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XAC PINH HE SO KHUECH TAN DICH CHUYEN CUA MQT HAT NANO
VANG DUY NHAT TRONG HON HQP NUOC+GLYCEROL

Vii Xuén Hoa', Hoang Vin Qué, Pham Thi Thu Ha, Nguy&n Thi Hrong
Truong Pai hoc Khoa hoc - DH Thai Nguyén

TOM TAT

Trong bai b4o nay ching toi trinh bay nghién ctru hé s6 khuéch tan cia mot hat nano vang trong
mdi trudng phirc hop nude +glycerol bang phuong phéap theo ddi don phan tir. Cac hat nano vang
dugc ché tao bang phuong phap Turkevich cho dang cau véi kich thuéc trung binh 15 nm va don
phan tan trong nudc. Sau khi ché tao, cac hat nano vang duoc khao sat trong cac mdi truong hon
hop nude +glycerol véi cac ty 16 khac nhau. Duéi kinh hién vi quang hoc trudng t6i, d& dang quan
sat va theo doi cac hat nano chuyén dong Brown tir 46 xac dinh duoc binh phuong dich chuyén
trung binh, tlep theo x4c dinh dugc hé sé khuéch tan D. Cac moi trudng lan luot duoc khao sat 1a
nude + 20%, 30%, 40%, 50%, 60%, 70% va 90% glycerol. Két qua cho thay, hé s6 khuéch tan D
clia ciing mot hat nano ty 1& nghich vai lugng glycerol trong dung dich chtra hat. Két qua nay co y
nghia quan trong trong nghién ctru ddng hoc ctia cac protein trong mang té bao sdng-mot hudng
ma dang dugc rat nhiéu nha khoa hoc quan tam.
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DETERMINATION OF TRANSLATIONAL DIFFUSION COEFFICIENT
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ABSTRACT

In this paper, we present the study of the diffusion coefficient of a single gold nanoparticle in the
water + glycerol complex medium by single molecule tracking method. The spherical gold
nanoparticles are fabricated by Turkevich method with average size of 15 nm and dispersion in
water. After fabrication, gold nanoparticles are placed in the water + glycerol mixture with
different proportions. It is easy to observe and track nanoparticles of Brownian motion under dark-
field optical microscopy, thereby determining the mean square displacement (MSD), then
determining the diffusion coefficient D. The medium of water + 20%, 30%, 40%, 50%, 60%, 70%
and 90% glycerol were investigated. The results show that the diffusion coefficient D of a single
nanoparticle is inversely proportional to the amount of glycerol in the solution containing the
grain. This result is important to the study of the dynamic of proteins in living cell membranes -
one direction is of interesting.
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1. Gi6i thiéu

Cac qué trinh dong hoc cua céac hat keo nano
trong cac moi truong phtc hop dang dugc dac
biét quan tdm boi céc tinh chét vat 1y hoa hoc
ly tha khi ching ¢ trang thai don hat [1-3].
Mot trong cac tham s6 dic trung nhat vé& mit
dong hoc khi cac hat chuyén dong Brown la
hé sb khuéch tan. Mbi quan hé giita hé sd
khuéch tan va hé sb ma sat cua cac hat Brown
duoc thiét 1ap dau tién boi Einstein [4] va
Smoluchowski ddi v&i hat hinh cau. Cac
nghién ctru tiép theo dugc Perrin phét trién va
tap trung nhiéu dén cac hat nano phat quang
dang bit dang hudng [5]. Trong nhitng nim
gin day dd c6 nhiéu cong bd chét luong vé
céc qua trinh chuyén dong Brown cua cac hat
nano di huéng lai hoa tinh chét tir - quang, tir
d6 cho chung ta c6 hiéu biét hon vé ban chat
ctia moi truong chira hat [6-8]. Mot trong cac
tham s quan trong anh hudng tryc tiép 1én
qué trinh khuéch tan, do linh dong cua hat
trong moi truong 1 hé s6 nhét va tinh dan hoi
cua moi truong. Trong bai bao nay, chung toi
trinh bay két qua nghién ciru xac dinh hé s6
khuéch tan ctia mot nano vang duy nhét trong
moi truong phire hop nude + glycerol véi cac
ty glycerol thay ddi bang phuong phap theo
doi don hat. Pay la phuong phap hién dai,
méi dugc phat trién trong khoang 10 nam trd
lai day dua vao chuyén dong dich chuyén
Brown dugc quan sat dudi kinh hién vi
truong tdi. Cac két qua dinh lwong cua hé sd
khuéch tan D trong cac méi trudng nude chira
20%, 30%, 40%, 50%, 60%, 70% va 90%
glycerol dugc xac dinh & cung mot nhiét do.
Két qua cho théy ¢6 sy phu thuéc manh giira
D va hé s6 nh6t cia mdi trudng.

