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Vé trang Noi dung >

Pho nguyén tir hoat dong nhw thé nao?

Pho nguyén tir

Phé hoc nguyén tir mé ta mot sé ky thuat phén tich dugc st dung dé xac
dinh thanh phan nguyén t6 ciia mau bang cach kiém tra phd dién tir hodc
phd khdi ctia mau.

Céc k¥ thuat phd nguyén tir c6 thé duoc chia thanh hai loai chinh; cac ky
thuat xac dinh nguyén t6 phan tich bang phé dién tir ciia né va cac k¥ thuat
xac dinh nguyén t6 bang pho khéi ciia no. Trong phong thi nghiém moi
truong, cac ky thuat phd dién tir phd bién nhat 1a hap thy nguyén tir va phat
xa nguyén tir. Cac ky thuat dua trén tia X nhu huynh quang tia X (XRF) va
nhidu xa tia X (XRD) vé mat ky thuat ciing 1a cac k¥ thuat phd dién tir.

Pho hip thu nguyén tir (AA)

K thuat hap thu nguyén tir dva trén thyc té 1a moi nguyén t6 déu hap thu
anh sang c6 budc song dac trung, khi mét electron dugce nang Ién tir trang
thai co ban 1én trang thai kich thich. Lugng nang lugng anh sang duoc

hép thu ty 18 thuan voi s6 nguyén tir chat phén tich trén duong di ctia 4nh

sang.

Mitrc nang lugng 3

Mtrc nang lugng 2

Anh sang c6 )
g luong 1 i budc song cu thé
duoc hép thu

Mirc nang lugng 0 ‘

Hinh 1. M6t electron dugc kich thich tir trang thai co ban 1én mirc nang lvgng cao hon bang
cach hép thu nang lugng (anh sang) & mot bude soéng cu thé. Trong quang phé hép thu
nguyén tir, bue song cua dnh sang hip thu dugc xac dinh boi loai nguyén tir (nguyén & do
la gi) va mirc nang lugng ma cac electron dang di chuyén dén. Luong anh sang dugc hp thy

duoc xéc dinh boi ndng d6 cua nguyén té trong mau.

K¥ thuat nay dugc hiéu chuén bang cach dwa ndng d6 cac nguyén tir chit phan tich da
biét vao duong di ctia 4nh sang va vé duong cong hip thu so v6i ndong do. Ngudn sang
dac trung ctia timg thanh phan chat phan tich dugc sir dung 1a dén catdt rdng (HCL)
hodc dén phéng dién khong dién cuc (EDL). Thong thudng, moi dén dugc danh riéng
dé phan tich mot thanh phan riéng 1¢, mic du d6i khi mot vai thanh phan c6 thé duoc
két hop thanh mét dén duy nhét. Tuy nhién, do han ché nay, hip thu nguyén tir duoc sit
dung cho mét sb lugng nho cac thanh phﬁn chét phan tich trén mdi mau, mic du nd co
thé do 67 thanh phan (khong phai ciing mét luc).

Dé hap thy nguyén tir hoat dong, cac thanh phan chat phan tich phai dugc nguyén tir
hoa (chuyén dbi thanh trang thai nguyén tir) bang nhiét d6 cao. Cac thanh phan dugc
nguyén tir hoa bang cach dua mau 1ong qua mot may phun swong vao ngon lira axetilen
nhiét d¢ cao trong quang phd hap thu nguyén tir ngon lira (FAAS). Céc thanh phan
cling co thé dugc nguyén tir hoa bang cach nung nong dién tré mot mau da siy kho
trong mot xi lanh than chi c¢6 duong kinh nho - quang phd hap thy nguyén tir 16 than chi
(GFAAS) (Hinh 2).
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Hinh 2. So d hé théng may quang phd hép thu nguyén tir 16 than chi hodc ngon Lia

FAAS don gian va khong ton kém nhung c6 han ché 1a mat do nguyén tir trong d6i
khuéch tan va thoang qua trong ngon lira dan dén d6 nhay kém khi so sanh vai cac ky
thuat khac. Gi6i han phat hién théng thuong nam trong pham vi ppb dén ppm cao.
GFAAS c6 uu diém 1a kiém soat nhiét do c6 thé 1ap trinh. Kiém soat nay cho phép
dung méi va ma tran (cac thanh phan ctia mau khac véi cac nguyén t6 ban mudn do)
dugc tach ra khoi chat phan tich theo chiic ning ciia diém soi. Ngoai ra, sau khi chét
phan tich dwoc nguyén tir hoa trong GFAAS, n6 duoc giir lai trong thé tich nho cua éng
than chi dé do kéo dai. Do d6, giéi han phat hién khi sir dung GFAAS thap hon nhiéu
so véi FAAS, thuong & pham vi dudi ppb. Tuy nhién, GFAAS c6 thé do it chit phan
tich hon FAAS va cham hon nhiéu.




Pho phat xa nguyén tir

Vi mbi nguyén t6 déu can mot ngudn sang HCL chuyén dung, nén AAS bi
gidi han vé s6 lugng nguyén té c6 thé do duoc trong mot mau. FAAS ciing
¢ d6 nhay tuong dbi kém, con GFAAS thi cham. Céac k¥ thuat phat xa
nguyén tir khic phuc dugc nhitng han ché nay va do d6 da duoc sir dung
rong rii. Cac k¥ thuat phat xa nguyén tir str dung thyc té 1a khi mot nguyén
tir ctia mot nguyén td cu thé bi kich thich (nhu trong qua trinh hap thu
nguyén tir), n6 phat ra anh sang theo mot mau dic trung ctia cac budc song

- mdt quang pho phat xa, khi no trg vé trang thai co ban (xem Hinh 3).
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Hinh 3. Khi mét electron tr& v& tir mirc nang lugng cao hon vé trang thai co ban, n6 phét ra 4nh
sang c6 budc song cu thé. Loai I}glyén tu hodc ion (tic 1a nguyén t6 do la gi) va cac mirc nang
luwgng ma electron dang di chuyén gitra cac muc nang luong xac dinh budc song cua anh sang
phat ra.

Mic du c6 thé thyc hién quang phd phét xa nguyén tir bang thiét bi ngon lira
tuong tu nhu thiét bi FAAS, nhung ngon lira khong phai 1a ngudn kich thich
1y tuong cho phat xa nguyén tir. Nhiét do dién hinh cho ngon lira axetilen
duoc sir dung trong AA 1a khoang 2.000 K dbi véi khong khi-axetilen va
3.000 K dbi véi nito oxit-axetilen. Cac nguon phat xa nguyén tir thay thé
bao gém plasma vi song (MP) va plasma argon cam ung (ICP). Ca hai

ngudn déu nong hon dang ké so vdi ngon Iura.

Nhiét d6 cao mang lai pham vi phi1 song nguyén té rong hon va do nhay cao
hon FAAS.

MP-AES: Microwave plasma — atomic emission spectroscopy
ICP-OES: Inductively coupled plasma — optical emission spectroscopy

ICP-AES: Inductively coupled plasma — atomic emission spectroscopy

Vé trang No6i dung >
Pho phit xa nguyén tir plasma vi song (MP-AES)

Plasma vi song (MP), sir dung Nito dé tao plasma, ngudn plasma Ni-to nay
noéng hon dang ké so véi ngon lra Axetilen, dat nhiét d¢ g?m 5.000 K. O nhiét
d6 nay, phat xa nguyén tir manh ddi voi hau hét cac nguyén té, dan dén kha
nang phat hién dugc cai thién va pham vi dong tuyén tinh so v&i AA ngon lra
d6i voi hau hét cac nguyén t6. Vi MP chay bang Nito nén chi phi van hanh lién
tuc co thé giam dang ké so véi AA ngon lira. Viéc sir dung méy sinh khi Nito
lam nguon Nito cho plasma gitip tiét kiém thém chi phi. Do an toan dugc cai
thién so vdi AA ngon ltra vi Nito tro dugc st dung thay vi Axetilen (mdt loai
khi dé chay). Str dung Nito tro ciing cho phép phan tich mau khong can giam sat
va qua dém, diéu nay khong dugc khuyén nghi ddi voi FAAS.

St dung may don sic quét va may do trang thai ran, MP-AES loai bé nhu cau
sir dung dén riéng 1é. K§¥ thuat nay ciing cung cép thoi gian phan tich mau sang
méu nhanh hon so v&i FAAS, dic biét 1a khi s6 lwong nguyén td (chat phan
tich) tang 1én vuot qua mot vai nguyén t5. MP-AES c6 thé chay mau 1én dén
khoang 3% tong chét ran hoa tan (TDS), bang cach sir dung cau hinh dwa mau
thich hop.

Vi MP-AES la cong nghé twong d6i méi, nén no c6 thé khong duoc chip nhan
d6i voi mot sd phuong phap duoce quy dinh, trong d6 phong thi nghiém phai sir
dung k¥ thuat dugc chi dinh dé phan tich. Néu mot k¥ thuat méi nhu MP-AES
¢6 thé duoc chimg minh 1a twong duong véi k¥ thuat da duoc thiét 1ap, cac
nganh cong nghiép va co quan quan 1y khac s& chdp nhan xac thyc dya trén hi¢u

suét nay.
Pho phit xa plasma cam g (ICP-OES)

ICP Argon noéng hon MP Nito va néng hon nhiéu so voi ngon lira Axetilen.
ICP c¢6 thé dat nhiét d6 gan 10.000 K, cho phép nguyén tir hoa hoan toan va
ion hoa dang ké mau.

Giam nhiu phén tir va tdi da hoa phat xa nguyén tir va ion c6 san dé phat
hién. Tuong ty nhu MP-AES, ICP OES st dung khi tro (Argon) thay vi khi
dé chay (nhu Axetilen ddi véi FAAS) cho phép phan tich mau khong can
giam sat va qua dém va cai thién tinh an toan. Ngoai viéc khong yéu cau dén
cho timg nguyén t5, ICP-OES con ¢6 nhiéu wu diém hon FAAS. ICP-OES la
k¥ thuat phan tach da nguyén t6 thyuc sy, c6 kha ning do dong thoi hodc gan
nhu dong thoi téi 74 nguyén tb & gioi han phat hién ppb thap. Do do, ICP-
OES — hay con dugc goi 1a ICP-AES (pho phét xa nguyén tir ICP) — d tro
thanh cong cu déc luc dé xac dinh nguyén t6 trong nhiéu nganh céng nghiép
bao gdm ca giam sat moi trudng.



Nhiét d6 cao cua plasma argon ciing c6 nghia 1a ICP-OES c6 thé chiu dugc cac nén
phiic tap chira tong chat ran hoa tan (TDS) 1én dén ~25%, tity thudc vao céu hinh
cu thé. Ngoai ra, do nhay cua ICP-OES nam gitta d nhay cua FAAS/MP-AES va
GFAAS (pham vi ppb dén phan tram thép). Do do, ICP-OES c6 thé do tat ca cac
nguyén t da duoc xac dinh trude do bang FAAS. ICP-OES ciing c6 thé do mot s6
nguyén t6 ma do gii han béo céo bét budc thap hon nén can str dung GFAAS.

Tuy nhién, ICP-OES khong thé so sanh véi GFAAS vé gi6i han phét hién trong
pham vi dudi ppb va ppt. Vi ly do nay, cac phong thi nghi¢ém sur dung ICP-OES lam
k¥ thuét phéan tich nguyén t6 chinh ciia ho van s& yéu cau mot k¥ thut nhay hon
nhu GFAAS hodc ICP-MS (xem phan tiép theo) dé phan tich muc vét cac nguyén
t6 nhu As, Se, Cd, Pb vv... Khi s6 lugng miu ting 1én, GFAAS tro thanh yéu t6
han ché ning suét ctia phong thi nghiém. Do d6, cac phong thi nghiém c6 s6 lugng
mau cao thuong s& chon ICP-MS vi phuong phap niy cung cap kha nang phén tich
da nguyén t6 voi giéi han phat hién thap.
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Hinh 4. So db don gian cta hé théng may quang phd ICP-OES

Phé khdi lwong nguyén tir

Pho khdi nguyén tir (MS) — con duge goi 1a pho khdi vo co — 1a ki thuat st
dung may quang phd khdi dé tach va do cac nguyén tir hay nguyén to. Phd
khdi nguyén tir khac vai cac ky thuat MS “hitu co”, chang han nhu LC/MS va
GC/MS, do céac phan tir hodc hop chat hitu co.

Dé c6 thé do thanh phan nguyén t6 ctia mau bang MS, cac nguyén tir cia
nguyén t6 duge chuyén doi thanh cac ion tich dién, do do chiing ¢6 thé dugc
tap trung va tach ra. Ngudn ion c6 thé 1a phong dién (glow discharge: GD),
tia lra, day toc, siing ion, tia laser hodc plasma (nhu duoc st dung trong ICP-
MS). Mot ) nguén ion (GD, tia Itra, laser) duoc stir dung dé do cac mAu ran,
trong khi plasma c6 thé xir Iy cic mau long nhur dung dich nude va dich axit.

Vé trang Noi dung >
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Hinh 5. Ning lugng do plasma argon cung cép loai bé mét electron khoi nguyén tir nguyén t4,
tao ra mot ion duong tich dién don.

May phd khdi (MS) dugc st dung dé tach céc ion ¢6 thé 1a mot thiét bi cung tir, thoi
gian bay, bay ion hay tir cuc. T cuc (quadrupole) c¢6 sy can bang tot gitta do
chuyén d6i, do phan giai dudi 1 don vi khéi lugng (u) va chi phi twong dbi thap. Hau
hét cac hé théng ICP-MS déu st dung bo loc khdi luong t cyc, co thé 1a cau hinh
mot tir cuc (MS) hay MS/MS str dung ba tir cuc (ICP-QQQ).

Pé cung cap do chuyén dbi (chuyén tir phan tir thanh ion) va do phan giai cao, bo
loc khéi va detector cia may MS phai dugc dit trong budng chan khong. Cac ion
dugc do dugc hinh thanh bén trong budng chan khéng (vi du nhur trong truong hop
phéng dién) hodc duge chuyén vao ving chan khong cao tir ngudn ion bén ngoai
nhu plasma. Sau khi céc ion nguyén té khac nhau duoc tach ra trong bd loc khdi,
chiing dugc dém, thuong str dung b nhan dién (electron multiplier). Sb lugng ion
duge do & mbi khdi duge so sanh véi tin hiéu cho mot chuén da biét va duoc chuyén
ddi thanh ndng do ctia timg nguyén td trong vét liéu dang duoc phén tich.

