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A. DAl CUONG VE PHUONG PHAP SAC KY
(Chromatography)

Puoc phat minh béi nha sinh vat hoc nguoi Nga - Mikhail Tswest
Tach Chlorophills va Xanthophylls bang CaCO,

Tiéng Hy-lap: Chroma: mau l

Graphein: ghi

Sac ky mang moéng (planar chromatography), Sac ky cot (Column chromatography)

Phuong phap sac ky:

v Ky thudt tach (seperation) cac cau tu trong modt hé dong thé (khi hoac
I6ngQ)

v Can bang néng dd cua cac cau ti trong hai pha ti€p xic nhau: pha tinh
(stationary phase) va pha dong (mobile phase)

v Su phan tach dua trén tdc do kéo theo (elution) khac nhau cua cac cau tu
trong cot (column)

v' Mot dau do (detector) & dau ra ctia cot cho phép dinh luong lién tuc cac
cau tu trong hon hop dau



PAI CUONG VE PHUONG PHAP SAC KY
(Chromatography)

GC COLUMN
MOBILE PHASE
(CARRIER GAS)
. Flow of Mobile Phase

I njector » Detector SOLID SUPPORT LIQUID (STATIONARY) PHASE
T= 0( ()
T=10’
T=20’

| % '

I nteraction with Stationary Phase Least
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Sac ky phan tach
(Elution chromatography)
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Sac ky phan tach
(Elution chromatography)

Phan tach sac ky: Cdc chat tan bi rita qua mét pha tinh nhé su chuyén
cla pha déng qua cét chira pha tinh

déng

TABLE 26-1 Classification of Column Chromatographic Methods
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Sac ky do
(Chromatogrames)

1 9 Peak 1, butane

Peak 2, 2-mathylbutane
Peak 3, hexane

Peak 4, benzene

Peak 5, 2-methylhexane

I 1.

1 1 I f

Recorder response
L
-1

|
0 § 10 15 20 25
Number of Time/min
carbon atoms 4 5 L 6 7 8 9 10+

piéu kién dé thu duoc sac ky do:

- Pau do (Detector) duoc lap dat & diém cudi cua
cot

- bau do tuong thic cac chat canphat B 'Biey dién su bién thién cua tin

hiéu ra theo thoi gian hodc theo thé tich
tiéu hao cta pha déng

Cac peaks doi xirng (hoac khéng doi xing)
Phan tich dinh tinh (qualitative) va dinh luong (quantitative)



Sac ky do
(Chromatogrames)

* Van téc di chuyén tuong doi (relative migration rates)
* Su gian peak (band broadening)

4

Su phan giadi (resolution)

Y

_F"l I‘

Detector Signal

Detector Signal

|.\_ '.\

Time (minutes) Time (minutes)



Van téc di chuy€&n cta cac chat tan
(Migration rates of solutes)

Thai gian luu t,

(Retention time)

Toc dod di chuyén trung
binh ctiia chat tan

Téc dd di chuyén trung
binh pha dong

u=—
t

(0]

\ Elution Point of
TUnretamned Solute

%le_atd Chlemethiazol
Y et :  Carbamazapine
; phy Propanolol B
Retention P
Volume (V). ; :
Fer : - . . i
...| L Curre:éted Retenﬁun -F
' | Volume (V') | '
‘Peak Width
+at 0.607 h) :
e 9T
Dead : Peak o 1 :
Volume Height IR B akW'ﬂh -
: e i ;

Yo at 0.5 (h)
_-'-I:F‘J - _g -_‘ e —
—  {Corrected Retention ’

Dead . ; :
. : Time (t' ), ;

Time - i
to : /

B : Retention Time it ) ,. = P::'l];::r;dth



Van téc di chuyén ctia cac chat tan
(Migration rates of solutes)

Hé s6 phan bd K

(Partition Ratios) Can bang phan bé cua chat tan trong pha déng va pha tinh

A_ . — A._..
mobile stationary

Quan hé gitra tdc dd di chuyé&n va hé sé phan
bo

=y moles of solute in mobile phase

total moles of solute . .
V; va V,, co the xac dinh dua

theo phuong phap chuan bi cét

v=uX =uxXx
CMVM B CSVS 1-l_CS‘/S /CMVM

_ U x 1
1+KV, /V,,

- Cy Vi 1




Van téc di chuy€&n cta cac chat tan
(Migration rates of solutes)

Hé s6 kha nang L 3
(Capacity Factor) ——~ 0N so thyc ngflem quan trong

M6 ta toc do di chuyén cla chat tan trong
cOt

Do6i véi chat tan A, hé s6 kha nang k',

tr




Van téc di chuyén ctia cac chat tan
(Migration rates of solutes)

Toc dd di chuyé&n tuong doi: Hé sé chon loc a
(Selectivity Factor)

K, B la cau ti bi gilt manh & trén cot
a = K— A la cau ttr bi hap phu yéu hon trén
A cOta > 1
k, (to). —t
— B — ( R/ B M
a=-2=



Hiéu qua cua cot sac ky
(Efficiency of chromatographic colunms)

Su gidn peaks (band MOt phan tu chiu hang ngan lan chuyén tu
broadenning) pha dong sang pha tinh

! Can trao déi niang luong gilta phan tu va méi
o truong xung quanh

s Thoi gian luu cia mot phan tu trong mot pha
thuong cé sai léch ngau nhién so v@i cac

T N phan tu cung loai khac
" E 12 Khoang cach di chuyé&n thuc té trong cot cé

ei® thé khac nhau gilra cac phan ta

Gian doi xting (symmetric spread) xung quanh
mot gia tri chinh

L:’E? : -
Q’cﬁ-’_g, Dang hinh hoc cua peak: phan bo Gaussian
f.l‘.%&"i hoac duong cong sai s6 chuan (normal error

curves)



Hiéu qua cua cot sac ky
(Efficiency of chromatographic colunms)

PINH LUONG HIEU QUA CUA COT SAC KY

m

siataial

Chiéu cao tuong duong cua dia (H) SO dia ly thuyét (N)
(Plate height) (Number of theoritical plates)
?:i_?; | Chlomn:eth.iazol _
T}lleophy]me Propanol?l Phenytoin Carbam:azapme
30 Retention ] ] ]
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Hiéu qua cua cot sac ky
(Efficiency of chromatographic colunms)
O
Lty

