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LOI NOI PAU

Cubn sach Phén tich cong cu dugc tac gia bién soan v6i ndi dung bao trim
ma hoc phén CH3323 cho mo6n hoc Phan tich cong cu dugc giang day tai Vién Ky
thuat hoa hoc, Truong Dai hoc Bach khoa Ha Noi dé su dung lam gido trinh hoc tap
cho sinh vién.

Cubn sach bao gdm 10 chwong duge chia lam bbn phan véi cac ndi dung chinh
nhu sau:

— Phan I: Pai cuong vé phan tich cong cu, trinh bay khai quat vé cac phuong
phap phan tich cong cu.

— Phan II: Cac phuong phap phan tich quang hoc, bao gdm cac chuong 1, 2, 3, 4
trinh bay cac phuong phap phd hap thy phan tir, phd phat xa nguyén tir va phd hip phu
nguyén tu.

— Phan III: Cac phuong phap phén tich dién hoa, bao gdm cac chuong 5, 6, 7
trinh bay cac phuong phap dién thé, dién lwong va phan tich von - ampe.

— Phén IV: Cac phuong phép tach, bao gdm cac chuong 8, 9, 10 trinh bay cac
phuong phap chiét va sic ky khi.

Trong qué trinh bién soan va hoan thién cuén sach, tic gia xin gui 161 cam on
dén cac ca nhan, tap thé, don vi:

— Céc sinh vién khéi K§ thuét hoa hoc tir K52 dén K58 da dong gop v kién;

— Céc hoc vién cao hoc khoa CH2011 dén CH2015 véi cac tiéu luan khoa hoc,
cac két qua nghién ctru khoa hoc trong luan van khoa hoc héa hoc;

— Cac dong nghiép, cac thay cb gido da cho y kién dong gop trong sudt qua trinh
hoc tap, cong tac, nghién cuu khoa hoc cua tac gia;

— Lanh dao Vién K¥ thuat Hoa hoc, Phong Pao tao Dai hoc da tao diéu kién cho
viéc thdm dinh cudn séach;

— Hai phan bién 1a PGS. TS. Bui Long Bién va PGS. TS. Ta Thi Thao da cho
nhing ¥ kién dong gdp quy bau vé& mit hoc thut dé cudn sach dwoc hoan thién hon.

— Cac thanh vién trong hoi dong tham dinh 13 PGS. TS. Nguyén Hong Lién,
TS. Nguyén Vii Thing, TS. Vii Anh Tuén, nhimg ngudi da giup tac gia chinh sta cudn
sach vé cdu truc, bd cuc va cach trinh bay.

Cubi cung, tac gia xin chan thanh cam on su gitip d& cua cac ddng nghiép trong
B0 mon, cac em sinh vién, hoc vién dac biét 1a hoc vién cao hoc khoa CH2015B
Tran Anh Diing, Ctr nhan héa hoc K57 Nguyén Quéc Viét, cing véi gia dinh, do6 1a
dong luc dé tac gia hoan thanh cudn sach.

Tac gia
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DANH MUC KY HIEU VIET TAT

Ky hiéu viét tit

Tiéng Anh

Tiéng Viét

AAS

Atomic Absorption Spectroscopy

Phé hip thu nguyén tir

Phuong phap phd phat xa

AES Atomic Emission Spectroscopy .
nguyen tu
Ccv Coefficient of variation Hé sb bién thién
DVB Divinylbenzene Di vinyl benzen
ECD Electron Capture Detector Detector cong két dién tir
. Dén phong dién khong
EDL Electrodeless discharge lamp N
dién cuc
F-AAS Flame - Atomic absorption Phé hap thy nguyén tir
spectroscopy ngon lua
FET Field effect transistor Céac bong ban dan
FID Flame Ionization Detector Detector ion hoa ngon Itra
HCBVTV Héa chit bao v¢ thuc vat
HCL Hollow cathode lamp Dén catot rong
High Perf Liquid . .
HPLC |71 Ferlormanice Liqut Sac ky long hiéu nang cao
Chromatography
N A Iy ;. t;\
ICP Inductively coupled plasma guon cam fing cao tan
plasma
[CP-MS Inductively coupled plasma mass | Phd cam tng cao tan plasma
spectrometry - khdi phd
[CP-OES Indyctlvely Cf)upled plasma th) cam ung cao tan - pho
optical emission spectrometry phat xa
LOD Limit of Detection Gidi han phat hién
LOQ Limit of quantitation Gioi han dinh lugng
MA Amphetamine Amphetamin
MDA Methamphetamine Methamphetamin




MDMA Methylene- dioxymethyl Methylene .dioxymethyl
amphetamine Amphetamin

MIBK Methyl isobutyl ketone Metyl isobutyl keton

MS Mass Spectrometry Khéi phd

PA Polyacrylate Poly acrylat

P. Critical Pressure Ap suét t&i han

PDMS Polydimethylsiloxane Poly dimetyl silosan

ppm Part per million Mot phan trigu

ppb Part per billion Mot phan ty

ppt Part per trillion Mot phan nghin ty

PSA Primary Secondary amines Céc amin bac hai

R Spike recovery Do thu hdi

RP Reversed Phase Pha ddo (pha nguoc)

RSD Relative standard deviation Do léch chuin tuong débi

S.C.E Saturated Calomel Electrode Pién cuc calomen bdo hoa

SBSE Stir Bar Sorptive Extraction Egjzii ti};ii lilligyrigb hap

SD Standard deviation Do 1éch chuén

SFE Superecritical Fluid Extraction C},liét bang chat long si¢u

to1 han

SPE Solid-Phase Extraction Chiét pha rén

SIM Selected Ion Monitoring Ché d6 SIM

SPME Solid Phase Micro Extraction K§ thuét vi chiét pha ran

T. Critical temperature Nhiét d6 t61 han

TCD Thermal Conductivity Detector Detector dan nhiét

UV-VIS Ultraviolet visible Vung tir ngoai - nhin thay
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PHAN I
PAI CUONG VE PHAN TiCH CONG CU

0.1. DOl TWONG NGHIEN CUPU

0.1.1. V4an dé phan tich cdc chat

Thuét ngit “phén tich” theo quan diém thong tin 1 thu nhan cac thong tin tir ddi
tuong nghién ctru vé hai phuong dién dugc biéu dién bang hai dai luong 13 hing sb vat
chit dac trung cho dbi twgng nghién ctru (vi du nhu thé ntra song, thé dién cuc, bude
song, thoi gian luu) va cac thong tin vé thanh phan dinh luong (vi du nhu lugng dién
tiéu thy cho qua trinh, cudng d6 dong, cudng d6 anh sang, thé tich luu) [1].

0.1.2. Bic diém cua cdc phwong phdp thu nhan théng tin trong phan tich
céng cu

Trong cac phuong phap phan tich vat chét, trir cac phuong phap phan tich hoa
hoc, cac phuong phap phan tich khac thudng khao st cac tham sb hoa 1y cta ddi tugng
nghién ctru khi tac dong 1én dbi twong nghién ciru bing cac bién phap thich hop. Dé
quan sat, ghi nhan cac tham sb hoa 1y nay, thuong phai ding cic may moc, thiét bi
phure tap, tinh vi..., do d6 cac phuong phap trén dugc goi la phan tich cong cy.

Qua trinh thu nhén thong tin trong phwong phéap phan tich cong cu c6 thé tom tat
theo so do trén hinh 0.1.

Kénh
Miu Phuong phép truyén So sdnh tin hi¢u Miu
(nguon thong phét hién do véi chuan >{ (nguon thong
tin) (ma hoa) (giai ma) tin)
3 L Sai s6 ngiu Sai sb
Thao téc phan tich nhién hé théng
(bien doi so bo) (nhiu) (can tro)

Hinh 0.1. Qua trinh thu nhan théng tin trong phwong phap phéan tich céng cu [1].
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0.2. PHAN LOAI

Hoa hoc phén tich nghién ctru va sir dung céc thiét bi, cac phwong phap dé tach,
xac dinh va dinh lugng cac chét. Trong thuc té tach, xac dinh hodc dinh luong co thé
duoc thuc hién trong mét hé théng thiét bi hodc ¢ thé thuc hién riéng 1é. Su tach la
qua trinh phan lap chat phan tich. Phan tich dinh tinh la xac dinh chat phan tich, trong
khi phan tich dinh lugng 13 xac dinh ham luong hay ndng d6 ctia chat phan tich.

Hoa phan tich bao gdm phwong phap hoéa uét ¢d dién va phuong phap cong cu
hién dai. Hién nay, trong hoa phan tich, ngudi ta ciing tip trung vao cai tién trong thiét
ké thi nghi¢m, xir ly théng ké va viéc tao ra cac cong cu do luong mai. Phan tich hoa
hoc c6 trng dung rong rai trong phap y, y hoc, khoa hoc va k¥ thuat.

— Cac phuong phap phan tich cong cu hi¢n dai duoc chia ra ba phf‘in chinh:

— Céc phuong phap quang hoc dua trén viéc do su tuong tac gitra biic xa dién tu
voi nguyén tir hay phan tir hodc qua trinh tao ra birc xa cua chét phan tich.

— Céac phuong phép phén tich dién hoa bao gdm cac phuong phap do céc tinh
chét dién nhu dién thé, dong, dién tré va dién luong.

— Céc phuong phap tach bao gom chiét, sic ky khi, sic ky 1ong hiéu ning cao,
dién di mao quan.

0.2.1. Cdc phwong phap phén tich quang hoc

Céc phuong phéap phén tich quang hoc bao gém cac phuong phap phd phén tir
(phd hip thu phan tir ving tr ngoai - nhin thdy, phdé huynh quang phén tir, phd hong
ngoai) va cac phuong phép phd nguyén tir (phd phat xa nguyén tir, phd hap thu nguyén
tr, huynh quang nguyén tir).

Trong pham vi ctia gido trinh nay, tic gia dwa ra phuong phap phd hap thu phan
tir ving tir ngoai - nhin thiy, phuong phap phd phat xa nguyén tir va phuong phap phd
hap thy nguyén tir.

0.2.2. Cac phwong phap phéan tich dién héa
Céc phuong phap phén tich dién hoa bao gdbm dién cuc va phuong phap dién thé,
phuong phap dién phan va phuong phép von - ampe.

0.2.3. Cac phwong phap tach

Céc phuong phap tach bao gdbm cac phuwong phap chiét, sic ky khi, sic ky 1ong
va dién di mao quan.

Trong pham vi ctia gido trinh nay, tic gia dua ra phuong phép chiét: chiét long -
long, chiét pha ran va sac ky khi.
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0.3. THAM DINH PHU'ONG PHAP

Tham dinh phuong phap 13 qua trinh chimg minh mot phuong phap phan tich
duoc chép nhén cho mot muc dich phan tich dé ra. Cac thong ) trong thdm dinh
phuong phap bao gdm tinh dic hiéu, d6 tuyén tinh, d6 chinh xac, d6 ding, mién tuyén
tinh, d6 thu hoi, gidi han phat hién, gidi han dinh lugng.

0.3.1. b6 dac hiéu

Do dic hiéu (specificity) do kha ning cia mot phuong phap phan tich dé phan
biét cac chat phan tich tir tAt ca moi chét khac c6 thé c6 trong mau.

Pién di 1a mot phuong phéap phan tich trong d6 cac chét duoc tach ra khoi nhau
do tdc o di chuyén khac nhau cia chung trong mét dién truong manh. Séc db dién di
1a db thi mé ta sy phan hdi cua detector theo thoi gian trong qua trinh tach bing dién
di. Trén hinh 0.2 14 séc dd dién di cua cefotaxim (pic s6 4), duge thém 0,2% khbi luong
clia tap chit da dugc biét. Tap chat nay thuong c6 mit trong qua trinh tong hop
cefotaxim. Dé tang d6 dac hi¢u khi phan tich cefotaxim, can phai tach cac tap chét c6
mit trong nén mau. Trén hinh 0.2, tap chit (pic s6 3) dd khong duoc loai trir hoan toan
khi phéan tich cefotaxim.

0,002 —
Do

hap Cefotaxim
thu B e

0,001 —

| I |
6 10 14 18
Thoi gian, phut

Hinh 0.2. S4c dé dién di cua thudc cefotaxim (pic sé 4) va cdc tap chat da duwoc biét
dén trong qud trinh san xuat thuéc (pic s6 1-3 va 5-9) [2].

Mot vi du khéc 1a danh gid do dac hiéu trong phan tich cac chit ma tiy tong
hop amphetamin (MA), methamphetamin (MDA) va MDMA (methylene dioxymethyl
amphetamine) bang phuong phap sic ky khi khdi phd. Do phédn tich MA, MDA,
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MDMA trong mau dich mau ¢6 nén miu phirc tap, ché do phan tich SIM dwa vao ba
manh phé m/z, nén d6 dic hiéu duoc khao sat dé phan biét giita mau tréng khong co
ma tdy va mau c6 ma tay. Do dic hiéu dugc tién hanh trén hai loai mau (mot 1a mau
mau khong c6 cht ma ty, hai 1a mau mau c6 cho thém chdt MA, MDMA, MDA-d5)
[3].

Két qua cho thiy trén sic ky dd phan tich mdu mau (hinh 0.3) khong c6 chit ma
tay, khong xuét hién pic tai cac thoi gian luu ma pic ma tiy xuat hién trong miu mau
(hinh 0.4) thém chat ma tay (thdi gian luu t cia MA- TFA, MDMA-TFA va MDA-
d5TFA lan luot twong tmg 13 9,99 14,89 va 13,05 phut).

5 Window #2 FEK

Ab1uunuduauncg lon 154.00 (153.70 ta 154 70} 2006BLENK M au Dhdata. s
5000
28485 5oy
1 F P —
) D T T | T T T T | T T T T | U
Tiffg--+ 10.00 20,00
Ah1u0nndoanncg lon 136,00 (15,70 ta 1 36,70} Z0BELANK:Mau Ddatams
1 1205
5000
1 614 ZD‘K?S
D I[lI T | . T T T 1 ~ | T T
Tirnp--= 10NN 0N

Hinh 0.3. Sdc ky d6 phan tich mdu mau méau khéng c6 chéat ma tay [3].

A Window #2 FEX

hundance on 154,00 [153.70 to 154.70): 2006 Mau them chuan Ddata ms
- ER S
] 14473
10000 —sesp
11 B35
15756 18.
A e ) e
mirme--= 10.00 2000
Ahundance o 136,00 [135.70 to 136.70]: 2006 Mau them chuan [hdata ms
10000 N 13015
1s THEAF 1393
5754 g
D 1 %i%E I T K T 14?70 A T T M‘ d }Ll
Mimg--= 100N 2000

Hinh 0.4. Sic ky d6 phéan tich mdu méu cé thém chuan MA, MDMA, MDA-d5 [3].
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0.3.2. B tuyén tinh

Do tuyén tinh (linearity) do muc d6 duong hiéu chuin tuan theo ham bac nhét
nhu thé nao. Néu biét khoang ndng do cua chét phén tich, chung ta thuong xdy dung
duodng hiéu chuan ¢ 5 diém chuin khoang ndng do tir 0,5 dén 1,5 1an so v6i ndng do
chit can phan tich. M&i dung dich chudn can dugc chudn bi va phan tich lip ba lan.
Céc dung dich tring ciing duoc chudn bi dé loai trir anh hudng ciia nén mau.

Ngudi ta thudng danh gia mirc d6 tuyén tinh thong qua gia tri binh phuong cia
hé sb trong quan R:

2 _ EE-0@i=9?

S0 L=y

O day, x 1a gia trj trung binh cua tit ca cac gia tri x;, ¥ 14 gi4 trj trung binh cua

tat ca céc gia tri y;. Chi s6 dudi i chi sd thi nghiém, véi s6 lan 1ap cua thi nghiém Ia n,

thii=1tdii=n.

R? ¢6 thé xac dinh d& dang thong qua ham LINEST trong Excel. Gia tri R? rat

gé“m 1, chira do tuyén tinh rat cao. Thuong gia tri R? tir 0,995 dén 0,999 dugce coi 1a co
d6 tuyén tinh cao cho nhiéu muc dich phén tich dé ra.

(0.1)

Trén hinh 0.5 12 duong hiéu chuén cia Ho (Holmi, mot nguyén té dat hiém), c6
d6 tuyén tinh cao R? = 0,9999.

20

15 A

CPS
%108

10 +

¥ =191775x — 2x10°
R? = 0,9999

2000 4000 6000 8000 10000 12000

- Néng dé, ppb
5 L

Hinh 0.5. Bwong hiéu chuan xdc dinh Ho bing phwong phap ICP-MS [4].

0.3.3. D6 thu héi
Do thu hdi (spike recovery) dugc dinh nghia:

Ciniu duoc thém — Cmiu khong them
R = —miuduocth Kong M . 100(%) 0.2)

C them
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Trong d6: R 1a d thu hoi (tinh bang %); Cimu khong them: 14 ndng d6 ciia dung dich
trude khi thém chudn; Cuiu duoc thém: 18 néng d6 cua dung dich sau khi thém mét lugng
chuén biét trudc; Cupem: 12 néng dd chit chuan d3 thém.

Vi du: Mot mau nude uéng duogc xac dinh co néng d6 nitrat 12 10,0 pg/l. Nguoi
ta thém 5,0 pg/l nitrat vio mau trén rdi lip lai qua trinh phén tich. Két qua phan tich
cho 14,6 pg nitrat /1. Hay tinh phan trim thu hoi.

14,6 pg/1-10,0 png/1
B 5,0 pg /!l

Néu d6 thu hdi chap nhan trong pham vi tir 96 — 104% thi 92% 1a két qua khong
dugc chap nhan, phuong phap phén tich trén can phai nghién ciru tiép dé két qua duoc
cai thién.

X 100% = 92%

0.3.4. b6 chinh xac

Do chinh xac (accuracy) 1a mirc d6 gan nhau cta gia tri phan tich (thudng 1a gia
tri trung binh X) v&i gia tri thuc hay gia tri da duoc chip nhan p. Khi khéng c6 sai sb
hé thong thi gia tri trung binh tién téi gia tri thuc néu sé phép do rat 16n (n—w).
Vi vay, c6 thé noi 6 chinh xac tiy thudc vao sé phép do.

Cdc cdch dé chirng minh d chinh xdc bao gom:

+ Phan tich mau chuan da dugc chirng nhan trong cuing mot nén mau tuong tu
nhu dung dich phéan tich.

+ So sanh két qua phén tich voi hai hay nhiéu hon cac phuong phép phén tich
khac nhau. Ching phai c6 do ddng nhét véi mot d6 tu nhét dinh.

+ Phan tich mau tring v6i viéc thém mot lwong chat phan tich da biét. Nén mau
ctia nd phai giéng nén miu cua dung dich phén tich. Khi phén tich thanh phan chinh,
ba mau phén tich & murc néng d6 khac nhau nam trong khoang tir 0,5 dén 1,5 1an so véi
n&”)ng d6 du kién duoc do véi sb lan lap ba 14n v6i mdi mue néng do.

+ Néu khong thé chuan bi miu tring, ching ta ¢ thé st dung phuong phap
thém chudn dé phan tich chét can xac dinh.

Thém chuan (spiking) 14 phuong phap phd bién nhit dé danh gia chinh xac boi
vi cdc mau chuin di dwoc ching nhan thuong khong ¢ sdn va mot phuong phap phan
tich thr hai c6 thé khong thuc hién dugc & diéu kién phong thi nghiém.

Pé do do chinh x4c (danh gia qua théng qua do thu hoi) trong phép xac dinh
ddng thoi 36 hoa chét bao vé thuc vat (HCBVTV), ngudi ta dd phan tich cic mau thém
chuén ¢ ba mirc ndng d6 0,008; 0,04 va 0,16 pg/ml. Cac két qua do thu hoi (R%) dugce
trinh bay ¢ bang 0.1 [5].

Céc két qua trén bang 0.1 cho thiy R% dao dong tiiy tmg HCBVTV va nam
trong khoang 70% dén 110%. Diéu nay khing dinh phwong phap c6 d6 lap lai kha tdt,
dap ng yéu cau ciia EN15662 va chau Au [6].
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