Phé khéi plasma cam g (ICP-MS)

Vao giita nhimg nam 1980, Argon ICP duoc ghép ndi voi may phd khdi tir cuc,
tao ra cac thiét bi ICP-MS thuong mai déu tién. Su phat trién nay tan dung loi
thé ctia Argon ICP nhu mét ngudn ion hidu qua cao, duoc ghép ndi voi may
phd khéi tir cuc vi d6 nhay cao, phd don gian va kha ning quét nhanh. Két qua
1a mot thiét bj két hop kha niang da nguyén t6 dong thoi, nhanh chong ciia ICP-
OES va do nhay cua GFAAS. Trong mét thiét bi ICP-MS, plasma argon hoat
dong nhur mot ngudn ion.
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Céc ion duoc tach tir plasma va truyén vao ving chan khong cao dé tach va phat

Céc ion di vao ving chan khong cao chira b phan tich khéi tir cyc thong qua hién. Cac photon va céc hat trung tinh bi loai bo bang cach sir dung thau kinh ion
mot bd con trung gian (interface cones) va thau kinh ion. Cac ion dugc tach ra 1éch truc va cac ion phan tir (da nguyén tir) con lai duoc loai bo bang khi va cham
bai tir cyc va duge truyén dén bo nhan dién (tr) d€ phat hién (Hinh 6). Heli (He) voi Phan biét nang luong dong hoc (Kinetic Energy Discrimination:

KED) trong budng va cham/phan tmg (Collision/ Reaction Cell: CRC). Ché do
E He KED loc ra cac ion da nguyén tir, 1a nhiing ion 16n hon va do d6 va cham véi
z . khi va cham/phan g thuong xuyén hon so vdi cac ion nguyén ttr ma ching
= chdng 1én nhau. Do do, cc ion da nguyén tir mat nhiéu nang luong hon céc ion
chét phan tich (nho hon), cho phép loai bo cac ion da nguyén tir bang cach sir
dung dién ap phan cuc ¢ du ra cia budng. Ché do He KED di bién doi do chinh
xac va do tin cdy ctia phan tich ICP-MS, dic biét 1a dbi voi phan tich da nguyén
t6 clia cac mau gip phai trong cac phong thi nghiém vé méi trudng va thuc pham.
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Buong phan
ung va cham
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Hinh 6. So db don gian hoa cac thanh phan chinh ciia hé théng ICP-MS tir cuc

Trong khi plasma argon trong ICP-MS tuong tu nhu plasma dugc str dung trong
ICP-OES, nhung muc dich thi khac. Trong ICP-MS, chi do cac ion, do d6 plasma
duoc t6i vu hoa dé ion hda cac nguyén tir nguyén tb. Plasma argon 14 1y tuong
cho muc dich nay, vi argon c¢6 thé ion hoa (Ion Potential: IP) - ning lugng can
thiét dé loai bo electron dau tién khoi nguyén tir trung tinh - 14 15,76 electron von
(eV). IP ndy cao hon IP d4u tién ciia hdu hét moi nguyén t6 khac, nhung thap hon
IP thir hai cua ching, diéu d6 c6 nghia 14 cic nguyén tir cta hau hét cac nguyén

t6 duoc chuyén doi hidu qua thanh cac ion duong tich dién don. It‘s e G Een of
Rhydrochloric acid and helium

Hiéu suét ion hoa — va do do 1a do nhay — t6t hon néu c6 nhiét do cao ¢ kénh
trung tim ctia plasma. Nhiét d6 plasma cao dat dugc bang cach sir dung méy phat
trang thai ran (solid state) hiéu suét cao, dau phun ngon dudc (injector torch) c¢6
dudng kinh bén trong rong va cac didu kién van hanh duoc t6i uu hoa. Két qua 1a
mot plasma “manh m&” cung cip kha ning ion hoa > 95% cho hau hét cac
nguyén 0. Ngay ca cac nguyén 6 ion hoa kém nhu Be, As, Se, Cd va Hg ciing bi
ion hoa dang ké, do do6 c6 thé do & mirc vét (ppt).

Hinh7. Video ngén nay gii thich cach thirc hoat dong ciia ché d¢ heli dé loai bo nhiu da

nguyén tir ICP-MS.

My quang phd khéi tir cyc tach cac ion dua trén ty 16 khéi luong trén dién tich
(m/z) cta chiing. Péi véi cac ion tich dién don, m/z bang khdi lugng, do do ICP-
MS do cac nguyén t6 nhu mot quang phd don gian cta khdi luong nguyén tir (dong
. , . vi) dic trung tir 6Li dén 238U. Nhiéu nguyén t c6 mot s6 dong vi véi khdi luong
Do bén cia plasma la mot dac tinh hi¢u suat thuong du'f;c theo doi bang cach do Khéc nhau va déi véi cic nguyén 5 ndy, ICP-MS ciing c6 thé cung cép thong tin v
ty 1€ CeO+ so véi Ce+. CeO+ 1a mot ion phan tir lién két manh. Plasma ICP-MS
duoc coi 1a bén néu n6 co dii nang luong dé phan tach CeO+ dé tao ra ty 16
CeO+/Ce+ khoang 1,5% hoac thép hon. Van hanh ICP-MS véi nhiét d¢ plasma
cao gitip phan hily nén mau t6t hon, dan dén it phan huy nén hon, d6 6n dinh tot
hon va bao tri thdp hon. Nhiét d6 plasma cao cung cip nhiéu ning luong hon dé
phén tach cac ion phan tir khac, 1am giam muc d6 cac ion khac ¢6 thé tao thanh

ty 1& dong vi va do phong phu.

Méy quang phd khéi tir cuc 1a may quang phd khéi quét, nhung hoat dong 6 toc do
quét rat cao (hon 10 1an quét khdi luong diy di mdi gidy). Toe do cao nay co hiéu
qua do tat ca cac nguyén t6 cing mot luc. Sau khi duoc tach trong bo loc khéi
luong, cac ion dugc truyén dén mot may do nhan dién tir, tao ra mot xung cho mdi
nhidu phd tiém an. ion di dén n6. Cac xung hodc "sc")ﬂ dém" duogc chuyén d6i thanh ndng do bi’}ng cach
so sanh cac tin hi¢u voi hi€u chuan dugce tao ra bang cach do céc tiéu chuan c66

nong do da biét.



https://www.youtube.com/watch?v=hgVl_6Fk4XU

Vi pham vi nguyén t6 rong (co thé do thuong xuyén téi 70 nguyén td) va dai
dong tuyén tinh tir dudi mot ppt dén hang nghin ppm, ICP-MS bao trim 1én
kha nang do cua ca ICP-OES va GFAAS.

Nhimg tién bo lién tuc trong cong nghé da giai quyét dwoc thuc té 1a cac thiét
bi ICP-MS ban d4u c¢6 kha ning chiu dung kém d6i v6i cac mau c6 tong
lugng chét rén hoa tan (TDS) cao. Nhung hau hét cac thiét bi [CP MS hién dai
van bi gioi han ¢ mirc TDS tdi da khoang 0,2% (2000 ppm), thip hon gip 100
1an so véi cac thiét bi OES cung loai. bé cai thién kha nang chiu dung cia
nén mau ICP-MS va cho phép phan tich tryc tiép cic mau TDS cao hon,
ngudi ta thuong sir dung phuong phép pha loang khi dung. Cac thiét bi ICP-
MS cua Agilent ¢6 h¢ théng Nap nén mau cyc cao (Ultra High Matric
Introduction: UHMI). Cong nghé nay sir dung khi Argon dwoc higu chuan tur
dong bo sung giita buong phun va ICP Torch dé pha loang khi dung mau.
Luong khi dung tiép cén plasma dugc giam xudng, cho phép phan tich cac
nén mau mic cao hon ma khong gay ra hién tugng trc ché tin hidu, phan huy
nén mau va troi. UHMI loai bo thoi gian va cac 15i tiém an lién quan dén pha
lodng mau chét long thong thuong va tranh chi phi ciing nhu sy phirc tap ciia
may pha lodng tu dong. Vi qua trinh pha lodng dién ra trong pha khi, khong
¢6 kha ning nhidm bén tir chat pha loang nudc c6 thé xay ra va d¢ bén cua
plasma dugc cai thién bang cach giam tai dung méi (nudc) trén plasma.
UHMI 14 tiéu chuan trén cac hé thong Agilent ICP-MS, cho phép cac thiét bi
do tryc tiép cic mau c6 mirc ma tran 1én dén 25% TDS, gan voi kha ning cua
ICP-OES.

Phé khéi plasma ba tir cue (ICP-QQQ)

Tién bo mai nhét trong phép do phd nguyén tir 1a sy phat trién ctia ICP-MS
dua trén may phd khéi song song — ICP-MS/MS — thudng & cdu hinh ba tir
cuc (QQQ). Thuat ngit “may quang phd khdi ba tir cuc” dung dé chi mot thiét
bi str dung hai bo loc khéi tir cuc ndi tiép nhau. Hai bd loc khi nay dugc tach
biét bang mot budng cham/phan mg c6 mot duong dan ion da cuc (xem dinh
nghia IUPAC Thuét ngit 538).

Agilent 8900 ICP-QQQ sir dung hai bo loc khdi tir cuc ¢6 hinh dang hyperbol
dugc tach biét bang mot budng va cham/phan tmg ctia Hé thong phan tmg bat
cuc (Octopole Reaction Cell: ORS). ORS twong ty nhu budng duoc sir dung
trong cac hé thong ICP-MS tir cuc don cta Agilent, nhung cu hinh MS/MS

cho phép str dung budng véi cac khi trong budng c6 phan tng cao.

Vé trang Noi dung >

Céc ché do khi phan tmg véi ICP-MS/MS c6 thé 1a mot phuong phép hitu ich va
hiéu qua dé giai quyét cac nhidu co van dé ma khong thé giai quyét dugc bang ché
d6 He v6i KED. Tt cyc dau tién (Q1) caa ICP-QQQ duoc sir dung dé diéu khién
céc ion di vao budng cham/phan tmg. Va cham hodc phan tng trong budng loai bo
nhidu va sau do tir cuc phan tich (Q2) duoc st dung dé truyén cac ion phan tich da
tach dén may do (detector). So do don gian hoa cua cau hinh ICP-QQQ dugc thé
hién trong Hinh 8.

Tt cuc thit nhat
Budng va cham/

phan img
Tt cyc tht hai

Thiu kinh
Detector

‘ Interface

7

Dinh lugng

%’\{

Argon plasma

-
—
Nl —

Hé théng chan khong

Hinh 8. So db don gian hoa cta ICP-MS ba tir cuc
Tai sao phai can ICP-QQQ?

Su khac bi¢t chinh gitra ICP-QQQ va ICP-MS tit cuc don la ICP-QQQ cho phép
hoat dong MS/MS, trong d6 ca Q1 va Q2 déu hoat dong nhu bo loc khdi co do
phan giai don vi. Q1 chon khdi lugng ion chat phan tich di vao budng, loai bo tat
ca cac khdi lugng khéc. Qua trinh chon nay dam bao rang cac ion trong té bao la
nhit quan va khong phu thudc vao thanh phan mau, do d6, cac phuong phap khi
budng phan tng c6 thé dugc sir dung mot cach dang tin cay. Viéc kiém soat phan
g hoa hoc nay cho phép ICP-QQQ giai quyét cac van dé nhidu ma khong thé
giai quyét dugc bang ICP-MS tir cuc thong thudng. Viée tach cac ion ¢6 cing khoi
lugng (isobaric - nhur 204Hg trén 204Pb), giai quyét cac trung 1ap ion tich dién kép
(vi du nhu chdng chéo REE2+ trén As va Se) va loai bo cac nhidu nén rat manh
(N2 trén 28Si, O2 trén 32S vv...).

8900 ICP-QQQ ciing ¢6 d6 nhay cao hon dang ké va duong nén thdp hon nhiéu so
voi cac hé théng ICP-MS tir cuc don thong thuong. Ngoai ra, vi thuc hién hai budc
loc khéi lwgng, 8900 ICP-QQQ ¢ do nhay lién ké (abundance sensitivity: AS)
vuot troi hon nhiéu, day la thude do mirc do chéng chéo gitlra cac dinh lién ké.
Hoat dong MS/MS cho phép 8900 phan giai cac dinh vét tir cac dinh chinh ¢ khéi
lugng lién ké (vi dy, tach Mn-55 khoi Fe-56).




Lam thé nao dé téi chon ding ky thuit?

Vé trang Noi dung >

K¥ thudt quang ph6 nguyén tir phit hop v6i phong thi nghiém cuia ban, ca hién tai va twong lai, phu thudc vao nhiéu yéu té. Ban can do nhimng nguyén t6

nao trong loai miu nao? Ngan sach cta ban 1 bao nhiéu va cac ky thuat vién phong thi nghiém cuia ban ¢6 trinh d6 nhu thé nao? Chung t6i s& dé cap dén

cac linh vuc chinh ma ban can cén nhéic khi lva chon mot ky thuat dudi day.

So sanh song song

Chung ta hdy bat ddu bang cach so sanh mirc d cao cac ky thuat quang phd nguyén tir khac nhau (Bang 1).

Béng 1. So sanh song song c4c ky thuat quang phd nguyén tur.
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https://www.agilent.com/en/product/atomic-spectroscopy/atomic-absorption/flame-atomic-absorption-instruments/240fs-aa
https://www.agilent.com/en/product/atomic-spectroscopy/atomic-absorption/graphite-furnace-atomic-absorption-instruments/280z-aa
https://www.agilent.com/en/product/atomic-spectroscopy/microwave-plasma-atomic-emission-spectroscopy-mp-aes/mp-aes-instruments/4210-mp-aes
https://www.agilent.com/en/product/atomic-spectroscopy/inductively-coupled-plasma-optical-emission-spectroscopy-icp-oes/icp-oes-instruments/5800-icp-oes
https://www.agilent.com/en/product/atomic-spectroscopy/inductively-coupled-plasma-mass-spectrometry-icp-ms/icp-ms-instruments/7850-icp-ms
https://www.agilent.com/en/product/atomic-spectroscopy/inductively-coupled-plasma-mass-spectrometry-icp-ms/icp-ms-instruments/8900-triple-quadrupole-icp-ms
https://www.selectscience.net/products/240fs-aa/?prodID=106805
https://www.selectscience.net/products/agilent-240z-aa-and-280z-aa-zeeman-atomic-absorption-spectrometers/?prodID=81236
https://www.selectscience.net/products/agilent-4210-mp-aes?prodID=195454
https://www.selectscience.net/products/agilent-5800-icp-oes-instrument?prodID=223760
https://www.selectscience.net/products/agilent-7850-icp-ms?prodID=204652
https://www.selectscience.net/products/8900-triple-quadrupole-icp-ms/?prodID=114653

Vé trang Noi dung >

FAAS
View products

GFAAS MP-AES
View products View products

ICP-OES
View products

ICP-MS
View products

ICP-QQQ
View products

Thong s6 k¥ thuat

Tiéu thy dién ning, tuong dbi

?

