc quyét dinh chii yéu boi twong tac Pt+N, Pt-O ciing véi su bo
tro ciia lién két hydro O—H-Cl, C—HO, C—H-Cl. Bén canh dé, phirc Pt(Il) chita etyleugenoxyaxetat
va 8- hydroxyquinolin diege tong hop va phan tich cau triic dwa vao cdc phé IR, 'H NMR, NOESY. Pdng
chit y, cdc dir liéu phé do dwgc phit hop voi két qua tinh toan tai mirc Iy thuyét B3LYP/LanL2DZ. Phikc
[PtCl(Eteug)(8-HOQ)] c6 hoat tinh khéng ung thw trén 3 dong té bao ung thw ¢ nguoi la KB, LU va MCF-7
voi gia tri IC, (ug) déu nhé tong g 1a 0,27, 0,34 va 0,32 ug/ml.

T khéa: Phirc Pt(II), etyleugenoxyaxetat, 8-hydroxyquinolin.

ABSTRACT

A Theoretical Study on Structure, Stability and Biological Activity of Platinum(II)
Complexes Containing Etyleugenoxyacetate and 8-Hydroxyquinoline

Six stable structures are found of the interaction between [PtCl (Eteug)]" and 8-hydroxyquinoline
at B3LYP/LanL2DZ level of theory. Variations of enthalpy and Gibbs free energies of reactions forming
complexes are in the range of 36.28-113.19 kcal.mol’ and 43.05-113.03 kcal.mol’!. The AIM results
indicate that the stability of complexes is mainly determined by the Pt N, Pt--O interactions with an
additional complementary of O—H--Cl, C—H--O, C—H--Cl hydrogen bonds. Besides, Pt(Il) complexes
containing etyleugenoxyacetate and 8-hydroxyquinoline are synthesized and characterized by IR, 'H NMR,
NOESY spectra. It is remarkable that data from experimental spectra are well matched with the results
of the calculations using the B3LYP/LanL2DZ level of theory. [PtCl(Eteug)(8-HOQ)] shows a potential
anti-cancer cytotoxicity on three the human cancer cells KB, LU and MCF-7 with small IC , values of (.27,
0.34 and 0.32 pg/ml, respectively.

Keywords: Pt(Il) complexes, etyleugenoxyacetate, 8-hydroxyquinoline.
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nam 60 cua thé ky XIX, cac nha khoa hoc dd quan tAm nghién ctru dé tim ra nhirng loai thudc chita
can bénh nay. Cac thé hé thude khang ung thu cta phice Pt(II) da dugc nghién ctru va st dung nhu
cisplatin, cacboplatin, oxaliplatin [1], [6]. Tuy nhién, cac thé hé thudc nay chi c6 hoat tinh chéng
ung thu cao dbi véi mot sé dong té bao, dong thoi lai d& gay ton thuong nghiém trong ddi voi
mot s6 bd phan nhu than, thinh giac, tay xwong, gdy mat nudc...[1]. Do d6 viée nghién ciru cac
dan xuat cua phuc Pt(II) c6 kha ning giam doc tinh, it tic dung phu va khang dugc nhiéu dong
té bao ung thu hon dang la van dé thu hat nhiéu nhoém nghién ctru vé hoa hoc, dugc hoc, sinh - y
hoc [2], [3]. Bén canh cac phtrc Pt(II) twong tu nhu cisplatin, cac phirc chat Pt(II) chta arylolefin
thién nhién nhu safron, eugenol va mot sé dan xuét ctia eugenol nhu ankyleugenoxyaxetat (ankyl
1a metyl, etyl, propyl) di dugc tong hop va thir nghiém hoat tinh khang ung thu va cho hiéu qua
kha quan ddi v6i cac dong té bao ung thu gan Hep-G2 va RD [4], [5]. Tuy nhién ciu trac khong
gian, ban chét va vai trd cua cac twong tac hinh thanh trong phirc khong thé duoc xac dinh boi
phuong phap X-ray don tinh thé va céc tinh chét vat li ctia phitc. Bén canh dé cac nghién ctru co
su két hop gitra 1y thuyét, thuc nghiém va hoat tinh sinh hoc ctia phirc Pt(II) chwa dugc nghién ctru
nhiéu. Tur nhitng 1y do trén, chiing toi tién hanh nghién ctru phirc [PtCl(Eteug)(8-HOQ)] thong
qua cac dir liéu thu dugc tir thuc nghiém va phuong phéap hoa hoc tinh toan. Trong cong trinh nay,
phtc [PtCl(Eteug)(8-HOQ)] duoc tong hop lai theo nghién ctru ctia Chi va cong sy [6] nham thi
hoat tinh sinh hoc trén 3 dong té bao mdi, dong thoi khao sat trong tac giita [PtCl(Eteug)] va
8-hydroxyquinolin (8-HOQ) bang phuwong phéap hoa hoc tinh toan. Tir d6 cdu trac hinh hoc, ban
chat va vai trd cta cac tuong tac hinh thanh anh huong dén d6 bén cua phirc dugc xac dinh. Céac
két qua tinh toan dugc so sanh véi dit liéu phan tich pho IR, 'H NMR, NOESY tir thuc nghiém.
San pham tong hop phire [PtCl(Eteug)(8-HOQ)] duoc thim do hoat tinh khang ung thu trén mot
s6 dong té bao méi.
2. Phwong phap nghién ciru
2.1. Phuwong phap tinh toan

Céc tinh toan cho hé nghién ctru nay dwoc thyuc hién bang phan mém Gaussian 09 (phién
ban A.01) [7] trong khuon khé thuyét phiém ham mat do DFT [8], [9]. Céc phirc dugc tdi vu &
mirc 1y thuyét B3LYP/LanL.2DZ [10]. Dé nghién ciru d6 bén cac phirc, chiing t6i tién hanh tinh
cac thong sd nhiét dong: bién thién enthalpy (AH) ) va bién thién ning luong tu do Gibbs
(AG?3,;) cho cac phéan g tao phirc theo cong thirc sau:

AH;‘)X K= |:Z (Eo + Hcorr)sp - Z (Eu + Hcorr)pu ]

MG =[ X (B, +Gapr)y = 2By + Gy |
Dé tim hiéu ban chét cac twong tac hinh thanh, phan tich AIM duoc tién hanh & cting mirc
Iy thuyét. Hinh hoc topo ctia cac phtrc bén va cac gia tri mat do electron (p(r)), Laplacian (V2p(r)),
téng ning luong mat do electron khu tra (H(r)) tai diém t6i han lién két (BCP) duogc tinh béing
phan mém AIM 2000 [11], [12]. Phé IR cua phtic chét thu duoc tir phwong phap hoa hoc tinh toan
duogc nghién ctru va so sanh v6i két qua thuc nghiém.
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2.2. Thuwec nghiém

Phtic [PtCl(Eteug)(8-HOQ)] dugc tong hop lai dua theo quy trinh ctia Chi va cong su [6] dé
nghién ctru cAu tric dua vao céac dit lidu phé va thtr hoat tinh sinh hoc trén 3 dong té bao méi KB,
LU, MCF-7 ma nghién ctru trudc do chua thuc hién. Pho IR thuc nghiém cua phtc chét nghién
ctru duoc do bang k¥ thuit tao mau ép vién KBr trong ving 4000 + 400 cm'; phd 'H NMR va
NOESY cua phuc chét duge ghi trén may Brucker AVANCE 500 MHz, tat ca & 298-300 K tai Vién
Hoa hoc thudc Vién Khoa hoc va Cong ngh¢ Viét Nam. Hoat tinh sinh hoc cta phirc chét duge
thtr nghiém tai Phong thir nghiém hoat tinh sinh hoc-Vién Hoa hoc cac hop chét thién nhién trén
cac dong té bao ung thu: KB - ung thu biéu mo, LU - ung thu phdi va MCF-7 - ung thu vu.

3.  Két qua va thio luin
3.1. Nghién ctru tinh toan vé ciu tric, dd bén va ban chit twong tic giira [PtCL(Eteug)] va
8-hydroxyquinolin

Téi wu hoa hinh hoc cua tuong tac giita [PtCL(Eteug)] va 8-HOQ tai murc ly thuyét B3LYP/
LanL2DZ thu dugc 6 cau tric bén duge ki higu X-An, véi X=Trans, Cis; n = 1,2, 3 1a sb thir tu
cac dong phan. Hinh 1 trinh bay c4u trac hinh hoc bén ciia cc phtrc.

Trans-Al
a) [PtCl (Eteug)(8-HOQ)]

Trans-A2 Cis-A2
b) [PtCl (Eteug)(8-HOQ)]
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Trans-A3 Cis-A3
¢) [PtCl(Eteug)(8-HOQ)]

Hinh 1. Cdu triic hinh hoc bén ciia cdc phirc tai mirc 1y thuyét B3LYP/LanL2DZ

Dua vao Hinh 1 cho théy, Pt phéi tri v6i 8-HOQ qua hai trung tim phan tmg 1a N va O vi
trén cac nguyén tir ndy ¢ cip electron ty do. Trong d6, phéi tir 8-HOQ & vi tri cis hodc trans so
v6i nhanh allyl cia phéi tir eteug. Khi Pt(IT) phdi tri voi 8-HOQ tai nguyén tir N hodc O va thay
thé 1 nguyén tir Cl trong [PtCL(Eteug)], thu duoc cac phuc Trans-Al, Cis-Al, Trans-A2 va
Cis-A2 tuong ung. Khi Pt(II) phoi tri voi 8-HOQ qua ca N va O, thay thé ca hai nguyén tir Cl,
chung t61 thu dugc hai phtic Trans-A3 va Cis-A3.

Dé khao sat kha nang phan tng giita [PtCl(Eteug)] va 8-HOQ, bién thién enthalpy va ning
luong tu do Gibbs dugc tinh ¢ pha khi tai muc ly thuyét B3LYP/LanL2DZ (li¢t ké 6 Bang 1).

Bing 1. Bién thién enthalpy (AHS,.) va nang heong tw do Gibbs (AGYys) (kcal.mol”)

298

tai B3LYP/LanL2DZ

Phitc AHS,, AGS,, Phirc AHS,, AGS,,
Trans-Al 38,56 43,16 Cis-A2 113,19 113,03
Cis-Al 36,28 4391  Trans-A3 50,49 43,05
Trans-A2 112,81 112,18  Cis-A3 55,19 51,09

Két qua cho thay khi thay thé mot nguyén tir Cl & vi tri frans hodc cis boi nguyén tir N
ctia 8-HOQ, phan tmg tao phirc Trans-A1l va Cis-Al c6 bién thién enthalpy 1a thip nhét so véi
cac qud trinh con lai. Trong do, Cis-Al c6 AHj,, nho hon Trans-Al khoang 2,28 kcal.mol™.
Tuy nhién bién thién ning luong ty do Gibbs ciia Cis-A1 cao hon Trans-A1 mét it, diéu nay phu
hop v6i anh hudng cia hiéu tmg trans trong phirc chat vudéng phang [3]. Mt khac, cac thong sb
nhiét dong AH’, va AG?, cua phan Umg tao Trans-A2 va Cis-A2 nam trong khoang 112,81 -
113,19 kcal.mol! va 112,18 - 113,03 kcal.mol"! twong trng, 16n hon nhiéu so véi cac hudng con
lai. Nhu vay, Pt uu tién phdi tri v6i nguyén tir N hon so véi nguyén tir O ciia 8-HOQ. Khi Pt phdi
tri voi ca N va O cua 8-HOQ thay thé hai nguyén tir Cl, bién thién enthalpy cta phan tng tao
phtrc Trans-A3 1a 50,49 kcal.mol™, 16n hon so véi cac phan ung tao Trans-Al va Cis-A1 khoang
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11-14 kcal.mol"'. Trong khi d6 bién thién ning lugng tw do Gibbs cuia phan ting tao phirc Trans-A3
thip hon so voi Trans-A1 va Cis-A1 khoang 0,75 - 0,86 kcal.mol"'. Diéu nay co6 thé giai thich dya
vao hiéu tmg chelat d6i v6i phitc Trans-A3. Tir két qua Bang 3.1, c6 thé du doan phan tng giita
[PtCl,(Eteug)] va 8-HOQ xay ra theo nhiéu giai doan. Trong d6, hudng Pt(IT) phdi tri véi 8-HOQ
qua ca 2 nguyén tir N va O thuan lgi hon so v&i cac hudng Pt(IT) chi phdi tri qua nguyén tir N (co
ning luong xap xi) hodc nguyén tir O ctia 8-HOQ. Ngoai ra, cac gia tri AHS,,va AGg.ctia phan
ting déu duwong, do d6 kha ning thay thé phdi tir C1 boi 8-HOQ trong phirc Pt(IT) & pha khi khong
thuan loi vé mat nhiét dong.

Dé ching minh rd hon sy ¢ mit va vai tro ctia cac tuong tac 1am bén trong phire, phan tich
AIM dugc thyc hién ¢ ciing mirc 1y thuyét cho tat ca cac phirc. Két qua cho thdy c6 sy ton tai cac
diém toi han lién két (BCP) gitra céc tiép xtc, chimg to di xay ra tuong tac gitta phirc Pt(II) véi
8-HOQ. Khi phan tich AIM, nhin chung mat d¢ electron (p(r)) cta twong tac Pt--X (X=N, O) va
lién két hydro O—H--Cl nam trong khoang 0,0989-0,1104 au va 0,0270-0,0275 au twong tmg. Bén
canh d6 gia tri V2p(r) tai BCP cua nhiing twong tac ndy trong cac phirc déu duong, dong thoi H(r)
lai 4m nhe. Piéu d6 ching té twong tac Pt--X va lién két hydro O—H--Cl trong cac phtc tao thanh
thudc loai trong tac yéu c6 mot phan ban chit cong hoa tri [12]. Ngoai ra, két qua phan tich con xuét
hién cac lién két hydro C—H---O, C—H--Cl véi gié tri p(r) nam trong khoang 0,0078 - 0,0192 au,
V(p(r)) > 0 va H(r) > 0 nén céc lién két hydro nay thudc loai trong tac yéu khong cong hoa tri
[12]. Tuy nhién gia tri p(r) tai BCP cua cac lién két hydro nam trong khoang 0,0078 - 0,0275 au bé
hon nhiéu so véi twong tac Pt-X (X=N, O) nam trong khoang 0,0989-0,1104 au, chimg t6 dd bén
clia cac phuc duge quyét dinh chu yéu boi tuong tac Pt-++N, Pt-+O va cac lién két hydro O—H--Cl,
C—H-0 va C—H--Cl déng vai tro bd tro.

Bidng 2. Mdt do electron (p(r)) (au), Laplacian (Vp(r)) (aw), H(r) (au) tai cic BCP,
dé dai (v, A) cia lién két hinh thanh

Phire BCP p(r) Vip(r) H(r) r
Pt---N 0,1000 0,3771 -0,0255 2,11
O5-H25---CI3 0,0275 0,0714 -0,0013 2,17
Trans-A1
Cl1-H12---01 0,0172 0,0784 0,0030 2,20
C8-H4---Cl13 0,0087 0,0311 0,0013 2,83
Pt---N 0,1029 0,3995 -0,0262 2,09
0O5-H25---Cl1 0,0270 0,0677 -0,0013 2,19
Cis-Al
Cl11-H12---01 0,0192 0,0855 0,0028 2,15
C8—-H4---Cl13 0,0096 0,0336 0,0013 2,78
Pt--O 0,1030 0,4625 -0,0218 2,09
Trans-A2
C8—-H4---Cl13 0,0109 0,0374 0,0014 2,69
Pt---O 0,0989 0,5333 -0,0178 2,08
Cis-A2
C8—H4:--05 0,0101 0,0497 0,0027 2,74
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Pt---N 0,1104 0,4153 -0,0302 2,06
Pt---O 0,1015 0,4406 -0,0220 2,05
Trans-A3 Cl11-H12---01 0,0170 0,0775 0,0030 2,20
C15-H19---C12 0,0105 0,0370 0,0014 2,70
C8-H4:--05 0,0078 0,0373 0,0022 2,57
Pt--N 0,1104 0,4240 -0,0296 2,06
Pt---O 0,1032 0,4489 -0,0232 2,05
Cis-A3
Cl11-H12---01 0,0180 0,0805 0,0029 2,18
C8—-H4--CI3 0,0099 0,0344 0,0014 2,77

Céc sb liéu Bang 2 cho thay gid tri p(r) tai BCP cua tuong tac Pt--N cta phiic Cis-Al
(0,1029 au) 16n hon so v&i Trans-A1 (0,1000 au). D6i v6i hai phitc Trans-A2 va Cis-A2, gia
tri p(r) tai twong tac Pt---O cua phuc Trans-A2 (0,1030 au) 16n hon so véi phiac Cis-A2 (0,0989
au) ching to Cis-A1 bén hon Trans-A1 va Trans-A2 bén hon Cis-A2, diéu nay phu hop vé6i két
qua phén tich nang lugng. O hai phitc Trans-A3 va Cis-A3 ta thay, cac gia tri (r) tai cac tuong
tac Pt--N (0,1104 au) va Pt--O (0,1015 - 0,1032 au) déu 16n hon so véi cac phirc Trans-Al,
Cis-Al, Trans-A2 v Cis-A2. Két qua trén pht hop v6i d dai lién két trong hai phirc Trans-A3
va Cis-A3, d6 dai lién két Pt-N ngén hon so v6i Trans-A1 va Cis-A1 (2,06 (A) so voi 2,11 (A) va
2,09 (A), trong tng), d6 dai lién két Pt-O cua Trans-A3 va Cis-A3 ngin hon so v6i Trans-A2 va
Cis-A2 (2,05 (A) so v6i 2,09 (A) va 2,08 (A), twong tmg). Vay c6 thé két luan rang khi Pt(IT) phbi
tri voi 8-HOQ qua ca 2 vi tri N va O tao hai phtic Trans-A3 va Cis-A3, cac tuong tac hinh thanh
trong phtrc bén hon so vdi cac twong tac trong cac phirc con lai va hidu timg chelat dong vai tro
quan trong d6i véi viée 1am bén phirc. Trong d6 phirc chat bén nhat 1a Trans-A3 khi Pt(II) phbi
tri qua ca N, O cua 8-HOQ va nguyén tir N ndm & vi tri frans so voi nhanh allyl. Nhu vay yéu t6
quyét dinh san pham chinh cta phéan tng giira [PtCl,(Eteug)] va 8-HOQ co6 thé 1a hiéu tng trans,
hiéu tmg chelat, dung mai, cac yéu té dong hoc va diéu kién phan tmg.

Tur nhiing 1ap luan trén, ching t6i du doan céc giai doan tao phtrc khi xay ra tuong tac gitra
[PtCL(Eteug)] voi 8-HOQ:

A el h / -~
/Pt\ /
Cl Cl + 8-hydroxylquinolin
.
.Cr \ /

H;CO Sol, -Cl H;CO
OCH,COOCH,CH, 1) OCH,COOCH,CH,

/
-Sol, -HC1
N /
H;CO
OCH,COOCH,CH,4 OCH,COOCH,CH;
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Giai doan déu tién cla twong tic gitta [PtCL(Eteug)]” va 8-HOQ la Pt(II) phdi tri véi
nguyén tir N trong 8-HOQ va tach ion CI', tao thanh phirc Trans-A1 hoic Cis-A1. Sau d6 phdi tir
ClI tuong tac voi nguyén tir H cia nhom hydroxyl s€ bi tach ra dudi sy solvat hoa cua dung méi,
tao thanh HC1 va cac san phdm Trans-A3 hoic Cis-A3 c6 cau tric vong 5 canh bén, trong d6 phirc
Trans-A3 13 san pham bén nhat.

Phuong trinh phan tmg cua tuong tac gitra [PtCl (Eteug)] va 8—HOQ nhu sau:

10
1 17
9/’\ {C 9 /\
~Cl 15 16 16
Cl1 14 =
3 5 + \
K
76 2 6 13 N + KCl+ HCI
H;CO 1 OH
OCH,COOCH,CH, OCHZCOOCH CH3
7a 11 12
trans

3.2. Phain tich cu tric phirc chit dua vao cac dir liéu phd
3.2.1. Phé héng ngogi ciia phirc chit
Dé danh gia sy pht hop ciia cau tric bén ciia phirc twong tac [PtCl,(Eug)] voi 8-HOQ tai
mirc 1y thuyét B3LYP/LanL2DZ, phd hong ngoai (IR) cta phitc Trans-A3 dugc so sanh véi két
qua thu duoc tir thuc nghi€m va trinh bay & Hinh 3.
3.0 -

28
284

s [ ]
204 .

4 ‘ l
3 ' | , |-
1.0 ‘ o | .:"-.
‘ Yol " B i{ o
0.5 | 1. ' ”I - | l '| 1 ---
A - = L P
0.0 T ‘..- . + - H ' “ o0 - N 'l‘ il WA '
4000 2500 2000 2000 2000 moo HXX) DCKJ povey e 2000 190 prony 1500 oo
Wavenumbeers (cm-1) Wovenmters o= 7)
a) Phé IR tinh todn b) Phé IR thiee nghiém

Hinh 3. Phé IR tinh todn va thiee nghiém ciia phirc [PtCIl(Eteug)(8-HOQ)]

Hinh 3a va Hinh 3b xut hién day du cac van phd hip thu dic trung cua Eteug va 8-HOQ.
Vi du, & ca hai phd déu c6 van hap thu v6i cuong dd manh ¢ 1704 + 1743 cm™ tuong tng véi
nhém C=0 trong eteug. Ngoai ra, sy giam tan sd cta lién két C=C nhéanh allyl (1504 + 1560 cm™)
so v6i & dang tu do cua eteug (1640 cm™) va sy xudt hién van hap thu trung binh & tan sé thap
hon khoang 444 + 490 cm' dic trung cho dao dong hoéa tri cua lién két Pt-(C=C) ching t6 su tao
phtre cua Pt(IT) voi ndi d6i C=C cua nhanh allyl. Bén canh do, & ca phd IR thuc nghiém va tinh
toan cua phirc [PtCl(Eteug)(8-HOQ)] khong thdy xuat hién van phd dic trung cho dao dong hoa
tri cia nhom OH nam trong khoang 3508 + 3620 cm’!, ching t6 8-HOQ di mat H & nhém OH
khi tham gia tao phirc va cac van hap thu ctia tuong tac Pt--N, Pt-+O dugc nhin thdy 2 pho trong
ving 510 + 540 cm, nén Pt(II) da tao phirc v6i 8-HOQ qua nguyén tir N va O. Nhin chung, ph6
IR cua phirc chat thu duogce tir phwong phap tinh toan twong d6i phit hop véi phd IR thuce nghiém.
Su sai khac mt it vé tan sé dao dong hoa tri giita 2 phd do két qua tinh phd IR ctia phuong phap
tinh toan dugc thuc hién ¢ pha khi tai mtc ly thuyét B3LYP/LanL2DZ, trong khi két qua thuc
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nghiém dugc do voi dung méi, ki thuat KBr rin va ép vién & 298 — 300 K, va sai khac nay 1a cho
phép ddi véi viée dung mirc 1y thuyét B3LYP/LanL2DZ trong tinh toan phd IR.