Vi L/t,: VAn téc thang trung binh (average linear velocity) cua chat phan tich

Variance thoi gian cla peak: 12 T

Xac dinh t tu thuc nghiém:

Vé 2 ti€p tuyén tU cac di€ém uon
Dién tich tam giac = 96% dién tich peak

(sai léch + 21) va W= 41

LW
o=—
A,
H:LW2
16t
N = 165tig
[M/ D N=L/H



Hiéu qua cua cot sac ky
(Efficiency of chromatographic colunms)
CAC YEU TO ANH HUONG BEN HIEU QUA cOT SAC KY

v'Téc do dong clia pha dong: H_. . (Hiéu qua cao nhat) xuat hién &
ving toc do thap (0,1 - 0,2 m.s2: LC va 1-2 m.s1: GC)

v'Kich thudc hat cla pha tinh doi véi cot nhoi (column packings)

v'Chiéu day mong hon cla I6p c6 dinh (immobilized film) khi pha tinh
la chat 1dng hap thu trén chat ran (liquid adsorbed on a solide)

v'Tang nhiét do sé lam gidam su gidn peak doi v4i tat ca cac trudng
hop

v'Gidm do nhét clia pha dong o

1.2 L
= 1.0
0.8

0.6
0.4
L]

Plate height (mm

22.6 pm
-]
13.2 jen

| N e Mo
10 20 30 40 50 60 70 &0 90 0 _ 3.0 4_1_—H_4I'ﬂ_
Linear vialocity (cm/s)

=
[

Linear velocity, cmis



PO phan gidi cua cot (R)
(Column resolution)

Pé phan giai cua cét (R,) cung cap céac gia tri dinh luong dac trung cho
kha néng tach cua hai chat can phan tich

R = 207 _Zl(tR)B_(tR)A]

WL W, W, W,

R, = 0,75 do6 phan giai va phan
tach peak kém
R. =1 Vung A chira khoang 4% B

Dretecior sigral

va vung B chla khoang 4%

(overlap = 4%)

R, = 1,5 phan tach peak gan tuyét
doi (overlap = 0,3%)

Tang do phan giai:

Tang chiéu dai cot >< thoi gian



= ? = 2?

PO phan giai cua cot (R,)
(Column resolution)

Anh huéng cua cdc hé sé kha ndng va chon loc dén dé phan giai

Xét dé phan giai cua hai chat A va B:
> SO luong dia (number of plates), N

> Hé s06 kha nang (capacity factor), k’, :> R,

> Hé so chon loc (selectivity factor), a

_— JN o -1 k,
S6 dia can thiét (chiéu cao cot S 40 +k,
sac ky dé dat duwoc mét dé phan

giai cho truoéc \




= ? = 2?

PO phan giai cua cot (R,)
(Column resolution)
Anh huéng ctia dé phan giai dén thoi gian luu

Muc dich clia mot qua trinh phan tich sac

ky
> P06 phan gidi cao —~ Xac dinh thai gian luu t,

> Thai gian Iuu nhd nhat déi vdi cau t kho tach (t.),

C16R’H[O a [ (1+k,)
(tR)B_ u @D’—lg (kB)i

u: Toc do tuyén tinh clia pha déng



T6ém tat cac cong thuc

Téc dé di chuyén trung

binh ctia chat tan binh pha déng

- _L L
u=—
te t
- 1
vV=uX

1+ KV, /V,,

(0]

Hé sd kha ning (capacity factor)

:—KAVS 0 v=ux 1

k .
v, 1+k,

Téc dd di chuyén trung

Chiéu cao dia (plate height) va sé dia

(number of plates)

N =L/H

o’ LW?

H=——
L 16t,

N =162
WO

D06 phan gidi cua cot (column resolution)

_ 2l(tR)B _(tR)A‘

R :\/NEp—l ks

4 a

+kg

:



Ap dung
S0 liéu ban dau:
(t.),=16.4 pht, (t;);=17.63 pht, (t;),=1.3 phut, chi€u dai cét: L=30 cm
D0 réng cla peak tai duong nén: W,=1.11 phuat va W,=1.21 phut
Tinh toan: R_, N, H, Chiéu dai clia cOt dé bao ddm R_=1.5 va (t,), tuang Ung.

Giai:

R.=2(17.63 — 16.4)/(1.11+1.21) = 1.06

N =16(16.4/1.11)?= 3493 va N = 16(17.63/1.21)2 = 3397

_IN -1

0 N = (3493+3397)/2= 3445 R e Ba %Hk E

H = L/N = 30/3445 = 8.7x 10-*cm ) = 16R3H a di 1+k
R/B u 1|:| ' 2

B

Do k’;va o khong thay dGi khi tang chiéu cao cua cOt, ta co:

(R.), /N, _ 1.06 _ /3445

- 0 0 N, =6.9x10°
(Rs)z \/Nz 1.5 VN2
_ — 3 =S = :
L=NxH =6.9%10>x8.7x10~ =60 cm (te), _ (R, [ 17.63 _1.06> _ (tg), =35 phut

(te), (R)? ™ (ta), 157



Céac ung dung ctia sac ky

» Phan tich dinh tinh

> Phan tich dinh lugng

> Phan tich dua vao chiéu cao peak

> Phan tich dua vao dién tich peak

> Xay dung duong chuan (calibration with standards)

> Phuong phap chuén ndi (internal-standard)



B. Sac ky khi
(Gas-Liquid Chromatography)
sac ky khi
Gas-Liquid Chromatography (GLC) hoac la Gas Chromatography (GC)

!

» Tach cac cau tir trong cOt nho vao su phan bo trong pha dong va pha tinh
» Pha déng: pha khi (N,, He, Ar...)

> BAc hoi mau

> Pha tinh: pha ran hodc pha 16ng pht Ién pha ran dugc gilt & trong cot

% Phuong phap céng cu dé€ phan tach va xac dinh cac hop chat héa hoc



B. Sac ky khi
(Gas-Liquid Chromatography)

Mau (sample) phan tich dugc
- Pua vao bo phan nap mau (heated injector)

- Di chuyén qua mot cot phan tach (seperating column) nhd mot dong khi
mang tro (inert carrier gas)

- Phat hién va ghi lai duéi dang cac peaks khi cac cau tir di ra khoi cot

GC ANALYSIS

TWO STAGE ] &
AEGULATOR ’

RECORDER

SOLUBILITY —
|  COMPONENT FHINTEH&:LDTTEH

ITY
LO:SO;UBIL WORKSTATION




B. Sac ky khi
(Gas-Liquid Chromatography)

. Flow of Mobile Phase
I njector » Detector

GC COLUMN =0
i) U

MOBILE PHASE
(CARRIER GAS)
T=10’

SOLID SUPPORT LIQUID (STATIONARY) PHASE 0 % ; “ ()

T=20’

| 3 '

Interaction with Stationary Phase Least

Saap=bubble meter -
Rezorder

T Dretectar N o Electrometer

Ll

Syringe -
)

. hridge
Two-stage ; T R’
Flow Tl
preesure Rotome ter ﬁpl;;::.r L~ Injecior
regulatar
lr'?l — LW T
ik =3
Fliow
controller e
[ ™
[ ]
Carrier L“——k—'!l'—‘!l'—'L"J [BFTEY
" gos Column | sysiem
| supply ] |

Colamn oven



B. Sac ky khi
(Gas-Liquid Chromatography)

Nguén cung cap khi mang (Carrier Supply) - N, chi phi thap, an toan

F = 25 — 150 ml.min: Cot nhoi (Packed column) - H2: chi phi thap, nguy co chay né
F =1 - 25 ml.min': C6t mao quan (Open-tubular or - He: thdng thudng, dat

Capillary column) A

Binh chra 4p suat cao (pressurized tank)

- Dung cu diéu chinh &p suat (pressure
regulator)

- Piéu khién luu lugng dong khi (Flow
controller)




B. Sac ky khi
(Gas-Liquid Chromatography)

Nguén cung cap khi mang (Carrier Supply)

Thiét bi tach N, tr khéng khi nén (Pure Nitrogen Generator)
- Tham thau chon loc N,
- 0.5 ppm O,, > 0.5 ppm H,0, > 2.0 ppb halocarbons hoac C,H,.

- Luu kuong t6i da O 1 I/min. Ap suat 3,5 — 7 atm.

Thiét bi cung cap khi H, tir nudc cat (Hydrogen Generators)
- Phuong phéap dién phan (Electrolysis)
- Chat dién ly: polymer ran (solid polymer electrolyte)
- H, 99.999%
- Kha nang luu trlr H,: 4 litre
- Ap suat: 1,4 — 7 atm.
- Luu luong: 0 to 125 ml.mint va c6 thé dat dén 1200 ml.min.



B. Sac ky khi
(Gas-Liquid Chromatography)

Hé théng nap mau (Sample Injection system)

Cac yéu cau:
- Lugng mau thich hop

- T6c dO nap mau phai nhanh va mau nap khi vao cot & trang thai khi

4

Giam su gidn peak (band broadenning) va tang d6 phan giai cua
cOt

v' Microsyringe chuan (calibrated)

v' Septum: mang bang cao su silicone

v' Gia nhiét cho viing nap mau: T > 50°C cUa cau ti c6 nhiét d séi cao nhat
v Thé tich nap mau:O 20 pl d6i véi cot nhoi (packed column)

0 0,2 pl hodc nhd hom doéi véi mao quan (open-tubular or
capillary column)



B. Sac ky khi

(Gas-Liquid Chromatography)

Hé théng nap mau (Sample Injection system)

So do nguyén ly hé théng nap mau

COt mao quan COt nhoi

Supporting Metal ;

Supporting Metal i L . .
Discs with Guide T Discs with Guide P74 "~
Holes - Syringe
............................................ Carrier
Gas
Silicone
Septum
Heated Glass Oven Wall or
Liner ™ Oven Top
» Split Gas Packed
Stream to Column
Heated Glass » Waste
Liner . . 33
Capillary wli
Column

Syringe

Septum

Syrlnge_r'_:‘___':' 3
needle |

WVaporization
chamber

0

=

purge
—LP = 0.25 psi mL™
iﬂow rate

Carrier

gas

373 | Zero dead
% LoF | volume
i connectar

Column



B. Sac ky khi
(Gas-Liquid Chromatography)

Hé théng nap mau (Sample Injection system)
Ché do nap mau:
- Chia dong (split)
- Khéng chia dong (splitless)

Canier —| Molecular || Hydrecarbon || Oxygen
e in _—i".l..-p I—lh.p I—Imlhr



file:///storage/tailieu/files/source/20100704/dinhvinh87/E:\Biblio\Chromato\GC.mov

B. Sac ky khi
(Gas-Liquid Chromatography)

Cét sac ky (Column)

> COt nhoi (packed column): ID: 2 -4 mm,L:2-3m
- Pha tinh - Chat hap phu dugc nhoi vao cot
- phan tich khi (gas analysis)
- Nap mau don gian
- D6 chinh xac cao
» COt mao quan (open-tubular or capillary column): ID: 0,25 — 0,5 mm, L: 25 - 50 m
- Nap mau khé khan
- ‘State of art’ column

- Pha tinh dugc phu vao mat trong cla cot (0,2 - 1um)



B. Sac ky khi
(Gas-Liquid Chromatography)

Cét sac ky (Column)

PACKED AND CAPILLARY COLUMNS
SOLID SUPPORT

0.25mm ID

PACKED
COLUMN CAPILLARY OR

wcoT
(WALLCOATED OPEN TUBU!

wall-coated open-tubular (WCOT) column



B. Sac ky khi
(Gas-Liquid Chromatography)

Cau tao cua cdt nhéi

VO cét: thép khong gi hodc thdy tinh Pyrex

Chat hap phu (Adsorbents): hai loai chat dugc nhoi vao cot :
- Chat hap phu. Kich thudc: - 30/40 -100/120 mesh
- Chat mang (support) dugc phu pha tinh. - Bong nhat

Cac chat hap phu thuong st dung:

» Alumina (AlLO,): Hoat héa & 200°C — 1h: tach khi va cac hyrocachon
dén C,, kich thudc hat: 100/120 mesh, kich thudc 160 xop:1 A - 100 A.

> Silica (Si0,): tach cac khi c6 M nho va cac Hydrrocacbon nhe
- B& mat rieng750 m2/g, kich thudc 16 x6p trung binh: 22 A
- B& mat rieng 100m2/g kich thudc 16 x6p trung binh: 300 A.



B. Sac ky khi
(Gas-Liquid Chromatography)

Cau tao cua cdt nhéi

Cac chat hap phu thuong su dung:

> Zeolith: Tach cac khi c6 M nhd bang phuong phap loai trir (exclusion):
Ray phan ti (molecular sieves)

- C4c zeolith ky hiéu: 5A va 13X: thudng dugc st dung dé tach H2, 02,
N2, CH4, CO, Ar, Ne...
» Cacbon:

- Cacbon hoat tinh: bé mat riéng 0 1000 m2.g*

- Graphit: b& mat riéng 5 - 100 m2.g-2
> Cac hop chat cao phéan tu:

- Co-polymer cua polystyrene va divinylbenzene

- L6 x6p: macropore va micropore

- Bé mat riéng I6n va d6 xop cao

- Tuong tac da dang véi cac dung moi va chat tan ti€p xuc véi no.



B. Sac ky khi
(Gas-Liquid Chromatography)

Cau tao cua cdt nhéi

Cac chat mang st dung cho GLC:

- Celite (m6t dang dac biét cua khoang diatomic), Celite nung, Celite nung
hoat hoa bdi Ag hoac Au, cac hat vi cau thay tinh, polymer, teflon...

% Bién tinh Celite:

-Nung & 900°C véi Na,CO, va trg dung: silica O cristobalite, cac vét Kim
loai tac dung vdi Silica O gay mau (héng) cho vat liéu.

Chromosorb P, Chromosorb W, Chromosorb G va Chromosorb S
% Vi cau Polystyren

Chuyén chat hap phu Ién chat mang:
% S dung cac nhoém Silanol (= Si-OH)

Hexamethyldisilazane + = Si-OH [0 goc trimethylsilyl
% Phuong phap tam (slurry method of coating)



B. Sac ky khi
(Gas-Liquid Chromatography)

Cau tao cta cét mao quan (capillary or open-tubular column)

Phat minh vao nhitng nam 1950
Toc d6 phan tach nhanh véi s6 luong dia cuc I6n O 300.000 dia

Pua vao ap dung vao cudi nhirng nam 1970

Cau tao tU thay tinh hodc fused silica
ID =0,25-0,5mm
L=25-50m

B& mat trong clla mao quan dugc pht mot [6p
mong pha dong 0,25 — 1,5um

(WallCoated Open-Tubular - WCOT)




B. Sac ky khi
(Gas-Liquid Chromatography)

Cau tao cua c6t mao quan (capillary or open-tubular column)

Cuer wall of calumn

0.1 - 0.53 mm

i inner diameter
Stationary phase
(0.1 - & pm thick)
Solid support )
Stationary coated with Stationary
lijuiied slationary sahq—nhase
phase liquid phase particles

Column wall
Wall-coated Support-coated Porous-ayer
open tubular open tubular open tubular
column column column

(WCOT) (Scam) (PLOT)



B. Sac ky khi
(Gas-Liquid Chromatography)

v'Phén cuc: -CN, -CO va -OH

Bién tinh bé mat fused silica / Khéng phén cuc:
n ~ 5 , » . . o o Hydrrocacbon (dialkyl siloxane)
D0 phan cuc (polar) cua cac goc Silanol trén bé mat / Phin cuc I6n: Polyester
Trapped pelar solute CH
EPP Mobile Phase HCo L EH,
LT senannee L N
E;E;t?;?;f;E;?;E;Erfrf;E;E”?ﬁ‘??ﬁ?gf’f?f;":;?;?;E;E;E;E;ErfrfSE;E;E;E;E;E;E;E mat Silica v GH O LR,

| =

|
-?H CIJH CIJH cln + HCI
—:::—ii—m—ii—o—ii—m—ii—-:-—

F A =EtOH \
£ ‘B B = methylethyl 2
S (3 ketone g'
T C = benzene % -
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B. Sac ky khi
(Gas-Liquid Chromatography)

Cdc pha tinh (ST) thuong sutr dung trong . L i
Anh hudong cua do phan cuc cua pha

GLC Y T
Strecture Folarity "'F":,'E'ml' tinh dén thoi gian luu
#1 n-heptane
=0  Nonpolar "
@ ?I‘ : = (05 Nonpolar — 60 — 320 #2 tetrahydrofuran
+0—S5i ﬂ—sli—'— A= 035 Imermediate =30 #3 2-butanone
polirty .
@ CHy| x=065 Inermedite  50°—370° #4 n-propanol
- sl b= palarity
{Dophenyl), idimetind), 1
polyslonane
- Polar SP

e
o] = ol \IL A

Crmopeppibonti, TVPCAL CHAHATOSRAM O CATBORY
{dimathyl), ,, polysibxane (@)
H —[H; 5 407 —250¢
o onely petr o 12 Non-polar SP
{poluethylese glyosl)) .
[ o] [ CN| 1
<] 9 1
+0—3i O—=5I—  Strongly polar =215 |
- m ‘et o Bs u |
lmﬁﬂwh. :ar-‘ ilomane A |




B. Sac ky khi
(Gas-Liquid Chromatography)

So sdnh c6t nhéi va cét mao quan

e[ arger
samples

Typical 1/8 Typical Capillary
packed

[.D. 2.2 mm 0.25 mm

0.1-0.53 mm

de 5 um 0.25 um

I 1-2m 10-60 m

N 4,000 180,000

Advantages | eLower cost eHigher sep.
eEasy to make | efficiency

e[ aster sep.
eBetter for complex
mixtures

r
Injmct

-
Inject Timg —=

Figure 24-3 Gas chromatographic separation of a perfume oil on a 2-mm-diameter x
1. 5-m-long packed columm (upper trace) and a 0.25-mm-diameter X 3-m-long open



B. Sac ky khi
(Gas-Liquid Chromatography)

On nhiét cét sdc ky (Column Thermostating)

Muc dich: Bao dam tinh Iap lai cda thdi gian luu

@ Isothermal: mau don gian

Lo 6n nhiét (thermostating oven)
Topti.: f (Tsél) ] Topti = Tséi Vél RT= 2 - 30 ph L,It

Nhiét do chuong trinh héa | 5 I

. f WTITRRTT T
(Temperature Programming) | mB r—lm-”“-"”'_l_lv"[ hiisi

Mau phurc tap: Tach cac cau tir cla
mau dua vao su thay doi cla T soi

Cot sac ky



So sanh sac ky dé & hai ché dé: Isothermal

B. Sac ky khi

(Gas-Liquid Chromatography)

va chuong trinh héa nhiét dé

c_ur-
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Chuaong trinh héa nhiét do

!

Hé s6 kha nang K. =

Do phan giai

!

R.\
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I

[

[ —1

m

A
o —11}

m
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Lo
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B. Sac ky khi
(Gas-Liquid Chromatography)

Nhiét do chuong trinh héa
Tang kha nang tach clia c6t nhd ngung tu roi boc hoi dung moi

Chromatogram
f Dung méi béc hoi ngay khi
E vao cot sac ky
2
g
ﬁ v L
Time (minutes)
_/ Dung moi ngung tu trén cot
o cung voi cac cau ta khac,
5 sau do boc hoi, tai phan bo
4 lai cac chat can phan tich
=
g

Time (minutes)


file:///storage/tailieu/files/source/20100704/dinhvinh87/E:\Biblio\Chromato\focus2.mov

B. Sac ky khi
(Gas-Liquid Chromatography)

Céc vung c6 gia nhiét ctia hé sac ky khi (GC)

GC BLOCK DIAGRAM
(HEATED ZONES)

CARRIER
GAS

HEATED TO HEATED TO

RECORDER

T

DATA HEATED TO




B. Sac ky khi
(Gas-Liquid Chromatography)

Pau do (Detectors)
MOt sO yéu cau:
v" Tin héu thu dudc tuyén tinh hodc gan tuyén tinh véi lugng mau
v" Thoi gian trd |0i nhanh
v' Phat hién da dang (universal detection)
v" Tin hiéu ra khéng phu thudc va nhiét do
v' Lam viéc on dinh tUr nhiét do thudng dén 400°C (d6i véi GC)

» Thermal Conductivity Detector (TCD)

> Flame lonization Detector (FID)

> Electron Capture Detector (ECD)

> Nitrogen-Phosphorous Detector (NPD)

» Flame Photometric Detector (FPD): FID tweaked for S compounds
> Photoionization Detector (PID)



B. Sac ky khi
(Gas-Liquid Chromatography)

Thermal Conductivity Detector (TCD)
Measures heat loss from a hot filament - nearly universal
v" Filament heated to const T

v When only carrier gas flows heat loss to metal block is constant, filament T
remains constant

v When an analyte species flows past the filament generally thermal conductivity
goes down, T of flament will rise. (resistance of the filament will rise).

Sensor Connections
to Wheatstone Bridge

T

Heated Metal
Elock

\A

DPé dan nhiét cta khi mang (He hodc H2)

10 1an I16n hon céc hop chat hiru co

So do nguyén ly

Reference Connections
to Wheatstone Bridge

I ——

SNaN

[~ Reference
Filament

| -Sensor
Filament




B. Sac ky khi
(Gas-Liquid Chromatography)

Thermal Conductivity Detector (TCD)

Thermal conductivity at 273 K and 1 atm

Thamal conductvity
Cax INK - m « &) Molecular weight
H. 0170 2
He 0.141 4
NH., 00215 17
N, 0.0243 %
C.H, 00170 8
0, 0.024 6 32
Ar 00162 40
CH, 00151 44
0, 0044 4
Cly 0.007 6 71

The encrgy per und ared per enet Gene (lovang fron a hot sepeon (o a
cold region is piven by

cacrgy Max (e’ o) = = (T
where « isthe Semal cordectrvity funits = MK - = - 1)) and T

it e femperahore prachent (Kim) Therma conducdtivity i to enerpy
M as the diffusion coeffiowent 15 © msas Mux,



B. Sac ky khi
(Gas-Liquid Chromatography)

Flame lonization Detector (FID)

Sensitive towards organics

v" Analyte is burned in H./air, which produces CH and CHO" radicals

v'  CHO* radicals are reduced at a cathode which produces a current
proportional to the radical quantity [1 1012 A

v" Specific for organic carbon, insensitive to inorganics, CO,, SO, etc.

v" Generally DL 100x less than TCD about pg/s (flow rate dependent)
v Response to specific organic depends on the number of organic carbons.

lectrode
collectice

— i
#&——— hpdiogéne

brleur

calonne capillaire



file:///storage/tailieu/files/source/20100704/dinhvinh87/E:\Biblio\Chromato\FID.mov

B. Sac ky khi
(Gas-Liquid Chromatography)

Electron Capture Detector (ECD)

Sensitive to electron withdrawing groups especially towards organics
containing -F, -Cl, -Br, -l also, -CN, NO,

v" Nickel-63 source emits energetic electrons collides with N, (introduced as make-
up gas or can be used as carrier gas) producing more electrons:

Ni-63 0 e, e+ N, O 2e- + N,+

v" The result is a constant current that is detected by the electron collector (anode).

v As an analyte flows through past the Ni-63 source, electron capture is possible by
electron-withdrawing species: A + e [ A

v' Current decreases as a result of e- capture by analyte. This is one of the few
instances in which a signal is produced by a decrease in detectable phenomenon.

v" Very low DL for detected species 10-5g/ml for many halogenated substances



B. Sac ky khi
(Gas-Liquid Chromatography)

Electron Capture Detector (ECD)
The bad

» Radioactive Ni-63 source

So dé nguyén ly

> Easily contaminated with 02, H20, sample overloading.
> High maintenance device.
> Highly variable response to halogenated substances

> Sometimes complementary information from FID helps.

TABLE 75 Helstive ECD Moler Responses [14]*

]

N

&

n

:{ M ECD Retpanse®

55 CHLO! 14

% CHyCly is

] CHCl, £20

3 el 10,000

3 CHyCH,Q 19

: CH,CICH,C1 42
CH;CHCICH, 18
{CH;CC 1.5
CH; = CHO il
CH; = OC)3 17
trans-CHC1 = CHC1 L5
cir-CHCl = CHOY 11
CHCL = CCl, 460
OOy = OCh 3,600
Ph — CI* arad
Ph — CHCP E1
CFO 63
CHFC! 18
CFoCly 160




B. Sac ky khi
(Gas-Liquid Chromatography)

Mét sé ky thudt chuyén valve

Back flushing Techniques

J/ /’?}'f'

w il

To VWaste

Carrier (GGas

Detector Restrictor

Sample
Injection
I
-—-f/j/ off— Carvier Gas
T Split Flow

Muc dich: phan tich cac mau chira cac

chat tan tuong tdac manh véi cot:
nhiem ban co6t hoac thoi gian luu kéo
dai

v Valve 8 cong

v' Chuyén valve va ddo chiéu
chuyén dong ctia pha déng

v' Han ché su nhiém ban cua cOt
va thoi gian phan tich



B. Sac ky khi
(Gas-Liquid Chromatography)

Mét sé ky thudt chuyén valve

Apparatus for Heart Cutting

Detector 2

Co

-3

=
I
/

’
sﬁ;{
I

LEIVRER

i

/!

Carvier Gas

Detector 1

{
(=

f'rﬁ /

Restrictor

Sample
Injection ||

f

W—]

.

=
-

ﬂ‘lh I,I" A -.“I 2
il

i

i

il

IIq‘ll'l
I

Split Flow
—_—

-
-
[

/ ﬁ

/

/

6 Port Valve

Restrictor

Carrier Gas

v’ Valve 6 nga

v S dung d6i hé théng vdi hai cot va 2
detectors

v’ Céc cau tr & ving gilta clla mau dugc
phan tach trén cot 2

v' Céc cau tir dau va cubi dugc phan
tach trén cot 1



B. Sac ky khi
(Gas-Liquid Chromatography)

Thu thap va xa ly sé liéu (Data Acquisition and Processing )

From
Detector

¢ - Potentiometric

Recorder

Nguyén ly
AID Converter

AD Converter




B. Sac ky khi
(Gas-Liquid Chromatography)

Mét sé ung dung cua GC (GLC)
v" Ap dung doi vGi cac mau boc hoi va 6n dinh nhiét dén vai tram °C
v' C6 khd nang phat hién va phan tich rat nhiéu chat va hon hop

v Bugc Ung dung rong rai dé tach va xac dinh cac cau tl trong cac mau tu
nhiéu chiing loai khac nhau

Mot vai vi du:

© Ketones: polydiméthyl siloxane

© Alkaloides: 5% phenyl polydimethyl siloxane

© Steroids: 50% phenyl polydimethyl siloxane

© Chlorinated Aromatics: 50% Trifluoropropyl polydimethyl siloxane
© Alcohols: Polyethylenglycol

© Esters: 50% Cyanopropyl polydimethyl siloxane

v S4c ky khi két hgp khéi phé .


file:///storage/tailieu/files/source/20100704/dinhvinh87/E:\Biblio\Chromato\GC.mov
file:///storage/tailieu/files/source/20100704/dinhvinh87/E:\Biblio\Chromato\GC-MS.mov

B. Sac ky Iéng hiéu qua cao
(Hight-Performance Liquid Chromatography - HPLC)

Phén loai HPLC dua ban chat tuong tiac

> Sac ky phan bo (partition chromatography)

Increasing polarity
> Sac ky hap phu hodc léng-ran (adsorption or R
liquid-solid chromatography) e : =

Nonionic polar

> Sac ky trao d6i ion (ion exchange chromatography)

> Sac ky loai trr kich thudc (size exclusion
chromatography)

102

10
A v 2 . . 4
VD: nguyén ly sac ky trao doi ion g
(acide amine) -E 10t
]
pH2 =
/\ / . i o ) 10°
SO Ng  H3N Sac ky loai tru kich thuaoc (Gel permeation) (Gel filtration)

COOH

Ion-exchange Resin ﬁ% 108

o

"
Na




B. Sac ky Iéng hiéu qua cao
(Hight-Performance Liquid Chromatography - HPLC)

Phén loai HPLC dua vao vat liéu nhoi

Pac diém cta HPLC
Pha tinh duoc nhoi trong cot

Pha déng d trang thai Iong: Cac dung méi, hon hop dung méi hodc nudc

v' Pha thong thuong (Normal phase): vat liéu nhoi 1a silica don gidn
v Trao dGi ion: silica bién tinh (mdified silica)

/ - _ . =Ial= - Ve
Pha dao (reverse-phase): silica bién tinh Phan I6n céc HPLC Ia pha dao

50 0DS (2) v' Chat phan tich duoc giit trén pha tinh
e _ FAT-SOLUBLE VITAMING phan cuc nhé hon cho dén khi bi rira troi
] el Ve A béi pha dong phan cuc da 16n
iy sl ek v Thao tac don gian
e e TR -
; R - T v Hiéu qua cao
20— 3. Viamin D2 .
) fie il S VarinE v Cét 1am viéc 6n dinh
| )i .1 'u'il:.rrrni roatate . ~ . ) o ,
" '|J g il v'Cé thé phéan tich cho ca hai loai cau ta
Ll il c6 dac tinh tuong tu hoac khac xa nhau




B. Sac ky Iéng hiéu qua cao
(Hight-Performance Liquid Chromatography - HPLC)

HPLC: Stationary Phases

Mormal phasa
—#i—CIH
Ravarsaphass; basic column
_$H:EH1?
_ Ravarsaphass; mora ratentive than C2,
—$I“315H3? axcallont for ion-pairing

Mormal- or revarse phase; salactivity for
—#H]I—IEEHEEH;-—CH polar compounds

Ravarsaphasse; good for aromatic

—#H: HoCHoC Hz—@ compounds

lon-axchange, separatas basas
—#H]I—IEEHEE H-30-H

lon-axchange, soparates acids

—él-'H] H, CH, CHANT(CHy )y

GI—I UiH OlH
-8i-0-8i—-0-8i-
I I I
Sllanization reastan
5‘4, GI—I,
I I
-8i—-0CH + Cl-8-R* — -8i—-0-8i—-R* + HCI
I I I I
CH, CH,

Mac dau c6 nhiéu ly thuyét nghién clu vé viéc stir dung pha ddo nhung phan
I6n cac chuong trinh HPLC pha ddo déu thu dugc tir phuong phap thi va sai

(by trial and error).



B. Sac ky Iéng hiéu qua cao
(Hight-Performance Liquid Chromatography - HPLC)

Pha tinh-Pha dao
(Stationary Phases for Reversed-Phase LC)

Moabile phase flow (polar/ H,O + organic

Parr tions in and out of stat phase

Hydrophobic
environment

Silica Suppcut

v Goc R la C8 (n-octyl), C12 (n-octyl)
hoac C18 (n-octyldecyl).

v Pha ddng la H20 + dung mdi hoa tan
(acetonitrile, methanol, ethanol,
isopropanol).

v' Cac cau ta phan cuc sé bi rira ra
nhanh nhat, ting dé phan cuc cua pha
dong sé lam ting thoi gian chay mau

Pha tinh binh thuong cua LC
(Stationary Phases for Normal LC)

OH OH OH The polar silica surface

| | | can be used without
- S|| -0- S‘l -0- S|| - modification.

R = cyano (-C,H,-CN), amino (-C,H¢NH,), diol (-C;H,OCH,CHOHCH,OH)

Silica Suppolt

v Pha déng tuong doi khéng phan cuc:
Hexane, Isopropyl eter, toluene...

v' Céc cau tu khéng phan cuc sé bi rtra
ra nhanh nhat, ting dé6 phan cuc cua
pha ddng sé giam th&i gian chay mau



B. Sac ky Iéng hiéu qua cao
(Hight-Performance Liquid Chromatography - HPLC)

Anh huéng ctia ban chét pha tinh dén chat luong tach

Peak identification

1. Uracil o
2. Phenol decreasing polarity
3. Acetophenone
C1 4. Nitrobenzene
5. Methyl benzoate -
Methyl Octyl 6. Toluene ¥ Octadecyl
C1B
123 5
4 1
2 3 g
5
R\
Lol laduld Lot Lo b byl ladal Lol bt Bala b dalalalalald
02 46 8 D 2 4 6 B 1012 1416 0D 2 46 B 1012141618 202224
Time, min Time, min Time, min

Figure 28.18 Effect of chain length on performance of reversed-phase siloxane

columns packed with 5-um particles. Mobile phase: 50/50 methanol/water. Flow rate: 1.0
mL/min.

Pha dao



B. Sac ky Iéng hiéu qua cao
(Hight-Performance Liquid Chromatography - HPLC)

So dé nguyén ly cua HPLC

- Regulated

helium SOURGE - F
Dutput check valve —p —
m‘uuHm\ Pump

Solvent reservoirs
l Sparger [Inlet ‘
filter

_ﬁ_ﬁ

Solvent proporticning valve

wimee Ty detector =

Column
Backpressure Fitter

Injector valvg



B. Sac ky Iéng hiéu qua cao
(Hight-Performance Liquid Chromatography - HPLC)

Céc yéu cau déi voi dung mbi

v" Ap suat bom: vai tram atm (J6000psi), luu lugng 0,1 — 10 ml.min véi E<0,5%
v' Vat liéu bom bén &n mon doéi vdi nhiéu loai dung mdi khac nhau

v’ Ché d0 bom piston

v' CG hat trong cOt sac ky: 3 - 10um

v MOt hodc nhiéu binh chitra dung méi (500 ml)

v Loai bd hoan toan khi hoa tan va can trong dung moi <>gidm db rdng cla peak
(band spreading) va anh hudng dén chat lugng detector

v Budi khi hoa tan trong dung méi bang khi tro (sparger)
v' Lua chon ché d6 tach rlra (elution) cho dung moi

v’ Trang bi cac loai valves ty 1€ (proportionating valves) cho phép dua dung méi tir
hai binh ch(ta v&i cac luu lugng thay doi lién tuc



B. Sac ky Iéng hiéu qua cao
(Hight-Performance Liquid Chromatography - HPLC)

Quad trinh tach rira (Elution)

v St dung mOt dung moi don gidn cé thanh
phan khong d6i: isocratic

v St dung hai hay nhiéu hon cac hé dung
moéi c6 dOd phan cuc (polarity) khac nhau
nhiéu: gradient elution

<* Ty Ié céc loai dung médi dugc chuong trinh
héa lién tuc hoac theo tung bac

/

" Gradient elution: tang chat lugng cla qué
trinh tach (improve seperation efficiency)

Hiéu qua tich bang phuong
phap gradient elution

@

{a) Gradient =lution

Peak identity

1. Benrene

2. Monochlorobenrene

3. Ombodichlorobenzene

& 1,2, 3-trichlorobenzens

5. 1L AS-trichlorobenzens

6. 1,2 darichlorobenzens

7. 1,23 d-tetrachlorobenzens
. 1,24 5-tetrachlorobenzense
9. Pentachlorobenzens

10, Hexachlorobenzene

(b} lsocratic elution




B. Sac ky Iéng hiéu qua cao
(Hight-Performance Liquid Chromatography - HPLC)

D6 phén cuc cua mét sé dung mébi st dung trong HPLC

Polar Solvents

Water > Methanol > Acetonitrile > Ethanol > Oxydipropionitrile

Non-polar Solvents

N-Decane > N-Hexane > N-Pentane > Cyclohexane

Lua chon pha déng va pha tinh

Chu yéu dua vao su phan cuc cta cau tir phan tich, pha dong, pha tinh

Quy tac chung: do phan cuc (polarity) cla cau t&r can phan tich va pha tinh la
tuong duong con pha dong c6 do phan cuc sai biét

Khi @6 phan cuc cla cau tir va pha tinh qua giong nhau: thuong tac manh gitra
cau tir can phan tich va pha tinh O thdi gian phan tich kéo dai



B. Sac ky Idng hiéu qua cao
(Hight-Performance Liquid Chromatography - HPLC)

Tinh chat mét sé loai dung méi stt dung trong HPLC

Refractive Viscosity, Boiling Polarity Eluent
Solvent Index? cpk Point, °C Index, F* Strength,* "
Fluoroalkanes® 1.X7-1.29 0.4-2.6 50-174 <-2 =25
Cyclohexane 1.423 (.50 Bl 0.0 =02 .
n-Hexane 1.372 30 69 A 001
I-Chlorobutane 1.400 0.42 78 1.0 0.26 ©
Carbon tetrachloride 1.457 (.90 LT L6 0.18
i=Propyl ether 1.365 0.38 68 24 .28
Toluene 1404 0.55 110 4 0.29
Diethyl eiher 1.350 0,24 35 23 0,38
Tetrahydrofuran 1.405 .46 ] . 4.0 0.57
Chloroform 1.443 0,53 i1} 4,1 .40
Ethanol 1.359 1.08 78 43 0.88
Ethyl acetate 1.370 0.43 77 4.4 0.58
Dioxane 1.420 1.2 101 4.8 0.56
Methanal 1.326 0,34 63 5.1 . D95
Acetonitrile 1.341 0.34 82 58 0.85
Nitromethane 1.380 0.61 101 6.0 0.64
Ethylene glycol 1.431 16.5 182 6.9 L.11
Water 1.333 0.89 100 10.2 Large

A IS,

EThe centigise is o common unit of viscoslty: s 51 anits, 1 <P = I mM¥ -5 m~L
O AlyOy Mubtiplication by (L8 gives ¥ o S0k,

Propenties depend upan molecalur weight, Range of ditg Elven,



B. Sac ky Iéng hiéu qua cao
(Hight-Performance Liquid Chromatography - HPLC)

Hé théng nap mau (Sample Injection Systems)

St dung valve 6 cong
Nap mau qua vong 1ay mau (sampling loops) O Sac ky 1dng hién dai
C6 thé thay thé sampling loops tUr 5 pl dén 500 i

Sai sO cla lugng mau nap dudi 1%

Lﬂﬂp 4 To LC Column I Hjﬂﬂt iﬂ'n To LC Colomn
Filling Position
Position
From ‘ From
Syringe Syringe
To Waste To Waste

Container



B. Sac ky Iéng hiéu qua cao
(Hight-Performance Liquid Chromatography - HPLC)

Coét sac ky HPLC
» Thong thuong:

L =10 — 30 cm va c6 thé néi ti€p 2 cdt hodc nhiéu
hon

ID = 4 - 10 mm, kich thudc hat nhéi: 3, 5 va 10um

40.000 - 60.000 dia/m cot
> COt téc dé cao va hiéu qua hon

L =3 -7 cm va cé thé ndi tiép 2 cét hodc nhiéu hon
ID = 1 - 4,6 mm, kich thuéc hat nhéi: 3 hoac 5 um
100.000 dia/m coét

CoOt bao vé (Guard Column)

Pugc lap dat trude cot phan tach dé kéo dai tubi tho cla cot
Thanh phan = thanh phan cla cot phan tach nhung c& hat I6n
hon dé€ gidm ton that ap suat



B. Sac ky Iéng hiéu qua cao
(Hight-Performance Liquid Chromatography - HPLC)

On dinh nhiét dé cua cét (Column Thermostats)

» Phan I6n Ung dung cua HPLC dugc thuc hién & nhiét d6 phong

> Tuy vay chat lugng cla sac ky do sé t6t hon néu duy tri nhiét dd clda cot
khong thay d6i (sai s6 < 0,05°C)

> Thiét bi HPLC hién dai dugc trang bi thém [0 gia nhiét cho cOt (Column
heater) 6n dinh nhiét d6 & gan 150°C vdi sai sO < 0,05°C

> Trang bi hé thdng phun nudc 1am lanh (water jackets fed) tir b€ 6n nhiét
d€ khong ché chinh xac nhiét do



B. Sac ky Iéng hiéu qua cao
(Hight-Performance Liquid Chromatography - HPLC)

Pau do (Detector) ding cho HPLC
Khdng nhay va cé kha nang phan tich da dang nhu detector cua GC

Thuong gap nhat la Detector UV-Vis
LOC: Limit Of Detection

Commercially Mass LOD Mass LOD
LC Detector Available (commercial detectors)” (state of the art)?

Absorbance Yes® 100 pg—1i ng 1pg
Fluorescence Yest 1-10 pg 10 fg
Electrdchemical Yes® 10 pg—1 ng 100 fg
Refractive index Yes 100 ng—-1 g 10ng
Conductivity Yes 500 pg—1 ng 500 pg
Mass spectrometry Yesd 100 pg—1 ng 1pz
FT-IR  Yesd 1 pg 100 ng
Light scattering” Yes 10 g 500 ng

; Optical activity No — I ng
Element selective No — 10 ng
Photoionization No — | pg-1ng

“hass LOD is calculated for injected mass that vields a signal equal to five times the o noise, using a mol wi of 200 gfmol, 10 pL injected for conventional or 1 pL
injected For microbore LC,
*Same definition s @, above, but the injectéd volume is generally smaller.

Commercully avaable, prcomy Mass LOD = concentration (mol/L) x inj. vol. (L) x FW (g/mol)

dCommercially available, vet costly,
“Including Iow-gngle light scattering and nephelometry.
{FProm E. 5. Yeung and R. E. Synovec, Aral. Chern., 1986, 35, 1238, With permission.)



B. Sac ky Iéng hiéu qua cao
(Hight-Performance Liquid Chromatography - HPLC)

UV-Vis and Fluorescence Detector Electrochemical Detector

] To waste

A =200-400nm
A sir dung 254 nm

To refersnce and
counter electrodes and

then to waste From column

%..%..%

Waorking electn

Machined Kel-F
blocks

Teflo
Myla

—
I em
——— (Ixidations :Iﬁ Reductions —————p
| Dlefins
Hydrocarbons l Esters
Azines I KEstones
Ammides | Aldehydes
MAmines | Conjugated esters
Phencls | Ethers
Arometic hydroxyls | Diszo compounds
Quinolines | Mitro compounds
'—:— Hulogens
I | 1 j
+2.0 +1.0 0 =-1.0 -2.0
Evs SCE, V

Amperometric detection = fixed potential and measure the current response.



B. Sac ky Iéng hiéu qua cao
(Hight-Performance Liquid Chromatography - HPLC)

Refractive Index Detector

(]

* Amplifier and Recorder
Optical power supply

Transducer

Reference



B. Sac ky Iéng hiéu qua cao
(Hight-Performance Liquid Chromatography - HPLC)

Cac phuong phadp ndng cao dé phan gidi trong HPLC

v" Tang chiéu dai cla cOt (Increase column length)

v Gidm duong kinh cla cOt (Decrease column diameter)

v' Gidm luu luong pha dOng (Decrease flow-rate)

v" Pha tinh (vat li€u nhoi cOt) ddng nhat (Uniform stationary phase (packing))
v' Gidm th€ tich bom mau (Decrease sample size)

v" Lua chon pha tinh sach hon (Select proper stationary phase)

v" Lua chon pha dOng tinh khi€t hon (Select proper mobile phase)

v" S dung ap suat On dinh hon (Use proper pressure)

v" Thanh phan cla pha dOng thay dGi hgp 1y (Use gradient elution)



So sanh HPLC va GC
(Comparison of HPLC and GLC)

Céc dac diém chung:

v' Hiéu qua, db chon loc cao, (ng dung rong réi
v Thé tich mau nho

v' C6 thé khéng pha hly mau (nondestructive of sample)

v Pinh lugng dé dang

Uu diém cua HPLC Uu diém cua GC

¥ Ap dung dugc vdi cac mau khong v’ Thiét bi don gian va ré
bay hoi va khéng bén nhiét v Nhanh chéng
7 ST el B G T O v D& dang két néi véi phé khoi
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