¢ ¢ ¢

¢ ¢

¢ 49

¢ 49

Kich thude

. R 790 x 580 x 5904° 1030 x 600 x 5904° 960 x 660 x 660 625 x 740 x 887 730 x 600 x 595 1060 x 600 x 595

(mm — Rong x Sau x Cao)

Khéi lugng 75 kg 119 kg 73 kg 90 kg 100 kg 139 kg
Khong khi nén Argon 99,99% hay Nito Nito* 99,5% Argon 99,95% Argon, 99,99% °, Argon, 99,99% 3,
Axetilen 99,0% (va/hodc 99,99% Khi thai 3 m3/min Tuy chon: Nitrogen, Oxygen  Khi thai 5,0 — 7,0 m¥min  Khi thai 5,0 — 7,0 m*min

e o N20 99,5% - tuy thudc Khi thdi 3 m*min Khi thai 2,5 m3/min

cu cau ve kil vao nguyén t6 duoc do),

Khi thai 2,5 m3/min

Bao hanh¢ 12 thang 12 thang 12 thang 12 thang 12 thang 12 thang

Phu kién

Léy mau ty dong Tuy chon Bao gf")m Tuy chon Tuy chon Tuy chon Tuy chon

Hé théng 1am mat bing nudce

Khéng yéu ciu

Yéu ciu ngudn nude lam mat Khéng yéu cau

Yéu céu, khong bao gdm

Yéu céu, khong bao gdm

Yéu ciu, khong bao gdm

1. Céc thiét bi ICP-OES va ICP-MS phai duoc van chuyén dong dé dat duoc sb lugng méu nay.

2. Chi ¢6 khoang dong hoc cua thiét bi, khong co thiét bj dua mau vao giup tang do nhay.

3. Chiéu cao phu thudc vao kiéu may duoc chon.

4. MP-AES chi yéu cau Nito, c6 thé dugc tach tir khéng khi xung quanh bang méy sinh khi Nito. Ngoai ra, ¢6 thé sir dung chai khi Nito.

5. D6i véi cac img dung cin kiém sodt 6 nhidm, tirc 1a do tap chat trong hoa chit trong cong nghé ban din, c6 thé yéu cau do tinh khiét cua argon it nhét 1a 99,999 %

6. Agilent c6 nhiéu tity chon bao hanh va hd trg mo rong



https://www.agilent.com/en/product/atomic-spectroscopy/atomic-absorption/flame-atomic-absorption-instruments/240fs-aa
https://www.agilent.com/en/product/atomic-spectroscopy/atomic-absorption/graphite-furnace-atomic-absorption-instruments/280z-aa
https://www.agilent.com/en/product/atomic-spectroscopy/microwave-plasma-atomic-emission-spectroscopy-mp-aes/mp-aes-instruments/4210-mp-aes
https://www.agilent.com/en/product/atomic-spectroscopy/inductively-coupled-plasma-optical-emission-spectroscopy-icp-oes/icp-oes-instruments/5800-icp-oes
https://www.agilent.com/en/product/atomic-spectroscopy/inductively-coupled-plasma-mass-spectrometry-icp-ms/icp-ms-instruments/7850-icp-ms
https://www.agilent.com/en/product/atomic-spectroscopy/inductively-coupled-plasma-mass-spectrometry-icp-ms/icp-ms-instruments/8900-triple-quadrupole-icp-ms

Vé trang Noi dung >

Ban can do nhirng nguyén to nao?

Cau hoi ddu tién can hoi 1a ban can do nhimg nguyén t6 nao, vi mdi ki thuét c6 thé do mot nhom
nguyén t6 khac nhau. Bang tudn hoan ma mau sau day 1a huéng dan vé k¥ thuat nao c6 thé do nhimng
nguyén t ndo. Tuy nhién, ndng d6 ma mdi k¥ thuat co thé do dugc khac nhau tiy theo nguyén to.

Chu thich ma mau

" 2018
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Cic nguyén t6 khé do bang phwong phap quang pho nguyén tir
C6 mot s6 nguyén t6 khong thé do duge bang bat ky k¥ thuat phd

nguyén tir ndo hodc can mot phuong phap chuyén biét. Cac nguyén

t6 nay bao gom:

N, O, Kr, Xe

Nito va Oxy c6 nhiéu trong khong khi moi trudng xung quanh ctia phong
thi nghiém, cling nhu c6 trong cac dung dich nudc thong thuong duge do,
thuong dugc 6n dinh bang axit nitric (HNO3). Mtic nén cao thu dugc khién
viée do cac nguyén té nay & mirc thap trd nén kho khan néu khong co
phuong phap chuyén biét. ICP-MS c¢6 gi6i han phat hién tot nhat cho N va
O nhung s& yéu cau phuong phap dua mau "kho" thay thé, chang han nhu
phu kién 1ay mau khi trung gian hay GC-ICP-MS. Céc k¥ thuat thay thé cho
phd nguyén tir duge khuyén nghi cho cac phan tich thuong quy cac nguyén
t6 nay.

Kr va Xe 1a khi, vi vay hi¢u chuan khong don gian. Chung ciing bi ion hoa
kém va c6 thé co & mirc vét trong Argon ¢ do tinh khiét cao duoc sir dung
dé hd tro plasma ICP. Cac nguyén td nay c6 thé duoc do bang ICP-MS, néu
sir dung hé thong dura mau phu hop. Vi du, Xe (dudi dang chuin khi Xe 100
ppm trong Heli) thuong dugc sir dung dé diéu chinh va lam chuan noi cho
cac ung dung GC-ICP-MS.

F, Cl

Nhing chat nay c6 thé dugc do ¢ mirc tuong ddi thap bang cach sir dung
ICP-MS ba ttr cuc, ¢6 thé sir dung phan tng héa hoc dé chuyén dbi ion F
hodc ClI thanh ion san phdm c6 thé do dugc. Cl c6 thé duge do bang cach sir
dung ICP-MS ti cyc don, nhung tin hi¢u nén cao, do d6 giéi han phét hién

kém.

H, He, Ne

Cac nguyén t nay khong thé do dugc bang bat ky ky thuat phd nguyén tir
nao. Didu nay 1a do cac nguyén t nay khong phat ra hodc hap thy anh sang
trong pham vi c6 thé do dugc bang bt ky ky thuat quang hoc nao. ICP-MS
khong dua ra giai phap, vi H va He nim ngoai pham vi khéi lugng duoc do
bang ICP-MS, va Ne khong bi ion hoa trong plasma argon.

Vé trang Noi dung >

Ar

Argon duoc str dung 1am khi ngudn cho plasma cho ca ICP-OES va
ICP-MS. Thyc té nay c6 nghia 1a miic Ar nén rat cao, khién viéc do

luong bang cac ky thuat dé tré nén kho khan.

Cic yéu to ton tai trong thoi gian ngin

Céc nguyén td nhu At, Fr, Rn va cac nguyén té c6 s6 nguyén tir 16n hon
99 ¢o tinh phong xa cao, nghia la chung nhanh chong phan ra thanh mot
nguyén t hodc dong vi khac. Mot s6 nguyén t c6 trong tu nhién — vi
du nhu radon (Rn) — nhung céc nguyén té phong xa nay thuong co tudi
tho qua ngan dé co thé do bang cac k¥ thuat quang pho nguyén tir. K
thuat do birc xa (dém phan ra phong xa) 1a phuong phap thong thuong
duoc sir dung dé xac dinh cac nguyén tb nay.

Do ty 1¢ dong vi

Mot trong nhitng tmg dung tién tién dugc hd trg boi phép do phd khéi
(ICP-MS) 14 kha ning tach va do cac dong vi riéng 1¢ ctia mot nguyén to.
Kha ning nay cho phép xéc dinh ty 1¢ ctia hai hodc nhiéu dong vi, hitu ich
cho cac g dung ma sy phong pht ctia dong vi thay doi tu nhién. Vi du
bao g@)m dia nién hoc, trong do6 sy phong pht cta df“)ng vi tu nhién ctia mot
sO nguyén tb nhat dinh (nhu Pb, Hf va Sr) thay doi tiy thudc vao do tudi
ctia da. Khoa hoc khi hau ciing c6 thé sir dung ty 1é dong vi va nguyén to
trong cac khoang chét két hop trong tram tich dai duong hodc san ho dé tai
tao nhiét 4o nude bién trong lich sir.

Phan tich dong vi ciing duoc sir dung trong cac g dung nhu san xuét
nhién liéu hat nhan, nghién ctru phan doan nguyén td, khao ¢6 hoc va
nghién ctru chat danh dau sinh hoc. Po ty 1& dong vi ciing 1a co ban ddi voi
k¥ thuat hi¢u chuén dugc goi la phé khéi pha loang déng vi (IDMS).
IDMS thuong dugc st dung trong cac phong thi nghiém nhu vién do
luong va dé chimg nhan vat liéu tham chiéu, noi yéu cau kha ning truy
xuit ngudn gdc va do chinh xac va do chinh xac tdt 1a diéu can thiét.
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Ban cin do bao nhi¢u nguyén t6 va miu?

S6 lugng nguyén 6 va s6 lugng mau ban phai do ciing 1a nhitng can nhic
quan trong khi Iya chon k¥ thuét phén tich nguyén td. Ca ICP-OES va ICP-
MS déu do tat ca cic nguyén td can thiét trong mot lan ldy mau (phan tich
ddng thoi). AAS ngon lira va 10 than chi va MP-AES do cac nguyén t6 lan
luot (phén tich tuan tw). Do ddng thdi nhanh hon nhiéu so véi do tuan tu, vi
tAt ca cac chét phan tich dugc do trong mdt lan tiépos can dén lo mau. Néu
ban phai do nhiéu nguyén t6 (hon 10) trong nhié¢u mau (hon 50), cac k¥
thudt tuan ty sé qua cham.

Vi du, mdi phép do nguyén té don 1¢ sir dung GFAAS mat khoang 2 hoic 3
phut tiy thudc vao nguyén té duoc do. Didu nay c6 nghia 1a viée do nim
nguyén t voi ba lan 1ap lai cia mdi mau s& méat khoang 30 dén 45 phit cho

mdi mau (5 nguyén t6 x 3 lan do lap lai x 2 dén 3 phut cho mdi 1an lap lai).

Vé trang Noi dung >

Do d6, mot thiét bi GFAAS c6 thé thuc hién khoang 240 phép do ba lan
trong 24 gio. Co thé 1a 1 nguyén td trong 240 mau, 4 nguyén tb trong 60
mau hodc 10 nguyén t6 trong 24 mau.

Nguoc lai, khi dugc cAu hinh véi van chuyén dong, cac k¥ thuét ICP co thé
do hon 50 nguyén t6 theo bd ba trong thoi gian phan tich mau - mau
khoang 30 gidy (d6i voi ICP-OES) hodc 1 phut (d6i véi ICP-MS). Diéu nay
tuong duong véi khoang 60.000 phép xéac dinh ba lan mot ngay. dbi véi
ICP-MS va Ién dén 125.000 dbi véi ICP-OES.

Tat ca cac ky thuat, ngoai trir AAS ngon lira, déu c6 thé dé khong can giam
sat, do d6 ban c6 thé nap mau ty dong va dé thiét bi chay 24 gid mdi ngay.
Vi ly do an toan, AAS ngon lira phai duoc giam sat lién tuc. Diéu nay gidi
han hoat dong trong gio lam viéc.

O

Hinh 9. Sir dung may liy miu ty dong s& tang nang suét va cho phép thiét bi chay ma khong cin giam sat. 12



Khoang tuyén tinh

Mbi ky thuat quang phd nguyén tir co thé do ndng do cac nguyén t6 khac
nhau. Cac k¥ thuét nay c6 thé dugc chia thanh GFAAS va ICP-MS, c6 thé
do mure vét (dudi 10 ppb), va AAS ngon lra, MP-AES va ICP-OES, c6 thé
do murc cao hon — hon 10 ppb.

Nhung d6 khong phai la toan bd cau chuyén. Cac miu co thé chira cac
nguyén td & cac néng dd khac nhau, tir mirc vét dén murc phﬁn tram. Vi du,
ban c6 thé ¢6 cac mau chira ca 100 ppm Na va 10 ppb Mo.

Ban ludn c6 thé pha lodng hodc ¢6 dic cac mau, nhung didu nay ton thoi
gian va c6 thé gay ra 16i. Dé c6 ning suat va do chinh xac tot nhat, cac ky
thuat da nguyén t6 nhur ICP-OES va ICP-MS can ¢6 kha ning do cac mirc
ndng d6 khac nhau nay trong cung mot phép phan tich. Va mot s6 nguyén t6
¢6 thé thay doi rat nhidu giira cac mau, do do, khoang nong do cia timg
nguyén té ma k¥ thuat c6 thé do duoc ciing rit quan trong.

Khoang nong d¢ ctia mot ky thuat phan tich thuong duge mo ta theo khoang
tuyén tinh dong hoc cia né — trong khoang nay, detector c6 do dap tng thay

d6i tuyén tinh voi thay doi ndong do chét phan tich.

Hinh 10. Cic miu méi trudng nhu dét, bun va nuée thuong chira ham lugng cao cua mot )
nguyén t6 va ham luong rét thip ciia cac nguyén t6 khac. Didu quan trong 1a k¥ thuat da
nguyén t6 nhu ICP-OES hodc ICP-MS c6 thé xtr Iy dugc nhitng sur khac biét vé& ndng d6 nay
trong mot l4n do, néu khong sé€ phai thyuc hién nhiéu l4n do cia cung mot mau, kém theo la

cong viéc chudn bi miu tuong tng véi cac lan do nay.

Vé trang Noi dung >

Ban nén chon mot ky thuat co thé xur Iy pham vi néng do cua ting nguyén td co
kha ning c6 trong mau cuia ban. Néu phong thi nghiém cta ban s€ nhan dugc cac
mau co néng do phén 16n chua biét, thi ban s& can chon mot ky thuat c6 pham vi
rong, chang han nhu ICP-MS, dé dam bao ban c6 thé thyuc hién cac phép do.
Nguoc lai, néu ban dang theo ddi mirc ciia mot hodc hai nguyén t6 ma ban biét s&
& mirc 100 ppm, thi hé théng AAS ngon lira don gian hon, it ton kém hon s& phu
hop. Xem Bang 2 dé xem pham vi do cia timg k¥ thuat so sanh nhur thé nao.

Bang 2. Pham vi ndng d6 c6 thé do dugc bing ting ky thuat quang phd nguyén tir. Déi voi
timg k¥ thuat, thanh hién thi pham vi gitta gi6i han phat hién thong thuong va gidi han do

luong trén cia thiét bi co s& (khong co bt ky cai tién nao cia hé théng dwa mau vao).

<ppq ppt ppb ppm

1 10 100 1000 1 10 100 1000 === E105100 1000, %

Flame AAS

MP-AES

ICP-OES

GFAAS

ICP-QQQ

Gidi han phat hién

Gidi han phat hién (detection limit: DL) c¢6 thé dat dugc bang timg k¥ thuat phan
tich c6 thé 1a yéu té chinh trong viéc quyét dinh xem ky thuat d6 c6 phu hop véi
muc dich phan tich hay khong. Nhiéu phuong phap duge quy dinh ¢ chira nong
d6 ti da cho phép ddi vai cac loai mau quan tim va ky thuat dwoc chon phai co
kha ning do cac ndng d6 nay mot cach dang tin cay ddi voi phuong phéap do.
Phuong phap c6 thé xac dinh cach tiép can dugc sir dung dé thiét 1ap nong do thap
nhit ma tai d6 co6 thé dat dwoc phén tich dang tin cdy, doi khi duoc goi 14 gidi han
dinh luong (limit of quantitation: LOQ). LOQ thuong cao hon "gidi han phat hién
ctia thiét bi" (instrument detection limit: IDL) tir 3 dén 10 lan. Mot tham s6 khéc
thuong dwgc trich dan 1a giéi han phat hién (“method” detection limit: MDL) cua
"phuong phap", bao gdm hé s pha lodng mau va bat ky dong gop nao (ching han
nhu nhidm béan) tir quy trinh chuan bi mau
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Plasma va
Torch dimg

ICP-OES chiéu doc va ngang

Cac thiét bi ICP-OES c6 hai céu
hinh phd bién: ché d6 chiéu ngang
(radial view) va ché d6 chiéu doc
(axial view). Trong cu hinh chiéu
ngang, plasma dugc xem tir bén
canh (duong mau dé trong so dd),
theo chiéu rong ciia plasma. Trong
cAu chiéu doc, plasma dugc xem
theo chidu dai ctia n6 (dudong mau
xanh). Ché do chiéu doc 1am tang
chidu dai duong di va lam giam tin
hiéu nén plasma, dan dén gidi han
phét hién thép hon t6i 5-10 1an so
v6i cAu hinh chiéu ngang dbi véi
mot sb nguyén tb.

Ché d6 chiéu ngang ciing hitu ich
khi do kim loai Nhom 1 nhu Na va
K vi n6 khic phuc dugc cac van dé
nhidu véi cac nguyén td nay.
Agilent 5900 ICP-OES c6 thé do ca
ché d6 chiéu doc va chiéu ngang
cting mot lac, do d6 ¢6 cau hinh
xem tot nhat cho tit ca cac nguyén
tO.

Nhin chung, cac k¥ thuat phéan tich vét nguyén 3", GFAAS va ICP-MS, ¢6
gidi han phét hién thip hon dang ké so véi cac ky thuat quang phd nguyén tir
khac. Nhung cau chuyén vé giéi han phat hién phirc tap hon thé. Mdi ky thuat
s& mang lai hiéu suét t6t hon ddi voi mot s6 nguyén té nay so voi cac nguyén
t khac, thuong tuy thudc vao do nhay va tin hi¢u nén cua nguyén t. Vi du,
trong ICP-OES, mét vach phat xa rat manh s& mang lai d¢ nhay cao hon va
do d6 DL thap hon so v6i vach phat xa yéu hon. Tuong tu nhu vay, déi voi
ICP-MS, mot dong vi phong phti hon s& mang lai d6 nhay cao hon va DL
thip hon so véi dong vi c6 ham lugng thap.

Mot trong nhiing 1y do khién ICP-MS nhanh chong duoc ap dung trong cac

phong thi nghiém kim loai 1a k¥ thuat nay thuong c6 DL thap dbi véi cac

nguyén té thudng duoc do & muc thip nhat. Nhom nay bao gdm nhiéu kim
loai nang, chéng han nhu Cr, As, Cd, Hg va Pb. Céac nguyén t6 c6 DL cao
hon trén ICP-MS c6 xu huéng 13 cac chat phén tich thudng duoc do & muc

cao hon, ching han nhu cac nguyén t6 khoang Na, K, Ca, S, Fe vv...

Nén mau va thanh phan nguyén t6 chinh ciing ¢6 thé anh huong dén DL. Vi

du, DL ctia mdt nguyén t6 c6 thé bi suy giam nghiém trong do sy trung lap

pho trong mot nén mau cu thé. Moi truong phong thi nghiém va chét luong
thudc thir cling sé c6 tac dong 1on dén DL thuc té c6 thé dat duge thuong
xuyén bang timg ky thuat. Ngudi ta thuong noi rang cac k¥ thuat nhay hon
v6i DL thap nhat doi hoi hoa chit sach nhat va chat lugng khong khi tot nhat,
chang han nhu phong sach. Nhung chinh cac gii han bao cao co thé dat
duogc phu thudc vao cac yéu td nay, chir khong phai ban than k¥ thuét. Vi du,
chat lugng thude thir kém hodc mau bi 6 nhiém do méi truong phong thi
nghiém nhiéu bui ¢ thé ngan ICP-MS dat dugc DL & mirc ppt va dudi ppt
ma k¥ thuat ¢ thé dat dwoc. Nhung didu d6 khong quan trong néu mirc bao
céo tbi thiéu ¢ mirc ppb.

Nhiéu

Nhiéu 1 nhimg twong tc trong qué trinh do mau c¢6 thé anh huong tiéu cuc

dén két qua do. Nhiéu phd nguyén tir c6 thé duge chia thanh ba nhom:

— Nhiéu vat Iy do nén miu hodc dung dich mau duoc chuén bi.

— Nhiéu héa hoc do twong tac giita cac thanh phin cua mau va chat phan
tich.

— Nhiéu phé, trong d6 tin hi¢u do dugc cho mot thanh ph'?m khong tach biét
hoan toan v&i tin hiéu cho mot thanh phan khac trén thang budc song
hogc khéi luong.
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Mbi ky thuat déu chiu anh hudng cta ba loai nhidu ¢ mirc d6 khac nhau. Piéu
nay duoc minh hoa trong Bang 3. Mic du cac k¥ thuat quang phd nguyén tir co
céc muc nhiéu khac nhau, nhung tit ca déu c6 nhiing cach da dugc thiét lap tot
dé chéng lai tac dong ciia cac nhidu d6. Diéu nay dat duoc thong qua cau hinh
phan cimg, diéu kién van hanh va cic cong cu phan mém hodc thong qua quy
trinh chudn bi mau va kiém soat chat luong. Su khac biét vé nhiéu khong nén la
yéu to chinh trong viéc Iyra chon k¥ thuat cho phong thi nghiém ctia ban. Tuy
nhién, néu ban khong biét thanh phﬁn ctia nhiéu mau ma ban s& phan tich
(thuong dugc goi la cac mau 'khong xac dinh'), ban s& can phai xir 1y nhiéu trong
qué trinh phat trién phuong phap.

Béng 3. Ty 1& xuat hién twong ddi cua céc loai nhiu khac nhau cho timg k¥ thuat (nhiéu chAm hon
biéu thi mirc do nhidu cao hon).

Ky thuét phd nguyén tir
Loai nhidu Flame AAS GFAAS MP-AES ICP-OES ICP-MS ICP-QQQ
Vatly (1} ° o0 (1] (1] (1}
Hoa hoc YY) YY) () ° (1) o0
Phd o o oo ooe oo o
Nhiéu vat ly

Su can thiép vat Iy xay ra khi mic d6 nén va dung moéi thay doi gay ra
nhiing thay d6i vé do nhot, strc cang bé mat va toc do bay hoi ctia dung dich,
dan dén sy khac biét vé muc tin hiéu duoc do.
Su can thiép vat Iy xay ra voi tt ca cac ky thuat lién quan dén viéc bom chét
long. Nhiing tac dong nay thuong xay ra trong hé thong dwa mau vao, mic
di mot sb ciing c6 thé anh hudong dén budce chuan bi mau, vi du nhu trong
qué trinh hat dung dich. Cac tac dong vat 1y ¢6 thé do:
— Dung mdi ¢ thanh phan khéac nhau giita dung dich chuan va mau (vi du:
HCI so véi HNO3 hogc dung méi nudce so véi 10% con)
—  Miic d6 axit hay dung méi hitu co khac nhau gitta cac chuan va méu (vi
du: dung dich chuan c6 axit 0,1% trong khi mau c6 axit 10%)
— Muc cac nguyén td chinh khac nhau trong cac mau, so véi cac chuan (vi
du: cac chuan tong hop don gian cho cac miu duge pha ¢ chira ham

luong cacbon hoa tan cao hodc ¢ chét rin hoa tan 1%).

Vé trang Noi dung >

C6 mot s6 cach tiép can co thé duoc sir dung dé giai quyét cac nhiéu vat 1y,
trong d6 cach duoc st dung rong rai nhat 1a khép ma tran, cong chuén va
hiéu chinh tin hiéu.

Ghép ma tran 1a khi nguoi dung x4c dinh cac thanh phan chinh ctia mau va
chudn bi cac chuan (va mau tring, dung dich QC, v.v.) trong mot ma tran
tuong tuy. Diéu nay co thé don gian nhu thém cung mét lugng axit hoac mot
céch tiép can phirc tap hon nhur chuan bi cac chuan trong cting mot dung dich
dugc sir dung dé chuan bi va pha loing mau. Néu cac chuan nam trong cling
mot ma tran véi cac mau, thi cac hiéu tng vat Iy phai giéng nhau d6i véi ca
hai, do d0, su khac biét vé tin hiéu s& dugc giam thiéu.

Cong chudn 1a mot dang khép ma trén nang cao, trong d6 cac dung dich
chuan duoc thém vao chinh miu, loai bo moi su thay ddi trong thanh phan
ma tran. Mic di hap din vé nguyén tic va duoc sir dung rong rai trong mot
s6 nganh, nhung cong chuin c6 nhugc diém 1a mdi loai mau khac nhau phai
dugc hiéu chuan bang by xung cong chuan riéng ctia no.

Higu chinh tin hi¢u thuong dua vao viéc thém mot thanh phé‘m khong phai
muyc tiéu lam chudn noi (ISTD). Mot ISTD 1y tuong 1a mot thanh phan khong
phai 1a chat phan tich bit budc, khong bi hodc gay nhidu cho chét phén tich
khac va s& khong c6 trong mau mot cach tu nhién. Thanh phan ISTD duoc
thém vao (thuong tu dong bang cach str dung dau nbi tron truc tuyén) & ciing
mot mire cho tat ca cac dung dich (chuén, mau tréng, QC va chat chua biét).
Céc nhiéu vat Iy thuong anh hudng dén téng lwong dung dich duoc van
chuyén dén ngudn, vi vay bat ky thay d6i nao ddi véi tin hidu ciing s& anh
huéng dén tat ca cac thanh phan ¢ ciing mot mirc do. Sau khi phan tich, sy
thay déi trong tin hi¢u ISTD duoc st dung dé hiéu chinh tin hiéu cho cac
chat phan tich. Vi du: néu tin higu ISTD thap hon 10% trong miu so véi
chuan (phuc hdi 90%), tin hiéu chét phan tich s& dwoc hiéu chinh ting 1én
theo cling mot ty 1¢ phan trim. Hiéu chinh ISTD nay bu cho sy mét tin hiéu
do ma tran mau.

Hiéu chinh ISTD dugc st dung rong rii trong cac ky thuat quang phd nguyén
ttr v6i loi ich 14 no c6 thé hiéu chinh d6 troi dai han ciing nhu nhiéu vat 1y.
Céc ky thuat da nguyén té (ICP-OES va ICP-MS) thuong sir dung mot sb
nguyén t6 ISTD dé dua ra hiéu chinh tot nhat c6 thé cho tat ca cac chat phan
tich.
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Nhiéu ho4 hoc

Su can thiép hoa hoc xay ra khi cac nguyén t6 trai qua tuong tac hoa hoc trong
qué trinh dura mau vao hodc do mau. Sy can thiép hoa hoc thudng gip hon véi
cac ngudn nguyén tir hoa ¢ nhiét do thap hon, chang han nhu AAS ngon lira.
Diéu nay 14 do nhiét do thép hon ctia ngon lira kém hiéu qua hon trong viéc phan
hity va phan ly vat liéu mau va tao thanh cac nguyén tir tu do ciia chat phan tich
dang dugc do. Néu mot thanh phan nén két hop voi cac nguyén tir chat phan tich
dé tao thanh mot hop chat khac, s& co it nguyén tir chat phan tich tu do hon va
do d6 do hap thy ¢ budc song nguyén tir dic trung cua chat phan tich s it hon.
Do d6, nén miu va cac nguyén tb cu thé c¢6 trong d6 ¢6 thé anh huong dén luong
tin hiéu chat phan tich dugc tao ra so véi tin hiéu trong cac chuan. Sy can thiép
hoa hoc trong AAS ngon lira c6 thé duoc giam bot bang cach sir dung ngon lira
¢6 nhiét d cao hon hodc bang cach thém cht diéu chinh hoa hoc (modifier).
Mbt s6 hiéu tmg hoa hoc xay ra trong qué trinh hit mau, vi du khi mot nguyén to
¢6 mit ¢ dang dé bay hoi hon trong cac miu so voi cac chuan. Diéu nay c6 thé
dan dén tin hidu dugc ting cudng vi hop chat d& bay hoi hon dugc bdc hoi khoi
bé mit ctia cac giot khi dung.

On dinh héa hoc nguyén t6 bang dung méi hodc tac nhan tao phirc thich hop c6
thé giai quyét loai hiéu tmg héa hoc nay.

Hiéu tig ion hoa 1a mét loai nhiéu héa hoc khac co thé anh huong dén phan tich
AAS ngon lira ¢ nhiét do cao. Hiéu tmg ion hoa xay ra khi mot nguyén t dé bi
ion hoa dugc chuyén doi tir dang nguyén tir thanh ion (nhu trong ICP-MS). Néu
cac ion dugc hinh thanh, ching khéng thé duoc dinh lugng trong quang phd hap
thu nguyén tu.

Trong khi nhidu héa hoc thuong anh huong dén AAS, thi ngudn nguyén tir va
ion ICP & nhiét d§ cao hon dugc st dung trong ICP-OES va ICP-MS khong phai
13 mién nhiém. Mot vi du anh hudng dén ICP-MS 14 sy ting cudng ion héa duge
th'?iy dbi v6i Asen va Selen khi do trong sy hién di¢n ciia mitc Cacbon cao. Sy
hién dién ctia nén Cacbon & mitc % thip lam ting cudng ion hoa As va Se, lam
tang tin hidu so v6i murc trong cic chuan Cacbon thip. Hiéu timg nay dé dang
duoc hiéu chinh béng cach thém mét lwong Cacbon du - vi du dudi dang Butan-
1-0l 2% - vao tat ca cac dung dich dé tang cudng tin hiéu 1a nhat quan.

