KHOA HQC SUC KHOE
PHUONG PHAP QUANG PHO HAP THU NGUYEN TU (AAS)
VA UNG DUNG TRONG KIEM TRA CHAT LUQNG MY PHAM

TS. Lé Thi Hrong Hoa
Truong Pai hoc Hoa Binh
Tac gia lién hé: lthhoa@daihochoabinh.edu.vn
Ngay nhan: 20/6/2023
Ngay nhan ban sua: 11/9/2023
Ngay duyét dang: 25/9/2023

Tom tat

Phuong phdp quang phé hap thu nguyén tir (Atomic Absorption Spectrometry - AAS)
da duvoc ung dung kha rong rdi dé xdc dinh kim loai trong nhiéu loai mau khdc nhau nhu:
cde mau quang, dcft, da, nuwée, cde mau cia y hoc, sinh hoc, cdc sdan phcfm cong nghiép,
rau qud, thire pham; cdc nguyén té vi heong trong phdn bén, thire an gia siic... Nganh Duoc
ciing da ap dung phwong phap AAS dé xac dinh gioi han cac kim loai doc trong cac duoc
liéu, san pham my pham, cdc ta dwoce va nguyén liéu lam thube, m pham.

Bai viét da dé cdp dén cac néi dung: Piéu kién dé cé sw hdp thu nguyén tir, phwong
trinh co ban cua phép do AAS, cac qua trinh thuc hién trong phép do AAS, cac phwong
phép vé co héa mdu, cac tac nhan vé co hod, cdc ky thudt thuong ding trong AAS, cdc yéu
16 anh hieong dén két qud phan tich va mét sé iing dung ciia AAS trong phén tich my pham.
Tir khéa: AAS, quang phé hdp thu nguyén tir, cdc nguyén to déc trong my pham, chdt leong
my phdam - AAS.
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Abstract

The Atomic Absorption Spectrometry (AAS) method is widely utilized for
determining metal content in various sample types, including ores, soils, rocks, water,
medicines, biology, industrial products, vegetables, food, fertilizers, animal feed, and
more. In the pharmaceutical industry, AAS finds application in determining the limits of
toxic metals in medicinal herbs, cosmetic products, excipients, and raw materials. This
article covers the conditions, basic equations, processes, sample digestion methods, digestion
agents, commonly used techniques, factors affecting analytical results, and applications of AAS
in cosmetic analysis. The focus is on assessing the quality of cosmetics and detecting
toxic elements.
Keywords: AAS, Atomic Absorption Spectrometry, toxic elements in cosmetics, cosmetic
quality-AAS.
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1. Pit van dé

M§$ pham 1a loai hang hoa duogc
dung mdt cach thuong xuyén, khong co
lidu luong, cac nguyén td doc va hop
chat cta chung 1a cac chat bi cdm c6
mit trong cac san phdm my pham. Tuy
nhién, do qua trinh san xuét, bao quan,
van chuyén co thé bj nhiém (chua ké
c6 thé ¢d ¥ dua vao cong thirc do mot
tac dung nao do, vi duy, Hg trong kem
lam tring da, chong nam, chat mau cAm
trong son, phan...). Poc tinh cia mot
san pham phy thudc rat nhiéu vao ham
luong va cach dung, thoi gian su dung.
Vi vay, ty theo yéu cau quan ly, cac
qudc gia di dua ra qui dinh gidi han

3 ppm, Antimon: < 5 ppm. By Y té Duc
dua ra giéi han chap nhan vé cac kim
loai ning trong thudc danh ring la: Chi:
<1 ppm, As: <0,5 ppm, Cd: <0,1 ppm,
Hg: <0,2 ppm, Antimon: < 0,5 ppm [1].

Cac nudc ASEAN di dua ra kién
nghi trong Hoi nghi 1an tha 8 cua Hoi
déng My pham (ACC), Hoi dong Khoa
hoc (ASBC) va Hoi dong Tu vén vé tiéu
chuan va chét lugng Asean (ACCSQ) to
chirc vao thang 11 nam 2007 tai thanh
ph6 H6 Chi Minh - Viét Nam. Diéu nay
ciing duoc ghi cu thé trong Thong tu s6
06/TT-BTY/2011 cuia BO Y té [2], cu thé
theo bang sau:

Bang 1. Gidi han kim loai ndng (ACM 05 Testing Method)

STT Chi tieu Gioi han
1 Thuy ngén (Hg) = 1ppm
2 Arsen (As) <5 ppm
3 Chi (Pb) <20 ppm
4 Cadmi (Cd)* < 1 ppm

(Cd)*: Gidi han Cd c6 néu ¢ phuong
phap hoa hop ASEAN, néu vuot qua
ngudng qui dinh, cdn c6 su canh
béo, nhung khong néu ¢ Thong tu sd
06/2011/BYT-TT ngay 25 thang 01 nam
2011 ctiia BO Y té qui dinh vé quan ly
my pham.