Bing 3. Céc van hép thu chinh ciia phirc [PtCl(Eteug)(8-HOQ)] tir két qud thuc nghiém
va tinh toan

vCH (thom, v v vC=C, VC-C, VPt-O
CH (béo) Cc=0
anken) vC=N VC-O th-N

Trans-[PtCl(Eteug)(8-HOQ)] 3065 2980;2937 1743 1576; 1505 1218;1031 540 452

Phurc

" Veec=c)

Trans-A3 3080 2984;2944 1704 1616; 1536 1232;1032 536 464

% sai sO 0,49% 0,13 - 0,24% 2,24% 2,01 - 2,48% 0,1 - 1,14% 0,74% 2,59%

3.2.2. Phé '"H NMR va NOESY ciia phiic chit

Dé quy két duoc cac tin hidu proton trén phd 'H NMR cua phirc [PtCl(Eteug)(8-HOQ)]
(ki hiéu N2), chung t6i dua vao phéan tich tin hi¢u cta tirng proton trong phurc gitra Pt(Il) voi eteug
clia tac gia [14] va so sanh chiing véi tin hiéu cua timg proton trong 8-HOQ tu do dua véo cac yéu
t6 do dich chuyén hoa hoc, cuong d6 twong ddi ciia cac van phd va sy tach van phd do tuong tac
spin-spin va gia tri hing s tach J ddi voi mdi van phd. Cac tin hidu proton duoc quy két thé hién
trong Bang 4 va Bang 5.

Bing 4. Tin hiéu céng huong cia cac proton ciia nhém ankyl trén phé 'H NMR trong phirc chat
[PtCl(Eteug)(8-HOQ)], é(ppm), J(Hz)

Phitc H3 H5 H6 H7a H7b H8a
6,92 dd 3,27 dd
14 X 2 ’
[PtCI(Eteug)(8-HOQ)| ZJ 1 5d 38,0 2388 (‘)1 460s 3,48 2J15,0
’ 91,5 : 33 6,0
Phurc HS8b H9 H11 H12 H10cis H10trans
3,59 dd 473 d 476d
’ 41 12 : :
[PtCI(Eteug)8-HOQ)]  J 15,0 25J5 ? 7‘? o 75 81 J 70 Ot 37 8,0 3 14,5
37 6,0 pu : : 2,70 2170

Bdng 5. Tin hiéu cong huong cua cac proton cia 8-hydroxyquinolin tw do va 8-hydroxyquinolin
phoi tri trong phire chat [PtCl(Eteug)(8-HOQ)] d(ppm), J(Hz)

8-HOQ HI13 H14 HIS  HI6  HI7  HIS
Tu do 8,76 7,38 810 729 744 718
Pt\
' POdd T ag1dd 874dd
YY) 75,0 ’ ’ 722d 750t 7,05d
BN AN A1 N2 3] 8,5 3J 8,5
& 1,0 U0 T8O 80
U500 910
3JPtH 33
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Dua vao phd "H NMR cuia phirc chit [PtCI(Eteug)(8-HOQ)] chiing t6i d quy két duoc cac
proton trong phtic chat ciia mot bo tin hiéu tmg v6i cdu hinh frans va sb liéu dugc dua ra trong
Bang 4 va 5. Bang 5 cho thdy d6 chuyén dich héa hoc cta cac proton & 8-HOQ da phdi tri déu
16n hon so voi do chuyén dich hoa hoc ciia cac proton trong 8-HOQ tu do tuong tng, chiing to
amin d3 phéi tri v6i Pt(Il) qua ca nguyén tir N va O. Bén canh d6, chiing t6i phan tich mét phan
phd NOESY ciia phirc chit [PtCI(Eteug)(8-HOQ)] dua trén hiéu ing Overhauser dé phat hién cac
proton & gan nhau trong khong gian, két qua quy két & Hinh 5. Trén mot phan phd NOESY ctia
phire [PtCI(Eteug)(8-HOQ)] khong thay céc pic giao gitta H9, hoac H10cis, H10trans véi H cia
8-HOQ chimg t6 8-HOQ & xa eteug. Két hop giira phan tich phd 'H NMR vé6i phd NOESY cuia
phirc chét, ¢6 thé két luan trong phtrc chat [PtCl(Eteug)(8-HOQ)] nguyén tir trung tam Pt(II) da
tuong tac véi 8-HOQ tai hai vi tri Pt-~-N va Pt-O, trong d6 nguyén tir N nam & vi tri trans so véi

nhom allyl.
: ‘ b el
| ‘ ! aw:- i l,is“ H7b
" ) d 4 . L. Hsb
v s - - 4.0 L
UL GG —
‘ B 0 H7a
RN N | W | W |V v ,,L l (AN ‘v'\ki“_\ 5.0 ! it Oorans
TAer v te ta 1r 9n ev as es s W a8 4 s e 5.8 " 1O
i) - A/ A '
»l N e | = |- \= ;’ Y - €. 0 T T T T T,
% 5 B B ?ff ?_'f . 8 B BER B & 9.5 5.0 8.5 8.0 7.57"
Hinh 4. Phé 'H NMR ctia phire [PtCl(Eteug)(8-HOQ)] Hinh 5. Phé NOESY ciia phikc
thuc nghiém [PtCl(Eteug)(8-HOQ)] thuc nghiém

3.3. Két qua thim do hoat tinh sinh hoc ciia phire chit tong hop

Sau khi tong hop va xac dinh duoc cong thirc cau tao ctia phirc chét, chung toi tién hanh thi
hoat tinh ddc té bao cuia phirc [PtCl(Eteug)(8-HOQ)] trén 3 dong té bao: ung thu biéu mo (KB),
ung thu phéi (LU) va ung thu va (MCF-7). Két qua dugc trinh bay ¢ Bang 6.

Bing 6. Két qua thir hoat tinh djc té bao ciia phire chdt tong hop

Gia tri IC, (ng) cﬁa,mﬁu thir trén cac dong

STT Tén miu te bao
KB LU MCF-7
Déi chimg Ellipticin 0,62 - 1,25
1 [PtCl(Eteug)(8-HOQ)] 0,27 0,34 0,32

Két qua thir hoat tinh doc té bao ddi voi phirc chét trén rat kha quan, phirc chat co hoat
tinh khang ca 3 dong té bao ung thu. Pic biét, cac gia tri IC,, trén ca 3 dong té bao ung thu cia
phirc [PtCl(Eteug)(8-HOQ)] déu nho hon so voi Ellipticine — mot chat co hoat tinh chéng ung
thu manh.
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4.  Kétluin

1. X4c dinh dugc 6 cdu tric bén cia phirc tuong téc giita [PtCL(Eteug)] va 8-HOQ véi
bién thién enthalpy va bién thién ning lugng Gibbs trong khoang 36,28 - 113,19 kcal.mol"! va
43,05 - 113,03 kcal.mol"!, twong tng. Phirc [PtCl(Eteug)(8-HOQ)] bén nhét c6 cu hinh trans
(Trans-A3) trong d6 Pt(II) phdi tri v6i 8-hydroxyquinolin qua ca N, O va nguyén tr N & vi tri
trans so voi nhom allyl.

2. Két qua phan tich AIM cho thiy tuong tac Pt--X (X=N, O) va lién két hydro O—H---Cl 1a
tuong tac yéu va c6 mot phan ban chat cong hoa tri, cac lién két hydro C—H-+O, C—H-+-Cl thudc
loai lién két yéu khong cong hoéa tri. PO bén cua cac phirc duge quyét dinh boi twong tac Pt-+N,
Pt-+O cuing véi su bo tro cua lién két hydro O—H-Cl, C—H--O va C—H:--Cl.

3.Pho IR, "H NMR va NOESY thuc nghiém cho thiy c6 su phit hop va trong dong cao voi
két qua tinh toan tai mirc Iy thuyét B3LYP/LanL2DZ.

4. Phirc [PtCI(Eteug)(8-HOQ)] c6 hoat tinh ddc té bao trén ca 3 dong té bao ung thu moi:
KB, LU, MCF-7 v6i gia tri IC,  tuong tmg la 0,27, 0,34 va 0,32 pg/ml.
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A THEORETICAL STUDY ON INTERACTION AND STABILITY OF COMPLEXES
BETWEEN DIMETHYL SULFIDE AND CARBON DIOXIDE
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NGUYEN TIEN TRUNG"
! Laboratory of Computational Chemistry and Modelling, Quy Nhon University
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ABSTRACT

Interactions of dimethyl sulfide with CO, are investigated using MP2 method with the
6-311++G(2d,2p) basis set. Nine stable geometries are observed, in which DMS--2CO, is found to be more
stable than DMS-+1CO,. Interaction energies for all the compexes with ZPE and BSSE corrections at MP2/
aug-cc-pVTZ//MP2/6-311++G(2d,2p) range from -2.7 to -22.0 kJ.mol". The AIM and NBO results show
that the stability of DMS*~xCO, complexes (x=1,2) are determined by §--C=0 Lewis acid-base interaction
and an additional contribution of C—H-+-O hydrogen bond and S(O)--+O chalcogen-chalcogen interaction.
Remarkably, the SAPT2+ analysis indicates that the contribution of induction term to the total stabilization
energy is more important than other energetic components.

Keywords: Dimethyl sulfide, carbon dioxide, blue/red-shifting hydrogen bond, NBO, SAPT analysis.

TOM TAT
Nghién ctru twong tac cia (CH,),s voi CO, bang phwong phwong phap héa hoc hrong tir

Tuong tac gitta dimethyl sulfide voi xCO, (x = 1,2) dugc nghién ciru tai mirc Iy thuyét MP2/6-
311++G(2d,2p). Két quad t6i wu thu dwoc chin phirc bén, trong dé phirc DMS +2C0, bén hon phirc
DMS--1CO,. Nang luong tuong tac hiéu chinh ZPE va BSSE cua tat cd cdc phirc tai MP2/aug-cc-pVTZ/
MP2/6-311++G(2d,2p) trong khodng tir -2,7 dén -22,0 kJ.mol"'. Két qua phdn tich AIM va NBO cho thdy
dé bén ciia phirc gitta DMS véi xCO, (x=1,2) dugc quyét dinh boi twong tac acid-base Lewis véi sy bé tro
ciia lién két hydro C—H-O va twong tac chalcogen S(0)-+O. Pdng chii ¥, két qua phdn tich SAPT2+ cho
thdy hop phan cam g dong gép chinh vao sw bén héa ciia phirc so véi cdc hop phan ning lwong khdc.

Tir khéa: (CH,),S, CO,, lién két hydro chuyén doi xanh/do, phan tich NBO, phén tich SAPT.

1. Introduction

There are many greenhouse gases including carbon dioxide, sulfur dioxide, methane, etc in
which carbon dioxide is one of the main agents among the remaining gases. Its concentration is
still increasing in the atmosphere and causing environmental problems which are challenging not
only scientists but also human survival. During the last decades, many researches on applications
of CO, have been published [1]. Especially, supercritical carbon dioxide (scCO,) has attracted
more attention for the development of “green chemistry” processes. It is becoming an important

*Email: nguyentientrung@qnu.edu.vn
Ngay nhan bai: 20/8/2018; Ngay nhan dang: 15/9/2018
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commercial and industrial solvent because it has no environmentally hazardous impact, low
cost and tunability of solvent parameters [2]. Therefore, scCO, has been widely used in several
chemical processes such as extraction, separation, chemical synthesis and material processing
[3], [4], [5]. Recently, direct sol-gel reaction in scCO, has also been used in the synthesis of oxide
nanomaterials [6], oligomers, polymer [7] and copolymer [8]. However, the usage of scCO, as a
solvent has serious limitations due to the poor solubility of a majority of polar or ionic materials.
Therefore, searching and designing CO,-philic materials to increase the solubility of organic
solvents in scCO, attract more interest of scientists. To do this, investigations on origin and
stability of interactions between organic molecules and CO, at the molecular level are necessary
in order to use CO, effectively wih different purposes [1].

Noncovalent interactions play an important role in crystal packing, molecular recognition,
and reaction selectivity [9]. Among them, A—H---B hydrogen bonds have a significant impact in
many fields of chemistry and biochemistry [10], [11] as they determine structures and properties of
liquids, molecular crystals and biological molecules [12]. Accordingly, a study of hydrogen bond
to unravel its characteristic is necessary. Dimethyl sulfide (DMS) is used in organic synthesis as
a reducing agent in ozonolysis reaction. Particularly, DMS can be oxidized to dimethyl sulfoxide
(DMSO) which is an organic solvent frequently used in chemistry, biological and medicinal
studies. To the best of our knowledge, a systematic investigation into interactions between DMS
and CO, has not been reported yet in the literature. In the present work, the complexes between
DMS and CO, are investigated at molecular level by theoretical method based on quantum
chemistry. We are going to reveal the interactions and stability of complexes formed by DMS and
CO, and hope to provide an insight into the origin of the hydrogen bonds.

2. Computational methods

Geometry optimizations for monomers and complexes were carried out at the second-order
Moller-Plesset perturbation theory (MP2) level with the 6-311++G(2d,2p) basis set. Vibrational
frequencies were calculated at the same level of theory to ensure that the optimized structures
were minima on potential energy surface and to estimate zero-point energy (ZPE). Single point
energy and basis set superposition error (BSSE) were done using MP2/aug-cc-pVTZ//MP2/6-
311++G(2d,2p). Interaction energies corrected ZPE or both ZPE and BSSE were obtained as the
differences in total energy between complexes and relavant monomers. All calculations were carried
out using the GAUSSIAN 09 program [13]. Topological parameters such as electron density (p(r))
and Laplacian of electron density (V*(p(r)), electron kinetic energy density (G(r)) and electron
potential energy density (V(r)) at bond critical points (BCPs) of intermolecular interactions were
indentified using AIM2000 software [14] on the basis of Bader’s Atom in Molecules theory. In
addition, electronic properties of monomers and complexes were also examined utilizing NBO
analysis executed in the GenNBO 5.G program [15] at MP2/6-311++G(2d,2p) level. Finally,
in order to quantify contribution of energetic components to overall stability of interactions,
SAPT2+ calculations were performed based on the symmetry-adapted perturbation theory [16]
using the PSI4 program at MP2/6-311++G(2d,2p).
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3. Results and discussion
3.1. Geometric structures and AIM analysis

The geometric shapes and topolographies of nine stable complexes formed by interactions
between DMS and CO, (DMS:xCO,) (x = 1,2) at MP2/6-311++G(2d,2p) are shown in Figure
1, which are denoted by D-n, and T-n, where D, T are labled for dimer and trimer, respectively;
n=1,2,3,... are numerical orders of isomers.

Figure 1 shows that the distances of the O---H, S---C, C---O, S---O va O---O contacts are in
the ranges of 2.66-3.04, 3.30-3.39, 3.01-3.47, 3.32-3.52 and 3.10-3.34 A, respectively; which
are smaller than the sum of van der Waals radii of the two atoms involving interactions (being 2.72,
3.22,3.55,3.37 and 3.04 A for the corresponding pairs of Hand O, S and C, Cand O, S and O, O and
O atoms). The DMS---xCO, (x = 1,2) complexes are formed by the intermolecular contacts which
are hydrogen bonds and/or Lewis acid-base interactions and/or chalcogen-chalcogen interactions.

T-5 T-6

Figure 1. Optimized structures and topological geometries of (CH,),S and xCO, (x=1,2)
at MP2/6-311++G(2d,2p) (all distances are in A)
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The obtained results from AIM analysis are collected in Table 1. All the values of p(r),
V?p(r), H(r), and the ratio G/[V(r)| at BCPs of all interactions are in the ranges of 0.003-0.008
au, 0.013-0.022 au, 0.0007-0.0015 au and 1.195-1.477, respectively. These values fall within
the critical limits for the formation of weak and non-covalent interaction in nature (0.002-0.035
au and 0.02-0.15 au for p(r) and V?p(r), respectively; H(r) > 0 and the ratio G/[V(r)| > 1) [17].
Accordingly, all intermolecular contacts in the complexes are non-covalent weak interactions. For
DMS:--CO, binary complexes, the value of p(r) at the BCP of S--:C=0 Lewis acid-base interaction
in D-1 is ca. 0.0004 au larger than that of other interactions in D-2 and D-3. These results imply a
larger strength of the S--C=0 Lewis acid-base interaction relative to the C—H---O hydrogen bond.
As a consequence, it is roughly predicted that D-1 is the most stable complex of DMS:--CO,. There
are four C—H--O hydrogen bonds in D-2 while D-3 is formed by only one C—H---O hydrogen
bond and one C:--O interaction with the comparable values of electron densities at BCPs of the
contacts. As a result, the stability of DMS---CO, binary complexes decreases in the ordering of
D-1>D-2>D-3.

Table 1. Selected parameters at the BCPs of intermolecular contacts of (CH,) S-xCO, (x=1,2)

Complex Contacts ?a(lg V(Z)lg ) GV I(_:l(l:.))

D-1 S1--C10-012 0.008 0.030 1.339 0.0015
C2—-H5--011 0.004 0.015 1.327 0.0007

D2 C6—H7--011 0.004 0.015 1.326 0.0007
C2-H3--012 0.004 0.015 1.321 0.0007
C6—H9--012 0.004 0.015 1.323 0.0007

D3 C6—H8--012 0.004 0.015 1.354 0.0008
Ol11--Cé6 0.004 0.016 1.477 0.0010
S1--C10-012 0.006 0.026 1.409 0.0014
C2-H3--012 0.006 0.022 1.251 0.0009
C6—H9--011 0.006 0.022 1.251 0.0009

T-1 C2—-H3--014 0.005 0.020 1.256 0.0009
C6—H9--014 0.005 0.020 1.256 0.0009

Ol11--014 0.004 0.020 1.375 0.0011

012014 0.004 0.020 1.375 0.0011

S1---011 0.007 0.029 1.279 0.0013

2 012--C13-014 0.006 0.027 1.332 0.0013
C6—H8--015 0.005 0.021 1.290 0.0010

S1--015 0.004 0.018 1.269 0.0008

C2—-H5--011 0.004 0.015 1.298 0.0007
C2-H3--012 0.004 0.015 1.297 0.0007

3 C6—H7--011 0.004 0.015 1.299 0.0007
C6—H9--012 0.004 0.015 1.299 0.0007
C2-H4---014 0.005 0.018 1.248 0.0007

S1--014 0.007 0.026 1.251 0.0011
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S1--011 0.007 0.025 1.285 0.0011
S1--C13-014 0.008 0.027 1.292 0.0013

T-4 012--015 0.007 0.028 1.226 0.0011
C2-H4---0l11 0.005 0.020 1.252 0.0008
C2-H3--015 0.004 0.016 1.308 0.0008
C2-H5--0l1 0.004 0.016 1.314 0.0008
C2—-H3---012 0.004 0.015 1.329 0.0007

T-5 C6—H7--0l1 0.004 0.016 1.312 0.0008
C6—H9---012 0.004 0.015 1.324 0.0007

011015 0.007 0.019 1.195 0.0010
C2—-H3---012 0.004 0.016 1.309 0.0007
C2-H5--0l1 0.003 0.013 1.365 0.0007
C2-H5--014 0.005 0.019 1.228 0.0008

T-6 011014 0.006 0.015 1.238 0.0010
C6—H7--0l1 0.003 0.013 1.367 0.0007
C6—H7---014 0.005 0.019 1.230 0.0007
C6—H9---012 0.004 0.015 1.314 0.0007

In going from DMS--CO, binary to DMS---2CO, ternary complexes, S(O)--O chalcogen-
chalcogen interactions are found along with conventional Lewis acid-base interactions and
hydrogen bonds mentioned above. For DMS:+-2CO, system, S:-C=0 Lewis acid-base interaction
in T-4 dominates the remaining intermolecular contacts which is due to the highest value of
electron density at its BCP (0.008 au). It is clear that there is a slight increase of p(r) at the BCPs
of intermolecular interactions in sequence from C—H---O to S(O)---O, O--*C=0 and then to S---C=0,
implying a strengthing increase in this trend. In a word, the stability of complexes between DMS
and xCO, (x = 1,2) is mainly contributed by S--:C=0 Lewis acid-base interaction with an additional
complement from C—H:--O hydrogen bond and S(O)--O chalcogen-chalcogen interaction. This
observation is quite consistent with that taken from the complexes of dimethyl ether (DME) and
CO, in which the Lewis acid-base interaction overwhelming the C—H:--O hydrogen bond has a
significant impact on the stability of complex [18].