Nhiéu quang phé

Nhiéu quang phé c6 thé anh huong dén tat ca cac ky thuat quang phd nguyén tir &
cac muc do khac nhau. Ngudn AAS ngon lira nhiét do thap c6 xu hudng it bi
chéng phé, trong khi nglf“)n ICP nhiét d rit cao tao raphé phat xa cuc ky phong
pht va manh mé.

Vé trang Noi dung >

Véi hang ngan vach phat xa trén pham vi budc song do duoc ctia ICP-OES
(xem Hinh 11 1am vi dy), c6 kha ning cao 1a it nhét hai vach s& gan nhau, c6
kha nang gay nhiéu 1an nhau. Néu ICP-OES cua ban c6 kha ning giam sat
nhiéu vach phat xa trén moi phﬁn tr, ban chi can chon mot vach khong co
nhiéu dé phan tich, tranh dugc nhidu quang phd.
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Hinh 11. Vach phd phat xa dac trung cta ICP-OES, hién thi trong khoang budc song khoang 4 nm

Ph6 khdi ICP-MS chira it hon 240 khéi luong nguyén ti/dong vi tw nhién, do do
don gian hon nhiéu so véi phd phat xa quang hoc ICP. Hon nita, moi nguyén to
duoc do bang ICP-MS (trir Indium) déu c6 it nhat mot khoi lugng (dong vi)
khong bi chdng truc tiép boi bét ky nguyén té nao khac. Trong khi su chong
chéo gitra cac nguyén t6 do d6 d& dang tranh duoc trong ICP-MS, su chong phd
ciing c6 thé dugc hinh thanh tir cac to hop cac nguyén t6 tao thanh cac ion phan
tir dugc goi 13 ion "da nguyén tir". Cac ion da nguyén tir nay co thé duoc hinh
thanh tir khi Argon, cac nguyén t6 nhu N va O tir khong khi va cac thanh phan
ctia dung dich va ma trdn mau. Cac vi du pho bién vé su chong ion da nguyén tir
bao gom O + chong dong vi chinh cta luu huynh & m/z 32, ArO + chong dong
vi chinh ctia sit & m/z 56 va ArCl + chdng dong vi duy nhét ctia Asen & m/z 75.
S6 luong ddng vi han ché ¢6 sin cho phan tich ICP-MS c6 thé khién viéc tranh
chong da nguyén tir tré nén kho khan. Sy can thiép ciia da nguyén tir timg 14
mdt han ché 16n trong viée dat dugc két qua chinh xéc trong cac mau ¢6 nén cao
va bién d6i. Cac nha san xuat thiét bi hién da phat trién cac phuong phép hiéu
qua va ty dong dé xir Iy sy can thiép ciia da nguyén tir, nhung khong phai tat ca
céc thiét bj ICP-MS déu co cling kha ning, vi vdy ban nén can nhic ky ludng
céc diém khéc biét.
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Chi phi

Chi phi dau tu.

Ciing nhu gia mua thiét bi, ban c6 thé can phai dau tu vao nhiing thay doi dang ké
cho phong thi nghiém ctia minh dé phii hop véi thiét bi quang phd nguyén tir. Danh
sach chung cac yéu cau duoc hién thi nhu sau.

— Hé théng hut khi thai.

— Ngudn cung cap khi.

—  Tu hat khi dé chuén bj miu (tty thudc vao loai mau cua ban).

—  Thiét bj chun bi mAu nhu 16 vi séng (tity thudc vao loai mau cua ban)

— Ban thi nghiém c6 thé chita dugc kich thude va trong lugng cta mot thiét bi phan
tich 16n.

—  Pibu hoa khong khi.

—  Nuéc lam mét (danh cho GFAAS, ICP-OES hoic ICP-MS).

— Kha nang tiép can va ning dé dua thiét bi vao phong thi nghiém.

— Ngudn dién mot pha (thuong 1a vai thiét bi trén mot mach riéng).

— Céc nha phan tich dugc dao tao phu hop hodc c6 kinh nghiém.

Néu do c4c nguyén t6 & mirc ppt

— Phong sach hodc tu hit laminar dé cung cép didu kién khong bui.

—  Thubc thir cip d6 tinh khiét cao.

—  Chét chuin cép do cao
Tién ich va co s& vat chét can thiét cho mot thiét bj quang phd nguyén tir
Chi phi hoat djng
M&i k¥ thuat quang phd nguyén tir ¢6 cac yéu cau khac nhau vé bao tri va vat
tu. Ban s& can phai tinh dén chi phi vat tu va bao dudng thiét bi trong ngan
sach ciia minh. Sau déy 1 tong quan vé nhiing gi can thiét cho timg ky thuat:

Cho phi tiéu hao

Khi va dién 1a chi phi tién ich 16n nhat lién quan dén phan tich quang phd
nguyén tir. Vi dy, chat lugng va s6 lugng argon thay doi tily theo k¥ thuat.
GFAAS chi str dung 3 L/min Argon (hodc N2, tily thudc vao cac nguyén t6
dugc do) trong khi cac ky thuat dua trén plasma cua ICP-OES va ICP-MS st
dung khoang 20 L/min (vi plasma duoc cung cip nhién liéu bing Argon).
ICP-MS ciing c6 thé yéu ciu ngudn cung cip He, H2, NH3 va O2 véi thé tich
thip hon (tuy thudc vao yéu cau ctia phuong phép). ICP-OES c¢6 thé chay
bang Argon 99,95% ré hon va c6 d¢ tinh khiét thap hon, trong khi GFAAS va
ICP-MS yéu cau Argon c6 d¢ tinh khiét tdi thiéu 99,99%.

Vé trang Noi dung >

AAS ngon lira yéu cau khi nén, Axetilen va khi Nito Oxit, tity thudc vao cac
nguyén t6 ban can do.

MP-AES c6 chi phi tiéu hao thip nhit va do d6, chi phi cho mdi mau thap nhat.
N6 chi yéu cau ngudn Nito dugce cap lién tuc, co thé duge 1ay tir khong khi xung
quanh bang cach sir dung may sinh Nito. Mgt ngudn cap nho khi Argon tinh
khiét 99,0% (chai khi tich hop tong méay) 1a can thiét dé dot chay plasma. MP-
AES ciing dién thap, voi nguon dién 10 A.

ICP-OES va ICP-MS déu tiéu thy nhiéu dién hon céc k¥ thuat khéc. ICP-MS va
ICP-QQQ tiéu thu nhidu nhat, ca hai déu c6 bom chan khong hoat dong lién tuc.
Ca ICP-MS va ICP-QQQ déu yéu cau ngudn dién riéng, cuong do 1én dén 30 A.
ICP-OES yéu cau nguon dién 15 A.

C6 thé can diéu hoa khong khi cho bét ky k¥ thuat nao, tuy thudc vao khi hau dia
phuong. Phong thi nghiém nén dugc giit & nhiét do tir 15 dén 30 °C va do am tir
20 dén 80%.

Diéu quan trong 14 phai so sanh chi phi dva trén phan tich chi phi trén mdi mau.
ICP-OES va ICP-MS déu la cac k¥ thuat da nguyén t6 ¢6 thé do nhanh mot 16
mau. Mic di ching can nhiéu khi hon va nhiéu nang lugng hon khi chay, nhung
ching mat it thoi gian hon cac k¥ thuat khac dé do cing mét s6 lugng mau.
Bdo dudng thuwong xuyén

Tat ca cac ky thuat quang phd nguyén tir déu can dugc vé sinh va bao dudng
thuong xuyén. Ban do cang nhiéu mau va mau cang phtc tap thi cang can duoc
bao dudng nhiéu hon. Dic biét, cac ky thuat GFAAS va ICP-MS c6 d6 nhay cao
(bao gom ca ICP-QQQ) can dugc vé sinh thudng xuyén hon néu thyc hién phan
tich murc siéu vét.

Néu ban st dung thiét bi hang ngay, ban c6 thé mong doi thyc hién cac hoat

dong bao dudng sau:

Hang ngay

Kiém tra va vé sinh khu vuc dua mau vao. Bao gdm dau phun, budng phun, dude
(Torch), dau dt hodc dng than chi, dng bom va thing chtra chat thai. Cac hang
muc bao dudng nay tuong ty nhau & tat ca cac k¥ thuat, ngoai trir GFAAS, c6 cac

thanh phé‘m khac nhau. Dy kién s& mat téi 30 phut dé thuc hién cac hoat dong nay.

Luu y ring mot s6 thiét bi ¢6 thé tu dong cung cap cho nguoi van hanh bao cao
tinh trang hé thong vao mdi budi sang, néu chi tiét nhimg gi - néu c6 - can bao
dudng.

17




Hang tuin

Kiém tra va vé sinh khu vue mau duoc gia nhiét (vi du: khoang dén kho). Du
kién s& mét 30 dén 60 phut dé thuc hién cac hoat dong nay.

Theo quy dinh, tit ca cac k¥ thudt déu co yéu cau bao tri hang ngay/hang
tuan twong ty nhau. Tuy nhién, GFAAS, ICP-OES va ICP-MS c6 nhiéu
nhi¢m vu bao tri hon dugc thyc hién khong thuong xuyén. Cac nhiém vu nay
bao gom kiém tra mirc nudc trong hé théng lam mat va mirc dau bom chan
khong.

D@ sir dung va yéu cau k§ ning phan tich

C6 xu hudng ngay cang tang d6i vai cac thiét bi phan tich bao gom murc do
tu dong hoa cao va chitc ning phan mém gitp giam k¥ ning phan tich can
thiét. Pbi véi cac loai mau thong thudng, cac phuong phap va cong cu di
kém vai thiét bi s& giup dam bao ban bao cao két qua chinh xéc.

Cac thiét bi AAS ngon lira va MP-AES yéu cau cac nha phan tich it k§ ning
hon dé van hanh chiing. GFAAS yéu cau trinh d6 k§ nang cao hon chu yéu 1a
do hoa hoc phirc tap lién quan va mirc d phat hién thap hon. GFAAS ciing
thuong c6 it chirc nang tu dong hon, do doé dua vao ky nang cta nha phan
tich dé phat trién cac phuong phap va chay cac phan tich.

Khi d thiét 1ap duoc phuong phap thudng quy, hoat dong hang ngay ciia bat
ky k¥ thuat quang phd nguyén tir nao ciing twong dbi don gian. Phat trién
mot phuong phap mai doi hoi trinh d¢ k¥ nang cao hon, voi cac phuong
phap da nguyén tb phirc tap hon va cac loai mau da dang hon lam ting mtc
d6 ky nang can thiét. Cac thiét bi quang phd nguyén tir hién dai thuong s&
bao gdm céc tai nguyén nhu thu vién phuong phap va huéng dan quy trinh
lam viéc phin mém dé hd trg nhimg ngudi mai lam quen véi nhiém vy kho
khan nay.

Bang 4. So sanh mirc dd phtrc tap tuong ddi ciia viée phat trién cdc phuong phap cho cac k§
thudt quang pho nguyén tir khac nhau..

Flame AAS | GFAAS MP-AES ICP-OES ICP-MS ICP-QQQ
Do phure tap
cua phit trién | <5 = ST T T TS
phuong phap

Vé trang Noi dung >

Phuwong phap - dwge quy dinh va cé sin da phat trién truée

Phuong phap duge quy dinh

Nhiéu phan tich nguyén t6 dién hinh dugc chinh phii quan 1y ¢ nhidu quéc gia.

Vi dy, viéc do kim loai trong nudc udng duoc Co quan Bao vé Moi truong

(EPA) Hoa Ky quan ly. EPA da ban hanh cac phuong phap sau day dbi véi

nude ubng:

— 200.5 Xac dinh cac nguyén t6 vét trong nudc udng bang phuong phap ICP-
AES chiéu doc (2003)

— 200.7 Xac dinh kim loai va vét cic nguyén td trong nudc va chat thai bang
phuong phap ICP-AES (1994)

— 200.8 Phuong phap EPA 200.8 Xac dinh vét cac nguyén to trong nudc va
chét thai bang phuong phap ICP-MS (1994)

— 200.9 Xac dinh vét cac nguyén t6 bang phuong phap hap thu nguyén tir 16
than chi nhiét do 6n dinh (1994)

D6i voi mdi phuong phap nay, ki thuat phan tich can thiét duge xac dinh boi

phuong phap da chon. Poi lai, phuong phap c¢6 thé duge xac dinh boi cac quy

dinh ma ban phai tuan thu.

C6 hon 1.500 phuong phéap chuén trén toan cau dé phan tich nguyén t6. Chiing

bao gdm tir phuong phép rét cu thé, ching han nhur do Molypden trong khong

khi tai noi 1am viéc (GB/T 17087), cho dén phwong phép rong hon, ching han

nhu do 26 nguyén t6 trong nude (US EPA 200.8).

Phuong phap dwoc phit trién truéc va phat trién phwong phap

Nhiéu thiét bi s& dwoc cung cip mot bd mau phuong phap phi hop véi cac loai

phan tich thong thudng, vi du, do cic nguyén t6 trong nudc udng. Cac phuong

phap dugc cung cép c6 xu hudng danh cho cic phan tich duge quy dinh. Néu

céc phan tich cua ban khong binh thuong hodc ban c¢6 cic yéu cau rat cy thé thi

ban s& can tim mot phuong phap di dwoc cong bd cho thiét bi cuia minh hodc tu

phat trién mot phuong phap.

Céc k¥ thuat nguyén t6 don nhu AAS ngon lira va 10 than chi dé c6 tir lau va co
xu hudng c6 cac phuong phap duoc thiét 1ap t6t cho nhiéu loai chat phén tich
va mau.

Céc phuong phap da nguyén té dugc sir dung trén ICP-OES va ICP-MS c6
nhiéu bién hon va do d6 phirc tap hon khi thiét 1ap. Cac phuong phap nay ciing
¢6 thé yéu cau nhiéu stra d6i hon khi chuyén mot phuong phap hién cé sang
moét thiét bi moi.
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Chuan bi mau

MAu Iéng

Hinh 12. Cac miu thuong dugc dua vao dudi dang 16ng dé do bang bat ky k¥ thudt quang phd Hinh 13. Xac dinh ham luong nguyén té ciia miu dat, da hodc quing 1a mot ung dung
nguyén tir ndo. Tat ca cac ky thuat, ngoai trir GFAAS, déu st dung méay phun suong dé bién phd bién cuia quang phd nguyén tir.
mau chit 1ong thanh swong mi dang khi dung. GFAAS tiém méu chat long bang ng tiém.

Mau dat va tram tich thuong dugc sdy kho trude khi xir Iy. Cac mau
Doi vai phan tich thong thuong, cac mau duge do bang cac k¥ thuat quang nhu d4 hodc quing duoc nghién thanh bot min, tron va sau d6 14y mo
pho nguyén tir dya trén ngon lira, 10 nung va plasma dugc dua vao dudi phin miu dé dam bao ban c6 mau dai dién cho phén tich.
dang 16ng. Ngay ca nhitng mau di ¢ dang long thuong can duoc chuan bi . o
ang fong. Ngay ca Haung mat €4 o/dang ‘ong FALong cant cuoe chuat b Sau d6, miu dAt, trim tich hoiic d4 dugc xit Iy bing axit dé chiét cac
trude khi do. Viéc chuan bi mau nay c6 thé bao gom loc, axit hoa, pha mau 2 B o P . .
. . L. . . . N nguyén to ban muon phan tich (chat phan tich) thanh dung dich.
hodc mot so hinh thirc 6n dinh khac dé dam bao rang cac chat phan tich van

6n dinh trong dung dich. Qua trinh xir 1y axit nay dugc goi 1a phd miu (tuong tu nhu qué trinh

L, ) ) X . tiéu hoa trong da day cua chung ta).
Hau hét cac phuong phap dugc quy dinh hodc tiéu chuan s€ chi dinh quy gdaday g ta)
trinh chuan bi mau can sir dung. Ngoai ra con c6 rat nhiéu 'cong thic' dé Doi voi phan tich & mirc vét, qua trinh phd mau va bét ky bude chuyén

chuan bi miu cho cac loai mau khac nhau truc tuyén. Vi du, Agilent xuat mau hodc luu trlt nao cling phai dugce thuc hién trong céac thung chira

ban céc bai tme dung mé t4 nhidu loai phan tich. lam bang vt liéu tro nhu thach anh hodc polyme. Khong dugc sir dung

céc binh 1am bang thuy tinh borosilicate hodc soda dé phan tich kim
loai vét vi vat lidu thiy tinh s& chira cac nguyén té c¢6 thé bi 1o ri vao
dung dich axit. Thay tinh ciing s& hép thu cac nguyén té vét tir dung
dich, dan dén mét 6n dinh va kha nang thu hoi kém.
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https://www.agilent.com/en-us/library/applications?N=129+900016599

Pha miu, pha loing, va loc

Hinh 14. MAu c6 thé cin duoc tiéu hda bing axit dé giai phong cac nguyén té vao dung dich.

Tuy thude vao cac nguyén to ban mudn do va loai mau, ban ¢ thé can phai
pha mau mau bang axit. Phi mau va cac yéu cau chuan bi mau khéc s& phu
thudc vao tng dung va phuong phap. Cac phuong phap dugc quy dinh
hodc tiéu chuan thuong s& chi dinh viéc chudn bi mau can thuc hién.

bé pha mau mau, mau c6 thé duoc dat trong cbe thuy tinh c6 axit va dun
néng trén bép dién — Hot Plate (bén trong tii hat khi phong thi nghié¢m).
Ban ciing c6 thé str dung hé thong pha mau bang vi song hodc hé thong
'khéi nong — Hot Block'. Hé thong khdi nong c6 thé xir 1y nhiéu mau ciing
mot lic va kiém soat nhiét d¢ t6t hon so véi bép dién. May pha mau bing
vi song st dung "binh kin" dé c6 thé sir dung nhiét do va ap suét cao hon,
cai thién qua trinh ti€u hoa.

Céc axit ban st dung dé pha mau phu thudc vao loai mau va cac nguyén td
ban can do (mot ngu@)n tai liéu hiru ich 1a SO tay vé cdc phuong phép phan

huy trong héa hoc phan tich). Cac nguyén té khé nhu molypden can mot

loai axit manh hon nhu axit hydrofluoric (HF) dé di vao va ton tai trong
dung dich. Trén thuc té, ban c6 thé can két hop nhiéu loai axit d& phan hay
mau. Néu ban can str dung axit hydrofluoric trong qua trinh chuan bi mau,
ban s& can sir dung cac thanh phan tro vi axit nay s& an mon thity tinh.
Agilent cung cép cac thanh phan tro cho céc thiét bi quang phd nguyén tir
cua chung toi, vi du nhu Hé théng dwa mau tro vao ICP-OES.

Vé trang Noi dung >

Céc budc cudi ciing trong qua trinh chuan bi miu sé 1a pha lodng va c6
kha ning loc. Phuong phép nay thudng s& chi dinh thé tich cudi cung dé
pha lodng miu. Ban c6 thé can pha loang thém dé dua mau vao pham vi
hiéu chuén cua thiét bi hodc dé giam muc téng chat ran hoa tan (TDS)
trong mau xuéng mirc ma thiét bi co thé xur 1y (diéu nay thay doi tuy theo
k¥ thuat va kiéu may). Cac mau c6 chira cac hat khong hoa tan s& can dugc
loc, néu khong cac hat s& gay tic nghén trong hé thong dua mau vao thiét
bi.

Chuin bi miu hiru co

Céc méu hiru co nhu mau dau thuong cé thé duoc phén tich bang phuong
phap "pha loang va chay", st dung dung moéi hitu co phu hgp (hexan,
xylen, toluen vv...). Tuy nhién, néu cé cac hat 16n trong mau (vi du: mau
dau dé phan tich kim loai mai mon), chung s& can dugc pha miu.

Do céc chét hitu co ¢ thé yéu ciu I'Zip cac bo phan cu thé vao thiét bi va
thiét 1ap thiét bi cu thé. Vi cac k¥ thuat AA, MP va ICP-OES, diéu quan
trong 1a phai ngan Cacbon tir cac mau hitu co tich ty trén plasma Torch
hodc dau d6t ngon lira. Khi do cac dung méi hitu co bang ICP-OES hoic
ICP-MS, khi oxy (hdn hop 20% trong Argon) duoc thém vao Torch dé
phan hiy nén mau va tranh can Cacbon trén dau phun ctia Torch hodc con
giao dién ICP-MS. Trong ICP-MS, viéc bd sung oxy s& dan dén sy phan
huly nhanh chéng cua dau con Niken tiéu chuan, do do, nén thay thé nén

giao dién bang con bach kim khi phan tich dung méi hitu co.

Hé théng loc Agilent FilterMate
cho phép ban pha miu, loc va phan

tich miu bang cing mot éng. Cac
dng loc tuong thich véi hé théng
phé mau gid nhiét (hot block),
nhung khéng phu hop dé str dung

trong 16 pha mau vi séng.
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https://www.semanticscholar.org/author/R.-Bock/152953680
https://www.semanticscholar.org/author/R.-Bock/152953680
https://www.agilent.com/en/product/atomic-spectroscopy/inductively-coupled-plasma-optical-emission-spectroscopy-icp-oes/icp-oes-inert-sample-introduction
https://www.agilent.com/en/product/atomic-spectroscopy/inductively-coupled-plasma-optical-emission-spectroscopy-icp-oes/icp-oes-inert-sample-introduction
https://www.agilent.com/en/product/atomic-spectroscopy/inductively-coupled-plasma-optical-emission-spectroscopy-icp-oes/icp-oes-inert-sample-introduction
https://www.agilent.com/en/video/filtermate-filtration-system

Thanh phan thiét bi chuyén dung cho dung méi

Hinh 15. Ong bom phai twong thich v6i dung méi ban dang sir dung

Ong dén dugc sir dung trén bom nhu dong cua thiét bi phai twong thich véi
dung mdi ban dang sir dung. Vi du, Agilent cung cap cac loai ng dan khac
nhau cho cac dung méi khac nhau dé st dung véi cac thiét bi AA, MP-
AES, ICP-OES va ICP-MS cua chung toi.

Toan bo hé théng dua mau c6 thé can dugc hoan ddi thanh hé thong twong
thich véi dung méi ban dang sir dung. Vi dy, nhiéu nha phan tich giir mot

bo thanh phan riéng dé sir dung véi cac mau hiru co

Vé trang Noi dung >

21




[

I NG

ENANS

W -

WARNING / AVERTISSEMENT

H A A

Vé trang Noi dung >

Hi¢u chuan

Céc k¥ thuat quang phd nguyén tir do ndng do clia cac nguyén td quan
tam so v6i dung dich c6 ndng do da biét, duoc goi 1a chudn. Qua trinh
xéac dinh mbi quan h¢ gitra gi4 tri do dugc va nong do trong chuan da
biét dugc goi 1 "hiéu chuan - calibration". Chuan da biét thuong 1a
dung dich hiéu chuan dugc ching nhan (certified calibration solution)
hay vat liéu tham chiéu (reference material). Cac giai phap hiéu chuan
thudng c6 san tir cac nha cung cap thiét bi. Vi du, Agilent cung cip mot
loat cac chuan hi¢u chuan dugc chimg nhan mot nguyén tb va da
nguyén t6. Cac nha cung cap hoa chat ciing san xuat va cung cip cac
chuén hiéu chuan, trong khi cac nha san xudt vat liéu tham chiéu nhu
Vién Tiéu chuan va Cong nghé Quéc gia Hoa Ky (NIST) cung cap cac
vt lidu tham chiéu da duoc chimg nhéan va tiéu chudn (CRM/SRM) ¢
lién quan dén nhiéu nganh cong nghiép va tmg dung. CRM va SRM cé
thé duoc sir dung dé hiéu chuan thiét bi hodc chay duéi dang mau kiém
sot chat luong (QC) dé cung cép kiém tra doc 1ap vé do chinh xac cua
céc tiéu chuan hiéu chuén.

Céch tiép can thong thuong dé hiéu chuan trong quang phd nguyén tir 1
chuan bi mot loat cac chudn hiéu chuén tir dung dich gbc da dugc ching
nhan c6 chira nguyén t6 hodc cic nguyén td quan tim. Cac ky thuat
phan tich don nguyén t6 nhu AAS thudng str dung hi¢u chuan riéng cho
timg nguyén t6 dang dugc do. Chuan don thanh phan chi dwoc chiing
nhan cho nong d6 cua thanh phan xac dinh. Céc k¥ thuat phan tich da
thanh phan nhu ICP-OES va ICP-MS thudng st dung cac chudn hiéu
chuén hon hop c6 chira tat ca cac thanh phan quan tim. Tiéu chuan ICP
dét hon nhiéu so v&i tiéu chuan AAS vi tiéu chuan ICP khong chi duoc
ching nhan cho mtrc d6 chinh xac cia cac thanh phﬁn du dinh ma con
dugc kiém tra va chimg nhan khong c6 cac thanh phan khéc.

Céc dung dich chuan gdc dugc pha lodng dé cung cp cac mirc chuan
bao pht pham vi ndng d6 du kién trong cac mau chwa biét. Sau do, cac
chuan pha loing dugc do bang ciing phuong phap s& duoc sir dung cho
cdc mau chua biét. Tin hiéu (hdp thy, phat xa hodc dém) dugc do cho
timg thanh phan & méi mirc ndng d¢ dugce xir Iy boi phan mém thiét bi,
dura ra biéu d6 vé mbi quan hé giira tin hidu va nong do.
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Dbi v6i cac ky thuat c6 ngudn nguyén tir nhiét o tuong ddi thap, ching 23 Na

han nhu AAS ngon Itra, phan Gng tuyén tinh s€ chi bao phu mot pham vi 10000 = =g o505 % x 70,0477

nong do nho (nhu thé hién trong Hinh 16). Diéu nay c6 nghia la s€ kho dat NI ppm
BEC = 0.04974 ppn

duogc két qua chinh xac & nng d6 cao hon, khi méi quan hé gitra do hp 1000 —
thu va nong d6 khong tuyén tinh. Diéu nay c6 thé khac phyc bang cach

pha lodng miu dé dua chiing vao phan tuyén tinh ciia hiéu chudn hoic su 100
dung toan hoc phirc tap hon dé thiét 1ap mdi quan hé giira d6 hip thu va

Ratio

nong do. 10

Calibration Graph

0.60 — 1 10 100 1000 10000

Conc (ppm)

Abs

040 | Hinh 17. Hiéu chuin ICP-MS cho Na nay 14 tuyén tinh tir 0,1 dén 10.000 ppm

020 — ——————--—1 T T T TR

0 100 200 300 400 500
Concentration (mg/L)

Hinh 16. Mdi quan hé tuyén tinh giita do hip thu va ndng do chi co thé bao tram mot
khoang nong d9 nho doi voi cac ky thuat nhu AAS ngon Iira. Di€u nay c6 nghia la ban phai
pha loang mau sao cho nong d¢ ctia chung nam trong khoang tuyén tinh ctia duong chuan
hoac stir dung phép tinh phurc tap. Trong biéu d6 duong chuan dugc hién thi ¢ day, moi quan
hé chi tuyén tinh dén 100 mg/L.

Trén céc thiét bi ngudn nhiét do cao hon (plasma) (ICP-OES va ICP-MS),
hiéu chudn thudng 1a tuyén tinh trén mot s6 cap do 16n. Puong chuan do
phtt hop cho céc hiéu chuin tuyén tinh nay c6 thé duoc biéu thi 1a y = ax +
b, trong d6 a 1a do décvabla giao diém truc Y. Hiéu chuan dé dang hon
khi k¥ thudt nay dua ra phan hoi tuyén tinh trén mot khoang nong do rong,
vi can it chuan hon. Ngoai ra, cac phuong phéap linh hoat hon, vi cac
chuan khong can phai khép chit véi ndng do mau. Higu chuan ICP-MS
tuyén tinh cho Na bao pht nim cap d¢ 16n dugc minh hoa trong Hinh 17.
Hiéu chuan ICP-MS nay 1a tuyén tinh tir 0,1 dén 10.000 ppm.
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I'fng dung

Pho nguyén tir dugc sir dung cho nhiéu phép do khic nhau trong nhiéu
nganh cong nghiép. Bang 5 cho thay cac ky thuat nao dugc st dung phd
bién nhét cho cac loai phép do khac nhau.

Nhirng k§ thuat nao thwong dwge sir dung cho cac rng
dung khac nhau?

Béng 5. Cac nganh cong nghiép st dung quang phd nguyén tir va cac k¥ thudt thuong duoc sir
dung trong tirmg nganh. Cang nhiéu chém thi k§ thudt d6 cang dugc st dung phé bién

Ung dung
Linh vuc dién hinh Flame AAS GFAAS MP-AES ICP-OES ICP-MS ICP-QQQ
Pét oo ° ° oo eoe °
Nong nghiép Cay trdng Lad b o hadd Lad L4
Phan bén oo oo oo
s . San xuét o000 o
Can sa (Cannabis) QC © QO
Nghién ciu Dich sinh hoc oo ooo o
lam sang : ;
. oo
Hod chat ° oo YY) YY) tinh Khit
tinh khiét (tialh laits
cao)
Néng luong
Ning luong & o (e
hodlchat Nhién liu
sinh hoc, ° ° oo eoe eoe oo
tAm pin mat
troi, pin
nhién liu
Pét eoe oo ° oo eoe oo
Nude eoe oo ° oo eoe oo
Khong khi oo oo eoe oo
Mbi trudng Gidm sét
chét thai tir
cong nghiep @ oo eoe °
VA san xuat
dién
Vitliguphe  gqq ° ° eoe oo °
thai
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Ung dung dién Ung dung
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Khuyén nghi cho céc tinh huéng do lwomg phd bién
Do ndng dd vét (< 10 ppb) hay siéu vét (ppt) véi so6 lwong miu nho

Dbi v6i phong thi nghiém do mot sé nguyén t& & mic vét hodc siéu vét
(ppt) trong mot sé lugng nhoé mau mdi ngay, co hai lwa chon: Phé hip thu
nguyén tir 10 than chi (GFAAS hay AAS 16 than chi) hay phd khi plasma
cam ung (ICP-MS)

GFAAS c6 thé do 48 nguyén t6, trong khi ICP-MS c6 thé do 86 nguyén
t6. Cac nguyén té phd bién ma GFAAS khong thé do, nhung ICP-MS c6
thé do 1a: Br, C, Ce, Cl, F, Gd, Hf, Ho, I, La, Lu, Nb, Nd, Os, Pr, Re, S,
Sc, Sm, Ta, Tb, Th, Tm, U, W, Y va Zr. Ngay ca voi ICP-MS, gidi han
phat hién d6i v6i C ciing kém va F doi hoi phuong phap tiép can ICP-
QQQ chuyén biét.

GFAAS c6 gid mua thip hon va chi phi van hanh thdp hon ICP-MS. Tuy
nhién, ICP-MS cung cap kha nang phén tich nhanh hon nhiéu, dai dong
tuyén tinh rong hon nhiéu va it nhiéu hon. Ddi véi nhidu nguyén té hon
hoic s6 lugng mau cao hon, ICP-MS nhanh hon va tiét kiém chi phi hon vi
n6 do tat ca cac nguyén tb trong thoi gian thu thap tir 2 dén 3 phut cho mdi
mau. Nguoc lai, GFAAS do timg nguyén tb riéng biét trong mau, v6i mdi
phép do nguyén té don 1¢ mét khoang 2 hodc 3 phut. Piéu nay c6 nghia la
viéc do nam nguyén t6 véi ba lan 1ap lai cia mbi mau s& mat khoang 30
dén 40 phut cho mdi mau (5 nguyén t6 x 3 phép do lap lai x 2 phut cho mbi
lan 13p lai) khi sir dung GFAAS. Do d6, mét thiét bi GFAAS c6 thé thuc
hién khoang 240 phép do ba lan trong 24 gio. C6 thé 1a 1 nguyén t6 trong
240 mau, 4 nguyén t6 trong 60 mau hodc 10 nguyén t6 trong 24 mau.

Ca hai k¥ thuat déu can trinh d6 kién thtc va k¥ nang hop 1y dé van hanh.
Ca hai déu c6 thé chay ma khong can giam sat, do d6 ban c6 thé nap mau
tu dong va dé thiét bi hoan tt qua trinh phan tich. Mot phong thi nghiém
QA/QC théng thuong thudng chon GFAAS, nhung néu phong thi nghiém
dang mé rong va can dam bao c6 thé xir Iy dwoc lwong mau 16n hon trong
tuong lai, ICP-MS c6 thé cung cap pham vi phi1 nguyén t6 bo sung va
thong lugng mau cao hon can thiét cho qua trinh phat trién.

Vé trang Noi dung >

Uu diém ciia ICP-MS

ICP-MS la ly tuong khi ban:
Can do hon 10 nguyén t6 trén mot mau, néu khong s6 lwong
nguyén té co thé ting 1én trong twong lai.
Can do cac nguyén t6 ma GFAAS khong thé do duoc.

— €6 hon 100 mau mdi ngay hodc ban c6 16 mau gdom hon 200.

— Do cac nguyén t ¢ thé co & mire khong xac dinh hoac n@)ng do

cac nguyén to thay doi rat nhiéu tir mau nay sang mau khac.
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Uu diém ciia GFAAS

GFAAS la ly tuéng cho nhiing phong thi nghiém:

— Can dinh luong & muc vét, trong d6 luong mau va nguyén t6 khong
quéa khoang 240 phép do mdi ngay (bdn nguyén té x 60 mau trong
24 gi®). Piéu nay gia dinh ba lan lip lai cho mdi phép do.

— Biét pham vi ndng d6 gan ding ciia chét phan tich va nong do sé
khong thay d6i dang ké tir mau nay sang mau khéc.

—  Chi can do mot vai nguyén t6.

— Mubn giit chi phi dau tu thap, giam thiéu chi phi thiét 1ap phong thi
nghiém va giam chi phi van hanh.

Vé trang Noi dung >

Agilent cung cép hé théng hép thu nguyén tir Duo, két hop mot thiét b hép

thu nguyén tir ngon Itra va GFAAS. Céc nguyén t& & ndng do thap dugc do
trén GFAAS va céc nguyén t6 ¢ ndng do cao hon duge do bang AAS ngon
lira. Ca hai déu c6 thé do mAu cing liic, gitp ting théng lugng mau. Thiét bi
hap thy nguyén tir ngon lira khong thé dé khong c6 ngudi giam sét, do do,
phén tich bi giéi han & thoi diém nha phén tich ¢6 thé theo ddi thiét bi.
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Po hon mudi nguyén té & ndng do thip (< 10 ppb) trong hon 50

miu

Néu phong thi nghiém ciia ban can do mudi hodc nhiéu nguyén t6 6

nong do thap hon 10 ppb va ban phai do hon 50 mau mdi ngay thi

phuong phap phd khdi plasma cam tmg (ICP-MS) 1a k¥ thuat phu hop
nhat.

ICP-MS ciing c6 thé do ndng do cac nguyén té cao hon, nhung néu sé

luong nguyén td va so lugng mau thap, cac ky thuat nhu AAS ngon lira

hodc MP-AES 1a lya chon c6 chi phi thip hon dé do cac chat phan tich co
ndng do cao.

ICP-MS mang dén:

— Do nhanh hau hét moi nguyén t trong 1an doc mau 3 phuat (1 phut
cho mdi mau néu ban st dung van chuyén dong).

— D6 nhay cao va gidi han phat hién thap (xudng dén mirc ng/L (ppt)
hodc dudi ppt) ddi véi hau hét cac nguyén t6. Ty 1¢ dong vi nguyén
t6 ciing c6 thé duoc do.

— Kha ning do cac nguyén t6 & nong d6 dudi 0,1 ppt dén hon 1000
ppm trong cing mt lan do.

— Céc churc nang co thé khic phuc hau hét moi nhiéu do.

— Kha ning do nhiéu loai mau, bao gdm dung méi hitu co va dung
dich c6 mirc chat rdn hoa tan (TDS) 1én dén 25%.

— Két ndi vai cac k¥ thuat khac nhu sic ky long hodc sac ky khi dé
tach sic ky hodc an mon bang laser (LA) dé phan tich tryuc tiép
mAu ran.

— Hoat dong khong can giam sat, sir dung may ldy mau ty dong.

Vé trang Noi dung >

Ban cin loai ICP-MS nao?

ICP-MS ¢ hai cau hinh pho bién: ICP-MS mét tir cuc hay ICP-MS ba tir
cuc (goi tat 1a ICP-QQQ). ICP-QQQ con duoc goi 1a ICP-MS hai lan hay
ICP-MS/MS. Ca hai cau hinh déu c6 thé do 86 nguyén td, trong d6 ICP-
QQQ c6 thé do F, trong khi ICP-MS mét tir cuc khong thé do duoc.

ICP-MS mot tir cyc ¢6 gia mua thip hon va chi phi van hanh thap hon
mot chut so voi ICP-QQQ. ICP-QQQ yéu cau trinh d6 ki ning cao hon
dé thiét lap va van hanh, mdc du diéu nay phu thudc vao cac phuong
phap dang chay.

Nhiéu phuong phap dugc phat trién cho ICP-MS mét tir cuc ¢6 thé chay
ma khong can sira ddi trén ICP-QQQ.

Uu diém chinh ctia ICP-QQQ 1a kha ning giai quyét nhidu quang phd ma
ICP-MS mot tir cyc khong thé. ICP-QQQ c¢6 gidi han phat hién thip hon
nhiéu va két qua nhét quan hon ddi véi cac loai mau thay ddi. Vi duy, cac
nguyén t6 Si, P va S chiu su nhiu phé manh khi do bang ICP-MS mat tir
cuc, do d6 gidi han phat hién tuong ddi kém. ICP-QQQ c6 thé khic phuc

dugc nhing nhiéu nay, cho phép do cac nguyén t6 kho nay & muc vét.
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ICP-MS mot tir cuc

ICP-MS la ly tudng cho nhitng phong thi nghi¢m:

Chay cac phuong phap ICP-MS thuong quy (thuong dugc quy
dinh)

Do mét pham vi dién hinh ctia cac nguyén td vét, khong bao gdm
cac nguyén to "kho" nhu F, Cl, Si, P hoac S.

Phan tich cac loai mau pho bién nhu mau méi truong.

Khong can do cac nguyén té & mirc thap nhat, sidu vét (thap hon
ppY).

vé trang No6i dung >

;i

ICP-MS ba tik cuc

ICP-QQQ la Iy tudng cho nhirng phong thi nghi¢m:

Chay céc tng dung doi hoi khit khe bao gdom cac loai mau
phirc tap, yéu cau phan tich F, Cl, Si, P hodc S hodc lién quan
dén cac nhiéu kho khic phuyc.

Can do murc siéu vét (thdp hon hon ppt) ciia cic nguyén td
trong vat liéu c6 do tinh khiét cao hodc hoa chét trong quy
trinh ban dan.

Can do cac chit phan tich c6 cung khdi lugng truc tiép
(nguyén t6) (nhu 204Pb/204Hg, 87Sr/87Rb, 176Hf/176Lu)
hodc dong vi phong xa, cac phong thi nghiém do mau dia hoa
hodc hat nhan thuong can kha niang nay.

Can do ndng do thap cia cac nguyén t6 ¢ khdi luong bén canh
mot nguyén td chinh, vi du: B trong nén Cacbon, Mn trong
thép, Np trong Uran.

Muén c6 kha nang xu ly pham vi rong nhat céc loai mau va

nguyén td, ca hién tai va trong tuong lai.
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Vé trang Noi dung >

Do nhiéu nguyén t6 & ndng d9 trung binh dén cao (>10 ppb)
trong mdt s lwrgng 16n miu

Céc phong thi nghiém c6 khi lugng cong viée 16n — can do nhiéu nguyén
t6 trong nhiéu mau s& can k¥ thuat phan tich kim loai plasma cam tmg
nhanh nhu ICP-OES hoac ICP-MS.

Khi so sanh hai k¥ thuat nay, diéu quan trong 1a phai nhan ra rang c6 sy
chong l4n giita cic pham vi nong d6 ma ICP-OES va ICP-MS c6 thé do.
Néu tat ca cac nguyén t6 déu co ndng do trén 10 ppb, thi ICP-OES 1a lya
chon t6t nhat. Néu ban can do nong do thap hon ctia mot sé nguyén to
hoidc ban can do C, F, CI, Br hodc I thi nén st dung ICP-MS. Ngay cé
v6i ICP-MS, gidi han phat hién dbi véi C ciing kém va F doi hoi phuong
phap ICP-QQQ chuyén biét. Xem phan, Ban can do nhimng nguyén to

nao? ¢ phan trudc.

Mic dii ICP-OES khéng thé do nong d6 kim loai xuéng mirc phan nghin
ty ma ICP-MS c6 thé do, nhung ICP-OES thudng dugc sir dung cho cac
phép do ma trudc day co thé da dugc thuc hién bang AA ngon lira.

Céc tmg dung c6 tinh chuyén biét cao can do cic nguyén to phong xa
Np, Pu, Am hodc Ra hodc cac nguyén td actinide rat hiém khac (Ac, Bk,
Cf, Cm, Pa, Po) ciing s& yéu cau ICP-MS.
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ICP-OES

ICP-OES 14 Iy tuéng khi:

C6 s6 lugng mau 16n (hon 1200 mau mdi ngay).

Trong nhiing tinh hudng nay, ban s& can toc do ctia ICP-OES, mét chua
day mot phut dé do ndng do cua tdi da 74 nguyén té trong mot mau.

Can do cac mau c6 mirc phan trim tong chit ran hoa tan (TDS) hodc
chét rin lo ling rat cao. ICP-MS c6 thé do cac mau nay, nhung s& dé

dang hon néu chay chiing thuong xuyén trén ICP-OES.

Pang do cic miu sé& ludn chira hon 10 ppb ctia mdi nguyén t6.

Vé trang Noi dung >

ICP-MS

ICP-MS 1a mét lia chon t6t hon néu ban can:

— Phan tich & mirc dudi 10 ppb ddi véi mot sé nguyén té hodc ban co
thé can hiéu suat nay trong tuong lai (vi du do thay d6i vé quy dinh).

— Kha ning do ty 1¢ dong vi nguyén t6.

— Két hop phan tich nguyén tb véi cac k¥ thuat khac nhu sic ky long
hoic sic ky khi dé phan tach sic ky hodc pha huy bang laser (LA) dé

ldy mau ran tryc tiép.
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Po it hon 10 nguyén td & nong dd cao (>100 ppb) trong it hon
100 miu mdi ngay

Khi do mot vai nguyén té & ndng do trén 100 ppb trong s6 lugng mau
it, phuong phap quang pho hap thu nguyén tir ngon lira (goi tat la
FAAS, AAS ngon lira hodc chi 1a AA) hodc quang pho phét xa nguyén
tu plasma vi song (MP-AES) la ly tudng.

MP-AES ¢6 thé do 70 nguyén té so voi 67 nguyén td ciia AAS ngon lira.
Néu ban can do S, Ce hodc Th thi MP-AES 1a lya chon tt nhat trong sd
hai Iya chon nay. Tuy nhién, c6 nhiing nguyén t6 ma ca AAS va MP-
AES déu khong thé do duoc.

Ban c6 can do nhiing nguyén t6 nay khong?

Néu danh séach cac nguyén t6 ban muébn do bao gém: Cl, I hodc Tc hoac
Pm phong xa, thi ICP-OES 1a lwa chon tot nhat vi ca AAS va MP-AES
déu khong thé do cac nguyén t6 nay. Luu ¥ rang néu ban can do mirc thap
ctia cac nguyén té d6 (< 20 ppm Cl hodc < 200 ppm I) hodc néu danh sach
cac nguyén t6 ban mudn do bao g6m Br, Np phong xa, Pu, Am hoac Ra,
hodc bt ky nguyén td Actinide nao khong 16 rang (Ac, Bk, Cf, Cm, Pa,
Po) thi ICP-MS la lya chon duy nhat cia ban. Tuy nhién, chi phi cao hon
ctia mot thiét bi [CP-MS c¢6 nghia 1a n6 thuong khong dugc chimg minh 13
hop 1y dé do s6 lugng mau nho véi ndng do cac nguyén tb tir trung binh
dén cao ma Flame AAS, MP-AES hoic ICP-OES c6 thé do duor.

Su khac biét gitra MP-AES so voi ICP-OES so voi ngon ltta AAS

AAS ngon lira 1a thiét bi c6 chi phi mua thap nhat. Ca MP-AES va AAS
ngon lra déu co thoi gian do mau tuong ty nhau, néu ché do Agilent Fast
Sequential duge su dung cho AAS. Thiét bi ICP-OES dét hon khi mua
nhung do miu nhanh hon nhiéu so véi AAS ngon lira hay MP-AES. ICP-
OES s¢ 1a lya chon tét nhat néu s6 lugng mau hodc s lwong nguyén t can
do co6 kha nang tang.

MP-AES c6 chi phi van hanh thip nhat va khong sir dung khi dé chay. No
¢6 thé hoat dong ma khong can giam sat va ly tuong cho cac dia diém xa
x0i, noi n6 o thé duge sit dung v6i may sinh Nito, do d6 chi can ngu(“)n

dién (khong can cung cip khi).
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U'u diém ciia AAS ngon lira.

FAAS la ly tuong cho cac phong thi nghiém:

Str dung cac phuong phap FAAS dugc quy dinh.
Thong thuong, ching dugc st dung trong cac Gng

dung thyc pham va moi truong.

Mubn sir dung cac phuong phép tiéu chuan. Vi FAAS
da dugce st dung trong mot thoi gian dai nén ¢6 nhidu
phuong phap duoc ghi chép 1o rang.

Muon chi do mot vai nguyén to, mot vai lan mot tuan.


https://www.agilent.com/cs/library/technicaloverviews/public/5991-6666EN.pdf
https://www.agilent.com/cs/library/technicaloverviews/public/5991-6666EN.pdf

U'u diém cia MP-AES

MP-AES ly tudong khi :

Ban c¢6 nhiéu mau hon. C6 thé dé qua dém ma khong can giam
sat, voi may lay mau tu dong, dé hoan thanh mot 16 1n.

Ban mudn giam chi phi cung cap khi va vét tu tiéu hao so véi
FAAS.

Ban can do S, Ce hodc Th.

Phong thi nghiém nam trong nha méay hoa dau hodc mot dia
diém khac khong dugc phép sir dung ngon Iira tran.

Viéc xir 1y binh khi hogc str dung khi dé chdy gay ra rui ro an
toan khong thé chip nhan duoc.

Vé trang Noi dung >

==

Uu diém caa ICP-OES

ICP-OES 1y twéng khi:

Ban mudn sir dung cac phuong phap ICP-OES duoc diéu chinh. Nhing
phuong phap nay thudng duoc sir dung trong cac tng dung thuc pham va
moi truong

Ban can do Cl hodc [

S6 lwong mau hoic sé lugng nguyén t6 ban can do ¢ kha nang ting 1én
Nong do cac nguyén td trong mau ciia ban ¢ kha nang giam xudng, doi
hoi giéi han phét hién thap hon

Ban mudn chay thiét bi ma khong can giam sat qua dém, s dung méay

ldy mau tu dong
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Vé trang Noi dung >

Po mjt s6 nguyén té & ndng d9 kha thip (hang chuc ppb
dén ppm thip) trong mjt so6 hrgng nhé miu?

Dbi v6i phong thi nghiém do mot sb it nguyén t6 & muc do twong ddi thap
(hon 10 ppb) trong mdt s lugng nhé mau mdi ngay, c6 ba lya chon: Phan
tich 16 than chi (goi 1a GFAAS hodc AAS 10 than chi) va hai ky thuat
plasma cam tmng 1a pho khdi plasma cam tmg (ICP-MS) hodc phd phat xa
quang hoc plasma cam ung (ICP-OES).

Lua chon c6 thé phu thudc vao cac nguyén t6 ban can do. ICP-MS c6 thé
do 86 nguyén t6, ICP-OES c6 thé do 74 nguyén t va 16 graphite c6 thé do
48 nguyén t6. Cac nguyén té phd bién ma GFAAS khong thé do bao gom
Br, C, Ce, Cl, F, Gd, Hf, Ho, I, La, Lu, Nb, Nd, Os, Pr, Re, S, Sc, Sm, Ta,
Tb, Th, Tm, U, W, Y va Zr. Tuong tu nhu vay, ICP-OES khéng thé do C,
F, C1, Br hoic I, vi vy, néu can bat ky nguyén t6 ndo trong sb nay, ban s&
can ICP-MS. Ngay ca voi ICP-MS, gi6i han phat hién d6i v6i C ciing kém
va F doi hoi phuong phép tiép can ICP-QQQ chuyén biét. Phan Ban can
do nhimng nguyén t nao? & trén cung cap thong tin chi tiét vé cac nguyén
t6 ma mdi ky thuat c6 thé do.

GFAAS c6 gia mua va chi phi van hanh thap nhét trong ba k¥ thuat, nhung
GFAAS do timg nguyén t6 riéng biét, voi mdi phép do mot nguyén t mat
khoang 2 hodc 3 phut tiy thudc vao nguyén té duge do. Diéu nay c6 nghia
1a viéc do nam nguyén té v6i ba lan Idp lai cia mi mau s& mat khoang 30
dén 40 phut cho mdi mau (5 nguyén té x 3 1an do lap lai x 2 phat cho mdi
lan 1ap lai) khi sir dung GFAAS. Do d6, mét thiét bi GFAAS c6 thé thuc
hién khoang 240 phép do ba lan trong 24 gio. C6 thé 1a 1 nguyén t6 trong
240 mau, 4 nguyén t6 trong 60 mau hodc 10 nguyén t6 trong 24 mau.

Thiét bi ICP-MS dét hon khi mua va van hanh, nhung cung cap kha ning
phan tich da nguyén t6 nhanh, dai dong tuyén tinh rong hon nhiéu va it
nhidu hon. ICP-MS do tit ca cac nguyén tb trong thoi gian thu thap tir 2
dén 3 phit cho mdi mau, do d6 nhanh hon nhiéu so v&i 16 than chi. Néu sé
lwong miu va/hodc sd luong nguyén té c6 kha niang tang 1én, hodc nong do
ban can do ¢6 thé giam (vi du nhu do nhiing thay doi vé quy dinh) thi ICP-
MS 1a lya chon tdt nhét.
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Trong hai k¥ thuét plasma cam tmg, thiét bi ICP-OES c6 gi4 thanh thap
hon ICP-MS. ICP-OES ciing c6 thoi gian do mau nhanh nhét, c6 thé do
nhiéu nguyén t6 trong téi da 2500 mau mdi ngay. ICP-OES 1a lya chon tot
néu luong miu ctia ban ¢ kha nang ting nhiéu hodc sé luong nguyén to s&
tang nhung ndng d ban can do s& khong giam. ICP-OES khong thé do
xudng mirc ndng do dudi ppb nhu GFAAS hoic ICP-MS.

Ca GFAAS va ICP-MS déu can trinh d6 kién thirc va k§ ning hop ly dé
van hanh mic du cac phuong phap tiéu chuén, duoc quy dinh c6 thé dugc
tu dong hoa.

ICP-OES dé st dung hon. Tat ca cac k¥ thuat déu c6 thé chay ma khong
can giam sat, do do, ban co thé tai mot may 1§y mau ty dong va dé thiét bi
hoan tat qua trinh phan tich. Mot phong thi nghiém QA/QC can do cac
nguyén t6 giéng nhau trong mot vai mau moi ngay thuong chon GFAAS.
Tuy nhién, néu phong thi nghiém dang mé rong va can dam bao c6 thé xir
1y khdi lwong mau 16n hon trong twong lai, thi bat ky k¥ thuat plasma cam
g nao ciing c¢6 thé cung cip pham vi bao phu phén tir bd sung va thong

luong mau cao hon can thiét cho qua trinh phat trién.

Vé trang Noi dung >

U'u diém ciia Lo than chi

GFAAS ly tuong khi ban:

Can dinh luong ¢ mirc vét khi mau va tai phan tir xap xi 240 phép
do mdi ngay (vi du: bn phén tir trong.

60 mau). Piéu nay gia dinh ba lan 1ap lai cho mdi phép do.
Chi can do mot vai phan tir.
C6 khdi lugng mau rat nho.

Biét pham vi nong d¢ gan dung ctia chat phan tich va nong d¢ sé
khong thay d6i dang ké tir mau nay sang mau khéc.
C6 ngén sach nho va ban mudn giam thiéu ca gia thiét bi va chi phi

van hanh.
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U'u diém cta ICP-MS

ICP-MS ly tuong khi ban:

36

Can phan tich nhidu nguyén t6 & mirc dudi 10 ppb hodc ban co thé can
hiéu suit nay trong tuong lai (vi du nhu do thay dbi vé quy dinh)

Can két hop gidi han phat hién thap, phan tich nhiéu nguyén t6 va thong
lwong miu cao

Phan tich cac nguyén t6 bao gdm mot s6 nguyén to chi co thé do dugc
bang ICP-MS (nhu Br hoic I)

Can két hop phan tich nguyén 6 véi cac ki thuat khac nhu sic ky long
hoic séc ky khi dé phan tach sac ky hodc pha huy bang laser (LA) dé 1ay
mau ran truc tiép.

Vé trang Noi dung >

Uu diém cia ICP-OES

ICP-OES ly tudng khi ban

Luén do tit ca cac chat phan tich & mirc ppb cao hodc cao hon.

C6 thé c6 sy gia tang 16n vé s6 luong miu (hon 1200 mau mdi ngay). Trong
nhiing tinh huéng nay, ban sé can tc do ctia ICP-OES, mét chua dﬁy mot
phut dé do ndng do cuia tdi da 74 nguyén t6 trong mot mau

Can do cac mau c6 mitc phan tram tong chit ran hoa tan (TDS) hodc chét
ran lo limg rat cao. ICP-MS c¢6 thé do cac miu nay, nhung s& d& dang hon
néu chay ching thuong xuyén trén ICP-OES
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Cac tuy chon khac ban co6 thé can

Cic thanh phan khac ban c6 thé cin

Ngoai dung cy, ban ¢ thé can cac phu kién giup ting ning suit hodc
d6 nhay. Ngoai ra con ¢ cac phu kién gitip do cac loai mau cu thé

hodc cac thanh phan cu thé.

LAy miu tu dong Cac bom nap miu

Mot phu kién cho AA ngon Ivra, H théng bom
dua miu Agilent (SIPS) tu dong chudn bi
chuén, pha loing miu va thém céc dung dich

May ldy miu ty dong cho phép thiét b
do mot 16 mau khi khong cé ngudi giam
sat. Pau do cua may léy mau ty dong sé
khac vao mdi mau nhu chat didu chinh va chudn
ndi bo. Mot phu kién SIPS 1a 1y tudng néu ban

lan lugt kéo mau tir mdi ong, rira sach
gitta cac 1an. May ldy mau tu dong dugc
khuyén nghi néu ban c6 16 mau lén hon mudn giam cac tac vu chuan bi mau thi cong,

100 mAu hodc cic nha phan tich dugc mét nhiéu thoi gian va gy ra 13i.

yéu cau quan 1y nhiéu thiét b

Cic van chuyén dong B0 tao hydrua

Van chuyén dong 1am ting ning suét va Phu kién tao hydrua c¢6 thé dugc st dung voi

giam luong khi tiéu thy trén cac thiét bi hau hét cac k¥ thuat quang phd nguyén tir dé
ICP-OES hoac ICP-MS. Cac van hoat

dong bing céch nap trude miu tiép theo

do thily ngén va cac nguyén t6 tao hydrua (nhu
As, Bi, Ge, Pb, Sb, Se, Sn va Te) 6 muic ppb.
Phu kién nay kiém so4t phan (g hoa hoc cin
thiét dé tao hydrua.

vao van trong khi thiét bi dang do méu
trude do. Nén sir dung van chuyén dong

éu ban thuon, én do s6 1 A .
ncu ban £ xuyen €o 8o lugng mau Trén cac thiét bi Agilent ICP-OES va MP-

AES, ban c6 thé sir dung Hé théng dua miu da
ché d6 (MSIS) dé nhanh chong chuyén déi
giita ché do tao hoi va ché do phun suong tiéu

16n. Chi phi dau tu van s& dugc thu hdi
lai bing chinh lwrong Argon tiét kiém

duoc do giam luong tiéu thy so cdu hinh

thong thuong. : : o \
ong Hvong chudn ma khong cin phai thay déi bt ky phin

cung nao.
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Budng phun diéu khién nhiét do

Buong phun cé diéu khién nhiét do, nhu
Agilent IsoMist, dugc khuyén nghi khi do cac
méu dau nhét hodc cac miu co chira dung moi
hiru co dé bay hoi. Luu ¥ rang budng phun c6
diéu khién nhiét do 1a tiéu chuén trén tat ca cac
thiét bi ICP-MS va ICP-QQQ.

Piu phun siéu 4m

Dau phun siéu am (giéng nhu may dugc hién thi &
day tir CETAC Technologies) duge sir dung véi thiét
bi ICP-OES dé cai thién d6 nhay va do 6n dinh ciia
phép do cho cac ting dung moi truong

Vé trang Noi dung >
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Thiét bi pho nguyén tir ciia Agilent Technologies

Gia tri cia su hiéu biét
Agilent d tao ra mot danh muc quang phd nguyén tir sang tao - bao gdm cac thiét bi, vat tu tiéu hao, tiéu chuan, dich vy, phan mém va nhiéu hon
nita - dé mang lai sy tu tin cho phong thi nghi¢ém cua ban, sy ty tin ring ban s& nhin duoc cdu tra 10 ban can, khi ban can. Pham vi thiét bi cta

ching t6i bao gom :

AAS Ngon Itra va Lo than chi

ICP-OES ICP-MS ICP-QQQ
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Agilent CrossLab: Nhirng hi¢u biét siu sic va két qua thue té

CrossLab khong chi cung cép céac thiét bi do ma con mang dén dich vy, vat tu
tiéu hao va quan 1y tai nguyén cho toan by phong thi nghiém. Didu nay giup
phong thi nghiém ctia ban nang cao hiéu suét, t6i vu hoa quy trinh lam viée, kéo
dai thoi gian hoat dong cua thiét bi, dong thoi phat trién k¥ ning cho nguoi sir

dung vv...
Tim hiéu thém:

CONG TY TNHH SAO PO VIET NAM
CHI NHANH CMS (REDSTAR-CMS)

Hotline: +84986 712 712
Email: info@redstar-cms.vn

Website: www.redstar-cms.vn

CHI NHANH HA NOI

Tