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NGHIEN CUU PONG CO NANO VA PONG CO PHAN TU
PINH HUONG UNG DUNG TRONG CHAN POAN
VA PIEU TRI BENH TAI TRUONG PAI HQC CUU LONG

vU BA DUNG!*, NGUYEN MINH QUANG?, VU HONG THINH!

Tom tit

Nhom cac nha khoa hoc cua Pai hoc Cuu Long dang thuc hién nghién cuu
vé luc nhiét dong téng qudt va qud trinh nhiét di cua cdc hat nho bé (co nano
va ¢ phdn tik) hinh cau trong chat long, dinh hwéng 1mg dung chan dodn va
diéu tri bénh ¢ cd}a do phan twr va 1é bao. Mot s6 két qua ban dau dwoc cong
bé trong bai bdo nay. Két qua nghién civu chi ra rang:

i) Luc do cdc phdn tir chat Iong tdc dung 1én mot hat nhé bé hinh cau da
diege mé ta bang mét phwong trinh dao ham riéng cap mot;

ii) Gradient nhiét do va gradient néng do co thé lam cho cdc hat nhé bé (co
nano va c& phan tr) chuyén dong dinh huéng trong long mét chdt long,
do la cac dong co nano va dong co phan tu;

iii) Cdc déng co nano va dong co phén tir c6 thé diéu khién dwoc toc dé va
huéng nho gradient nhiét dg va gradient nong do;

iv) Cdc phdn tir phdt xa hodc cdc hat thuée nano cé thé dwoe gdn véi cdc
déng co nano hay déng co phan tir va dige cdic déng co nay dwa dén dich
la cdc 16 chike hodic cdc té bao can chan dodn hodc diéu tri.

v) Ban thén cdc phdn tir phdt xa hodc cde hat thudc nano ciing cé thé dwoc
diéu khién chuyén dong nhw la cde dong co nanno hay dong co phdn tir, tw
no sé di chuyén dén nhitng 16 chike, té bao can dwoc tham do hodc diéu tri.

Tir khod: Luwc nhiét dpng tong qudt; Nhiét di; Pong co nano; Pong co phan tit.
Astract

The general thermophoretic forces and the thermophoresis of a small spherical
(nano and molecule) sized particles in liquids is studied by a group of scientists
at the Cuu Long University. Some results is presented in this paper:

vi) A spherical particle is exerted by the force of liquid molecules can be be
described by a partial differential equation;

vii) The temperature gradients and the concentration gradients is the cause
of movement of nanoparticles and molcular particles in the liquid. The
thermophoresis of nanoparticles and molecular particles can be controlled
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in speed and direction by the temperature gradient and the concentration

gradient.

viii) The light emitting molecules and the nano medicine particles is attached to

nanoparticles and molecular motors, which can be delivered to the human

body for diagnosis and treatment.

ix) The light emitting molecules and the nano medicine particles can become

nanomotors and molecular motors move itsefl in the blood to organizations

or cells for diagnosis and treatment.

Keywords: General thermophoretic force; Thermophoresis; nanomotors;

molecular motors.
1. Mé Pau

Cong nghé sinh hoc nano va cac Ung
dung trong chan doan phan tir dugc goi 1a chan
doén phan tir nano, cung cép cac lua chon méi
cho chan doan 1am sang. Chan doan phan tir
12 mot phan thiét yéu trong su phat trién cua
y hoc, trong d6 rat phit hop v6i chan doan tai
diém cham soc. Trong loai chan doan nay, dau
do kich thudc nano phit hop dé phan tich chi
tiét cac thanh phan cua té bao séng. Dé chan

thudc

Hat
nano Fe

doan va diéu tri két hop, thiét bi nano c6 thé
duoc cdy ghép nhu mot bién phap phong ngira
va du phong trong chan doan bénh sém. Uu
diém cua viéc ap dung cong nghé nano trong
chan doan phan tir 1a: chi can mot lugng nho
vét liéu mau nhung nhanh hon va nhay hon.
Mot s6 hat nano da duoc st dung dé chén doan
bénh & cap d6 phan tir. Trong s6 nay, dugc st
dung thuong xuyén nhat 1a cac chdm luong tir
QD (Quantum Dots).

Hinh 1. a) Hat nano st tiv dwgc nam chém dén dit dén cdc té bao trong co thé séng.
b) Mot dong co phin tir dwoc diéu khién bang nhiét do.
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Tinh thé v6 co CdSe (gom 200-10000
nguyén tr cadmium selenide), dugc phu ZnS
(k&m sunfua) la mot QD phat huynh quang khi
dugc chiéu bang anh sang nang luong thap.
Kich thuéc cta cac QD quyét dinh bude séng
(mau sic) anh sang phat ra. QD c6 mg dung
cho chan doan va xac dinh kiéu gen. Céc tmg
dung tiém ning quan trong ctia QD 1a chan
doan ung thu [1, 2, 3]. C6 thé dung tir trudng
dé dua cac hat nano dén dich chi c6 tac dung
dbi véi cac hat nano tir tinh nhu hat nano sit tir
(hinh 1a). Con nhiing hat nano polime va céac
hat khong c6 tur tinh khéc thi tir truong khong
c6 tac dung. Khi dé cac hat nano s& can phai
duoc lai dit boi cac tac nhan khac, mot trong
cac tac nhan do la cac dong co nano va dong co
phan tr (hinh 1b). Ngoai ra, cac hat nano phat
huynh quang hodc cac hat thuc nano cé thé
duoc diéu khién tré thanh cac dong co nano, tu
n6 di chuyén dén cac dia diém xac dinh trong
co thé, dé chan doan hoac diéu tri bénh [4,5,6].

2. Luc nhiét dong tong quat tic dung
1én hat nano trong mdi trudng chit long

Su chénh l&ch ndng d6 phan tir (gradient
ndng d6 khac khong) va su chénh 1éch nhiét
d6 (gradient nhiét do khac khong) trong chét
long, chét khi ¢6 thé gay ra cac hidu ung tha vi
nhu hi¢u tmg Ludwig-Soret (Ludwwig - Soret
effect), hién twong khuéch tan 1én déc (uphill
difusion) [7-12]. C4c hiéu tng c6 nguyén nhan
ttr su chénh 1éch néng do va chénh I¢ch nhiét
d6 da dugc ing dung ngay cang nhiéu va trong
nhiéu linh vuc khac nhau, trong do dac biét la
mg dung ché tao cac dong co nano va dong
co phan tir, dinh huéng ting dung chén doan
va diéu trong y hoc [4-6]. Mudn biét dwoc cac
hat nano c6 thé di chuyén duoc & trong chat

long hay khong, viéc dau tién phai tim hiéu
va xac dinh dugc céc luc tac dung vao céc hat
nay khi né ¢ trong chit 1ong.

2. 1. Luc nhiét dong tac dung lén cac
hat nano hinh céu trong chit léng

Mo hinh minh hoa lyc cua cac phan tir
16ng (hodc khi) tac dung 1én mot hat hinh cau
nho voi sy phan bd khong dong déu ca vé nhiét
d6 va ndng do duoc thé hién trong Hinh 2: i)
Hat du nho duogc coi nhu 13 ndm & chinh gitta
hai vung (vung 1 va vung 2) c6 nhiét do khac
nhau (T,, T,) va ndng d¢ khéc nhau (n , n,); ii)
Céc phan tir chat long chuyén dong ngau nhién
hén loan, khi va cham dan hdi vao hat thi tac
dung lyc 1én hat. Dya trén co so 1y thuyét nhiét
dong luc hoc khong thuan nghich [13-15], luc
do cac phan tir chét 10ng tac dung vao hai nira
hinh cdu 1 va 2 1a F, va F, nguoc chiéu nhau,
duoc xac dinh boi:

F, = [27Bhdh = 277Pjhdh = PaR® = nlmT”IZnRz(l)
va '
R 2

F, = [2aP,hdh = 2P, [ hdh = P,zR* = n, %;;Rz ()

Yo day m la khéi luong cua phan tir chat
long; R 1a ban kinh cua hat hinh cau; u vau,
1a van toc chuyén dong hdn loan cta cac phan
tir chét 1ong trong ving 1 va 2; P vaP,ap suat
cac chat 1ong & vang 1 va 2 tac dung vao hat.
Tir cac phuong trinh (1) va (2), luc tong hop
do cac phan tir trong toan bod khéi chat long
tac dung vao hat dugc xac dinh béi:

ky, R* (VT Vn
R vrals ey ®
odayk,la hing s6 Boltzmann; R 13 ban

kinh ciia hat hinh cau; r 14 4n kinh cta phan
tir chat 1ong; VT va Vn 1a gradient nhiét do va
gradient nong do.
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Vung 1

Vung 1

Péi cAu thiri’

7 A
Ban cau 1

Hinh 2. a) M6 hinh lwc do cdc phén tir chit long chuyén dong hén loan, va cham va tic
dung vao mét hat nano hinh cau. b) ¢) So dé tinh todn lic nhiét dpng tong qudt do cdc
phan tir chit long tic dung vao mét hat nano hinh cau.

Khi hat hinh ciu c¢6 kich thuéc twong
duong voi phén tir chat 1ong (R = r), thi luc
nhiét dong tong quat tac dung vao hat s& 1a:

bay la phuong trinh mo6 ta luc nhiét di

tong quat tac dung 1én céc hat c6 kich thuéc
tuong duong cac phan tir chat 10ng va ciing 1a
luc nhiét di téng quat tac dung 1én chinh cac

phan tir ctia chat 1ong.
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2. 2. Théo ludn vé qua trinh nhiét di
ciia cac hat nano hinh ciu trong chat long

Qua trinh di chuyén cta hat nano hinh
cau trong chat 1ong dudi tic dong cua luc nhiét
dong tong quat F (goi 1a qua trinh nhiét di)
duogc khao sat dya vao phuong trinh (3) va (4).

Luc F dugc mo6 ta boi phuong trinh (3)
dugc diéu khién boi gradient nhiét d6 (VT) va
gradient ndng d6 (Vn) c6 tén goi 1a “luc nhiét
dong tong quat”. Dya vao phuong trinh (3) qua
trinh chuyén dong cia hat hinh cau trong chét
long dugc xac dinh nhu sau (hinh 3):
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Vung 1 (lanh) T, <

Vung 1 (lanh) T

N1

//,ﬁi

C

Vung 1 (lanh) T, <

|Vn|<%|VT|

Vung 1 (lanh) T, <

|Vn|>%|VT|

d

Hinh 3. Ba trang thdi chuyén dong ciia hat nano hinh ciu trong chit long.

i) Khi gradient ndng 6 Vn ciing diu véi
gradient nhiét do VT thi luc F nguoc chiéu véi
gradient nhiét d§ VT. C6 nghia la lyc F hudng
tir ving nhiét do cao (ving 2) dén ving nhiét
d6 thap (ving 1), lam cho hat nano chuyén
dong tir ving ndng sang vung lanh. Qu4 trinh
di chuyén kiéu nay duoc goi 1a hiéu ung nhiét
di dirong hay hi¢u ing Soret duong (hinh 3a);

ii) Khi VT nguoc dau véi Vn va gia tri
gradient nong d6 [Vn| di nho dé thoa mén bat
dang thirc sau:

v VT )

thi luc F nguoc chiéu véi VT, tirc 12 F van ¢
hudng tir vung ndng sang vung lanh, va hat
nano van chuyén dong tr ving nhiét do cao
sang vung nhiét do thap, hay 1a van xdy ra hién
tuong nhiét di duwong (hinh 3b);
iii) Khi VT va Vn trai ddu ma dang thirc
sau duogc thoa man:
n
Vn|=—|VT
il =] 5)

thi luc F = 0 va hat nano khong chuyén dong.
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Truong hop nay cd tén goi 1a trang thai can
bang cta nhiét di hay trang thai cAn bang cta
hi€u ing Soret (hinh 3c);

iv) Khi gradien nhiét o VT va gradient
nong do Vn trai dau v6i do 16n cua gradient
nong d6 |Vn| da 16n sao cho bat dang sau dugc
thoa man:

Vi >%|VT|

(6)
thi luc F cung hudng véi gradient nhiét do VT.
Khi d6, hat nano di chuyén tir ving lanh
(vung 1) sang ving nong (ving 2). Hién tugng
nay goi la hi¢u img nhiét di &m hay hi¢u tng

H.0

HO

Soret &m (hinh 3d).

Tom lai, gradient nhiét d§ va gradien
nong do hoan toan co thé didu khién cho cac
hat nano hinh ciu chuyén dong nhanh, chdm
hay dimng lai va huéng chuyén dong cia nd
trong chat long.

3. Thuc nghiém vé qua trinh nhiét di
cia hat virng trong dung dich NaCl

Thuc nghiém nhiét di cua cac hat viung
trong dung dich mudi an & T = 298K (25°C)
da duoc xdy dung bang mot hé thong don gian,
gom: hai dng thép khong gi théng nhau c6 cing
duong kinh va cd day doi (hinh 4).

HO s J HO

H.0

b

Hinh 4. a) Trang thdi ban dau ciia thi nghi¢m vé nhiét di trong nwéc ciia cdc hat virng.
b) Két qua thi nghiém: sau khi mé ndp 6 binh B mét sé hat vieng chuyén dpng tiv binh B
sang binh A. Trong do cé mt hat vieng di dwoc quang dwong 120 mm trong 3 phut.

Luc dau, ngan dudi cua binh B duoc d6
day dung dich Nacl bio hoa, phan con lai va
toan bd binh A 13 nude tinh khiét. Cac hat vimg
dugc tha lo ling hodc nam trén mit day trén
ctia binh B (hinh 4a). Khi m¢ lap ¢ day trén
ctia binh B thi quan sat thay cac hat vimg di
chuyén tir binh B (ndng do Nacl cao) hudng
sang binh B (ndng d6 NaCl thap). Chuyén
dong cua hat vimg c6 thé giai thich nhu sau:
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cac phan tir mudi chuyén dong ngiu nhién
khong ngung, khi va cham vao céc hat vung
thi chung tac dung luc (luc nhiét dong) 1én hat
vung. Vi vdy, hat virng bi tdc dung boi luc nhiét
dong dong F 1am cho chiing di chuyén tir binh
B (ndng d6 NaCl cao) sang binh A (ndng do
NaCl thap). Két qua da cho thay: cac hat nho
bé troi ndi trong chat 16ng c6 thé chuyén dong
dinh hudng dudi tac dong cua luc nhiét dong
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duogc diéu khién bang gradient ndng do. Két
qua nay pht hop véi tinh toan 1y thuyét. That
vay, trong thuc nghi¢ém, nhiét do tai hai binh
A va B la nhu nhau (T, = T,). Ttc la gradient
nhié¢t d§ bang khong (VT = 0). Nhu vay, luc
nhiét dong F (phuong trinh 4) tr¢ thanh:
T )

Phuong trinh (7) chi ra ring: luyc F tac
dung vao hat virmg ludn hudng tir ving nong
d6 Nacl cao (binh B) dén viing nong d6 Nacl
thip (binh A), nén cdc hat vimg déu bi day va
di chuyén tir binh B sang binh A.

F=-

Maic du day 1a mot thi nghiém don gian
vé luc nhiét di va qud trinh nhiét di, nhung n6
cling da chirg minh mét cach dinh tinh rang:
cac hat nho bé troi ndi trong chat 1ong c6 thé
chuyén dong dinh hudng dudi tac dong cua
gradient nong d9.

4. Két luan

Gradient nhiét d¢ va gradient néng do
6 thé tao ra mot luc nhiét dong tac dung vao
cac hat nho bé (cd nano va c& phan tw), lam
cho chiing chuyén dong dinh huéng trong long
chét long. Chuyén dong nhiét di cta cac hat hat
nano va cac phan tir co thé diéu khién duoc do
nhanh chdm va hudng. Tuc 1a cac hat nano va
cac phan tir ¢6 thé trd thanh cac dong co nano
va dong co phan tir vai dong luc 1a Iyc nhiét di.

Cac hat nano thubc hodc cac hat nano
phat xa ¢ thé duoc cac dong co nano hoic
dong co phan tir “lai dat” dén cac to chie, té
bao hay phan tir trong co thé dé chan doan
hogc diéu tri bénh.

Dudi tac dong cua gradient nhiét do va
gradient néng do, cac hat nano va phan tu
thudc hay phat xa c6 thé tro thanh cac dong
co nano, tu né (khong can lai dit) di chuyén
dén céc 6 chirc, t& bao hay phén tir can thiét
trong co thé.
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