3.2. Interaction and cooperativity energy and energetic components

Interaction and cooperativity energies of binary and ternary complexes at MP2/aug-cc-
pVTZ//MP2/6-311++G(2d,2p) are tabulated in Table 2. The interaction energies of the complexes
are negative and range from -2.7 to -22.0 kJ.mol" (with both ZPE and BSSE corrections) and
from -4.1 to -27.8 kJ.mol! (with ZPE correction only), indicating that the complexes investigated
are quite stable. The ternary complexes are ca. 5.6-12.1 kJ.mol' more stable than the binary ones.
This suggests that an addition of one CO, molecule to DMS---CO, leads to an increase in stability
of complex.
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Table 2. Interaction energies (AE, kJ.mol') and cooperativity energies (Emp, kJ.mol")

Complex AE AE,, E, AE,, E,.
D-1 -12.4(-9.9) - - - -
D-2 -6.3(-3.9) - ; ] ]
D-3 -4.1(-2.7) - - - -

T-1 -21.3(-15.2) -11.3(-8.7) -4.8(-2.4) “4.1(-3.1) -1.1(-1.0)
T-2 -21.7(-16.9) -10.2(-8.4) -6.2(-4.3) -4.8(-3.6) -0.5(-0.6)
T3 -16.8(-12.5) -10.3(-8.4) -6.3(-3.9) 0.1(0.2) -0.3(-0.4)
T-4 -27.8(-22.0) -10.4(-8.5) -12.3(-9.8) -4.2(-2.9) -0.9(-0.8)
T-5 -12.4(-8.3) 6.2(-3.8) 0.1(0.2) -5.5(-4.2) -0.8(-0.5)
T-6 -16.0(-10.5) -6.3(-4.0) -43(-2.3) -4.8(-3.5) -0.6(-0.5)

Values in brackets are for both ZPE and BSSE corrections, A = DMS, B = CO,, C = CO,

For the binary system, the interaction energy is more negative for D-1 than for D-2 and D-3
by ca. 6.0 and 7.2 kJ.mol’!, respectively. This indicates a decrease in the stability of complexes
in going from D-1 to D-2 and then to D-3, which is consistent with AIM analysis above. In
comparison with other organic molecules, the interaction energy of D-1 is less negative that that of
(CH,),0--1CO, and (CH,),CO--1CO, by ca. 3.8 and 1.2 kJ.mol"". It is predicted that the solubility
of DME and DMSO in scCO?2 is slightly better than DMS [19]. For ternary complexes, T-4 has
the most negative interaction energy with -22.0 kJ.mol! while T-5 is the least stable complex
with an energetic value of -8.3 kJ. mol"!'. As shown in Table 2, the stability of ternary complexes
decreases in the trend of T-4 > T-2 > T-1 > T-3 > T-6 > T-5, which is in good agreement with the
obtained results from AIM analysis above.

The cooperative energy (Ewop) in ternary system is calculated from the following expression:

E. . =AE, ;. —AE,, —AE . — AE, , Where A= DMS, B = CO,, C = CO,; AE, . is the
interaction energy of the trimer formed from A B and C; AE, , AE_ , AE, . are the interaction
energies of the dimers A and B, B and C, A and C, respectively. The values of E o with ZPE and
BSSE corrections of trimer are also given in the Table 2. All E o values are slightly negative and
fall within the range of -0.5 to -1.0 kJ.mol’!, indicating that the cooperativiy of intermolecular
interactions takes place in complexes and leads to an enhance in the strength of ternary complexes.

SAPT2+ analysis is used to evaluate contribution of different energertic components to
total sabilization energy of the binary complexes, which include electrostatic (E ), exchange
energy (E_ ), induction (E, ), dispersion (E disp) and the second and high order level correlation
energy (0E.  HF).

int,r
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Table 3. Contributions of different energetic components into stabilization energy
using SAPT2 + approach (kJ.mol")

Complex E,. E_, E,, E disp oE, t‘rﬂF
D-1 -15.3(30.1) 46.3 -21.3(42.1)  -13.1(25.9) -1.0(1.9)
D-2 -0.6(4.1) 14.1 -4.2(29.3) -9.3(64.3) -0.3(2.2)
D-3 -1.0(11.3) 7.5 -2.2(24.4) -5.5(62.3) -0.2(1.9)

Values in brackets are the percentages (%) of corresponding energertic components contributing to
total stabilization energy.

Table 3 shows that there are three mainly energetic components contributing to stability of
DMS:--CO, complexes. A larger role of induction term (42.1%) as compared to both electrostatic
(30.1%) and dispersion (25.9%) terms is found for D-1, while D-2 and D-3 are mainly determined
by dispersion term of 62.3—64.3% overwhelming induction (24.4-29.3%) and electrostatic
(4.1-11.3%) term. Contribution of the second and high order level correlation energy to stabilization
of binary complexes is quite small. Therefore, the stability of DMS---CO, is contributed mainly by
induction component as compared to other energetic component.

3.3. Vibrational and NBO analyses

Stretching vibrational frequency and NBO analyses for DMS:--xCO, complexes (x=1,2)
and relevant monomers are performed at MP2/6-311++G(2d,2p). Electron density transfer (EDT),
electron transfer process and donor-acceptor stabilization energy (E, ) are gathered in Table 4.

The obtained results from NBO analysis show that there are different directions of electron
density transfer between CO, and DMS upon complexation. The EDT values of DMS in D-1, T-1,
T-2, T-3, T-4 and T-5 are positive while those values in the remaining complexes are negative. These
results show that electron density is transfered from DMS to CO, in D-1, T-1, T-2, T-3, T-4 and T-5
and an inverse trend occurs in the rest of complexes. The presence of electron transfer processes
from n(O) to 6*(C—H) anti-bonding orbitals and from n(S), n(O) to *(C=0) anti-bonding orbitals
confirm the formation of C—H---O hydrogen bonds and >C=0---S(O) Lewis acid-base interactions
in the complexes investigated. Moreover, 1(C—0)—c*(S—C) and n(O)—c*(S—C) processes are
found to be represented for S---O chalcogen-chalcogen interactions. For binary complexes, the
E, .. value of n(S)—n*(C=0) in D-1 is 7.2 kJ.mol", while they are ca. 0.3 kJ.mol" for electron
transfer from n(O) to 6*(C—H) in D-2 and D-3. This affirms that the stability of DMS--1CO,
complexes increases in the sequence: D-3 < D-2 < D-1. The same tendency is also obtained
for DMS---2CO, ternary complexes. The >C=0---S(O) Lewis acid-base interactions dominate the
other interactions in stabilization of complexes (c¢f. Table 4). Four >C=0--S(O) Lewis acid-base
interactions are found in T-4 with the largest E, value of 5.5 kJ.mol", showing that T-4 is the
most stable complex for DMS:---2CO, ternary system. The n(S)—n*(C=0) processes are observed
in T-1, T-2 and T-3 but not found in T-5 and T-6. Thus, T-1 and T-2 are stabilized mainly by two
S(0)-C=0 Lewis acid-base interactions with the E_ values ranging from 2.0 to 4.9 kJ.mol".
Meanwhile, T-3 is only formed by S--*C=0 and other weak interactions (E, _values of 0.2-0.8
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kJ.mol ). There are three electron transfer processes contributing considerably to the strength of
T-6 (E,_ values of 1.9-2.5 kJ.mol"') and only two O--C=O0 interactions determining T-5 stability
(E,,., values of 2.6-3.3 kJ.mol). Accordingly, the stability of ternary complexes decreases in the
ordering T-4 > T-2 > T-1 > T-3 > T-6 > T-5, which is consistent with the results of interaction
energy in Table 2. These results also show that intermolecular interactions have increasing order

of stability in going from C—H--O to S--O to O--C=0 and then to S---C=0.
Table 4. Selected results of vibrational and NBO analysis at MP2/6-311++G(2d,2p)

Complex EDT (e) Electron donor-acceptor process (kJ}j: IiInltgl‘l) A(rﬁ-)ﬂ (Ac:/r);‘li
D-1 0.0085”  n(S1)->n*(C10=012) 72 - -
n(011)—c*(C2-HS5) 0.2 0.0005 3.5

- 0oooqn  MOTD0*(CE-HY) 0.2 0.0004 3.0
n(012)—c*(C2-H3) 0.3 0.0004 2.7
n(012)—>c*(C6-H9) 0.3 0.0004 3.0

D-3 -0.0006°  n(012)c*(C6-HS) 0.2 -0.0002 6.6
n(S1r*(C10=011) 49 - -
n(012)—c*(C2-H3) 0.5 -0.0005 9.9

. _%%%‘2%1 n(011)—>c*(C6-HY) 0.5 -0.0005 10.1
000120 N(014)—>c*(C2-H3) 0.7 -0.0005 9.9
n(014)—c*(C6-H9) 0.7 -0.0005 10.1
n(014)>1*(C10=011) 2.0 - -
n(S1)—n*(C10=011) 32 - -

000280 T(C10-011)—>6*(S1-C6) 1.7 - -

T-2 0.0023Y  n(012)>n*(C13=014) 2.8 - -
-0.00057 1 (015)—>0*(C6-HS) 1.0 0.0015 1.5
n(015)—>*(S1-C2) 1.5 - -
m(C10-011)—>c*(C2-H5) 0.3 0.0003 -1.3
1(C10-012)—c*(C2-H3) 0.2 0.0003 1.3

000319 ™(C10-011)—>c*(C6-H7) 0.3 0.0003 -1.0

T3 -0.0028”  (C10-012)—>c*(C6-HY) 0.2 0.0003 -1.0
-0.00039 1, (014)—>5*(C2—H4) 0.8 -0.0009 3.1
n(011)—>n*(C6-S1) 0.8 - -
n(S1)—>n*(C13=015) 2.5 - -
n(S1)—*(C10=011) 3.6 - -
n(S1)—n*(C13=014) 55 - -

- _%%Bgiab’) n(012)-*(C13=014) 3.6 - -
000749 D(O15)->7*(C10=011) 1.6 - -
n(O11)—>6*(C2-H4) 0.3 -0.0012 6.7
n(015)—>c*(C2-H3) 0.3 0.0002 1.1
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n(011)— o*(C2-HS5) 0.4 0.0004 26
000020 MC10-012)-50*(C2-H3) 0.3 0.0005 3.4

T5  -0.0007 n(O11)—c*(C6-H7) 0.3 0.0004 2.9
0.0005 1 011)—>n*(C13=014) 26 ; ;
n(015)—1*(C10=012) 33 - -
n(011)>7*(C13=015) 25 ] -
2(C10-012)—>c*(C2-H3) 0.3 0.0006 53

00014n  NO1D->0*(C2-HS) 0.2 0 6.0

T-6 0.0009  n(O14)—c*(C2-HS5) 2.0 0 6.0
0.0005 1 011)—>6*(C6-HT) 0.2 0.0001 5.0
n(014)—>c*(C6-H7) 1.9 0.0001 5.0
A(C10-012)—>c*(C6-HI) 0.3 0.0007 -6.0

@ 9for charge of DMS, CO,, CO,

When adding one CO, molecule to DMS:+-1CO,, the stabilization energy of n(S)—n*(C=0)
processes are lowers by 1.7-4.7 kJl.mol! and that of n(O)—c*(C—H) processes rise slightly
by 0-1.7 kJ.mol". This indicates that when the cooperativity of intermolecular interactions
happens, the strength of >C=0---S Lewis acid-base interactions decrease while it is increased for
C—H--O hydrogen bonds. In summary, NBO results confirm again that the S---C=0 Lewis acid-
base interaction plays a primary role into the stability of DMS---xCO, complexes while the other
interactions act as an additional component.

The characteristics of the C—H:O hydrogen bond are investigated via the changes of
C-H bond length and its stretching frequency in complexes compared to relevant monomers, as
described in Table 4. In general, the C—H bond lengths in T-1, T-2, T-3 and T-4 are shortened
by 0.0002—0.0015 A and accompanied by an increase in stretching frequency of 3.1-11.5 cm’.
In addition, a small elongation of C—H bond length of 0.0001-0.0007 A and a decrease of its
corresponding stretching frequency of 1.0-6.0 cm™ in D-2, D-3, T-5 and T6 are estimated.
Nevertheless, both changes of C-H bond lengths and stretching frequencies are quite small and do
not rule, causing difficulty in assigning exactly to kind of C—H---O hydrogen bond in the systems.
This assignment will be explored in our next work on the basis of deeper investigations.

4. Concluding remarks

The theoretical investigation on interactions between DMS and CO, induce nine stable
structures in which three for DMS---1CO, binary and six for DMS---2CO, ternary complexes. The
interaction energies of DMS-xCO, (x=1, 2) complexes range from -8.3 to -22.0 kJ.mol"' at the
MP2/aug-cc-pVTZ//MP2/6-311++G(2d,2p) level. The complex stabilization is mainly determined
by S(O)---C=0 Lewis acid-base interaction overcoming the O(S)---O chalcogen-chalcogen and
C—H--O hydrogen bonded interaction. When a CO, molecule is added to DMS--1CO, dimer,
the stability of complexes is enhanced due to the slighly cooperative effect of intermolecular
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interactions. The SAPT2+ analysis shows a dominating contribution of induction term as
compared to other energetic terms to the overall stabilization energy of DMS--xCO, complexes.
The obtained results suggest that classfication of C—H-*O hydrogen bond in the DMS--xCO,
complexes (x=1,2) is complicated, and will be solved in the next study.
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NGHIEN CUU SU HAP PHU CARBON MONOXIDE TREN CLUSTER GERMANI
PHA TAP NIKEN BANG PHUONG PHAP HOA HQC TINH TOAN

LE THI PAU', NGUYEN bUC MINH2 HO QUOC PAP,
NGUYEN NGOC TR*, VU THI NGAN™
1345Phong thi nghiém hoa hoc tinh toan va mé phong, Truong Pai hoc Quy Nhon
ZKhoa Khoa hoc, Truong Pai hoc Quang Binh

TOM TAT

Nghién cieu sw hap phu CO trén cluster Ge Ni (n = 1-9) sur dung phuong phdp phiém ham mdt do
(DFT) tai mirc li thuyét B3P86/6-311+G(d). Tét ca cac dong phin bén nhat ciia phitrc déu & trang thdi spin
thap (singlet va triplet) dwoc tao thanh tir rong tdc gitka dong phdan bén nhdt ciia cluster véi CO. Cdc phirc
tao thanh déu c6 nang heong hdp phu va nang lwong twong téc am. Kha ndang hdp phu ciia cluster pha tap
phu thuoc vao kich thudce cluster, manh nhat véi n=1 va 3, yéu nhat véi n=2, 8 va 9. Ban chdt cia Sy hdp
phu nay la hap phu héa hoc do cé lién két cho nhdn o(Ni-C) va twong tic cho nhin ngwoc tir AO-3d ciia
Ni t6i MO phan lién két n* ciia CO. Anh hiong ciia nguyén tir Ge téi kha nang hap phu ciia cluster manh
nhat déi véi n=9. Tém lai, kha nang hcfp phu cua cluster Ge Ni phu thuge chat ché vao kich thudc va cdu
truc cluster.

Tir khéa: Hap phu CO, cluster germani pha tap niken, ning lugng hap phu, ning lugng twong tac,
tuwong tac cho nhan.

ABSTRACT
Adsorption of Carbon Monoxide on Ge Ni (n=1-9) Cluster Using Theoretical Methods

The adsorption of CO on Ge Ni (n = 1-9) clusters using density functional theory (DFT) at the
B3P86/6-311+G(d) level of theory was investigated. All of the most stable complexes, which are formed
from interaction between CO and the lowest-lying isomers of the corresponding clusters, prefer the low spin
states (singlet and triplet). The complexes possess negative adsorption energies and interaction energies;
and the most negative one is with n=1 and 3; and the least negative with n=2, 8 and 9. The obtained results
show that the adsorption of CO on the Ge Ni clusters are of chemical nature with a coordination bond
o(Ni-C) and back donation from AO-3d of Ni atom to anti-bonding orbital w* of CO. The effect of the Ge
atoms in the clusters on the adsorption ability is the strongest in the case of n=9. In conclusion, the CO
adsorption ability of the Ge Ni clusters strongly depends on size and structure of the cluster.

Keywords: Carbon monoxide adsorption, Ni-doped germanium cluster, adsorption energy,
interaction energy, donor-acceptor interaction.

1.  Giéi thiéu

Cluster nguyén t6 duogc biét dén véi nhitng cAu trtc hinh hoc dic biét, co dbi xing cao va
tinh chit mé&i. Gan déy, cluster germani nguyén chét dugc quan tdm nghién ctru nhiéu [1], [2] boi

*Email: vuthingan@qnu.edu.vn
Ngay nhan bai: 17/8/2018; Ngay nhan dang: 20/12/2018
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tiém nang ung dung trong linh vuc vat liéu ban dan. Cac nghién ctru vé ciu tric va tinh chét cua
cluster germani pha tap nguyén t6 khac ciing dugc quan tim hon nhu pha tap halogen [3], [4], kim
loai nhom chinh [5], kim loai chuyén tiép [6], [7]... Nhitng nghién ctru ndy cho thay do bén cua
cluster thay d6i theo loai nguyén tir pha tap, dic biét v6i cac nguyén td pha tap 1a kim loai chuyén
tiép, AO-3d dong vai tro quan trong trong sy bién ddi tir tinh va hoat tinh xtc tac cta cluster. Cac
nghién ctru gan ddy con chi ra rang cac cluster pha tap kim loai chuyén tiép & kich thudc bé c6
tiém nang lam chat xtic tac tot vi ching vira 6 kha nang cho vira ¢ kha ning nhan electron trong
c4c qua trinh chuyén héa hoa hoc [8], [9].

Carbon monoxide (CO) 1a mot khi khong mau, khong mui va cuc doc ddi véi nguoi va
dong vat khi gap phai & nong do trén 35 ppm [10]. N6 duoc biét dén 1a mot trong nhiitng khi
thuong gy tir vong nhat va 1a thanh phan dang ké trong cac chét gay 6 nhiém khong khi duoc tao
ra trong cudc séng hang ngay ciia con ngudi. Mot trong nhitg mdi quan tdm 16n hién nay vé moi
truong 1a tim ra cach giam thiéu khi CO trong khong khi va vi thé nhidu nghién ctru tip trung vao
viée tim kiém céc vat liéu hip phu CO tét dé loai bo no trudce khi thai khi ra méi truong.

Di c6 nhidu nghién ctru vé kha ning hip phu va giai hap CO 1én hop kim nhu FeCo [11]
hodc cluster nhu cluster BN pha tap Mg, Ge, Ga [10], cluster Au, pha tap X=Sc, Y [12], cluster
Au_pha tap Ag [13]... Soltani va cong sy [10] da cho rang cluster BN pha tap kim loai nhom
chinh chi ¢6 kha ning hap phu yéu CO do chi hinh thanh twong tac van der Waals giita CO va
cluster. Pang chu ¥, cac nghién ciru vé cluster pha tap kim loai chuyén tiép cho thiy kha nang hap
phu CO ciia chiing cao hon cluster tinh khiét [12]. Trén co sé d6, chiing ti cho riang néu pha tap
mdt kim loai chuyén tiép c6 kha ning hap phu t6t vao cluster germani thi c6 thé tao thanh nhiing
cluster c6 kha ning hap phu wu viét. Vi vay trong cong trinh nay, chiing t6i thuc hién nghién ciru
su hip phu carbon monoxide trén cluster germani pha tap niken kich thudc nhé bang phuong phap
hoa hoc tinh toan véi hi vong tim ra nhimg thong tin 1y tht vé kha ning hip phu phan tir khi cua

loai cluster nay.
2. Phwong phap tinh

Chung t6i sir dung phan mém tinh todn Gaussian 03 (E.01) [14] v&i phiém ham mat d6 hdn
hop B3P86 va bd ham co so tach ba 6-311+G(d) dé tdi uu hoa hinh hoc va tinh tan sé dao dong
ctia cluster va phirc hinh thanh gitra cluster va CO. Dé danh gia do phu hop cta muc 1y thuyét
cho hé phirc nghién ciru, chung t6i so sanh d6 dai lién két (R), tin sé dao dong (v) cua cac phan
tr CO va Ni(CO), tai muc li thuyét B3P86/6-311+G (d) voi két qua thuc nghiém [15] & Bang 1.
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Bing 1. So sanh mét sé théng s6 tinh todn tai B3P86/6-311+G(d) va thie nghiém

Phan tir Thongsé6  Lithuyét  Thuc nghiém

CcO R, (&) 1,1268 1,1283
(tr do) Vo (em') 2225 2143
R . (&) 1,8230 1.8172
R, (A) 1,1364 1,1273
Ni(CO), :
2204 2132
VCO(cm")
2132 2058

S liéu trong Bang 1 cho thiy cac gia tri 6 dai lién két va tan sé dao dong tinh toan kha
gin voi cac dir liéu thye nghiém, ching to phuong phap B3P86 vai bd ham co so 6-311+G(d) 1a
phuong phép tin cdy va pht hop véi hé phirc nghién ctru. Dé danh gia niang lugng hap phu (E,)
ctia cac cluster v6i phan tir CO, chung t6i tinh toan gia tri nang lugng hip phu [16] cua céc cluster
theo cong thire (1). Trong d6: E(CO), E(Ge Ni), E(Ge Ni--CO) la nang lugng da dugc hi¢u chinh
ZPE ¢ muc ly thuyét B3P86/6-311+G(d) & hinh hoc tdi wu ctia tig tiéu phén.

AE_,= E(Ge Ni--CO) — E(CO) — E(Ge Ni) (1)

Ngoai ra, nang lugng tuong tac (E, ) [17] cua céc cluster véi phan tir CO dugce tinh theo
cong thire (2). Trong d6: ES*(CO), ES"(Ge Ni) (n=1-9) 1a ning luong diém don ctua CO va Ge Ni
ung voi hinh hoc cua chiing trong phtrc twrong tng.

AE, = E(Ge Ni--CO) —E*(CO) - E*"(Ge Ni) 2)

Deé hicu 16 hon ban chat tuong tac gitta CO va céc cluster, chung t6i thuc hi¢n phan tich
obitan lién két ty nhién bang phan mém NBO 5.G [18] va phén tich cac diém t&i han lién két trong
cac phirc theo thuyét AIM str dung phan mém AIM2000 [19] tir ham séng & cung mire 1y thuyét
nhu trén.

3.  Két qua va thao luan
3.1. Chu tric cia phirc Ge Ni--CO (n=1-9)

Thyec hién qua trinh tim kiém c6 hé thong va chi tiét, ching t6i da tim dwugc hon 80 phirc
bén gitta CO véi 9 cluster Ge Ni (n=1-9). Két qua cho thiy céac phirc c6 nang luong hap phu 4m
nhit c¢6 sy hinh thanh tuong tac gitta nguyén tir Ni cua cluster va nguyén tir C cua phan tir CO.
Dang chi ¥, cac phirc bén nhat déu dugc tao thanh khi hap phu CO 1én dong phan bén nhit cua
cluster. Pé khao sat su phu thudc ctuia kha nang hép thu theo kich thudc cluster, chung t6i chon
phtrc bén nhit dbi v6i mdi cluster va cdu tric cua cac phirc dwoc minh hoa ¢ Hinh 1. Trong d6 hau
hét cac phirc déu & trang thai spin singlet. Riéng hai phirc GeNi-+CO va Ge Ni-CO ¢ trang thai
spin triplet vi cac cluster kich thudc nho GeNi va Ge,Ni uu tién trang thai spin triplet.
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A A %

GeNi--CO Ge,Ni--CO Ge;Ni--CO
GeyNi--CO Ge;Ni--CO GegNi--CO
Ge,Ni--CO GegNi--CO GeyNi--CO

Hinh 1. Céc phirc bén nhdt khi hdp phu CO Ién cluster Ge Ni (n=1-9)

HAau hét cac phtc & Hinh 1 c6 truc cua phan tir CO Iéch so voéi truc chinh cua cluster,
ngoai trur cluster Ge Ni ¢ dang thoi phang, phan tir CO nam trén truc chinh cta né va do d6 phirc
Ge,Ni""CO ¢6 cdu tric ddi xtmg C, .

3.2. Ning lugng hip phu va ning lwong twong tac

Ning lugng hip phu va ning luong tuong tac cua cac phirc bén nhat trong diy trén duoc
tinh theo cong thirc (1) va (2) ¢ trén, s6 lidu thu duoc téng hop ¢ Bang 2. Ning luong tuong tac
thé hién d6 manh cua tuong tac gitta cic monomer nhung khong tinh dén ning lwong can thiét dé
dua cac monomer tir hinh hoc bén nhit cua no téi hinh hoc bén trong phtrc. Do vy, sy chénh 1éch
giita 2 dai lwong nay phu thudc vao 2 yéu t6 1a su thay doi vé cdu tric hinh hoc cia cac momomer
khi hinh thanh phtrc va sy chénh 1éch vé nang lugng dao dong diém khong [20].
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Bing 2. Ning lwong hdp phu va ning leong twong tdc (kcal.mol”'), dé dai lién két Ni-C
va C-0 (4) va dg tang lién két C-O (4d,., A) trong cdc hé phirc Ge Ni--CO (n=1-9)

Phire E E d d Ad

ad inter Ni-C co co
GeNi--CO -30,04 -30,96 1,7256 1,1439 0,0171
Ge,Ni--CO -24,20 -24,98 1,8085 1,1377 0,0110
Ge,Ni--CO -38,21 -39,88 1,7818 1,1375 0,0108
Ge Ni--CO -30,42 -33,35 1,7892 1,1380 0,0112
Ge,Ni-CO -32,59 -40,96 1,7670 1,1399 0,0132
Ge Ni--CO -29,49 -32,87 1,7790 1,1389 0,0122
Ge Ni--CO -34,04 -37,74 1,7810 1,1412 0,0145
GeNi-CO -22,13 -41,62 1,7605 1,1436 0,0169
GeyNi-CO -28,14 -38,03 1,7641 1,1478 0,0209

Dir liéu & Bang 2 cho thiy nang luong hdp phu cua cac phic déu kha am va bién thién trong
khoang -22,13 dén -38,21 kcal.mol!, ching t6 co sy héip phu manh phan t& CO [én cac cluster.
Dua vao gi tri ndng lugng hap phu c6 thé du doan rang su hap phu nay 1a hip phu héa hoc [21].
Dé thay rd sy phu thudc clia nang luong hip phu va nang lugng twong tac vao kich thudc cluster,
chung ti xay dung d6 thi biéu thi sy phu thudc do 16n cua 2 dai lugng trén vao sb nguyén tir Ge
trong cluster nhu trén Hinh 2. D6 thi ¢ Hinh 2 cho thay kha ning hap phu cta cic cluster Ge Ni
bién d6i manh theo kich thudc cluster. Nhin chung, cluster Ge Nivoin la s6 1& ¢6 kha nang hap
phu manh hon cluster véi n chan bén canh.

45-
| = -Ead
— Einter

40 -

Energy (kcal.mol'l)

Cluster size (n)
Hinh 2. B$ [6n ciia ndng lwong hdp phu (-E ) va nang lugng tuong tac (-E, )
cua day phirc Ge Ni-+CO (n=1-9)
Tri s6 clia nang luong twong tac ludn 16n hon tri s6 ctia nang lugng hap phu, va su chénh
1&ch gitra 2 dai lugng thay ddi theo kich thuge cua cluster. Khi n=1-3, su chénh léch d6 kha nho,

chung td su bién dang cua cac monomer khong dang Kké. Nguoc lai, khi n tang Ién, su bién dang

111



Lé Thi Dau, Nguyén Dirc Minh, Ho Qudc Dai, Nguyén Ngoc Tri, Vii Thi Ngan

ctia cluster 12 kha 16n, nhung khong theo quy luét xac dinh. Sy bién dang cta cluster 16n nhét vé6i
n=8 va sau do to1i n=5, 9.

Ngoai ban chat ciia nguyén tir pha tap, cdu triic hinh hoc cua cluster 14 yéu t6 quan trong
anh hudng téi kha niang hap phu cua cluster. Khi s6 luong nguyén tir Ge ting, nguyén tir Ni ¢6 xu
hudng tao thanh cAu trac dic khit hon véi sd phéi tri ctia Ni cao hon, cao nhit véi Ge,Ni. Do do
khi tim Ni twong tac v6i CO sé& bi anh huong nhiéu hon bai cac nguyén tir Ge xung quanh, lam
cho kha ning hap phu phan tir CO giam mic du ning luong twong tac giira 2 hop phan cua phirc
van manh. Cu thé, ning lugng hép phu ddi véi Ge,Ni it Am nhat (-22,13 kcal.mol™), hay kha nang
hap phu thdp nhat. Trong khi d6 cluster Ge,Ni ¢6 cau trac hinh thoi phang, dién tich tiép xtc va
bé mit twong d6i rong nén cluster niy c6 kha ning hap phu t6t nhat.

Khoang cach twong tac Ni-C, d6 dai lién két C-O trong cac phirc Ge Ni--CO va do tang
d6 dai lién két CO trong phtic so v6i trong phéan tir CO tu do duoc téng hop & Bang 2. S6 liéu
trong bang cho thiy Ad. déu duong, ching to sau khi hap phu phén tir CO 1én cluster, lién két
C-O bi kéo dai mot khoang tir 0,0108-0,0209 A. Néi cach khéc, do bén lién két C-O giam sau khi
hinh thanh phue, diéu nay hoan toan hop ly ddi v&i nhan dinh vé sy hép phu hoa hoc trong cac hé
phtre nghién ctru.

Ngoai ra ching t6i con phan tich tan s6 dao dong hoa tri cua lién két Ni-C, C-O trong phtic
va su giam tan s6 dao dong hoa tri C-O cua phuc so voi phan tir CO tu do (v, = 2225,16 cm™) va
tap hop s6 liéu & Bang 3. Két qua cho thiy su thay doi tan s6 dao dong hoa tri kha 16n (tir 85,50
dén 198,32 cm™), ng vai sy chuyén doi d6 manh, chiing to cluster da twong tac manh véi phan
tir CO. Mit khac tin sb dao dong cuia lién két Ni---C ciing kha 16n, chimg to tuong tac xay ra kha
manh gitra nguyén tir C va Ni.

Bing 3. Tan s6 dao dong héa tri cua lién két C-O, Ni-C va sw tang tan sé dao dong
héa tri C-O trong phirc bén nhat ciia cac hé cluster Ge Ni--CO (n=1-9)

Phire v v v

co co C-Ni
GeNi---CO 2110,69 114,47 533,01
Ge Ni--CO 2120,53 104,63 429,00
Ge,Ni--CO 2139,66 85,50 481,96
Ge,Ni-CO 2131,30 93,86 463,60
GeNi--CO 2124,82 100,34 494,07
GeNi--CO 2126,21 98,95 477,83
Ge,Ni-CO 2110,97 114,19 473,05
GeNi--CO 2096,13 129,03 509,54
Ge,Ni--CO 2026,84 198,32 503,89

3.3. Bin chét hip phy héa hgc ciia CO Ién cluster Ge Ni

Bén chit ctia sy hap phu hoa hoc CO 1én bé mit kim loai chuyén tiép thuong duoc gidi
thich theo mé hinh Blyholder [22] v&i 2 hop phan chinh gdm: (1) lién két o theo co ché cho nhan
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(donation) tir cap electron & MO-c_ cua phan tir CO (tép trung trén nguyén tir C) t61 AO-d tréng c6
dbi xtmg pht hop ctia nguyén tir kim loai; (2) twong tac cho nhan ngugc (back-donation) tir AO-d
ctia nguyén tir kim loai t&i obitan phan lién két ciia C-O, MO-n"(C-0). Tuong tac thir nhat dan t6i
su giam mat d6 electron trén lién két CO, tuong tac tha hai sé dan téi su tang mét dg electron trén
C-O va giam do bén lién két C-O.

3.3.1. Phan tich AIM

Dé hiéu rd sy hinh thanh, ciing nhu d6 bén cia cac tuong tac hinh thanh trong cac phirc
Ge Ni--CO (n=1-9), chung t6i tién hanh phan tich hinh hoc topo cua cac phirc theo thuyét AIM
v6i mat do electron duoc tinh & ciing mirc 1y thuyét B3P86/6-311+G(d). Két qua phan tich cho
théy c6 sy xuat hién cua cc diém t6i han lién két (BCP) tai cac tiép xtc CNi. Thém vao do, gia
tri mat do electron p(r) va Laplacian ciia mat d6 (V2p(r)) tai cac BCP déu khé 16n, trong khoang
0,1357-0,1662 au va 0,5287-0,6220 au, twong tng. Trong d6, mat do electron p(r) tai BCP ctia
phue GeNi--CO dat gia tri lon nhét (0,1662 au); con phirc Ge,Ni-CO co gia tri mat d electron
nho nhét 0,1357 au. M4t d6 electron khu tra tai cac diém toi han lién két kha 16, cung vdi gia tri
V2p(r) duong, cho thiy lién két Ni-C trong cac phirc giira cluster vai CO thudc loai lién két giita
nhitng hop phan véi ciu hinh vo dong va c6 do bén duoc dong gop béi mot phan cong hoa tri.
Diéu nay phu hop voi ban chat lién két cho nhan va khang dinh sy hip phu CO vao cac cluster
khao sat thudc loai hép phu hoa hoc.

0.170 -
0.165 A
0.160

0.155

=
E 0.150
=
@ 0.145

0.140

0.135 4

A
/Y

6 8 10
Cluster size (n)

Hinh 3. Su phu thuoc mdt do electron p(r) tai cac diém BCP vado kich thudce cluster

Hinh 3 mo6 ta sy phu thudc cia mat do electron tai cac BCP cua lién két Ni-C trong cac
phtre theo kich thude cluster. Két qua tir Hinh 3 cung véi Hinh 2 & trén cho thiy do6 16n cta ning
luong tuong tac c6 mdi lién hé ddng bién voi mat do electron p(r), nghia la nhitng phirc ¢6 mat do
electron tai BCP(Ni-C) 16n thi c6 ning luong twong tac 16n. Nhu vy, phan tich AIM cho thiy c6
lién két hoa hoc Ni-C hinh thanh khi CO hap phu 1én cluster Ge Ni, lién két d6 thudc kiéu tuong
tac giita cac hop phan v dong véi ban chét cong hoa tri 16n.

3.3.2. Phan tich obitan phdn tir

Dé hiéu rd ban cht twong tac obitan trong cac phirc hinh thanh chung toi phan tich hinh
anh MO cua cac phirc Ge Ni---CO. Hinh 4 minh hoa mot s6 hinh anh MO trong mot s6 hé phuc
Ge Ni--CO.
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Chung t6i nhan thay rang mdi phirc cé mot MO mb ta lién két sigma gitra Ni va C, ki hiéu
1a 6(Ni-C), lién két nay dai dién cho hop phan cho tir MO-c_ cta phéan tir CO t61 Ni. Hinh 4 (hang
trén) cho thdy c6 su xen phu obitan doc theo lién két Ni-C giita nguyén tir pha tap Ni va nguyén
tir C. Do d6, chiing toi khang dinh c6 ton tai lién két lién két o gitra Ni va C va lién két Ni-C ¢
su dong gop cuia hop phan cong hoa tri.

Hinh 4 (hang dudi) minh hoa hinh 4nh mét s6 MO cua phtrc minh hoa tuong tac cho nhan
nguoc tir cac AO-3d cua Ni téi cac MO phan lién két 7* cua phan tir CO. Mit khéc, khi xem xét
hinh 4nh MO ctia cac phire, chung t6i nhan thiy c6 nhiéu MO bi chiém tao thanh tir sy xen phu
ctia cac AO-3d (Ni) voi MO-m*(C-0), vi Ni ¢6 5 AO-3d con CO c6 2 MO phan lién két n*. Do
vay c6 thé noi twong tac cho nhan nguge (back-donation) tir AO-3d ctia nguyén tir kim loai t6i
MO phan lién két caa C-O, MO-1*(C-0) dong vai trd quan trong trong viéc hinh thanh lién két
Ni-C trong phuc.

Hinh 4. Hinh anh mét s6 MO biéu dién lién két o giita Ni va C (hang trén); tuwong tac giita AO-3d
va obitan phan lién két n*(C-0) (hang duwdi) trong mét s6 hé phirc Ge Ni-+CO

3.3.3. Phdn tich NBO

Dé hiéu ki hon vé sy hap phu hoa hoc ciia CO 1én cluster Ge Ni (n=1-9), chiing t6i dung
phuong phap NBO ¢ cung mirc 1y thuyét B3P86/6-311+G(d) dé tinh dién tich trén cac nguyén tir,
mat do chuyén dién tich (Charge Transfer, CT) tur cluster sang CO, nang lugng lam bén nhidu loan

bac hai, AE]-(]-Z), cua cac tuong tac cho nhan. S4 lidu duoc téng hop trong Bang 4.
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Bing 4. Ning lwong lam bén nhiéu loan béc hai (kcal.mol!) ciia twong téc cho-nhén tir Ni
sang CO, dién tich (e) trén cdc nguyén tir C, O va tong mdt dé dién tich (CT, e) chuyén tir
cluster sang CO trong phirc Ge Ni--CO

%)) Pién tich
Phire LP—x (C-0) C 0 Cco
GeNi--CO 16,30 0,34427 -0,45222 -0,1080
Ge,Ni--CO 10,56 0,39305 -0,42795 -0,0349
Ge,Ni--CO 28,80 0,44021 -0,43047 +0,0097
Ge,Ni--CO 24,23 0,41150 -0,42766 -0,0162
Ge,Ni--CO 24,49 0,44768 -0,43820 +0,0095
Ge Ni--CO 25,80 0,45541 -0,43184 +0,0236
Ge Ni--CO 33,04 0,41286 -0,44317 -0,0303
Ge,Ni-CO 22,06 0,45486 -0,45191 +0,0030
Ge,Ni--CO 26,55 0,39674 -0,47490 -0,0782

Bang 4 cho thay co su chuyén electron dang ké tir cac AO-3d bi chiém cua Ni sang MO
phan lién két tréng n*(C-0), véi gia tri ning lugng 1am bén ndm trong khoang 21-33 kcal.mol.
Tuong tac cho nhdn ngugc nay sé lam tdng mat dg electron cua phan tr CO nhung lam giam do
bén cua lién két CO. Vi thé néu mat do electron chuyén tir Ni sang CO vuot trdi so v6i sy chuyén
electron tir viéc tao lién két cho nhan 6(Ni-C) thi mat do electron trén CO s€ am, nhu trudng hop
n=1, 2,4, 7. Voi n=1 va 7, phan tich NBO cho théy 6 ton tai lién Kkét 6(Ni-C) nhung tuong tac
cho nhan nguoc cling rat manh véi nang luong lam bén 33,04 kcal.mol"!. V&i n=2 va 4, mic du
tuong tac cho nhin nguoc khong manh, nhung lién két o(Ni-C) yéu hon (khong tim thiy trong
phan tich NBO, nhung c6 ton tai khi phan tich hinh anh MO), nén méat do electron trén CO ciing
am. Vi n=3, 5, 6 va 8, mic du lién két cho nhan 6(Ni-C) manh nhung tuong tac cho nhan nguoc
yéu hon, nén tong dién tich trén CO trong phtc 1a duong.

Mit khac, phan tich NBO sy chuyén dién tich tir khung germani vao MO phan lién két
1*#(C-0) 1a khong dang ké trong hau hét cac trudng hop. Chi c6 mot ngoai 18 d6 1a hé phirc
Ge Ni--CO c6 sy chuyén dién tich manh tir cac nguyén tir Ge téi MO phan lién két ciia CO, diéu
d6 giai thich cho dién tich 4m trén phén tir CO trong phirc nay, va gay nén do kiéu hinh hoc ¢6 s6
phi tri cao cua Ni trong Ge,Ni.

4. Kétluan

Bing phuong phap hoa hoc tinh toan, chiing t6i da rit ra dwoc mot s6 két luan vé su héap
phu cua CO Ién cluster Ge Ni (n=1-9) nhu sau:

- Phitc bén nhat cia mdi hé dugc tao thanh tir déng phéan bén nhéat cua cluster vai CO, cb
ning lugng hap phu trong khoang -38,21 dén -22,13 kcal.mol"! va ning luong twong tac trong
khoang -41,62 dén -24,98 kcal.mol"'. Trong diy cluster Ge Ni (n=1-9), cluster v6i n=1, 3 c6 kha
nang hép phu cao nhét, con n=2, 8, 9 ¢6 kha nang hép phu yéu nhét.
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- Su hip phu CO trong cac phirc khao sat 13 hap phu hoa hoc. Ban chat cua su hip phu nay

g6m hai hop phan: (1) lién két cho nhan 6(Ni-C) duoc tao thanh nho su cho cip electron tir obitan
sigma ctia CO tdi nguyén tir Ni; (2) tuwong tac cho nhan nguoc tir AO-3d cua Ni t61 MO phan lién
két * cua CO. Ban chat ciia cac obitan tham gia lién két dong vai tro quyét dinh dén hinh hoc
cua phirc.

- Cac két qua nghién ctru cho thay cluster Ge Ni (n=1-9) c6 kha nang hép phu manh CO,

va kha nang hép phu phu thudc vao kich thudc cua cluster. biéu nay mo ra nhiéu lua chon cho vat
lidu hap phu CO ung dung trong xuc tac va xtr Iy mdi trudng.
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DANG DPIEU TIEM CAN CUA NGHIEM CUA
PHUONG TRINH HAMILTON-JACOBI

NGUYEN NGOC QUOC THUONG™, BUI LE TRONG THANH?
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2Khoa Toan-Tin, Truong Pai hoc KHTN-DPHQG TP. HCM

TOM TAT
Trong bai bdo nay, chiing t0i nghién ciu ddng diéu tiém cdn cua nghiém nhdt cia phuong trinh Hamilton-Jacobi.
Trudc tién chiing toi nhdc lai mot s6 két qud tiém cdn trong truong hop tudn hoan, sau dé chiing t6i chiing mot sé két qud
mdi lién quan dén bai todn diéu khién téi wu vdi dit kién khong tudn hoan va khong bi chin.
Tir khoa: Déng diéu tiém can, Diéu khién tbi wu, Nghiém nhét, Phuong trinh Hamilton-Jacobi

ABSTRACT
Asymptotic behaviour of solutions of Hamilton-Jacobi equations

In this paper, we investigate asymptotic behaviour of viscosity solutions of Hamilton-Jacobi equations. We first recall
some asymptotic results in the periodic case, and then prove some new results related to optimal control problem with
non-periodic and unbounded datum.

Keywords: Asymptotic behaviour, Hamilton-Jacobi equation, Optimal control, Viscosity solutions.

1. Giéi thiéu
Xét phuong trinh Hamilton-Jacobi dung
ou(z) + H(z, Du(x)) =0, zeRV, (1.1)
va phuong trinh Hamilton-Jacobi tién hoa
v(x,t) + H(z,Dv(z,t)) =0, (z,t) € RY x (0;+00), (1.2)

trong d6 8 > 0 va H : RY x RN — R 1a ham sb cho trudc, goi 1a todn ti Hamilton. Luu y ring, véi mbi sb
thuc duong ¢ cho trude, nghiém ctia phucng trinh (1.1) phu thudc vao d, nghia 1a u(x) = us(x). Myc tiéu chinh
1a nghién cttu ddng diéu tiém can ctia nghiém us(x) cla phuong trinh (1.1) khi § — 0T, va ddng diéu thdi gian
16n cta nghiém v(z, ¢) ctia phuong trinh (1.2) khi ¢ — +o0.

Két qué tiém can cho phuong trinh (1.1), khi § triét tiéu da dudc dé cap trong viéc nghién ctiu bai toan thuin
nhét héa tuin hoan (periodic homogenization) ctia phuong trinh Hamilton-Jacobi (xem [25], [16], [17]). Viéc
nghién ciiu ding diéu thdi gian 16n ctia nghiém clia phuong trinh tién héa (1.2) 12 mot hudng nghién cifu quan
trong va nhan dudc rit nhiéu sy quan tdm. C6 hai cach tiép can chii yéu cho bai toan dang diéu thai gian 16n, d6

*Email: nguyenngocquocthuong @ gnu.edu.vn
Ngay nhan bai: 18/10/2018; Ngay nhan dang: 20/11/2018
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1a céch tiép can hé dong lyc (xem [20], [15], [21], [22], [23], [24], [26], [27]). C4ch tiép can thii hai 12 phuong
trinh dao ham riéng (xem [10], [8], [9]).

Trong ca hai cach tiép cin & trén, mot trong nhiing gia thiét co ban dit ra cho todn tt Hamilton H dé€ su
hoi tu xdy ra, d6 1a ham sb H(x,p) tudn hoan theo bién x va cudng biic theo bién p. Piéu kién tuin hoan
tuong ducng véi viéc xét khong gian nén cho phuong trinh 14 hinh xuyén TV (14 tap compact). Diém ndi bat
clia két qua tiém cn cla hai phuong trinh trén 1a chiing c6 lién quan dén gia tri diing ctia ho cdc phuong trinh
Hamilton-Jacobi, véi tham sb thuc A,

H(x,Dw(z)) =\ zecR".

Trong bai bao nay chiing tdi nhic lai mot sb két qua cd ban vé dang diéu tiém can ciia phuong trinh (1.1) va
(1.2) v6i gia thiét tudn hoan, trong d6 phép chiing minh dua vao céc k¥ thuit cia nghiém nhét. K§ thuat chiing
minh khéng méi nhung chiing t6i trinh bay lai phép chitng minh don gian, ngan gon hon (xem Dinh 1y 2.1). Két
qua méi clia bai bdo 1a chiing ti xét bai toan diéu khién tdi wu véi cdc dit kién f, £ khong tuin hoan, khong bi
chin va khong can diéu kién lién tuc Lipschitz dit trén ham ¢. Cac két qua mdi niy dudc chiing toi trinh bay &
phan cubi cling ctia bai béo.

Mot bai todn nita rat thi vi ¢6 lién quan dén chii dé clia bai bao nay d6 1a nghién ciiu ddng diéu tiém cin ctia
bai toan diéu khién t6i wu v6i nhifu ki di. Cic két qué cho trudng dit kién tuin hoan va bi chiin da dudc nghién
cttu trong [1], [2], [3]. Gin day, céc tic gia trong [28], [29] da dat dugc mot sd két qua tuong tu trong trudng
hop dit kién khong tuan hoan va khong bi chin.

Trudc khi trinh bay cac két qua chinh clia bai bdo, chiing t6i nhic lai mot sb kién thic cd sé vé ly thuyét
nghiém nhét. Céc chitng minh chi tiét c6 thé xem trong [6], [7], [14].

Xét phuong trinh dao ham riéng phi tuyén cip mot (goi la phuong trinh Hamilton-Jacobi)

F(z,u(z),Du(z)) =0, z€Q, (1.3)

trong d6 Q@ C RY 1a mot tap ms, F : Q x R x RY — R 1a ham lién tuc cho trudc,

Ju ou Ju
Du(z) = (871(95), 9 @) 87”(95))
1a gradient ctia u tai diém z, va v : Q — R 13 4n ham cin tim.

Trong nhiéu mo hinh ciia bai toan ting dung, ching han trong bai to4n diéu khién tdi uu (optimal control
problems), trd chdi vi phan (differential games), him gia tri t6i wu (optimal value functions) khéng thda méin
phuong trinh (1.3) theo nghia c6 dién vi ham gi4 tri toi wu néi chung chi lién tuc (thim chi chi nita lién tuc) ma
khong khé vi. Khai niém nghiém nhét (viscosity solutions) do Lions va Grandall d& xuét tit nhiing nim 80 ctia
thé ky truée (xem [11], [12], [13]) da khic phuc dudc cac nhudc diém trén. Diéu thd vi 1a véi khai niém nghiém
nhét, bai toan phuong trinh dao ham riéng (véi diéu kién ban diu, diéu kién bién thich hgp) trd nén dit chinh
(well-posed).

Tiép theo chiing tdi nhic lai khdi niém nghiém nhét ctia phudng trinh dao ham riéng phi tuyén cip mét.
Trudc tién ta gidi thiéu khai niém dudi vi phan va trén vi phan (theo nghia Fréchet) ctia ham ntta lién tuc nhu
sau.

Pinh nghia 1.1. Cho ham nta lién tuc dudi v : @ — R va z € €. Dudi vi phan (subdifferential) cta u tai =
dugc dinh nghia 12 tap (c6 thé bang rdng)

— _ [N EI u(ac+h)fu(x)fp-h>
D u(z)—{pG]R : hlir‘l_l)%f ] 70}.
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Dinh nghia 1.2. Cho ham ntta lién tuc trén u : Q — R, va z € Q. Trén vi phan (superdifferential) ciia u tai x
dugc dinh nghia 12 tap (c6 thé bing rong)

Dtu(z) = {p € R" : limsup wz+h)—ul@)=p-h < 0}.
h|—0 |h|

Ta ki hiéu
USC(Q) = {u: Q — R | unialién tyc trén},
LSC(€) = {u: Q — R | u nita lién tyc dudi}.
Pinh nghia 1.3. Cho ham s6 u : Q — R xdc dinh trén €.

a) Ham s6 u € USC(Q) dudc goi 1a nghiém nhdt dudi (viscosity subsolution) ctia (1.3) néu,

F(z,u(z),p) <0, VzeQ, Vpe Du(z).

b) Him sb u € LSC(QY) dugc goi 1a nghiém nhdt trén (viscosity supersolution) cia (1.3) néu,

F(m,u(az),p) >0, VxeQ, Vpe D u(x).

¢) Ham s6 u € C(Q) dugc goi 1a nghiém nhét (viscosity solution) clia (1.3) néu né dong thdi 1a nghiém nhét
dudi va nghiém nhdt trén cta (1.3).
Ta dua ra dinh nghia tuong duong ctia nghiém nhdét thdng qua ham thi (test function) nhu sau.

Dinh nghia 1.4. Cho ham s6 u :  — R xéc dinh trén €.

a) Ham s6 u € USC (Q) 1a nghiém nhét dudi (viscosity subsolution) ctia (1.3) néu, véi moi ¢ € C1(9),
néu xo € Q12 diém cuc dai dia phuong ctia u — ¢ thi ta cé

F(xo,u(xo),Dgo(aco)) <0 (1.4)

b) Ham s6 u € LSC () 1a nghiém nhdt trén (viscosity supersolution) ctia (1.3) néu, véi moi o € C*(Q),
néu x € Q 12 diém cuc tiéu dia phuong ciia v — ¢ thi ta cé

F (20, u(wo), Dp(x0)) > 0. (1.5)

¢) Ham sb u € C(Q) 1a nghiém nhdt (viscosity solution) clia (1.3) néu né dong thdi la nghiém nhét duéi va
nghiém nhét trén.

Vi du 1.1. Ham s6 u(z) = || 1a mdt nghiém nhét ctia phuong trinh
—|u ()| +1=0, ze€(-1;1).

That vay, vi ham sb u(x) = |2| chi khong kha vi tai diém xq = 0 nén ta chi can kiém tra tinh chit nghiém nhét
clia u tai di€ém d6. Ta ¢c6 DT u(0) = 0, D~ u(0) = [~1;1]. Do dé —|p| + 1 > 0 v6i moi p € D~ u(0). Theo
Dinh nghia 1.3, v 1a nghiém nhdt ctia phuong trinh da cho.
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2. Kétqua tiém can trong truong hgp tuan hoan

Xét hai phuong trinh (1.1) va (1.2), trong d6 toan tit Hamilton H thda man cac gia thiét sau:
(H1) H: RN x RN — R lién tuc;

(H2) V6i mdi p € RV, ham s6 x + H(z,p) 1a Z" tuan hoan, nghia 1a

H(z+¢&p) = H(z,p), VEeZV vpeRY;
(H3) Vi mdi p € RY, ham s = +— H (x, p) 1a cudng biic, nghia la

lim H(z,p) =400, VpeRY.

|| —+oo
Xét ho cac phuong trinh Hamilton-Jacobi ¢6 dang
H(z,Dw(z)) =)\, =zeRY, 2.1
trong d6 \ 1a tham s6 thuc. Gid tri ditng (critical value) cia phuong trinh (2.1) dudc dinh nghia 1a
Ao = inf {)\ € R:(2.1) c6 nghiém nhét du’éi}. 2.2)
Khi d6 phuong trinh tuong tng
H(z,Dw(z)) = Xg, x€RY (2.3)

dudc goi la phuong trinh ditng (critical equation).
Két qua sau khang dinh sy ton tai ctia nghiém nhét bi chin trén toan khong gian RY. Phép ching minh c6
thé xem trong [25], [19].

Ménh dé2.1. Phuong trinh ditng (2.3) ¢6 nghiém nhdt lién tuc, bi chan trén RN .

Tir két qua trén ta chiing minh dugc hai két qua tiém cn quan trong sau ddy. Y tudng ciia phép chitng minh
dua vao nguyén ly so sanh gitta nghiém nhét dudi va nghiém nhdt trén.

Dinh Iy 2.1. Gid sit us(z) va v(x,t) ldn lugt la nghiém ciia phitong trinh ditng (1.1) va phutong trinh tién hod
(1.2). Khi do

a) dug(x) — —Xo déu theo bién x trong R, khi § — 0F;

t N <
b) @ — —Xo déu theo bién x trong RN, khi t — +o0.

Chitng minh. a) Goi w 1a nghiém nhdt ctia phudng trinh (2.3). Bing cach thém hing sb thich hop, ta c6 thé gia
sttw > 0 trong RN, Khi d6 w — % la nghiém nhdét ca phuong trinh (1.1). Theo nguyén ly so sanh giita nghiém

nhét dudi va nghiém nhdt trén, ta ¢
A
w—%ﬁw vz € RY.
Tu d6 suy ra

dw— X < dus Vx e RV,
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Do dé
liminf inf ¢ > —Xo.
T, B dusl) 2 o

MOt céch tuong ty, theo nguyén ly so sanh nghiém nhét, ta c6
A
wf—OZu(; vz € RY.

Tu d6 suy ra
Sw— X > dus Vr e RV.

Do d6
limsup sup dus(x) < —Xg
§—0t zeRN

Vay dugs(x) — —Xo déu theo bién x trong RY, khi § — 0%,
b) Tuong ty nhu chiing minh & phan a), gia sit w > 0 1a nghiém nhét ctia phuong trinh (2.3). Khi d6 w — Aot 1a
nghiém nhét clia phuong trinh tién hoa (1.2). Theo nguyén ly so sanh nghiém nhét, ta c6

w(z) — Mot < v(x,t) Y(x,t) € RY x (0;+00).

Chia hai v& cho ¢ 16i cho t — +o0, ta dugc
t
v@t) o

liminf inf
t—+00 zcRN

Tuong tu, ta cd
w(z) — Mot > v(x,t) Y(x,t) € RY x (0;+00).

Tu d6 suy ra
v(z,t
lim sup sup (7) <—-X
t—+oo zcRN b
O

t N .
Viay M — —\o déu theo bién z trong R, khi t — +oo0.
3. Lién hé véi két qua diéu khién ergodic
Mot trong nhiing mo hinh tiéu biéu din dén phuong trinh Hamilton-Jacobi cip mot d6 1a bai toan diéu khién

t6i uu. Xét hé diéu khién phi tuyén cé dang
@3.1)

trong d6 « : [0; +00) — A 1a ham do dugc (goi 1a "ham diéu khién"), A ¢ RM 1a tap con compact (goi 1a "tap
didu khién"), f : RNV x A — R 1a ham s6 cho trude, z € RY 1a vi tri ban dau va y(s) = y.(s;a) € RV, vé6i

5 > 0, 12 nghiém (con goi 1a quy dao) ctia hé (3.1). D€ don gian ta ky hiéu
A= {a:[0;+00) = A« do dugc}.
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Xét hai bai todn i uu hda dong luc lién két véi he (3.1) nhu sau

+o0
u(zx) = ;Ieli/o E(y(s),a(s))eiés ds, (3.2)
v(x,t) = ;25{/() £(y(s), a(s)) ds+g(y(t))} (3.3)

trong d6 J 1a tham s6 duong va y(-) 1a nghiém ctia hé (3.1). Céc ham s6 u(z) va v(z, t) dugc goi la cac ham gid
tri tbi uu (optimal value functions). Cac gi thiét co ban dit ra cho dif kién ctia bai toan nhu sau:

(A1) f:RY x A — RY 12 ham lién tuc, bi chiin va thdéa man diéu kién Lipschitz

|f(l‘:a’)7f(y>a)‘§[/1|zfy| Va € A.

(A2) £:RY x A — R 13 ham lién tuc, bi chin va thoa mén diéu kién Lipschitz

[l(z,a) = £y, a)| < Loz —y| Vac A

(A3) ¢ : RY — R 1aham lién tuc va b chin.
(A4) Véimbia € A, cicham z — f(z,a) va x — £(r,a) 1a Z" -tudn hoan, nghia 1a
fx+¢€a)=f(z,a), lz+&a)="Lz,a) YEcZV VzeRY, Vac A
(A5) Ton tai r > 0 sao cho
B(0,r) Cto{f(y.a) :a€ A} VyeR".

V6i gia thiét (A1), véi mdi 2 € RN va o € A cho trudc, hé (3.1) c6 nghiém duy nhét y(s), s > 0.
Dua vao nguyén ly quy hoach dong ctia Bellman, ta c6 thé dic trung cdc ham gi4 tri v va v nhu 12 nghiém
nhét clia phuong trinh Hamilton-Jacobi-Bellman. Phép chiing minh c6 thé xem trong [6].

Ménh dé 3.1. Gid sit cdc gid thiét (A1)-(A5) dugc thod mén. Khi dé cdc ham gid tri 16i wu u(z) va v(x,t) lan
Iugt la nghiém nhdt duy nhdt ciia cdc phwong trinh Hamilton-Jacobi-Bellman sau ddy

Su(z) + H (v, Du(z)) =0, zeRN, 3.4
ve(z,t) + H(z, Dv(z,t)) =0, (z,t) € RN x (0; +00), (35
v(z,0) = g(z) xz € RV, '
trong do
H(z,p) :I;leaj({ —p- f(z,a) —E(oc,a)}. (3.6)

Nhan xét 3.1. Dudi céc gia thiét (A1)-(A5), todn ti Hamilton-Bellman H dudc xdc dinh bdi (3.6) thod min
céc gia thiét (H1)-(H3), do d6 cdc ham gia tri t6i wu u va v thda méan cc két qua tiém cén ctia Pinh 1y 2.1. Day
dugc biét dén 1a két qua diéu khién ergodic di dugc Arisawa chiing minh trong cic cong trinh [4] va [5].
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4. Mot so két qua trong truong hop khong tuin hoan

Phin nay danh cho viéc nghién ctiu bai toan didu khién tdi uu véi dit kién khong bi chin va khong tuan hoan.
Cic két qui mdi ctia bai bdo 1a Dinh 1y 4.1, Dinh ly 4.2, Pinh ly 4.3. Trudc tién ta phat biéu mot s gia thiét
dugc ding trong phan nay.

(B1) f:RY x A — RY Ia ham lién tuc va thod man diéu kién Lipschitz

|f(z,a) — f(y,a)| < Llz —y| Vae€ A.

(B2) ¢:RYN x A — R 13 ham lién tuc.

(B3) Hé (3.1) la diéu khién dudc dia phuong, nghia 1a véi méi tap compact K C RN, v6i batky =, 2 € K, ton
tai Tx > 0vaa € Asaocho y,(t,a) = 2, voit < Tk.

(B4) Hé (3.1) 1a diéu khién dugc Lipschitz dia phuong, nghia 1a véi mdi tip compact K C RY, véi bit ky
r,2 € K,tontai Lx > 0vaa € Asaochoy,(,a) =z, véit < Li|z — 2|.

Trudc tién ta chiing minh hai bd dé co ban lién quan dén quy dao ctia hé (3.1). Hai bs dé nay dudc dung trong
viéc chiing minh mot sb két qua & phan sau.

BG dé 4.1. Gid sit (B1). Khi dé
[f(z,a)] <C(1+|z]), VzeRY ac A4,

, L la hang sé Lipschitz ciia f.

trong d6 C = max{M, L}, M = max |£(0,a)
ac
Chitng minh. Theo gia thiét (B1), ta c6
[f(z,a) = f(0,0)| < Llz|, z€RY, a€A,

do do
[f(z,a)| < Llz| +[£(0,0) < Lifz[ + M < C(1 + |z|),

trong d6 M = max |£(0,a)|, C = max{M, L}. O
B4 dé 4.2. Gid sit (B1). Khi do

lyz(t, )] < (Jz| + Ct)et, Vt>0, a € A,
trong dé C' la hdng s6 nhu trong B6' dé 4.1. Hé qud la, vdi bdt ky r > 0, ton tai R > 0 sao cho

Yz (t, ) € Br, Vte[0,T],

vdi moi ham diéu khién o : [0, T) — A va moi x € B,.
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Chitng minh. Theo BS dé 4.1, ta c6

Ify,a)l <CA+1y), yeRY, acA

Ta co
D)) < [ t,0)] = [ (alt,0),0(0)| < C(1+ et ).
Tu do6 suy ra, .
elt0)| = (0.0 < [ €O+ lus.0)) .
do vay,

t
et )] <Jel +Ct+C [ (s, ds.
0
Theo bit dffmg thiic Gronwall, ta nhan dugc

lyz(t, )| < (|z] + C)eCl, ¥t >0, a € A.

Xét bai todn cuc ti€u hoa phiém ham tich phan

T
T (z,a) = limsup/ [0(ya(t, ), a(t)) + K] dt,
T—oo JO
trong d6 v, (¢, @) 1a nghiém ctia hé didu khién (3.1) va k 1a hing s6 cho trudc. Ham gid tri t&i vu tuong ting 1a
(z) == inf J* : 4.1
v"¥(x) érelA (z,a) 4.D
Luu y rang vi £ khong bi chin va phiém ham tich phan suy rong khong chita hing sb "discounted factor" nén
ham gid tri t&i uu v* () c6 thé vo han trong RY. Vai trd ctia hing sb & 1a nhim "dam bao" cho v* () hitu han.
Ta c6 két qua dau tién sau day.

Pinh Iy 4.1. C4 dinh k € R. Gid sit (B1), (B2), (B3).
a) Néu g € RN sao cho v*(zg) = —oco thi v¥(x) = —oc vdi mei x € RN,
b) Néu g € RY sao cho v* () = +oo thi v¥(z) = 400 vdi moi x € RV,

Chiing minh. a) Gia st 2o € RN sao cho v*(z9) = —oo. Liy m € R, ton tai @ € A sao cho

J¥ (20, @) = limsup /T [€(yao (t, @), @(t)) + k] dt < m.
T—+o0c0 JO
Xét z € RN . Béi gia thiét (B4), tdn tai Tx > 0va a € A, véi K C R compact chifa g,  sao cho
yo(t,a) =x9 V6 ¢ < Tk.
Xét ham diéu khién

ot (t) =

a(t—17)  néut>t

{a(t) néut <t
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Khi d6 theo tinh chit nita nhém, ta cé

Ya(s +1,0%) = yym(f,a)(57a) = Yao (8, Q).
Taco

vk(x) < Jk(gc,oz*)

7 T
= /0 [€(y=(t,a),alt)) + k] dt + limsup[ [0(ya(s,a*),a(s — 1)) + k] ds

T—4o00 Jt

t T
= / [€(y=(t,a),alt)) + k] dt + limsup/ [C(ya(s +T,0%),a(s)) + k] ds
0 0

T—+o00

t T
= / [€(y=(t,a),alt)) + k] dt + limsup/ [€(yao (s, 0),0(s)) + k] ds
07 T—+o00 JO

- /ot [ (vt 0), a(t)) + k] dt + J* (0, @),

trong d6 fgf(yz(t,a),a(t)) dt € R. Vi J¥(zg,@) < m véi moi m € R, ta suy ra v¥(z) = —oc.

b) Gia st zp € R sao cho v*(zy) = 4o00. Ly z € R, 16 rang v(z) > —o0, néu khong nhu thé thi theo
ching minh phan a), v(xg) = —oco. Do d6, véi € € R cho trudc, ton tai @ € A sao cho

T
o (z) > lim sup/ [0(yz(t, @), a(t)) + k] dt —e. 4.2)
T—+o00 JO

Bai gia thiét (B4), tdn tai T > 0 vaa € A, véi K C RY 1a tap compact chifa z, = sao cho
Yz (t,a) =2 Vit < Tg.

Ta xét ham diéu khién

o (t) = {a(t) néut <1

at—1t)  néut>t
Khi dé theo tinh chét nita nhém,
Yao(s +1,0") = yyzo(f,a)(sva) = Ya(s, ).

Ta c6 danh gia

JE (o, a) = / [€(yao (t, @), alt)) + k] dt +limsup[ [0(yao (s, a%),a(s — 1)) + k] ds
0

T—+oco Jt

€ T
= / [€(yao (t, @), a(t)) + k] dt + limsup/ [0(yao (s +1,07),a(s)) + k| ds
0 T—+00 J0

T T
= / [€(ya, (t, @), alt)) + k] dt + limsup/ [0(yz(s,@),a(s)) + k] ds.
0 0

T—+oo

k : k
= inf J =400
v"*(x0) ;IGI.A (0, @) ,
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nén
JE (20, ") = +o0.
Hon nta,
t
/ [Z(yzo(ua), a(t)) + k] dt € R,
0
do do,
T
limsup/ [€(yz(s,@),a(s)) + k| ds = +o0.
T—+o00 JO
Tir d6 suy ra, theo (4.2), v* () = +o0. O

Tir két qua trén ta d& dang suy ra dudc hé qui quan trong sau.

Heé qua 4.1. Cé dinh k € R. Gid sit (B1), (B2), (B3). Néu ton tai xo € RY sao cho v*(xg) € R thiv*(z) € R
vdi moi x € RV,

Luu ¥ ring, trong hé qua trén hing s6 k dugc cho trudc va chiing ta gia st ring v* (o) hitu han tai diém zo
nao d6 trong RN . VAn d& dit ra 1a lidu c6 ton tai diém xy nhu thé hay khong? Néu cau tra 16i 1a khing dinh thi
ham gid tri v* (x) hitu han tai moi di€ém z € RY . Tuy nhién chiing ta chua c¢6 ciu trd 13i cho su tdn tai ciia diém
xg d€ v¥(x9) € R. Thay vao d6 chiing ta quan tdm dén bai toan sau: C6 dinh o € RY. Ton tai hay khong hing
s6 ¢ sao cho v¢(x() € R. Néu hing sb ¢ nhu thé ton tai, thi theo Hé qua 4.1, v°(x) € R vdi moi 2 € RV, D€ tra
16i cho cau hdi nay, ta xét tdp sau

F:={keR:v"@z)eR, Vo e RV}.
Pinh Iy 4.2. Gid sit (B1), (B2), (B3). Khi dé F # 0. Hon nita néu c € F thi F = {c}.
Chitng minh. Xétham s6 ¢ : R x RN — [—00, +00] dugc cho bdi
o(k,x) = v*(z), (k,z) R xR,
R& rang v6i mbi zy € RY,
p(k,20) < (k' z0), Vk<K.
Hon nua

lim p(k,x0) = —oc0, lim @(k,zp) = 4o00.

k——oc0 k—+oco

Do d6 ton tai ko := ko(x0) € R (ko phu thudc vao x¢) sao cho p(kg, 2g) := v (2() € R. Khi d6, theo Hé qui
4.1, v%(z) € R v6i moi x € RN, tiic 1a kg € F, hay F # 0.

Gia st ¢ € F. Ta sé chiing minh ring ¢ ¢ F v6i bit ky ¢/ # c. That vay, ¢ dinh 2 € RN, vi v¢(2) :=
;22 J¢(z, ) € R, v6i e > 0 cho trudc, ton tai @ € A sao cho

J(z, @) < v(z) + ¢ < +oo.

Hon ntta,
—oo < v(z) < J(z,@).
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Do d¢,
J(z, @) € R.

Lay T > 0, véi ham diéu khién @ € A & trén, ta c6
T T
/‘mmmmm+ﬂﬁ=/'mmmmm+4a+w—gr
0 0

Cho T' — 400, vabdi J¢(z, @) € R, ta duge

J“’(x,a) =—00, VY <eg,

J (z,@) = +00, VY >ec.
Sukién ¢’ ¢ F dugc 14p ludn nhu sau:

e Néucd < ¢, tacé
v (@) = inf J%(2,0) < J¥(2,@) = o0,

dodoc ¢ F.

o Néuc >c layT > 0vabitkya € A, tacé

T T
/ [C(y(t), a(t)) + ] dt :/ [C(y(t), a(t)) + ] dt + (¢ = o)T. 4.3)
0 0
Hon nua,
J(z, ) > v(z) > —00, Vae A

Cho T' — 400 in (4.3), ta dugc
J(z,a) = +o0, VYac A,

do do
v (z) == inf J¢(z,0q) = 4o0.
acA

Suyrac ¢ F.
O

Pinh nghia 4.1. Phin ti duy nhét c trong tap F dudc goi 1a gid tri ditng (critical value) ctia bai ton diéu kién
tdi wu (4.1) lién két v6i hé diéu khién (3.1).

Tir bay gid, d€ cho don gian, ta viét J(x, a) := J(z,a) va v(x) := v°(x), trong d6 c 1a gi4 tri ding dugc
dinh nghia & trén.

Tiép theo ta nghién cifu tinh chét chinh quy ctia ham gi4 tri t6i uu v. Gi thiét mAu chét cho két qué sau day
1a tinh diéu khién dugc Lipschitz dia phuong ctia hé diéu kién (3.1).

Pinh Iy 4.3. Gid sit (B1)-(B4). Khi d6 ham gid tri t6i wu v lién tuc trong R,
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Chitng minh. C6 dinh z € RN, r > 0 vaxét z € B(z,r). R6 rang B(x,r) la mot tap compact chia 2 va 2.
Véi batky € > 0, ton tai @ € A sao cho

v(z) > lim sup /T [Z(yz(t,a),a(t)) + c] dt —e. (4.4)
T—+oc0 JO

Theo gia thiét (B4), ton tai L, > 0 va a € A sao cho
ye(t,a) =z voit < Lp|z — z|.

Ta xét ham diéu khién

(1) a(t) néut <t
« = _ . _
at—1t) néut >t

Khi d6 theo tinh chit nita nhém, ta cé

Yo(s +1,0") = yyz(f,a)(saa) = y.(s,@).
Ta co

v(z) < J(iv,a*)

7 T
= / [0(yz(t,a),a(t)) + c] dt + lim sup[ [0(yz(s, ), (s — 1)) + | ds
0 T—+o0 Jt

T T
= / [E(yx(t, a), a(t)) + c] dt + lim sup/ [E(ym(s +1, a*),a(s)) + c] ds
0 T—+400 Jo

7 T
= / [0(yz(t,a),a(t)) + c] dt + lim sup/ [0(y=(s,@),a(s)) + ] ds
0 0

T—+o0
t
< / [0(yz(t,a),a(t)) +c| dt + v(z2) +e.
0
Theo BS dé 4.2, bing cich dit R, := (|| 4 k7)er, ta c6 y,(t,a) € Bg, v6i moi t € [0,7]. Hon nita a(t) € A
vdimoi t € [0,%], va £ : Br, x A — R lién tuc theo hai bién, do d6 ton tai

M, = V4 .
T eBacA [y @)+ ]

Tur d6 suy ra

v(z) —v(z) <tM, +¢
< LyMylz — z| +e.

Lap luan mot cach tuong ty, ta nhan dugc

v(z) —v(z) < Ly M|z — 2| +e,

trong d6
M, = 14 R, = kT)e.
v yeégjﬁeA[ (y;a) +¢], Ry:= (2| +7+kl)e
Vi ¢ 12 bat ky, cho nén chiing minh hoan tat. O
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Tiép theo ta dua ra dic trung nghiém nhét cho ham gid tri t6i wu v. Két qua nay da dugc biét dén véi cac gia
thiét chinh quy dit trén céc di kién f, g va y tudng ctia phép chiing minh dya vao nguyén ly quy hoach dong ctia
Bellman (Dynamic Programming Principle). Dua vao phudng phéap chiing minh d6 (chang han xem trong [6])
vGi mot vai thay ddi ky thudt, ta c6 thé chiing minh dudgc hai két qua tuong tu nhu sau. Piéu khac biét trong két
qua ctia ching t6i 1a ham ¢ khong bi chin, khong thoa mén diéu kién Lipschitz va hing sd "discounted factor"
1a bing khong.

Ménh dé 4.1 (Nguyén ly quy hoach dong). Gid sit (B1)-(B3). Khi dé vdi moi x € RN vamoi t > 0,

acA

v(x) = inf {/Ot [€(ya(s, @), a(s)) +c] ds+ v(ym(moz))}

Ménh dé4.2 (Phuong trinh HIB). Gid sit (B1)-(B4). Khi dd, v la mdt nghiém nhdt ciia phuwong trinh Hamilton-
Jacobi-Bellman
H(x,Dv(z)) =c trong RV,

trong do
H(x,p):= 51613{ — f(z,a) -p— Z(x,a)}.
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ANH HUONG CUA LIEU LUQNG PHAN KALI VA HU'U CO VI SINH
PEN SINH TRUONG VA NANG SUAT KHOAI LANG NHAT (BENIAZUMA)
TRONG TAI HUYEN VAN NINH, TINH KHANH HOA

NGUYEN THI HIEU!, BUI HONG HAI>*
'Truong THPT Nguyén Vin Trdi, Nha Trang, Khanh Hoa
’Giang vién Khoa Sinh - KTNN, Pai hoc Quy Nhon

TOM TAT

Kali la nguyén t6 da hrong cé vai tro quan trong voi sinh tredng va tang ndng sudt khoai lang. Trong
khi phén hitu co vi sinh givip cdi tao ddt, chuyén héa cdc chat dinh dwéng cho cdy. Nghién ciru nham xdc
dinh liéu lwong phan kali va phdn hitu co vi sinh thich hop dé khoai lang Nhét (Beniazuma) sinh trieong tot,
nang sudt cao. Thi nghiém dwoc bo tri theo thé thirc khoi hoan toan ngdu nhién véi 8 cong thire va 3 lan
lap lai gom 4 mirc kali (100, 150, 200 va 250 kg K,0/ha) va 2 micc phdn hitu co vi sinh (700 va 900 kg/ha).
Két qua cho thdy khi tang lwong kali dén 200 kg K,O/ha va hitu co vi sinh lam tang chiéu dai day, s6 nhdanh,
6 cu/day, ti ¢ cii thwong pham, chi s6 thu hoach, ham lwong tinh bét va ndng sudt cii. Bén 200 kg K,O/ha
két hop voi 900 kg hitu co vi sinh/ha cho néing sudt cu dat 32,38 tan/ha, tang 37,4% so voi mirc bon ciia
nong dan (100 kg K,O va 700 kg hitu co vi sinh/ha). Vi vy, bon 200 kg K ,O/ha két hop 900 kg phan hitu
co vi sinh/ha trén phdan bén nén cé thé phiv hop véi diéu kién san xudt khoai lang Nhdt & Van Ninh, tinh
Khanh Hoa.

Tiwr khéa: Kali, phan hiru co vi sinh, khoai lang Nhat Beniazuma.

ABSTRACT

Effect of Potassium and microbial-organic fertilizer dosage on the growth and tuber yield
of Japanese sweet potato (Beniazuma) (Ipomoea batatas Lam.) planted
at Van Ninh district, Khanh Hoa province

Potassium is an important nutrient for the growth and tuber yield of sweet potato. Microbial-
organic fertilizers improve soils, transfering indigestible nutrients into the digestive elements for plant. The
experiment was carried out to determine optimal dosage of potassium and microbial-organic fertilizer for
good growth and higher tuber yield in Japanese sweet potato (Beniazuma) cultivation. The experiment was
set up in a randomized completed block design with 8 treatments and three replications. The treatments
consisted of 4 potassium levels (100, 150, 200 and 250 kg K,O.ha') and 2 microbial-organic fertilizer
levels (700 and 900 kg.ha). The results showed that the increased dosage of potassium up to 200 kg
K,O.ha' and microbial-organic fertilizer increased the vine length, branche number, tuber number per
plant, commercial rate of tuber roots, starch content, harvest index and tuber yield. 200 kg K,O combining
with 900 kg microbial-organic fertilizer per hectare has tuber yield of 32.38 tons.ha’', increasing 37.4%
in comparison with farmer’s level (100kg K,O and 700 kg microbial-organic fertilizer per hectare). The
dosage of 200 kg K,O combining with 900 kg microbial-organic fertilizer per hectare should therefore be
recommended level for Japanese sweet potato cultivation at Van Ninh district, Khanh Hoa province.

Keywords: Potassium, microbial-organic fertilizer, Japanese sweet potato Beniazuma.

*Email: buihonghai@gnu.edu.vn
Ngay nhan bai: 04/7/2018; Ngay nhan dang: 17/8/2018
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1.  Patvan dé

Khoai lang (Ilpomoea batatas Lam.) c6 kha nang thich ung rong, gia tri dinh dudng va kinh
té cao nén dugc trong nhidu noi trén thé gidi [12]. Ngoai ding lam thirc dn cho nguoi va gia sic,
khoai lang con duoc sir dung 1am nguyén liéu cong nghiép ché bién, 1am thudc va lam mang phu
sinh hoc (bioplastic)...[2].

O nuéc ta, khoai lang 1a cay lwong thuc chinh cing véi lta, ngd, san. Giéng khoai lang
Beniazuma nhap ndi tir Nhat Ban cé nang suét cao, phém chét tot. Tuy nhién, viéc canh tac giéng
khoai lang méi nay chii yéu dwa vao kinh nghiém nén ning suit chua cao, chat lugng cu khong
déu ma nguyén nhan c6 thé do bén phéan chua hop 1y [2].

Phén bon 1a mot trong nhiing yéu t6 quan trong nhét 1am tang ning suét ciy trong [7]. Kali
1a nguyén t6 dinh dudng da lugng can thiét cho cdy lay cu, trong d6 khoai lang cAn nhiéu kali hon
céc loai cay lay cu khac [6]. Tuy nhién, hiéu qua bon phan kali dén ting nang suat khoai lang va
nhu cau kali cta khoai lang & cac ving dat khac nhau 1a khong gidng nhau [1, 9, 11]. Bén canh do,
phan hitu co vi sinh chira mot sb dinh dudng can thiét va cac loai vi sinh vét c¢6 ich giup cung cap
chét dinh dudng, cai tao dat, nang cao do phi nhiéu ctia dét, 1am tang sy chuyén hoéa céc cht dinh
dudng gitp cay trong hap thu tot hon. Viéc bon két hop phan hoa hoc (N, P, K) va phan hitu co vi
sinh hop 1y 14 giai phap chia khoa dé tham canh khoai lang bén viing [2]. Do vdy, nghién ctru nhim
tim ra lidu luong phéan kali va phan hiru co vi sinh thich hop dé khoai lang Nhat (Beniazuma) sinh
truong tot va cho niang suat cao trén dat phu sa & huyén Van Ninh, tinh Khanh Hoa.

2. Vit liéu va phwong phap nghién ciru
2.1. Vit liéu nghién ciru
Gidng khoai lang Nhat (Beniazuma) c¢6 ngudn gbc Nhat Ban do Cong ty TNHH thyuc pham
Pa Lat - Nhat Ban cung cép, ddy dai 25 - 30 cm, ¢6 6 - 8 mit duoc ly tir ddy c6 65 ngay tudi.
Phén kali clorua (60% K,0O) va phan hitu co vi sinh Song Gianh (g6m: 15% chét hitu co;
2,5% axit humic; 3% N; 2,5% PO,; 2,5% K O; céc chét trung luong Ca, Mg, S: 0,3 - 0,5%; vi

2752

khuén Bacillus: 10° CFU/g; Azotobacter: 10° CFU/g; ndm Aspergillus sp: 10° CFU/g).
2.2. Phwong phap nghién ciru
2.2.1. Bo tri thi nghi¢m

Thi nghiém duoc tién hanh tir thang 1 dén thang 4 nim 2018 tai xd Van Thing, huyén
Van Ninh, tinh Khanh Hoa, trén nén dat phu sa thuoc nhom dét thit nhe. Trong thoi gian thi
nghiém nhiét do trung binh tuwong ddi dong déu, dao dong tir 27,1 - 31°C, trung binh tong gid
ning trong thang 1a 218 gio (bang 1). Luong mua tuong di thip, nén chung t6i da lap hé thong
phun suong v6i ché d6 phun 2 gid/ngay vao 17h00 néu trong 3 ngay lién tuc khong c6 mua trong
ca dot thi nghiém. P9 am gitra cac thang chénh léch khong dang ké, do am trung binh dat 79,3%.
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Bing 1. Bdc diém khi hdu khu vuec trong thoi gian thi nghiém tir thang 1- 4/2018

Nhiét 3 khong khi (°C) Lugngmua Dy am khong  Tong

Théng Trung binh Toida  Thi thibu trung binh  Kkhi trung binh sécgi(‘)'

(mm) (%) nang

1 27,7 29,7 22,1 19,1 81 192,1

2 27,1 29,7 17,4 5,9 76 162,7

3 29,1 31,4 22,2 233 79 251,0

4 31,0 32,8 22,6 19,1 81 266,1
Trung binh 28,7 30,9 21,1 16,9 79,3 218

(Theo Trung tam du bdao Khi twong Thuy van Khanh Hoa)

Thi nghiém dugc bd tri theo thé thirc khdi hoan toan ngiu nhién gém 8 cong thirc thi
nghiém (CT) nhu sau:

CT1-DC: Nén + 100 kg K,O + 700 kg hiru co vi sinh/ha (muc bon theo ba con ndng dan),

CT2: Nén + 100 kg K,O + 900 kg hitu co vi sinh/ha,

CT3: Nén + 150 kg K,O + 700 kg hitu co vi sinh/ha,

CT4: Nén + 150 kg K,O + 900 kg hitu co vi sinh/ha,

CT5: Nén + 200 kg K,O + 700 kg htru co vi sinh/ha,

CT6: Nén + 200 kg K, O + 900 kg htru co vi sinh/ha,

CT7: Nén + 250 kg K,O + 700 kg hitu co vi sinh/ha,

CT8: Nén + 250 kg K,O + 900 kg hitu co vi sinh/ha.

Phan bén nén 1a 2,5 tan phan chudng + 60 kg N+ 60 kg P cho 1 ha. Mdi 6 thi nghiém 14m?
ké ca ranh, gdm 2 ludng (1,4 x 5,0 m), 1én ludng cao 30 - 40 cm, 1ap lai 3 14n véi tong dién tich
13 400 m? ké ca hang rao. Hom dugc trong cach nhau 20 cm, dam bao mat d¢ 50.000 hom/ha, 2/3
hom dugc vui vao dat, theo QCVN 01-60:2011/BNNPTNT.

2.2.2. Cach bon phan, cham soc

Phén bon dugc chia thanh 3 dot: (1) bon 16t 100% (phan chudng, phan 1an, phan hitu co vi
sinh) + 30% luong phan dam + 20% lugng phén kali; (2) Bon thic 1an 1 (sau trong 20 - 25 ngay)
50% lugng dam + 30% luong kali; (3) bon thuc 1an 2 (sau trong 35 - 45 ngay) 20% lugng dam +
50% lugng kali.

Tudi nude dam bao cho dat du am va tudi nudce bang voi phun, bam ngon, 1am cé, nhac day
vao khoang 50 - 55 ngay sau trong. Thu hoach khi khoang 1/3 14 (chi yéu 14 gbc) chuyén sang
mau vang nhat, vo cu lang, it ré phu (khoang 4 thang sau khi trong).

2.2.3. Cdc chi tiéu nghién ciru

- Cac chi tiéu sinh trudng do ¢ dinh trén 15 diy cho mdi 6 thi nghiém va lan 1ap lai gom
chiéu dai day va s nhanh/day.

- Céc chi tiéu nang suét: khdi luong than 1a (tin/ha) - can khoi lugng than 14 clia tét ca cac ciy
trong 6 thi nghiém khi thu hoach tir 6 tinh cho 1 ha. S6 ct/day, s6 cii thuong pham/day, khéi luong
ct thwong pham, ty 1& ct thwong pham, ning suat cu twoi/ha, ning suat cu thuong pham (tdn/ha).
Céch 1éy chi tiéu nhu sau: trén timg 6, bo dau ludng vao 1m, tién hanh thu hoach cu ctia 10 khom
lién tlep/luong, dém sb cu, can khdi luong cii tuoi cia toan 6 va quy ra nang suét tin/ha. Phan loai
ct gdm cu thuong pham > 50 g/cu, vo bong, cu sudng, khong dau vét sau bénh, dudng kinh > 2 cm
va cti con lai. Chi s thu hoach (HI) dugc tinh theo phuong phap ctia Bhagsari (1990) [8].
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Ham luong chat kho, ham lugng nude tong s6 duoc xac dinh theo phuong phép can trong
luong tuoi va siy kho & 105°C dén khdi luong khong doi va can lai trong luong kho. Ham lugng
tinh bt dugc xac dinh theo phuong phap AOAC 2005 Method 920.44.

2.2.4. Phwong phap xuw ly sé liéu

Céc s6 lidu duoc xir 1y thong ké trén phin mém MS. Excel 2007 va Statistix 8.0. So sanh
c4c gia tri trung binh bang phuong phap kiém dinh LSD & murc y nghia 5% [4].

3.  Két qua va thao luan
3.1. Chiéu dai diy, s6 nhanh/day va sinh khéi day 14

Két qua trinh bay & bang 2 cho thiy chiéu dai day c6 su khéc biét kha rd giira cac CT, luc
dau ting, sau do lai giam khi ting mirc phan bon kali. Pac biét, bon kali 200 kg/ha két hop véi 900
kg/ha phan hitu co vi sinh (CT6) cho chiéu dai day ting vuot tri (160,8 cm) so véi cac mic bon
kali 100, 150 va 250 kg/ha. Nhu vay, kali c6 vai trd quan trong diéu chinh sy dong mé khi khong,
diéu chinh qua trinh trao d6i nudc, ting cuong do quang hop nén gitp ciy sinh trudng tot [5].
Twong tw nhu nghién ctru cia Uwah et al. (2013) trén nhiéu giéng khoai lang cho thay chiéu dai
day tang lén khi tang bon kali [14]. Hon nita, hoat ddng ctia cac nhom vi sinh vat trong phan hiru
co vi sinh chuyén héa cac chat dinh dudng gitp cdy trong hap thu tot hon, thiic dy sy ting truong
chidu dai day.

S6 nhanh/day c6 xu hudng ting khi ting lugng phan bén kali, & mirc bon 250 kg K,O/ha
lai giam nhung khong dang ké. O cting mirc bon phén kali, sy khéc nhau vé sb nhanh/day & cac
CT c6 lugng phan hitu co vi sinh khic nhau khong c6 y nghia thong ké. Nhu vay, két qua nghién
ctru cho thdy kali anh huong téi qua trinh dé nhanh [5].

Sinh khéi déy 14 trén 6 cao nhit & CT6 (27,73 kg/0) va thap nhat 6 PC (21,67 kg/6). Sinh
khdi day 14 ting khi mirc phan béon kali va phan hitu co vi sinh ting nhung mic phan bon 250 kg
K,O/ha lam giam sinh khéi than 14.

Bing 2. Anh huong cia lieu lwong phén kali, phdn hitu co vi sinh dén chiéu dai day,
$6 nhanh/ddy va sinh khoi day la

CT Chiéu dai diy (cm) S6 nhanh/day Khai lwong day 14 trén 6 (kg)
CT1 131,67" 4,4 21,67°
CT2 135,13¢ 4,534 23,40°
CT3 138,00° 4,73 23,80°
CT4 141,27¢ 4,7% 24,534
CT5 155,60 527 27,00
CT6 160,80 533¢ 27,73
CT7 144,674 4,930 25,33¢
CTS 150,87 5,2 26,53"

CV(%) 6,7 11,0 7,9
LSD 1,10 0,32 0,60

0,05
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Ghi chu: cdac chitcdia, b, ¢, d, e, f, g, h biéu hién sy sai khac co y nghia thé’ng ké o murc y
nghia 5%, CV (coefficient variance) la hé sé bién thién, LSD (Least Significant Difference) la hé s6
sai khdc nhé nhdt cé y nghia.

3.2. SO ci/day, s6 cii thwong pham/day, khoi lrgng va ty 1¢ cii thwong pham
Bing 3. Anh huong cua liéu lwong phdn kali, phdn hitu co vi sinh sé ci/dady,
$6 cii thwong pham/day, khéi lwong va 1y 1é cii thwong pham

O . S6 ci thwong phflm/dﬁy Ty 1€ ci thwong Khéi lwong ci

CT S0 ci/day (cu) (cid) phim (%) thwong phim (g)
CT1 4,4f 3,134 77,78 180,63¢
CT2 4,7¢f 3,124 77,94¢ 184,57"
CT3 4,84 3,4ed 84,20 187,69f
CT4 4,9¢d 3,530 85,11% 189,25¢
CT5 5,32 3,932 85,39 197,78°
CT6 5,4 4,078 87,65° 200,728
CT17 5,2b¢ 3,6 84,77 191,45¢
CT8 5,3 3,8 84,89 195,46°

CV(%) 11,4 14,3 4,7 3,5

LSD 0,33 0,30 3,02 1,28

0,05

Ghi chii: cdc chitcdia, b, ¢, d, e, f g, h biéu hién sw sai khéc cé y nghia thong ké & mire ¥ nghia
5%, CV (coefficient variance) la hé sé bién thién, LSD (Least Significant Difference) la hé s6 sai khac
nhé nht cé y nghia.

Két qua thi nghiém & bang 3 cho thiy: s6 ci/day, s6 ct thwong pham/day va ty 18 ct thuong
pham ting tir CT1 dén CT6 twong g véi cac mic ting phan bon kali va hitu co vi sinh khac
nhau nhung & CT7, CT8 (mtrc phan bon 250 kg K, O/ha) cac chi tiéu lai giam. Cac CT cung mot
murc phén kali 100 kg K,O/ha (CT1, CT2), 150 kg K,O/ha (CT3, CT4), 200 kg K,O/ha (CTS5,
CT6) va 250 kg K, O/ha (CT7, CT8) sy sai khéc gilta cac CT khong c6 y nghia thong ké. Nhung
so sanh gitra cac murc bon kali khac nhau, sb ci/day, sé cu thuong pham/day va ty 1é cii thuong
pham thi sy sai khac c6 ¥ nghia thong ké. Qua d6 co thé 1y giai, kali c6 anh hudng tich cyc lam
tang ty 1¢ ct thwong pham do kali 1am ting tich liiy chat kho va lam ting kich thudc cu khoai lang
[13]. Piéu nay ciing phu hop v6i nhitng nghién ctru trude: cay ¢ cii néi chung va cay khoai lang
noi riéng can rat nhiéu kali dé gitip cay chuyén tinh bot tong hop tir quang hop dén hinh thanh cu
[6] va mirc phan 16n hon 240 kg K O/ha s€ lam giam tich Iy sinh khdi & cu [10].

Khéi lugng cii thuong pham ciing ting dan tir CT1 (180,63 g/ct) qua cac CT c6 mirc phan
bon cao hon va cao nhit & CT6 (200,72 g/ct) va su khac biét c6 ¥ nghia théng ké. Tuy nhién, &
murc phan bon 250 kg K O/ha lam giam khdi lwong cu thuong pham. Didu d6 chimg to bén canh
kali, phan hitu co vi sinh cung cap chit dinh dudng va hé vi sinh vét 1am ting su chuyén hoa cac
chit dinh dudng gitp cho cy hap thy tét hon lam ting khdi lugng ci. Nhung & mic kali qua cao
gdy mét can bang sinh dudng, gy tc ché hap thy Ca, Mg va dam nén lam giam khéi lugng cu
thuong pham [5].
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3.3. Ning suit cii thwe thu, ning suit ci thwong pham, chi sé thu hoach va hiéu suit
Kinh té
Bing 4. Anh huong cia liéu lwong phan kali, phdn hitu co vi sinh dén nang sudt,
chi s6 thu hoach va hiéu sudt kinh té/1 ha

Ning sudt ci  Ning suit fﬁ Chi s6 Téng chi Téng thu nll;l(l);n Hi(;u
CT th}_rc thu thu’o’A’ng pham thu hoach (t:'iéu (t;‘iéu ( triéu §uﬁt )
(tan/ha) (tan/ha) (%) dong) dong) dﬁn;g) kinh te
CT1 23,57" 18,33" 60,37° 104,41 164,97 60,56 0,58
CT2 25,488 19,86¢ 60,39° 105,81 178,74 72,93 0,69
CT3 26,19¢ 22,04f 60,64¢ 106,21 198,36 92,15 0,87
CT4 27,14¢ 23,08¢ 60,77 107,71 207,72 100,68 0,94
CT5 30,95° 26,42° 61,61® 108,11 237,78 128,32 1,19
CTé6 32,38¢ 28,382 62,042 111,31 255,42 144,11 1,29
CT7 28,094 23,81¢ 60,81° 112,01 214,29 106,58 0,95
CT8 29,05¢ 25,24¢ 60,52¢ 112,71 227,16 119,05 1,10
CV(%) 10,0 14,0 1,1 - - - -
LSD 0,63 0,06 0,80 - - - -

0,05

Ghi chii: cdc chitcdia, b, ¢, d, e, f, g, h biéu hién sw sai khdc c6 ¥ nghia thong ké 6 mire ¥ nghia
5%, CV (coefficient variance) la hé s6 bién thién, LSD (Least Significant Difference) la hé s6 sai khaic
nhé nhdt cé y nghia.

Két qua thi nghiém trinh bay & bang 4 cho thay: ning suit cu twoi co su khac biét kha 16n
giita cac CT, dao dong tir 23,57 tan/ ha (CT1) dén 32,38 tan/ha (CT6). Qua do ta thiy ning suat cu
twoi ctia khoai lang ting ty 1 thuén voi liéu lugng phén kali, phan hitu co vi sinh trong thi nghiém
nhung & mirc bon 250 kg K, O/ ha nang suét cu tuoi giam vi mat cin bang dinh dudng anh hudng
deén nang suat cu [5]. Nang suat cu thuong pham tang khi ting lugng phan kali bon, nang suat khoai
cao nhit & CT6 (28,38 tin/ha) va thip nhat & CT1 (18,33 tan/ha). Két qua nghién ciru ndy tuong
tw nhu nghién ciru ctia Liu et al. (2013) trén gidng khoai lang Bejing 553 (ning sut tang khi ting
lugng K,0 bén dén 240 kg/ha) [10].

Chi s6 thu hoach giita cac CT dao dong tir 60,37% (CT1) dén 62,04% (CT6) va ting theo
lidu lwong bén phan kali nhung ¢ mirc 250 kg K,O/ha thi khong tang. Diéu nay phu hop voi
nhiing nghién ctu trudce day, khi tang ham lugng kali thi chi s6 thu hoach tdng nhung dén muc
phén bon cao thi khong tang [10].

Hiéu qua kinh té chinh 1a muc loi nhudn thu duoc sau khi trir di chi phi dau tu vao san xudt.
Chi phi san xuét va thu hoach tinh bao gém giéng, thué dat, phén bon, cong, thudc bao vé thuc vat,
dién nudc, van chuyén. Két qua duoc trinh bay & bang 4 (tinh cho 1 ha) cho thay: ting lugng phan
bon kali va hitu co vi sinh 1am ting loi nhuan va hiéu qué kinh té. Véi mirc bon phan kali 200kg
K,O/ha két hop v6i 900 kg phén hitu co vi sinh/ha (CT6) lam tang 83,55 triéu dong loi nhuan so véi
60,56 triéu ddng & BC (bén 100 kg K,O va 700 kg hitu co vi sinh/ha). Hi¢u qua kinh té tang tir 0,58
1an (CT1) 1én 1,29 lan (CT6). Tuy nhién, néu tiép tuc ting mirc phan bon kali 1én 250 kg K,0/ ha
lam chi phi phan bon ting 1én nhung do ning suat cii khong ting nén hiéu qué kinh té lai giam.
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3.4. Ham lwong chit kho va tinh bt trong ci

%
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mHam lveng chat khé (%) BHam luong tinh bét (%)

Biéu do 1. Anh huong cua lieu lwong phan kali, phdn hitu co vi sinh dén ham lwong chat kho,
ham lwong tinh bot

Két qua & biéu dd 1 cho thiy: ham lugng chit kho trong cac nghiém thic dao dong tir
28,34% (DC) dén 32,87% (CT6), su sai khac giira cac cong thirc c6 y nghia théng ké va nam trong
khoang dao dong cua cac gidng khoai lang dd nghién ciru trude day (tir 13,6 dén 41,5%) [1]. Tang
mirc phan kali va phan vi sinh 1am tang ham lugng chat kho trong ct do kali c¢6 tic dung gia ting
dang ké qua trinh quang hop, ting cudng van chuyén tich lily vt chét, ting cudng qua trinh tong
hop duong, protein. .. ddy chinh 1a co s ting ham lugng chat kho trong cii khoai lang. Hon nita,
kali gitr vai trd quan trong trong diéu chinh nudc & thuc vat gitp ting ham luong chit khé trong
cu [5]. Tuy nhién, & murc kali 250 kg K O/ ha 1am giam ham lugng chat kho

Ham luong tinh bot & cac CT dao dong tir 57,7% (CT1) dén 63,4% (CT6) tinh trén khéi
lugng chat kho, phtt hgp cac nghién ciru trudc vé ham luong tinh bot trong mot s gidng khoai
lang dao dong tir 52,3 - 75% chét kho [2]. Ham luong tinh bot ting rd rét khi ting mirc phan bon
kali va phén vi sinh, bon 200 kg K, O/ ha va 900 kg phén hitu co vi sinh/ha cho ham lugng tinh bot
¢t cao nhét (63,4%) nhung & mirc 250 kg K,O/ ha lai lam giam. Két qua tuong tu nhidu tac gia
cho rang kali gilt vai tro chinh trong viéc thuc day qua trinh quang hgp, van chuyén cac san pham
quang hop tir 14 vé& cu, gitup ting ham lugng tinh bot cu, nang sut cu [5, 10].

KET LUAN VA PE NGHI

Str dung phén kali va phan hiru co vi sinh ¢ mirc 200 kg K, O va 900 kg phan hiru co vi sinh/
ha khi trong khoai lang Nhat gitp tang chiéu dai day, sinh khoi day 14, so nhanh, s cu/day, ti 1€ cu
thuong phdm, ning suat cu va chi sé thu hoach: sb cu/day cao (5,4 ci/ddy), ty 1& ci thuong phdm
cao (87,65%), chi s6 thu hoach dat 64,04%, nang suit cu dat 32,38 tan/ha, tang 37,4% so voi ddi
chirmg (100 kg K, O + 700 kg hiru co vi sinh/ha).
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D& xuit lugng phan bon véi 200 kg K,0 phéi hop 900 kg phan hitu co vi sinh/ha trén phan

bon nén 1a phu hop voi diéu kién san xuét khoai lang Nhat & Van Ninh va mét sb huyén khac cua
tinh Khanh Hoa.

10.

11.

12.

13.

14.

15.
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KHA NANG HOA LONG TRONG NEN CAT
CHO ON PINH NEN CONG TRIiNH TiNH BINH PINH

HUA THANH THAN"
Truong Pai hoc Quang Trung

TOM TAT
Noi dung bai bdo la tinh toan kha nang khdng long cia nén cat ¢é xét dén anh hirong tiém ning
héa long do dong dat theo cdc phwong phdp. Phwong phdp Benouar cho gid tri hé sé khdang héa long nhé
nhdt ung voi tung cd}? dong dat va nhé hon 1. Tir do, tinh todn dé chénh 1éch mdt do AD,, hé sé ro:ng Ae;,
hé s6 nhot n theo dé séu trong dat cat héa long cho timg cdp dong dat.
Tir khéa: Cat, bién dang thé tich hat, hé sb nhat, thi nghiém xuyén tiéu chuén, dong dat.

ABSTRACT
Liquefaction Capacity in Sand Foundation for the Construction in Binh Dinh Province

The article is about the liquefaction capacity calculation of sand foundation according to some
methods relating to the affection of liquefaction potential during earthquakes. The liquefaction safety
values of sand according to Benouar method is the smallest values and smaller than 1. From that, the
correlation is established between the difference for density AD,, void ratio Ae; and apparent viscosity n
with depth in liquefaction sand foundation for earthquake level.

Keywords: Sand, volumetric strain, apparent viscosity, standard penetration test (SPT), earthquakes.

1.  Ditvan dé

Sau tai bién dong dét hinh thanh nhiing khu vuc trdi 1én trut xudng trén dién rong, pha vo
két cau khung dat, hu hong cong trinh kién tric ha tang - thuong tang, hién tuong hoa long dat nén
xuét hién do két qua cua viéc tao ra ap luc nudc thang du. Mot sb tran dong dét trén thé gidi nhu
Niigata Nhat Ban (1964, M = 7.3, My, = 7.5), Alaska My (1964, M, = 8.4, My, = 9,2), China
(1976, M; = 8,0, My = 7,5) [4], Tokyo Nhat Ban (2011, My, = 8,9 d¢ richter) [9], & Viét Nam c6
mot s tran dong dat tiéu biéu nhu Dién Bién (1935, M, = 6,7) dit giy song Ma va Tuan Gido
(1983, My, = 6,8) dut giy Son La gy ra do sdu chan tiéu h = 23 km + 25 km, Viing Tau - Phan
Thiét (2007, My, = 5,3 va 2011, M,, = 4,7) anh huéng rung dong dén thanh phé H Chi Minh,...
(b)

Hinh 1. (a) Luong dnh sdng truée khi xay ra dong dat; (b)ADéng dat Anchorage Alasa My

"Email: huathan020608@gmail.com
Ngay nhan bai: 12/3/2018; Ngay nhan dang: 20/8/2018
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Mot s6 tac gia da phan tich hé s khang long FS;;, theo ty s6 chi sé (mg suét cit tudn hoan
(CRR) va chi s6 Gmg suit cit tudn hoan (SCR) cua dat hoa long bi dong dat (Seed 1985) [7],
(Ishuhara 1993) [1], (Dixit 2012) [6] hodc hé s khang long Fy theo ty s6 ing sudt cét trong qua
trinh dong dat L va ty sé sirc khang cat dong R (Yasuda 1980) [16], (Benouar 1992) [3], (JRA
2002) [3] nhiam dé dénh gi4 dit nén co bi hoa 10ng sau khi dong dit.

Dénh gia vé thanh phan mat d6 chat D, gia tri hiéu chinh nang lugng SPT N ¢, N’; 60, hé
s6 rdng e cua cat xen kep (J. Dixit, D. M. Dewaikar, R. S. Jangid 2012) [6], (Bengt H. Fellenius
2009) [2], (Boulanger 2006) [11], bién dang thé tich hat &, khi nén d4t héa 1ong (Shamoto 1996)
[17], hé sé nhét dong hoc héa 1ong 1 v6i chi s6 tng sudt cit tudn hoan CSR (Zhang et al 2016)
[20], hé sé nhét dong hoc hoa 1ong 1 véi hé sb xac sudt hoa 1ong Py theo két qua xuyén tinh con
(CPT) va xuyén tiéu chuan (SPT) (H{ra Thanh Than 2018) [8].

Tiéu chuén thiét ké TCVN 9386-2012 [15] cho cong trinh chiu dong dat va TCVN
10304-2014 [14] cho méng coc c6 dé cap dén ung suit cit tudn hoan do dong dit t., nguy co
héa 16ng, biéu d6 thuc nghiém quan hé giita CRR véi gia tri SPT N ¢,... chwa néi ro tinh gia tri
SPT N’1 60, hudng din cach xac dinh hé sé dénh gia hoa long FSyi, cach cai thién nén dat, hé s6
nhdt dong hoc 1 sau khi nén bi hoa long.

Hién nay, tinh Binh Dinh c6 nhiéu c6ng trinh nha cao tang da thi cong, sir dung hé thong
mong 1a méng nong hay méng coc,... dé gia ¢b nén dit. Nén dja chat ¢ khu vuc nay, chiéu day
16p cat hat trung kha day va & gita 16p dia tAng nay c6 xen kep 16p thau kinh bun hiru co
khoang 2m + 4m, viéc tinh toan du béo stic chiu tai cho hé thdng méng van dua trén két qua thi
nghiém xuyén tiéu chuan (SPT), khong xét anh huong héa 1ong do dong dt,...

Bai bao nay 14 tinh toan on dinh nén dat hat rdi cho cong trinh nha cao tang tai thanh phd
Quy Nhon tinh Binh Pinh ¢ xét dén anh hudng hoa long dat nén chiu timg cap dong dit theo
chiéu sau.

2. Co sé ly thuyét tinh toan
2.1. Hé s6 khang long FSyi, cho dit nén
E Slip :% (1)
CSR

Trong d6: FSyi, <1 - héa 1ong dat nén; CRR - chi s img suét cit tuan hoan ciia dt hoa long
do dong dat khi M, = 7,5; CSR - chi s6 tmg sudt cat tuan hoan ctia dat hoa long do dong dat.
2.1.1. H¢ sé khdng long ciia dit theo Seed (1985) [7]

Theo (Seed va Idriss 1971) [17], CSR duogc xac dinh:

CSR = M - 0,65{h}rd (EJ )
0y g 0y

Trong d6: [Th]ay - Ung sudt cit tudn hoan trung binh; am. - gia toc cuc dai tai mat dat
(m/s?); oo’ - ap luc 16p phu hiéu Gmg ban dau trén 16p cat duoc xét dén (Mpa); oo - ap luc 16p
phu toan phan trén 16p cat dugc xét dén (Mpa); g - gia tdc trong truong (m/s®), g = 9,81 (m/s°);
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rq - nhan t& giam Ung suit thay d6i phu thudc do siu z va moéi truong theo cong thirc
r =1,0-1,60.107°(z* —42.2° +105.22 =4200.).
Gia tri xuyén ti€u chuén Niso’:
Nigo’ =1,29. Cn.ERm.Nny/60 3)

o

. . . f 1
Trong d6: Cn - hé so hiéu chinh bé mat dat; C,, =9,78. |— <2 véi o,” (kN/m?®) (Liao
va Whitman, 1985); ERy, - hé s hiéu chinh ning lugng (60%), ER, = 50 + 78; Ny - gid tri
hiéu chinh khang bé mat, Nny = 5 = 15.
- Néu ham lwong hat min FC < 30% thi Nj 6 = Ni0’.

- Néu ham luwong hat min FC > 30% thi N0 = N160’.p v0i B - chi sd, lay p = 1,0+ 2,0.

[Th ]req

Xic dinh chisé CRR = "¢ = £(N, , ) tra & hinh 2.
O, ’
0'6 - T T T T -
FC = 35% 15% 5% 60 ' ' i
osr | D, = 40%
€ €50t :
- 04r . ]
5 3
o >~ 40 .
& W 50%
3 0,3 B N g.
i 2301 .
4 o 60%
S 02 - € L 1
K 8O 0%
e K=
O 0,1 . g 10k J
0 - 1 1 1 1 - 0 1 A
Nso FS
Hinh 2. Duong cong quan hé chi sé img sudt cdt, Hinh 3. Quan hé bién dang trieot ymax (%) Vi

do sach FC(%) va gia tri SPT Ny (Seed, Tokimastu hé s6 an toan FS va mdt dé D, (Zhang 2004) [13]
va Yoshimi 1983) [7]

2.1.2. H¢ sé khdng long ciia dit theo Ishuhara (1993) [1]

Xac dinh chi sé ing suét cat tuan hoan (CSR) ciia dat hoa long do dong dat tinh nhu
muc 2.1.1.
Xac dinh chi s6 khang cat tudn hoan (CRR) cuia dat hoa long do dong dat & cap do dong
dat bat ky:
CRR = CRRy-7;5. MSF 4
CRRy-75 - chi s6 khang tudn hoan & cap chn dong dat M = 7,5;
MSF - hé s6 nhan cho cac cip dong dit.
Theo Robertson va Fear (1996) xac dinh CRRy=75 v&i N 9 < 30:
95 N 1
34— N, 4 L3 2

100.CRR,,_, 5 = (5)
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Nis0” = Nspr.Cn.Cr.Cp.Cs.Cr (6)
. . . / 1

Trong d6: Cy - hé s6 hiéu chinh bé mit dat, C,, =9,78. |— <2 véi 6, (kN/m?) (Liao
O-V

va Whitman, 1985); Cg - hé s6 hiéu chinh nang lugng bua roi, Cg = ER/60 = 1,12 + 1.3 (Nhat);
Ce 0,75 = 1,00 (M¥%); Cg - hé sb hiéu chinh phu thudc vao duong kinh d 16 khoan thiét bi SPT,
gia tri nay dugc Robertson va Fear dé nghi: d = 65mm + 115mm thi Cg = 1,00; d = 150mm thi
Cp = 1,05 con d = 200mm thi Cp = 1,15; C; - hé s6 st dung thiét bi, 1dy Cs = 1; Ck - hé sb hiéu
chinh thanh can khoan, khi z < 3m thi Cg = 0,75; khi 3m < z < 9m thi Cg = (15 + z)/ 24 con khi
z>9m thi Cr = 1,0. Khi Ny ¢ > 30 nén dét khong héa long.

Khi FC < 5% thi AN;60=0,0; Khi 5 <FC <35% thi AN ¢ = 7.(FC-5)/30; Khi FC >35%
thi AN1,60 =17,0.

Gia tri Ni.60 duoc tinh: Niso=Nieo + ANigo (7)
Xac dinh hé sb cp chin dong dat MSF [2] nhu sau:

Khi My, < 7,0 thi MSF = 10>%° My 3% < 3,0 (8.2)
Khi My, > 7,0 thi 0,8 < MSF = 10** My >* < 1,5 (8.b)

2.1.3. H¢ s6 khdng long ciia dit theo Dixit (2012) [6]

Chi s tng suét cat tuan hoan (CSR) ctia dat hoa long do dong dat (I. M. Idriss va R.W.
Boulanger 2006) [12]:

CSR = 0,65. ("LJ[Q%LL )
g o, MSF K,

Trong d6: 0,65 - hé sb trong luong quan hé giira vong tron 1ap tmg suét khi c6 ap luc
nuée 16 rong trong qua trinh dong dat; am. - gia toc cuc dai phwong ngang tai mat dat (m/s’);
o0’ - ap luc 16p pha hiéu Gmg ban dau trén 16p cat dugc xét dén (Mpa); oo - ap luc 16p pha toan
phan trén 16p cat dugc xét dén (Mpa); g - gia tdc trong truong (m/s?), g = 9,81 (m/s%); rq - nhan
tb giam ung suét thay doi phu thudc do sau va moi truong, (m); MSF - hé sb tylé cép dong dat;

Ks - hé sb hiéu chinh qua tai trong dét. Gia tri rq dugc xac dinh nhu sau:

z

r, =expla(z)+ f(z)M,]; alz)=-1,012 —1,126.sin(11 3t 5,133);

9

V4

ﬂ(z) =-0,106+0,1 18.sin( + 5,142) : My, - cdp dong dat; d6 sau z < 34m.

2

6.,9. exp( 2/[‘” ) -0,058<1,8

MSF - h¢ s6 ty 1¢ dong dét khi My, < 7,5 voi: MSF

, 1 1
K, =1-C,.In| 2 |<1,0; C, = - <03; pa - dp
. 189-17,3.D, 189-2,5507,/N,
1 21 4 Nl 60
suat khi quyén bang 100 kPa; d¢ chat dat cat D, = ?
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Xac dinh chi s khang cit tudn hoan (CRR) cua dat héa 1ong do dong dat & cip do
dong dat bat ky:

, N N N
CRR = exp N1,60 " N1,60 _ N1,60 n N1,60 _28 (10)
14,1 126 23,6 25,4 ’
Gia tri N’1,60 du’(_)rc tinh: N1,50’ = N1,60 + AN1760 (1 1)
Ni,60 = Nspr.Cn.Ce.Cp.Cs.Cr (12)

Trong d6: Cx - hé s6 hiéu chinh bé mat dét, C,, = (p a j <1,7 véi 6> (KN/m?), p. = 100
O,

(kN/m?), a =0,784 — 0,0768.\/N, ¢ <0,5; Cg - h¢ s6 hiéu chinh nang luong bua roi, Cg =

ER/60 = 1,12 + 1.3 (Nhat); Cg = 0,75 + 1,00 (M¥); Cp - hé s6 hiéu chinh phu thude vao dudng
kinh d 16 khoan thiét bi SPT, gi4 tri nay dugc Robertson va Fear dé nghi: d = 65mm + 115mm
thi Cg = 1,00; d = 150mm thi Cg = 1,05 con d = 200mm thi Cg = 1,15; Cs - hé s6 sir dung thiét
bi, 1dy Cs = 1; Cg - hé s hiéu chinh thanh can khoan, khi z < 3m thi Cg = 0,75; khi 3m <z <10m
thi Cg = (15 + z)/24 con khi z > 10m thi Cg = 1,0.

2
. 9,7 15,7
AN, , = exp| 1,63 +———— d 13
be p[ FC+0,1 [FC+O,1J] .
CRR
—FS, =——"7%  MSF (14)
' CSRM:7,5;U;:1

2.2. Hé s khang l6ng Fy. cho dét nén

F ==
LT (15)

Trong d6: FL < 1 - héa long dat nén; L - ty sé Gng sudt cit do dong dat; R - ty sb stc
khang cit do dong dat.

2.2.1. Hé sé khdng Iéng ciia dit theo Yasuda (1980) [18]

Ty tng sudt cat dat L do hau qua cua dong dit:

L=K, -(U—.OJ-Q (16)

O,

Trong d6: K;, - hé s6 dong dat phuong ngang voi cap dong dat, K p = Aoy / g khi cong
trinh cach tdm chan khoang 100 km; amax - gia téc cuc dai tai mat dat (m/s?); oo’ - ap luc 16p phu
hiéu g ban dau trén 16p cat dugc xét dén (Mpa); oo - ap luc 16p phu toan phan trén 16p cat
duogc xét dén (Mpa); g - gia toc trong trudong (m/s®), g = 9,81 (m/s?); rq - nhan td giam Gmg suit

thay d6i phu thudc do sau va méi trudng, (m) véirg= 1,0 - 0,15.z voi z 6 sau (m).
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Ty s strc khang cat dong R cua dat chdng lai chan rung:

R =0,0882. L +0,25.1og,, 0,35 khi 0,04 mm <Dso<0,6 mm (17.a)
o, +0,7 Dy,
N :
R =0,0882. [——0,05 khi 0,6 mm < Dsy< 1,5 mm (17.b)
o, +0,7

Trong do: N - gia tri do dugc Ngpr tir thi nghiém; Ds - Kich ¢& hat trung binh ctia 50%
lot ray (Dso).

2.2.2. Hé sé khdng léng ciia dit theo Benouar (1992) [3]

Thoi gian truyén song mat T (Kramer 1996) nhu sau:
[,
T=4>1 :4.ZV—' (18)

Trong d6: t; - thoi gian truyén séng mat ting 16p dat (s); 1; - 46 day 16p dat thir i, (m);
Vi - van tdc séng dia chan 16p dat thir i, (m/s);

V., =97.N"" theo T. Imai va M. Yoshiziwa (1975); N; - gia tri SPT trung binh ctia 16p
dat thir i; tir &6 T duoc tinh nhu sau:

—T=0,041.>1,/N" (19)
Theo phuwong phap cua Kanail, hé sb khuéch dai dong hoc DAF dugc tinh:

JT
DAF =1+ =1+0,674.,/> 1./ N*>*"* 20
0,3 Z b (20)

b

Ty tng suat cit dat L do hau qua ciia dong dat:

L= M(G—?}(l ~0,15.2) 1)
g 0y

Trong d6: amax - gia toc cuc dai tai mat dat (m/s?); oo’- ap luc 16p phi hiéu tng ban dau
trén 16p cat dugc xét dén (Mpa); oy - ap luc 16p phii toan phan trén 16p cat duge xét dén (Mpa);
g - gia tdc trong truong (m/s?), g = 9,81 (m/s?); rq - nhan t& giam g suat thay d6i phu thuge do
sau va moi truong, (m) véira= 1,0 - 0,15.z vdi z d6 sau (m).

Ty s strc khang cit dong R cua dat chdng lai chan rung tinh nhu muc 2.2.1.

Do d6, hé sb khang hoa 1ong Fr. xac dinh nhu sau:

F=R__ & Joosso |- N _iar|D L (22)
L a,, DAF o, +0,7 o, (1-0,15.2)

AR - phuy thudc vao duong kinh hat qua san Dsy.
2.2.3. H¢ s6 khdng long ciia dit theo Japan Road Association (JRA) (2002) [3]
Ty Gng sudt cit dat L do hau qua cua dong dat tinh nhu muc 2.2.1.

Ty s6 strc khang cat dong R cua dat chong lai chan rung:
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N
R =0,0882.. | —— khi N, < 14 hodc (23.a)
N
R =0,0882. 1“7 +1,6.10°(N, —14)*° khiN, > 14 (23.b)
Trong do:
. 1,7.N . .
N, =¢,.N,+c, va N, :T; 0% < FC < 10% thi ¢; = 1; 10% < FC < 60% thi
o, +VU,
FC+40 FC
¢, =——; FC > 60% thi ¢, =——-1; 0% < FC < 10% thi c; = 0; FC > 10% thi
50 20
FC-10 o <o A A , N
c, = T; N - gia tri do dugc Nspr tur thi nghiém; N,; N; - gia tri hi€éu chinh Ngpr tir thi

nghiém, lay bang 60%; FC - ham lugng hat min ¢6 d < 0,075 mm, (%).
2.3. Bién dang thé tich hat &, khi nén dét hoa 16ng theo Shamoto (1996) [19]

Theo Shamoto (1995a, 1996a) [19] su thay d6i thé tich cua dat cat sau khi hoa long
thong qua quan hé nén R, va hé sb rong e;:
Ae
—)(%) (24)

R =
‘e —e

Trong d6: e; - hé s6 rong ban dau; emin - hé s6 rdng nho nhat; Ae - chi sd rong tang thém.
Ngoai ra, Shamoto ciing tim ra mdi quan hé giita R. va bién dang truot 16n nhat ym. khi thi
nghiém 5 mau cat vdi do chat D, = 20% + 90% theo phép toan:

R. =R,y (25)

Trong do: Ry - hé s6 nén ban dau, Ry = 3,69; n - hé s6 mil, n = 0,725; Ymax théy O hinh 3.

Bién dang thé tich rong &, cua cat khi vuot hoa long:

Ae e —e._.
g, =——=R,.—y (26)
l+e, I+e,

Trong d6: Dy - do chat hat cat, D, =16.\/ N, ; €max, €min - hé s6 rdng 16n nhét, nho nhét;
FC - d¢ sach cua cat. Quan hé nhu sau: e =0,02.FC+10; e, =0,008.FC+0,6;

e =e. . — (emax —-e.. ).Dr theo Tukimatsu va Yoshimi (1982), Hirama (1991).

2.4. Hé s6 nhét ) hoa long theo Zhang et al (2016) [20]

0,651,000, (4 = A, E-1)=d, V> (4, E+ 4 - 4,)
- 2.gd, Ek(4,E+4 —4,)

n 27)

Trong d6: Vi - van tdc séng mat cua dat, V., = 97.Nl.0’314 (Imai. I, 1975); A, = 0,928;
A, =0,027; yo = 0,061 va d, = 0,008 1a hé¢ s6 md hinh; k - hé sd hiéu chinh ctia tmg suit c6

hiéu va chiéu sau cua dat; p - dung trong riéng tu nhién cua dat (kg/m?).
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Ye=)o
d
E=1+e 7

=100y = 00500, ;( G j g A
Ve

c )
Gv() 2 G Gmax -
g.oV, []
Gmax },C

l+e

3. Két qua thi nghiém va thiét Iap twong quan
3.1. Két qua thi nghiém
Cong trinh Plaza Quy Nhon, hang muc Nha & dan dung 9 tang, s6 10-12-14-16 D6 Pdc
Béo, phuong Tran Phu, Quy Nhon, Binh Dinh [5] theo bang 1.
Bing 1. Két qua thi nghiém cdc chi tiéu co Iy dat nén - Céng trinh Plaza Quy Nhon (9 tang)

Lé h SPT w ¢ ¢ fs .
dit m | N (ijS) (;::)) (T/m?) (TfmZ) (T/m?) Foatdit
1 0-+10 8+16 1,73 29 - 2400 226,7 Cat hat trung
2 11 =13 2 1,72 4 1,0 300 75 Bun cat pha hiru co
3 14 24 10-20 1,73 30 - 3100 300 Cat hat trung
4 > 24 25 1,85 16 22 2000 190 Sét pha
Muc nudc ngam siu 2,5 mét

Dia diém cong trinh thudc thanh phé Quy Nhon tinh Binh Binh, theo TCVN 9386-2012
[15], gia tbc nén bé mat dat 16n nhat cho nén loai A theo phuong ngang 13 am. = 0,0941. g va
ving cong trinh twong tng dong dat cip M = 6,5.

3.2. Thiét 1ap twong quan
3.2.1. Ddnh gid hé sé héa long dit nén theo cdc phwong phdp vdi tieng cdp dpng dit

HE 56 khang long FS;,, hay F, Hésé khang long FSy, hay F;
0 2 4 6 8 0 0,5 1 15 2

=]

—¢—Seed (1985) —¢—Seed (1985)

w
Ll

—&—|shuhara (1993)
—i— Dixit (2012)
== Yasuda (1980)
==Benouar (1992)

=f—Ishuhara (1993)

=
o
Ll

—4— Dixit (2012)

Chibu séu z (m)

Chibu séuz (m)

—><=Yasuda (1980)

.
v
Ll

—=Benouar (1992)
—e—JRA (2002)

N
o
il

—e—IRA (2002)'

25 -

Hinh 4. Quan hé giita FS;, hay F, vdi chiéu sauz — Hinh 5. Quan hé giita FSy;, hay Fy véi chiéu sdu z
khi M= 6,5 khi M= 8,0

D6i voi M = 6,5 gid tri hé s6 khang hoa 1ong theo phuong phap Ishuhara cho gié tri 16n

nhat con phuong phap Benouar cho gia tri nho nhit va nho hon 1, cac phuong phap con lai cho

két qua gia tri hé s6 khang hoa 16ng 16n hon 1 (hinh 4). Gi4 tri hé sé khang hoa 1ong cang 16n

khi chi s6 SPT N4 cang 16n, tirc dd chat D, cang 16n. Lop dat bun cat hitu co c6 hé s6 khang
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héa 16ng nho hon 1 tinh theo cac phuong phap. Khi M = 8,0 gia tri hé s6 khang hoa long tinh
theo phuong phap Seed cho gié tri 16n nhat, phuong phap Benouar gié tri nhé nhit va nho hon 1
(hinh 5).

Bing 2. Chénh léch hé s6 khdng héa long FSiip (%) hay F1, (%) cho M = 6,5 - 8,0

Chiéu sau Seed Ishuhara Dixit Yasuda Benouar JRA
z (m) (1985) (1993) (2012) (1980) (1992) (2002)
2 19,14 57,07 57,28 18,31 18,31 18,31
4 23,34 59,30 57,28 18,31 18,31 18,31
6 26,39 60,92 57,28 18,31 18,31 18,31
8 31,01 63,37 57,28 18,31 18,31 18,31
10 32,00 63,90 57,28 18,31 18,31 18,31
12 34,73 69,50 57,28 18,31 18,31 18,31
14 39,28 71,22 57,28 18,31 18,31 18,31
16 39,74 66,04 57,28 18,31 18,31 18,31
18 41,72 65,55 57,28 18,31 18,31 18,31
20 40,54 66,93 57,28 18,31 18,31 18,31
22 39,64 66,14 57,28 18,31 18,31 18,31
24 35,26 64,52 57,28 18,31 18,31 18,31

Khi ting cap dong dit lam cho gia tbc mit am. theo phuong ngang ting tir ama =
0,0941.g — 0,1152.g, hién tugng hoa long nén dat xay ra cho phuwong phap Dixit, Ishuhara,
Yasuda va Benoura, con phuong phap JRA, Seed thi nén van 6n dinh, tirc c6 hé s khang long
hai phuong phap nay van 16n hon 1. Chénh léch gia tri hé sb khang 1ong cho trong cac phuong
phap co khac nhau, cu thé do chénh léch gia tri hé s6 khang 1a 19,14% + 41,72% (Seed);
57,07% + 71,22% (Ishuhara); 57,28% (Dixit) va 18,31% (Yasuda, Benouar, JRA) theo bang 2.

Phuong phap dénh gia hé sé khang long cua dat theo Benouar (1992) cho két qua nén dat
cat bi hoa 1ong nhanh nhat, ttc 1a Fr < 1 khi dat nén bi dong dat & cap M =5,5; M = 6,5; M =
7,0 hay M = 8,0 (hinh 6).

Do chénh léch hé sb khang long dat nén AFS;;, tir 0,27 + 0,50 (M = 5,5); 0,25 + 0,75 (M =
6,5); 0,28 = 0,57 (M =7,0) va 0,29 + 0,63 (M = 8,0) va gia tri chénh 1éch nay giam dan theo
chiéu sau. Tai do sdu nam trong vung thau kinh thi d6 chénh 1éch hé sé khang long 16n, tirc
ving ndy cai thién nén rat khé vi tri s§ xuyén tiéu chudn van rit nhé sau khi hiéu chinh dét nén
theo cac phuong phap.
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3.2.2. Mat dj chat D, dit nén véi tirng cip dong dit

Hé¢ s6 khang long F Mat dé chat D,
0 0,2 0,4 0,6 0,8 1 o0 20 40 60 B0 100
o ‘ ‘ ‘ . ‘ O bt e
51 ——M=55 5 ‘ —+—=M=0
2 —m-M=65 T —B-M:55
:é 10 4 ——M=7,0 ?.; 10 M5
& s —<=M=8,0 S ] ——M70
8 ‘:g 15 e M=8,0
S |
20 1
20 -
25 - “
25 -
Hinh 6. Quan hé gitta Fr voi chiéu sdu z Hinh 7. Quan hé giita D, voi chiéu sdu z
cho cdc cap dong dat (Benouar 1992) cho cadc cap dong dat (Benouar 1992)

Do chénh 16ch mat do AD; tir 15,95% = 69,90% (M = 5.5); 26,13% + 84,93% (M = 6,0);
30,50% + 91,38% (M = 7,0); 49,74% + 119,80% (M = 8,0). Mat d6 chat D, nho tai ving thiu
kinh cho ting cip dong dat, gia tri 1a 22,62%. Gia tri xuyén tiéu chuén cang I6n thi d6 chénh
léch mat d6 cang nhd, trc mat do D: cang 16n theo hinh 7.

3.2.3. Bién dang thé tich hat &, khi nén dit héa long

Hé s6 rénge, Bién dang thé tich hat ¢,
o 0,2 0,4 0,6 08 1 0 0,2 0,4 0,6
) P S S S 4
s ——M=0 . 3 ——M=0
—B-M=5,0 R —B-M=55
£ B
n 10 —e=M=6,5 w10 = M=6,5
i —wn 47 e
«% 15 i M=8,0 -3 15 e M=8,0
= =
O 9
20 20 %
25

Hinh 8. Quan hé giita e; voi chiéu sdu z Hinh 9. Quan hé giita e, voi chiéu sau z

cho cdc cap dong dat cho cdc cap dong dat

Theo hinh 8, cip dong dit M cang 16n, hién twong pha v& khung két hat cang nhiéu, phan
t6 hat xoay xung quanh di chuyén cang 16n, ing sut cit cang 16n, thanh phan hat chén ép dugc
sap xép lai, hé sb rdng hat cang nho. Dé cai thién nén dét dn dinh cho cong trinh, phai tién hanh
cai bién nén dat, 1am giam hé sb rdng thém trong khoang do sau nén dat bi hoa 1ong cho ting
cap dong dat. Két qua tinh toan, do chénh léch hé sd rdng Ae tir 5,5% + 15,47% (M = 5,5);
9,01% =+ 18,80% (M = 6,0); 10,51% + 20,23% (M = 7,0); 17,15% + 26,52% (M = 8,0). Tai do
sdu nim trong vung thdu kinh hé sé rdng e; khong thay ddi, gia tri 1a 9,09%. Gia tri xuyén tiéu
chuan cang 16n thi do chénh 1éch hé s réng cang nho.

Qua trinh tang cAp dong dat M lam co nén phén t hat theo phuwong ngang tang, thanh
phan bién dang phuong dimg do thanh phan tai thang dimg bén trén co xét thém phan dao dong
tai trong cong trinh ciing ting (hinh 9). Do bién dang thé tich trung binh theo phuong dimg &, 1a
0,054 (M = 5,5); 0,040 (M = 6,5); 0,034 (M = 7,0) va 0,006 (M = 8,0). Ving thau kinh thi d6
bién dang thé tich hat 16n, tuy nhién tai ving thiu kinh nay gi tri &, khong thay d6i nhiéu khi
gia tc mit amsy tang thém.
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3.2.4. H¢ s6 nhét y sau khi nén dit héa long

0.18 06

0.16 “os

0.14 £

0.12 < 04 eM=55
= 010 - £, = 1E-05n 4% EM=6,5
= 1 = 0.0056N3,+0.0758 =S 03 R* = 0.9641 AMT0
3 008 R?=0.9757 ¥ ’
% 006 < 02 <M=8,0
~ { =
= 0.04 g 0.1 - &=4E-007

0.02 | R*=0.8583

0.00 - 0 +— - :

0 5 10 15 20 0.05 0.10 0.15 0.20
SPTN;, Hé s6 nhétn

Hinh 10. Quan hé giita hé s6 nhot n véi SPT N Hinh 11. Quan hé giita bién dang thé tich hat ¢,
cho cdc cdp déng dat véi hé s6 nhot n cho cdc cdp dong dat

Heé s6 nhét khong thay doi nhiéu do cac cap dong dat xdy ra, ma chi ting tuyén tinh voi
gid tri SPT N3, tuong quan dugc thiét lap: 7 = 0,0056.N,, +0,0758 v6i R = 0,987 (hinh 10).

Bién dang thé tich hat &, giam phi tuyén so v6i hé s6 nhdt 1 va cap dong dat cang 16n thi
bién dang thé tich hat cang nho véi cung mét gia tri hé so nhot, twong quan dugce thiét 1ap cho
cép dong dat M = 5.5 va M = 8,0 nhu hinh 11.

4. Kétludn

Dua trén nghién ctru da trinh bay, mot vai két luan c6 thé rut ra nhu sau:

Heé s6 khang 16ng theo phuong phéap Ishuhara (M = 6,5) va Seed (M = 8,0) ¢6 gié tri 1on
nhét, phuong phap Benourar ¢ gia tri nho nhat va nho hon 1.

Danh gia hé sd khang 1ong cua dat theo Benouar (1992) cho két qua FL < 1 nhanh nhat
ung M =5,5;M=6,5 M =7,0hay M = 8§,0.

Gia tri xuyén tiéu chuén cang 16n thi d§ chénh léch mat dd cang nho, tc mat do D,
cang lon.

Do chénh léch hé s6 rdng Ae tir 5,5% + 15,47% (M = 5,5); 9,01% + 18,80% (M = 6,0);
10,51% +20,23% (M = 7,0); 17,15% + 26,52% (M = 8,0).

Gia tri hé s6 nhét khong thay d6i nhiéu do cac cap dong dat xay ra ma tang tuyén tinh véi
gid tri SPT N3, giam phi tuyén véi bién dang thé tich hat &,.
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