2. Phuong phap thuc nghiém

2.1 Ché tao cdc hat nano vang

Cac hat nano vang dang ciu duoc ché tao
bang phuong phap Turkich véi tién chat ban
dau 12 mudi vang HAuCl,.2H,0. Cu thé, léy
0,5 mL HAUCI, 0,05M d6 vao 50 mL H,0
dugc gia nhiét dén 100 °C va khudy tir manh.

Tiép dén thém cham timg giot 0,5 mL tac
nhan khir NasCgHsO;. Quan sat binh phan
g, dung dich chuyén mau tir vang nhat sang
d6 tham chung to6 da hinh thanh cac hat nano
vang. Sau phan ung 15 phut, dung dich duoc
dirng gia nhiét va dé ngudi tu nhién.
2.2 Xdc dinh hé sé khuéch tin bang phwong
phap theo doi don hat
Chung ta biét rang khi mot qua cau nho dam
minh trong mét chét long nd s& chuyén dong
dich chuyén ngiu nhién (chuyén dong
Brown). Theo 1y thuyét, binh phuong dich
chuyén trung binh trong khong gian 2 chiéu
duoc xac dinh:

r}()= 4Dt 1
v6i T, D tuong {mg 1 thoi gian troi va hé so
khuéch tan dich chuyén cua hat. Trong thuc
nghiém, ching ta dé¢ dang do dugc gia tri
{r2(t)) theo:
r2(e)) = (x*(L) + (2 () )
& mot nhiét d6 bat ky theo thuat toan cia
nhom MOSAIC [9]. Véi x(t) va v(t) la céc
toa d0 xac dinh vi tri tdm cua hat nano tai thoi
diém t. Trong nghién ciru ndy, cong nghé theo
ddi mot hat nano duy nhat 1a rat Iy tuong cho
viéc lam boc 10 cac dic trung cua tung hat
nano s& duoc st dung dé xac dinh sy dich
chuyén, hé sé khuéch tan hay van tc cua no.
Phuong phap nay khong chi cho phép xac
dinh vi tri cia mot hat nano hay mot phan tu
ma con xac dinh cac tinh chit chuyén dong
clia riéng timg hat. Kinh hién vi truong tdi 1a
ung cu vién sang gia cho quan sat su tan xa
va hién anh plasmon cuta hat nano vang.
Hinh 1 1a céu hinh quang hoc thyc nghiém
ctia kinh hién vi truong t6i phan xa va truyén
qua dugc st dung trong quan sat cac hat
nano vang. Mot video gdm 500 anh dugc ghi
lai nhd mot camera rdt nhay EM-CCD
Andor. Khoang thoi gian gilta 2 4anh 1a 0,3 s.
Quy trinh cia cong ngh¢ theo ddi mdt hat
nano duy nhit thong thudng bao gdm 4 budc
(Hinh 1b).
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I-!inh 1. a) Cdu hinh quang hoc kinh hién vi triong toi ding dé quan sat va theo doi hat nano vang. b) So
do minh hoa quy trinh cia cong nghé theo doi mét hat nano duy nhat. c) quy dao chuyén dong cia mot hat
nano vang trong dung dich nuéc + 40% glycerol

i) Ghi mot video dudi kinh hién vi trudng tdi.
Video bao gdm 1000 anh va khoang thoi gian
gitra 2 4nh 12 0,3 s.

i) Xac dinh céc vi tri twong tmg véi mdi anh
hién thi. M6t chudi cac anh duoc ghi lai boi
camera dugc phan tich bang cich sir dung
cong cu plug-in de MOSAIC.

iii) Theo ddi sy dich chuyén céac hat thong qua
viéc nbi lai cac débm sang da duogc phat hién.
iv) Phén tich két qua da thu dugc.

3. Két qua va ban luin

Céc hat nano vang sau khi ché tao c¢6 dang
cu (Hinh 2 a) c6 kich thu6c kha dong déu
khoang 15 nm va don phén tan. Hinh 1 b la
phé hip thu plasmon ciia cic nano vang thu
dugc. Két qua cho thay phd hap thu c6 1 dinh
duy nhéat, diéu d6 cho thiy ching c6 dang cau
va ph hop véi Iy thuyét Mie.

bé nghién ciru hé s6 khuéch tan cua cac hat
nano vang trong cac moi truong phuc hop,
chung t6i chuan bi cac dung dich gom nudc
va glycerol dugc tron déu véi cac phan trim
glycerol khac nhau. Bai bao khao sat cac
dung dich 1a nudc va 20%, 30%, 40%, 50%,
60%, 70% va 90% glycerol tuong ung.
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Hinh 2. ¢) Anh cdc hat nano vang dwoc chup dudi
kinh hién vi dién tw quét (SEM). b) Pho hap thu
plasmon ciia cdc hat nano vang tuong rng

Theo cach tiép can trén, hé sd khuéch tan D
dugc xac dinh bang cach ghi lai cac video
chuyén dong cta cac hat nano vang dudi kinh
hién vi truong téi (do c&c hat nano vang tan
xa). Bang phuong phap theo ddi mot hat nano
duy nhat, binh phuong dich chuyén trung
binh trong khéong gian 2 chiéu (MSDR) dé&
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dang tinh dugc bang thyc nghiém theo
phuong trinh (2) nho vao trg gitip cta phan
mém Matlab 7.0. Hé s6 D duoc suy ra sau khi
st dung phuong trinh (1) lam khép voi gia tri
thuc nghiém. Hinh 3 chi ra két qua do dac
binh phuong dich chuyén trung binh cho mét
hat nano vang duy nhét trong nudc +20%
glycerol c6 ban kinh thiy dong hoc R,=14 nm
& nhiét 6 23 °C.
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Hinh 3. Binh phuong dich chuyén trung binh do
dac bdlgg thuc nghiém cho mot hat nano vang duy
nhat co ban kinh thuy dong hoc Ry=14 nm
Két qua hinh 3 cho thay ¢ nhiét d6 23 °C ¢6
su phu hop tot giita 1y thuyét va thue nghiém.
Tu sy l[am khop gitta phuong trinh (1) va (2)
hé s6 khuéch tan D trong trudong hop nay tim
dugc bang 2,6.10™ m?%/s. O nhiét d6 23°C nay
dé dang tim duoc ban kinh thuy dong luc hoc

cua hat theo lién hé Stokes-Einstein [7]:
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trong do kg 1 hang s6 Boltzmann, 7(T) 1a hé
s6 nhét ciia moi truong glycerol + nudc va né
dugc xac dinh boi Nian-Sheng Cheng [10]. T
1a nhiét do tuyét ddi, trong b4do cdo nady cac
phép do duoc thuc hién & nhiét d6 296 K. Két
qua nay cho thdy phu hop khi ching dugc do
bdi SEM.

Trong nghién ctru ndy, mg véi mdi dung
dich hdn hop nudctglycerol cac hé sé khuéch
tan dugc do dac va phén tich théng ké trén 10
hat nano dé tim ra gia tri trung binh cua D.
Hinh 4 thé hién cac binh phwong dich chuyén
trung binh cua cac hat nano vang don Ié trong
cac mdi truong hdn hop nude cd cac luong
glycerol khac nhau. Hinh 4a tinh MSDR cho
12 hat nano riéng 1¢, hinh 4b & 40% glycerol
thuc nghiém do dac cho 14 hat nano vang,
hinh 4c ¢ 60% glycerol tuong tmg cho 11 hat
nano vang va cudi cung 1a hinh 4d & 90%
glycerol cho 9 hat nano vang. Tur d6 tinh dugc
hé s6 khuéch tan trung binh tng v6i mdi moi
truong glycerol theo phwong trinh (2). Két
qua dugc trinh bay trong bang 2 va hinh 5. Tu
két qua nay cho thdy, khi ting dan luong
glycerol trong dung dich thi hé sé khuéch tan
giam dan.
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Hinh 4. Binh phuong dich chuyén trung binh do dac bang thwc nghiém cho cac hat nano vang trong cac
moi truong hon hop nudc co lwong glycerol khdc nhau: a) 20%, b) 40%; ¢) 60%, d) 90% glycerol
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Diéu nay dugc giai thich 1a do hé sé nhét cua
dung dich chira hat nano phu thudc vao lugng
glycerol [10]. Két qua tinh toan hé s6 nhét cua
mdi truong hon hop nude+glycerol theo Nian-
Sheng Cheng dugc trinh bay trong bang 1.
Bang 1. Hé s6 nhét ciia méi truong hén hop phu
thudc vao lugng glycerol

Nhi¢t @9 Glycerol Nwée  HE so nhot

(C) (%) (%) hon hop
20 80 0,0014
30 70 0,002
40 60 0,0029
50 50 0,0045

23 60 40 0,0078
70 30 0,0156
90 10 0,1244

D@ dang thiy rang, hé sb ciia mdi truong hdn
hop tang khi lugng glycerol trong dung dich
ting. Do d6, theo phuong trinh (3) hé s
khuéch tan D ciia hé giam tuong ung khi ting
glycerol. Piéu nay hoan toan phu hop véi ly
thuyét Brown khi nghién ctru cac hat chuyén
dong ngiu nhién trong dung dich. N6i mot
céch khac, néu mdi truong c6 hé sé nhot cang
16n thi cac hat chuyén dong cang cham hon so
v6i moi truong trong sudt hon hay do linh
dong s& kém hon. Két qua nay duoc thiy rd
hon trong hinh 5. Hinh 5a la cac MSDR trung
binh cho mdéi méi truong véi cic luong
glycerol khac nhau va hinh 5b 1a cac gid tri
cua D tuong Gng.

Bang 2. Hé s6 khuéch tan trung binh cia cac hat

nano vang phu thugc vao luong glycerol trong
dung dich

S6 thit  Dungdichchira  HE s6 khuéch tan
tw glycerol (%) trung binh (m%s)
1 20 9,12.10™"
2 30 7,16.10™
3 40 7,12.10"
4 50 5,73.10™
5 60 5,57.10™
6 70 3,45.10™
7 90 2,18.10™%
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Hinh 5. @) Thuc nghiém xdc dinh MSDR va b) cdac
gid tri D duwogc suy ra tir hinh a cho cac moi truong
hon hop glycerol twong iing (20%, 30%, 40%,

50%, 60%, 70% va 90%)

4. Két luan

Bing phuong phap theo doi don hat va cach
tiép can tir chuyén dong Brown di xac dinh
duoc hé sb khuéch tan cua mot hat nano vang
duy nhét trong méi trudng phirc hop nudc
+glycerol. Pay la mét phuong phap mai va
hién dai dya trén thiét bi kinh hién vi quang
hoc truong t6i va cong cu toan hoc chinh xac
ciia phan mém matlab dé xu 1y s liéu. Cac
gia tri ciia hé s6 khuéch tan xac dinh dugc
bang thyc nghiém cho cac hat nano vang c6
kich thudc trung binh 14 nm trong cdc moi
truong phuc hop nudc + 20%; 30%; 40%;
50%; 60%; 70% va 90% glycerol tuwong ung
9,12.10"%; 7,16.10"; 7,12.10™%; 5,73.107;
5,57.10"; 3,45.10™"; 2,18.10™ m?s. Két qua
ciing cho thiy khi ting lwong glycerol thi D
giam va hoan toan phu hop véi 1y thuyét
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chuyén dong Brown. Két qua nghién ctru nay
c6 nghia quan trong trong viéc hudng toi
nghién ctru dong hoc cac don phén tir protein
trong mang t& bao [11,12], tir d6 giup cho
chung ta hiéu thau dao hon vé co ché khang
thudc va cac bién doi gen.

5. Loi cam on

Nghién ciru nay duoc tai trg boi Dé tai Khoa
hoc va Cong nghé c?ip Bo Giao duc va Pao
tao ndm 2019-2020 (Quyét dinh s 5651/QD-
BGDDT ngay 28/12/2018) voi mi sé hd so
TN-213.
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