Pé kiém tra chat lugng my pham,
ngodi cac ndi dung vé yéu ciu cua
dang bao ché (tinh chat, pH, d6 nhét,
khéi luong, cac chat mau, chat gitr am,
dudng da...) va tac dung cong bd, can
dic biét quan tAm dén ndi dung an toan
ctia san pham, trong d6, viéc kiém tra
su ¢ mit cua cic nguyén to doc (Chi,
Arsen, Thuy ngan va Cadmi) 1a mot
trong cac chi tiéu bat budc. Hién nay,
da s6 cac don vi kiém tra chat lugng my
pham déu 4p dung phuong phap quang
pho héap thy nguyén tir (Atomic Absorption
Spectrometry - AAS) dé thuc hién kiém

tra vé gidi han cua cac nguyén t6 doc
nay. Hon nita, phuong phap AAS cling
12 phuong phap duoc yéu cau thuc hién
theo qui dinh cta Hiép dinh hoa hop
Asean trong quan 1y m§ pham ma Viét
Nam da tham gia ky két tir nam 2003
[3]. Trong bai viét nay, chiing t6i mudn
gi6i thiéu vé phuong phap AAS va ting
dung trong kiém tra sy co mat, cling
nhu ham lugng cac nguyén t6 doc trong
my pham.
2. Phwong phap AAS va ung dung
trong kiém tra chat lwgng my pham
Sy phat hién hiéu tng hap thy
nguyén tir duoc cong bd lan dau tién
vao nam 1802 khi Wollaston nhan thay
nhimng vach t6i trong phd anh sang mait
troi. Trong nhitng nam gan day, phuong
phap quang phd hip thu nguyén tir
(Atomic Absorption Spectrometry - AAS)
da duoc ung dung kha rong rii dé xac
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dinh kim loai trong céc mau quang, dat,
d4, nudce, cidc mau cla y hoc, sinh hoc,
cac san pham cong nghlep, rau qua, thuc
pham; cac nguyén td vi lugng trong phan
bon, thirc an gia suc... Nganh Dugc cling
da ap dung phuong phap AAS dé dinh
luong cac nguyén td vi lugng trong cac
ché phém thude, xac dinh gidi han cac
kim loai doc trong cac dugc li€u, san
pham my pham, cac ta duoc va nguyén
liéu lam thude, my phém [4].

2.1. Piéu kién dé cé sw hip thu
nguyén tw 5, 10]

Nguyén tir 1a phan tir nhé nhét giir
dugc tinh chit cia nguyén t6. Nguyén
tr bao gébm hat nhin va cac electron
chuyén dong quanh khong gian ciia hat
nhan trong cac orbital. Trong diéu kién
binh thuong, nguyén tir khong thu hay
phat ra nang luong dudi cac dang buc
xa. Do 1a trang thai bén viing va nghéo
nang luong nhat cia nguyén tir. Nhung
khi nguyén tu o trang thai hoi nguyen tu
tu do, néu c6 chum tia sang chiéu vao
dam hoi nguyén tir do thi cac nguyén tu
tu do s& hap thu cac birc xa c6 budc song
nhét dinh tng v&i nhiing tia birc xa ma
no6 co thé phat ra duoc trong qua trinh
phat xa. Luc do, nguyén tir dd nhan ning
luong tir cac tia blrc xa va chuyén 1én
trang thai kich thich c6 nang lugng cao
hon trang théai co ban. Do chinh 1a tinh
chat dic trung ctia nguyén tir ¢ trang
thai hoi. Qua trinh d6 dugc goi 1a qua
trinh hap thu ning luong cta nguyén tir.
Pho sinh ra trong qua trinh nay duoc goi
1a pho hap thy nguyén t.

Khi nguyén tir hap thu ning lugng s&
lam thay d6i murc nang luong ciia electron
trong nguyén tir nén phd nguyén tir ciing
1a pho electron. Electron trong nguyén
tir tham gia hip thu hay phat xa 1a cac
electron 16p ngoai cting vi n6 dé bi kich
thich nhat.

Néu ning luong ma nguyén tir hap

thu 1a AE, ta co:
AE h.c
A
Voi:
AE: ning lugng nguyén tir hap thy.

h: hing sb Planck (6,63. 1034].s).

c: van toc anh sang (3.10% m/s).

A: budc song (nm).

Nhu vay, ctt mdi gid tri ning lugng
AEi ma nguyén tir nhan dugc s€ ung
v6i mot d6 dai song Ai. S6 mirc ning
luong cua nguyén tir ing voi sb orbital
la htru han. Céc gia tri AEi ma nguyén
ttr c6 thé hép thu kha chénh 1&ch nén cac
budc song tuong ung cua buc xa dién
tir 12 khong lién tuc. Do d6, phd hip thy
nguyén tir la cac vach hép thu tai cac
budc soéng tuong ung.

2.2. Phuwong trinh co bdn cua phép
do AAS [5, 7]

Khi nguyén tir dang ton tai ¢ trang
thai hoi tu do, néu kich thich né bang
mot chum tia birc xa don sic ¢6 ning
lugng phu hop, c6 do dai song trung
v6i cac vach phd phat xa dic trung cia
nguyén to do6 thi cac nguyén tir s& hap
thu nang lugng ciia birc xa chiéu vao no
va chuyén 1én trang thai kich thich c6
ndng lugng cao hon trang thai co ban,
sinh ra mot loai phd cua nguyén tir. Qué
trinh nay goi 14 qua trinh hap thu ning
lugng cia nguyén tir tu do ¢ trang thai
hoi va tao ra phd hap thy nguyén tir cua
nguyén t do.

Cuong do hép thu cia mdt vach phé
tuan theo dinh luat Lambert - Beer - Buger.

=log(I /1) = 2,303.K .L.N, (1)
trong do:
I,: Cudng d6 chum sang toi.
I: Cudng d6 chum sang sau khi di qua
mai trudng hap thy.
D: Cuong do hép thu cia modt vach phé.
K : la mot hé’mg s6, duge goi la hé¢ $6
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hap thu ctia mdi vach pho.
L: Bé day ctia méi truong hip thy chta
nguyén t can phan tich ¢ trang thai hoi.
N, S6 nguyén tir ty do ciia nguyén t6
phan tich ¢ trang thai hoi.
NOva nong doC ‘cua nguyén to phan tich
trong mau c6 mdi quan hé rat phuc tap,
mdt cach tong quat mdi quan hé giita NO
va C dugc xac dinh theo cong thirc:
N,=K.C° (2)
Trong do K, Ia hang s thyc nghiém
dugc xac dlnh boi cac diéu kién hoa hoi
va nguyén tir hoa mau phan tich. Trong
nhitng diéu kién nhat dinh, Ki 1a hing
sd, b 1a hang s6 ban chat, duoc quyét
dinh boi mbi loai nguyén tir va nong do
cua no trong mau. Trong moi diéu kién,
tadéuco: 0<b<1.

Két hop biéu thirc (1) va (2) co:

D=k.C* 3)

Trong mat diéu kién thuc nghiém thi
k 12 hang s, nén biéu thirc (3) sé la:

D=aC’ 4)

Day la phuong trinh co s& cua phép
dinh luong céc nguyén t6 theo AAS.
Puong biéu dién phuong trinh nay c6
hai doan AB va BC (Hinh 1):

Cx Co

Hinh 1. Méi quan hé giita d hip thu va
nong do dung dich

- V61 moi néng do C < C,, quan h¢
gitta D va C la tuyén tinh, b= 1 (doan AB).

- V61 moi néng do C > C,, quan h¢
gitra D va C la khong tuyén tinh, b <1
(doan BC).

C, duogc goi la néng do gio1 han trén

ctia ving tuyén tinh AB. Trong phan tich,
nguoi ta thuong chi st dung doan thang
AB, vi trong doan nay (vung nong do
nay), duong chuan 1a mot duong thang
va viéc tinh toan s& dugc két qua chinh
xac hon. Néu néng do chét can nghién
ciru C > C, thi can phai tién hanh pha
loang dung dlCh vé nong do nam trong
khoang tuyén tinh AB.

2.3. Cdc qua trinh thwc hién trong
phép do AAS [6 7]

* Nguyén tac: Mubn thyc hién dugc
phép do quang phd hap thy nguyén tir
(AAS), can phai ¢ cac qua trinh sau:

- Chon cac diéu kién va trang thiét
bi phu hop dé chuyén miu phan tich tir
trang thai ban dau sang trang thai hoi
cua nguyén tur tu do.

- Chiéu chum tia sang thich hop (véi
nguyén t6 can phan tich va con duoc
goi la buc xa cong hudng) qua dam hoi
nguyén tr vura tao ra ¢ trén. Pam hoi
nay chinh 12 méi trudng héap thu bic xa.
Céac nguyén tir cia nguyén to can phan
tich trong dam hoi s& hap thy mot phan
btic xa va tao ra phd hip thy nguyén tu.
Phan birc xa bi héip thu phu thudc vao
néng do cua nguyén tr d6 trong moi
truong hap thu.

Do do, qua trinh nguyén t&r hoa
mau anh huong truc tiép dén két qua
phan tich mot nguyén t6. Muc dich cua
nguyén tir hod mau 1a tao ra duoc dam
hoi cac nguyén tir ty do tir mau phén tich
v6i hiéu sudt cao va 6n dinh dé phép do
dat két qua chinh xac va do lap lai cao.

- Nho cac by phan cia may quang
ph6 ma nguol ta thu, phan ly va chon
vach phé ctia nguyén té can nghién ctru
va do cuong do cua nd. Cuong do do
chinh 14 tin hiéu hip thu cta vach phd
hap thu nguyén ti. Trong mot giGi han
nhat dinh cua ndng d6 C, gia tri cu()’ng
do nay phu thudc tuyen tinh vao nong
d6 C cua nguyén tb trong mau phan tich
theo phuong trinh (4).
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* Trang bi cua phép do [6, 7]
Mot cach tong quat, c6 thé minh
hoa hé théng may do AAS gdm 4 phan
chinh mé ta nhu so d6 trong Hinh 2.

@ 3

Hinh 2. So d6 nguyén tic ciu tao hé
théng may AAS

- Phan 1: Ngudn phat tia phéat xa
cong huong dé chibu vao méi truong
hap thu chtra cac nguyén tir tu do cua
nguyén t6. Ngudn c6 thé 1a dén catot rong
(HCL-Hollow Cathode Lamp), dén phong
dién khong dién cuc (EDL-Electrodeless
Discharge Lamp) hoic ngudn phat buc xa
lién tuc da duoc bién diéu, cac loai nguén
don sic khac (6ng phat xa dic biét, tia lader).

- Phan 2: Hé théng nguyén tir hoa
mau phén tich. Hé thong nay duoc ché
tao theo ba loai k¥ thuat nguyén tir hoa
mau, d6 1a:

- K§ thuat nguyén tr hoa mau bang
ngon lira (phép do F-AAS) gdm 2 phan
chinh: budng aerosol hoa (Nebulizer system)
va dén nguyén tir hda mau (burner head).

- K§¥ thuat nguyén tir hda mau khong
ngon ltra (phép do ETA-AAS) gém 3
phan chinh: cuvet hay thuyén tantan
(Ta), ngudn ning luong va bo diéu khién.

- K¥ thuat hoa hoi lanh (phép do
CV-AAS) gdm: binh phan tng, cuvet
thach anh va b¢ diéu khién.

- Phan 3: May quang pho (hé quang
va detector): ¢c6 nhiém vu thu, tdn sdc va
chon tia sang (vach phd) can do hudng
vao nhan quang dién dé phat tin hiéu
hap thu AAS cua vach pho.

- Phdn 4: Bo phan Readout 1a bo
phan dé chi thj két qua do phd AAS. B
phan nay c6 thé 1a mot dién ké chi nang
lvong hip thu cta vach phd hay mot
may tu ghi, may in, may tinh...

2.4. Cic phwong phdp vé co héa méu

— N

RNy

[4,6],[11, 13]

Céc nguyén t trong mau phan tich
thuong & dang hop chét hitu co hodc
hop chét vo co nhung c6 lan céc tap
chat hiru co. Trudce khi dinh lugng thong
thuong, mau duoc vo co hoda va chuyén
cac nguyén td can xac dinh vé dang
mudi v6 co hoa tan trong dung dich do.
Céc phuong phép sau hay duoc ding dé
vO co héa mau: V6 co hoa kho, vé co
hod uét, vo co hod trong 10 vi song va
1én men.

* Phuwong phap vo co hoa kho

- Nguyén tic: Dot chay cac chat hitu
co ¢c6 trong mau phan tich dé giai phong
kim loai ra dudi dang oxit hoac mubi
ctia ching bang nhiét. Sau d6, hoa tan
cén trong acid dé tao dung dich.

Phuong phap nay thyc hién don
gian, vo co hoa duoc triét dé nhung c6
nhuoc diém chinh 1a nhiét d6 tro hoa
cao (khoang 500 - 600°C) nén lam mat
cac nguyén to dé b bay hoi nhu: Pb, Cd,
Se, As, Hg... thoi gian xir Iy mau kéo
dai. Nguoi ta khic phuc bang cach cho
thém chat bao vé nhu Mg (NO,), hoac
KNO, va chon nhiét d6 thich hop.

* Phwong phap vo co hoa wot

- Nguyén tac: Oxy hoa chat hitu co
béng mot acid hodc mot hon hop acid co
tinh oxy hoa manh thich hgp.

Phuong phap nay rat ngan duge thoi
gian phan tich so voi phuong phap vo co
hoé khé, bao toan dugc chét phan tich
(vinhiét do vo co hoa khong cao) nhung
phai dung mot lugng acid 1on (thuong
gap 3 dén 5 1an mau). Vi vay, phuong
phép nay doi hdi céc acid st dung phai
¢6 d6 tinh khiét cao, thoi gian vo co hoa
tuong d6i dai.

* Phirong phdp vé co hod mau trong
lo vi song

- Nguyén tdc: Dung nang luong vi
song ddt nong thude thir va mau dung
trong binh kin. Trong diéu kién kin, ap
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suét cao, nhiét do cao va cac tac nhan
oxy hoa, nén mau s& dé dang dugc vo
co hoa.

Vi song 1a birc xa dién tir ¢6 tan sd
cao (¢ day, 10 vi song su dung song dién
tir ¢6 tan s6 2450 MHz), gdm hai truong
dao dong vuong goc: dién trudong va tu
truong. Trong do, dién truong ung dung
dé diéu khién nhiét do ctia dung dich
theo hai co ché song song 1a: Sy quay
ngau cyc va ion dan dién.

- Sy quay ngau cuc: M6 men ngau
cuc voi dién truong dao dong lam cho
nhitng phan tr c6 cuc quay theo vong
quay bén (vinh ciru). Két qua cua sy va
cham chinh 13 qua trinh khudy cac phan
tor 1am nang lugng tda ra, vi thé, nhiét do
ctua dung dich tang lén.

- Ion dan dién: Véi nhitng dung dich
c6 chua ion dan dién, dudi tac dung
cua dién truong vi song, cac ion nay di
chuyén. Chinh sy di chuyén cia nhiing
ion dung mdi da kich thich sy dao dong
gitra cac phan tr, ndng luong dugc tda
ra va lam tang nhi¢t do cua dung dich.

Nhu vay, vat li¢u da duoc dot néng
tryc tiép bang niang luong vi song. Su
phu thudc gitta ndng lugng vi soéng va
su tang nhiét d6 cua dung dich duogc thé
hién theo cong thuc:

_ KCpmdT
T

P

Trong do:

P: Nang lugng vi song (W).

K: Hé s6 nhiét hoc (4,184 J/cal).

C,: Nhiét dung riéng cua dung dich
duogc dot nong (Cal/g.°C).

m: Khéi luong cia dung dich duoc
d6t nong (g).

dT: P9 bién thién nhiét do cua
dung dich.

t: Khoang thoi gian xay ra sy bién
thién nhi¢t d¢ ctia dung dich (s).

Day 1a phuong phap xir Iy mau hién

dai nhat hién nay, 1am giam dang ké thoi
gian xir 1y mau, khong méat mau va vo
co hoa triét dé, co thé vo co hoa nhiéu
mau ciing mot ddi twong cting mot luc.
C6 thé diéu khién qua trinh v6 co hoa
tr xa bé’mg mot may vi tinh, do do, lam
tang d§ an toan cho nguoi st dung va do
tin cay ctia hé thong. Tuy nhién, phuong
phép nay chi vo co hod dugc mot lugng
mau nho va doi hoi thiét bi dat tién.

* Phuong phap lén men

- Nguyén tic: Hoa tan mau thanh
dung dich huyén phu, thém men xtic tac
va lén men ¢ nhi¢t d§ 37 - 40°C trong
thoi gian 7 - 10 ngay. Trong thoi gian
1én men, cac chat hitu co bi phan huy
thanh khi CO,, acid, nuoc va giai phong
kim loai trong hgp chat hitu co dudi
dang cation trong dung dich nudec.

- Phuong phép 1én men la phuong
phap vo co hoa mau ém diu, khong can
hoa chat, khong 1am mat nguyén t6 can
phan tich, rat thich hop cho viéc phan
huy céc mau duong, nudc ngot, nudc
giai khat, tinh bot, nhung thoi gian xur
1y mau lau va phai chon dugc loai men
thich hop.

* Phuwong phdp chiét

- Nguyén tdc: Ding mot dung moi
thich hop c6 kha ning tao phtc hodc
hoa tan chon loc nguyén t6 can phan
tich dé tach riéng nguyén t6 nay ra khoi
nén mau.

2.5. Cac tac nhin vo co hoa [4, 6, 9,
10, 14]

Khi xir Iy mau bang phuong phap vo
co hod udt va trong 10 vi song thi viéc
lya chon céac tac nhan oxi hod phai can
cu vao kha nang, dac tinh oxy hod ctua
thudc thir va dbi twong miu.

Acid nitric (H]VO3).' 1a tac nhép oxXy
hoa manh dung d€ oxy hoa céac chat htru
co, dugc sir dung rong rai dé giai phong
cac nguyén to tir cac ¢t sinh hoc va
thuc vat. Nhi¢t do soi la 120°C.
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Acid sulfuric (H,SO,): ¢6 tinh oxy
hoa manh, nhiét do soéi 339°C, c6 kha
nang pha huy hoan toan hau hét cac chat
hiru co, ¢6 thé phdi hop vai HNO..

Acid percloric (HCIO ): ¢6 tlnh OXy
hoa manh, c6 thé an mon cac kim loai,
khong phéan g véi céac acid khac, pha
huy duoc cac hop chat hitu co. HCIO,
gdy n6 manh khi tiép xic v6i nguyén
liéu hiru co va chat vo co dé bi oxy hod
nén phai oxy hoa bang HNO, trudce khi
st dung HCIO,, nhi¢t d6 so6i 1a 200°C.

Ngoai ra, acid hydrocloric, acid
hydrofluoric,hydroperoxyd...  cling
dugc dung lam tac nhan oxy hoa.

_ Trong nhiéu truong hop, phai str dung
hon hop cac acid dé dat duoc muc dich vo
co hod. Cac hon hop hay duogc st dung:
acid sulfuric - hydroperoxyd; acid nitric -
hydroperoxyd; acid sulfuric - acid nitric;
acid sulfuric - acid nitric - acid percloric;
acid nitric - acid percloric; acid sulfuric
- acid nitric - acid hydrocloric; acid sulfuric
- acid nitric - acid hydrofluoric.

2.6. Cac ky thudt thwong dung trong
AAS [6,7, 15, 16]

* Ky thudt nguyén tir hod mau bang
ngon lira (F - AAS)

- Nguyén tdic: Ding ning lugng
nhiét ciia ngon lira dén khi dé d6t chay
mot hon hop khi co chira dung dich mau
& thé sol khi, d& hoa hoi va nguyén tir
hoa mau phan tich.

- Ddc diém:

K¥ thuat nay ra doi dau tién, c6 thé
xac dinh nhanh, chinh x4c khoang 65
nguyén tb véi do nhay c& ppm. Do nhay
cua k¥ thuat nay kém ky thuat nguyén tu
hoé khong ngon Itra nhung lai c6 do on
dinh cao hon.

Trong phép do F - AAS, moi qua
trinh xay ra trong khi nguyén ttr hoa mau
phu thude vao cac tinh chit va dac trung
ctia ngon ltra dén khi, chu yéu 1a nhiét
dd cua ngon lira. Nhi¢t do cia ngon Iura
lai phu thudc rat nhidu vao ban chit,

thanh phan cua chét khi dugc d6t chay
va tdc do dan khi vao dé tao ra ngon lira.

Diédu d6 co nghia 1a ing voi mdi hon
hop khi chay s€ cho ngon ltra c6 nhiét
d6 khac nhau. Thanh phan ciia hdn hop
khi chay thay di thi nhiét do ciia ngon
lira cling bi thay d6i. Noi chung, nhiét
d6 ctia cac loai dén khi ndm trong viing
tr 1900 - 3300°C. Hai loai hon hop
khi da va dang duoc sir dung phd bién
trong phép do F - AAS 1a hon hop cua
khong khi nén va acetylen hodc nito
oxit va acetylen.

- Cac qud trinh xady ra trong ngon h}a

bay la mdt qua trinh dong gom
nhiéu qué trinh Xay ra lién tiép dong
thoi voi nhau. Mau phén tich da chuan
bi ¢ trang thai dung dich (vi duy, dang
dung dich mubi Me X ), dugc tron déu
v6i khi mang va khi chdy tao thanh céac
hat sol khi (thé aerosol). Sau d6, dan
hén hop aerosol cting hdn hop khi dbt
vao dau dbt. Dudi tac dung cua nhiét
dd ngon Itra, dung mdi trong cac hat sol
khi bay hoi lam cho Me X trong dung
dich chuyén thanh cac hat ran nhoé min.
Céc hat Me X bi nong chay ¢ nhiét do
cao chuyen sang dang Me X 1ong. Tiép
theo 14 qua trinh hoa h(n va nguyeén tu
hoa v&i hai co ché chinh xay ra nhu sau:

(1) Néu E, <E, tirc 1a nang lugng
hoa hoi E, nh6é hon nang lugng nguyén
tr hod E_thi cac phan tr Me X s€ hoa
hoi. Sau d6, cac phan tor khi nay sé
bi phan ly (nguyén tir hod) thanh céc
nguyén tir ty do. Cac nguyén tir ndy sé
hép thu burc xa, tao ra phé AAS cua no.
Me X (iong) — Me X (khi) — nMe’(khi) + mX(khi)
nMe(khi) + n(hv) — phd AAS

Céac mudi halogenid, acetat, clorat
va modt s6 mubi nitrat ciia cac kim loai
thuong xay ra theo co ché nay. Co ché
nay cho phép do c6 do nhay va do on
dinh cao.

(2) Néu E, > E, céc phan tir Me X _
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s€ bi phan ly thanh nguyén tir. Sau do,
cac nguyén tu madi hod hoi va hap thu tia
btrc xa dé tao ra phd AAS cua no.

Me X _(l6ng)—>nMe(ran, long)+mX(ran, 16ng)—nMe’(khi)

nMeOkhi) + n(hv) — phd AAS

Mubi sulfat, phosphat, cacbonat,
nitrat va silicat cua céc kim loai thuong
xay ra theo co ché nay. Co ché nay cho
phép do c6 d6 nhay va d6 6n dinh kém
co ché 1 (tiéu biéu 1a cac hop chat, mudi
cacbonat ciia kim loai kiém tho).

Bén canh qua trinh chinh nhu trén,
trong ngon Itra, con ¢ cac qué trinh
phu lam anh huong dén két qua cua
phép do nhu:

- Qua trinh ion hoa cuia nguyén td
phan tich, lam giam s6 nguyén tir tw do
trong ngon Iura, do do, lam gidm cuong
d6 cua vach hép thu.

- Qué trinh hip thy cta cac phan tir &
trang thai hoi hodc cia cac hat mau ran
chua bi hod hoi trong ngon Itra gay nén
sy hap thu gia.

- Sy tao thanh cac hop chit bén nhiét:
mot s6 kim loai ¢6 thé hinh thanh céc
hop chit bén nhiét kiéu monoxid. Cac
hop chét nay s& kho phan ly thanh céc
nguyén tur tu do trong ngon Itra dén khi.

- Sy phat xa ctia mot s6 nguyén tir co
vach phat xa gén v6i vach phét xa cua
nguyén t6 phan tich s& sinh ra phd nén
va sy hap thy gia.

* Ky thudat nguyén tuw hoa khong
ngon lua (ET - AAS)

- Nguyén tdc: Qué trinh nguyén tir
hoa dugc thyc hién trong cuvet graphit
va moi truong khi tro (thuong str dung
khi argon) va xdy ra tic thoi trong
khoang thoi gian rat ngin nho ning
luong cua dong dién cong suat 16n.

- Pdc diém:

- Ky thuat nay c6 do nhay rat cao,
¢6 thé xac dinh nguyén t6 can phan tich
& nong do ng/ml (ppb). Pay 1a vu diém
ndi bat cta ki thuat nay trong phén tich

cac nguyén t6 ton tai ¢ dang vét (khong
can lam gidu mau, tranh nhiém bén,
mat mau...).

- Luong mau nho, chi can tir 10-50 pl.

- Cac qua trinh:

Qua trinh nguyén tir héa mau phan
tich xay ra theo 3 giai doan ké tiép nhau:

- Giai doan lam kho: Dé 1am bay hoi
dung méi hoa tan miu, chuyén mau vé
dang can kho ma khong 1am bin mat mau.

- Giai doan tro héa luyén mau: Dé
tro h6a nén mau (46t chay hoan toan cac
chat hitu co con lai sau giai doan v6 co
hoéa miu) nhung khong duoc lam mat
mau. Nhiét d6 va thoi gian tro hoa mau
c¢6 anh huong rat quan trong dén hiéu
sut nguyén tir hoa, vi vy, can lua chon
nhiét d6 tro hda mau phu hop, tao diéu
kién cho glal doan nguyeén tir héa mau
dat hiéu suét cao va o6n dinh.

- Giai doan nguyén tu hoa: 1a giai
doan quyét dinh toi cudng do vach phd
va cling chiu dnh huéng cta 2 giai doan
lam kho va tro héa mau. Giai doan nay
duoc thuc hién trong thoi gian rat ngin
(3-5 gidy), nhiét do dugc tang dot ngot
(1800 - 2500°C/giay) nham nguyén ti
hoa hoan toan nguyén t6 can phan tich
trong khoang thoi gian ngin nhit va
cuoi cung la lam sach cuvet.

* Ky thudt hoa hoi lanh [2, 6, 7]

- Nguyén tdc:

Hai k§ thudt nguyén tir héa maiu
bang ngon lira va khong ngon lia déu
su dung nang luong nhiét dé nguyen tir
hoa mau. Tuy nhién, c6 mdt sO nguyen
td co nhi¢t d§ nguyén tir héa mau rat
cao, nghia 1a nhiét do chuyén tor dang
ion vé dang nguyén tir ty do cao nhung
nhi¢t d§ bay hoi cua chung lai rat thép.
Do vy, cac nguyén tir ty do s& bj mat
trong qua trinh do nhu:

Hg2+
As**

— He' (hoi)

— As° (hoi)
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K¥ thuat hoda hoi lanh dya trén viéc
chuyén cac nguyén té can xac dinh vé
dang hop chat hydrid hodc nguyén tir
tu do dé bay hoi. Ky thuat nay dugc 4p
dung cho cac nguyén t6 Hg, As, Se, Te,
Sb, Sn, Bi... la nhimg nguyén t6 dé bay
hoi nho phan tng véi chat khir nao do.
Céac chét khur thuong dugce dung la: bot
Zn, bot Mg, NaBH , SnCl....

Phéan frng~cﬁa NaBH, va SnCl, voi
Hg*" trong mau xay ra nhu sau:

2NaBH, + Hg* — Hg"+ B,H_+ H, + 2Na’

SnCl, +Hg** — Hg’+ Sn*' +2CI

hodc phan tng ctia NaBH, v6i As**
6NaBH, +As* — A H3t1+3BH, +3/2 H2t +6Na’®

Céc phan tng trén duoc dién ra trong
mot thiét bi kin, sau d6, dugc dan t6i cu-
vet thach anh nam trén dudng sang cua
dén cat6t rong nho mot dong khi day 1a
Ar hodc N,

Do k¥ thuat hod hoi lanh c6 d¢ chinh
xac va do nhay cao, thao tac dé dang nén
duoc ap dung rat pho bién.

2.7. Cdc yéu té anh huéng dén két qua
phan tich [6, 7]

Cac yéu to anh huong dén két qua
phan tich trong phép do AAS rét da dang
va phuec tap, c6 khi xuét hién, cling co
khi khong xuét hién, c6 anh huéng hay
khong 14 tuy thudc vao thanh phan cua
mau va nén cia nd. Xét mot cach toan
dién, c6 thé chia thanh 6 nhom yéu td.

- Nhém 1: 13 céc thong sb cia hé
méy do phd. Cac thong sé nay can duoc
khao sat va lga chon cho tung truong
hop cu thé.

- Nhém 2: 1a cac diéu kién nguyén
tr hod mau. Cac yéu t6 nay thé hién rat
khac nhau tuy thudc vao ky thuat dugc
Ira chon dé nguyén tir hoa mau.

- Nhém 3: 1a cc anh huéng vé phd
nhu su hép thu nén, sy chen lan cua
vach phé va su hép thu cta cac hat ran.

- Nhom 4: 1a cac ky thuat va phuong
phap xir Iy mau. Pay 1a mot cong viée

quan trong c6 thé 1am mat hay nhiém
ban thém nguyén té phan tich vao mau
gdy cho két qua phan tich khong ding
v6i thue té ciia mau (cac van dé vé moi
truong lam viéc, dung moi hoa chét
chua du sach, mtc d6 tinh khiét cao,
nudc dé phan tich, cac chét chuan, xur ly
dung cu, phuong phap xir Iy mau chua
phu hop...).

- Nhom 5:1a cac yéu td vat 1y nhu do
nhét va ste cang bé mat dung dich mau
thuong thé hién nhleu trong phép do F-
AAS, nhit 1a kh1 mau phan tich c6 nong
d6 16n. Cac yéu té khac nhu sy ion hoa
va kich thich pho phat xa chi ¢6 ¥ nghia
khi phén tich ph6 hap thy ciia kim loai
kiém va kiém tho.

- Nhém 6: 1a cac yéu t6 hoa hoc nhur
nong do acid va loai acid trong dung
dich mau, anh hudng cua cac cation va
anion khac nhau trong dung dich, anh
huéng cia thanh phan nén va anh huong
cua dung mdi hiru co.

Vi véy, dé két qua chinh xac va tin cay,
doi hoi nguoi phan tich phai biét xir Iy hoa
hoc, tach loai, lam giau, trdnh cac yéu t6
anh huong vé mat hoa hoc ciing nhu vé
phd hép thy trong mdi trudng hop.

2.8. Mjt sé iing dung ciia AAS trong
phin tich my phim

Phuong phap AAS thuong dugce tng
dung dé phan tich cac kim loai doc (As,
Cd, Pb, Hg...) dua trén nguyén tic: Cac
chat hitu co trong mau dugc dot chay
hoan toan bang phuong phap vo co hoa
udt hoac vo co hoa kho hodc vo co hoa
trong 10 vi song dudi ap sudt cao va xac
dinh ham luong cac nguyén té doc bang
phuong phap quang phd hap thu nguyén
tir. Ché d6 do thuong 1a ding ky thuat
khong ngon lira (nguyén tir héa mau
bang 16 graphit) [7, 16].

* Chudn bi mau thir

- Phuwong phap vo co hoa trong lo vi
song (ap dung cho As, Cd, Pb, Hg): Can
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mdt luong chinh xac 0,15-02 g mau vao
cde teflon, thém 3 ml acid nitric d3c, 1 ml
nude oxy gia 30% (c6 thé thém 1 ml acid

hydrocloric néu can). Pay nip coc, dé yén
15 phat cho phan ing. Chuyén vao 10 vi
song dé vo co hoa theo diéu kién sau:

Bang 2. biéu kién v6 co hda mau trong 10 vi song

" Cong sudt cure Nhiét 40 to1 da Ap sudt to1 da Thon gian
Loa mau ) N
dai (W) (C) (bar) (phit)
Kem 800 250 75 50
Phéan 1000 300 75 40
Son 900 200 75 50

Sau khi dé nguoi vé nhiét do phong,
thém 20 ml nudc trao ddi ion, trang rira
k¥ bén trong va nip cdc bang nudc trao
d6i ion. Loc qua gidy loc vao binh dinh
mirc 50 ml va thém nudc trao doi ion
cho du thé tich, lic déu.

- Phuong phap vo co hoa kho (ing
dung cho As, Cd, Pb): Can mot lugng
chinh x4c 2,5 g mau vao cc silica, thém
3 ml dung dich magnesi nitrat 50%. Bdc
hoi trén cach thury dén kho, dot chay can
dén khi khong con khoi, roi dbt & 500°C
trong 3 gid. Pé ngudi, thém 25 ml HCI
6M, khudy déu, loc vao binh dinh mirc

50 ml, thém nudc vira du téi vach dinh
mirc, lic déu duoc dung dich thir dé do
As, Cd, Pb.

- Phwong phap vo co hoa wot (ing
dung cho Hg): Can mdt lugng chinh xac
25¢g mau vao binh c6 nat mai, thém 7
ml HNO; dédc, dun ndng trong cach thuy
o 60°C trong 3 gio, dé ngudi va hoa
lodng thanh 50 ml v&i nude, dé trong
td lanh 24 gio d6i v6i mau kem va son.
Loc qua gidy loc. Dung dich duoc ding
dé do Hg theo k§ thuat hoa hoi lanh.

* Ché do do

- Ché d¢ 1o grapit: tmg dung cho As,
Cd, Pb véi céc diéu kién do nhu sau:

Bang 3. Ché d6 do 16 graphit

Deén cathod Budc song Nhiét d6 tro | Nhiét d6 nguyén | Thé tich mau
rE:-ng (nm) hoa (°C) i hoa (°C) (ul)
As 1937 1250 2100 20
Cd 2288 550 1550 20
Pb 28373 550 1550 20
Chu y: ml nudc trao d6i ion (nhu 1a mau trang

- Dung dich nén d do As la dung
dich paladi (Pd) v6i nong d¢ 1,000ug/ml.

- Dung dich nén dé do Pb, Cd 1a hdon
hop dong thé tich ciia dung dich magnesi
nitrat hexahydrate (Mg(NO,),.6H,0) 0,2%
trong acid nitric 0,5% va dung dich amoni
dihydrophosphat (NH,H,PO,) trong acid
nitric 0,5%.

- Po Arsen bang kj thudt hydrid

Can chuan bj thém nhu sau: Liy 10

chuan), 10 ml mdi dung dich tring thir
(bao gdm cac thude thir nhu dung dich
thtr), dung dich mau chuén, dung dich
mau thir trong phan v6 co hoa kho cho
vao modi binh dinh mirc 100 ml twong
tmg. Thém vao mdi binh 10 ml HCI
dic, 10 ml hdn hop ddng thé tich cua
dung dich KI 10% va dung dich acid
ascorbic10%. Dé yén 45 phut ¢ nhiét do
phong. Thém nudc trao ddi ion vira du
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100 ml, lic déu. Nong do cudi cing cua
cac dung dich chuan 1a 2,0; 4,0; 6,0 va
8,0 ng/l.

Céac diéu kién phan tich arsen va
thiy ngan bang k¥ thuat hydrid nhu sau:

Bang 4. Cac diéu kién phan tich arsen va thily ngén bang k¥ thuat hydrid

) Nhiét da Thé tich
Pén cathod | Budc song , . L Dung dich R ¢ __0 N . © c}
* Tac nhan khir hoa = - nguyen tir hoa t18m mau
rong (nm) dan mau .
(°C) (uD)
NaBHs 0.2 % (trong
A 1937 ’ HCI1 10% 900 500
s ' | NaOH 0,05 %) °
Dung dich SnCl 1,1% |
(trong HC1 0,3 %)
H 2537 HC1 3 % 300 500
g " | hose NaBH: 02 % °
(trong NaOH 0,05%)

Sau day 1a gi¢i han phat hién va gi6i han dinh lugng cta phuwong phap dbi voi

mot sO nguyén to:

Bang 5. Gidi han phat hién va gi6i han dinh luong cua cac nguyén tb

Nguyén to LOD (ug/g) LOQ (ug/g)
As 0.5 25
cd 0,1 1,0
Pb 1.0 5.0
Hg 0,1 0.3

Tai Vién Kiém nghiém thanh phd
Ho6 Chi Minh, mot nghién ctru da ding
phuong phdp vo co hoa khd voi tac
nhdn v6 co hoéa la MgO, MgNO, va
nung & 500°C r61 hoa cdn trong acid
hydrochloric 4N va do AAS véi k¥
thuat hydrid [17]. Tai Vién Kiém nghiém
thubc Trung wong, da tién hanh khao sat,
thiét 1ap quy trinh phan tich bang AAS,
phi hop véi thiét bi do gian doan tong
luong thuy ngan, c6 gidi han phat hién
0,15 ppm [18].

3. Két lun

Kiém tra cic nguyén t6 doc trong
my pham 13 mot trong nhitng yéu cau
bat budc cua cong tac kiém nghiém chat

Tai liéu tham khao

lugng my pham. Theo Hiép dinh hoa hop
ASEAN vé quan 1y my pham, phuong
phap ap dung dé kiém tra cac nguyén to
doc (As, Pb, Cd, Hg) va céc mudi cua
n6 1a phuong phap quang phd hip thy
nguyén tir - AAS. Céac nuéc trong khoi
ASEAN ép dung phuong phap AAS, c6
khao sat va danh gia tham dinh cho ting
loai mau cy thé dé dua ra két qua ding,
chinh x4c, tin cdy, c6 cong bd gidi han
phat hién (LOD), gidi han dinh lugng
(LOQ) tuy theo céac thiét bi AAS minh
su dung. Phuong phap AAS da duoc ap
dung & nhiéu nuéde tién tién (Chau Au,
MJ,...) dé xac dinh cac nguyén té doc
trong my pham, thudc, thyc pham.
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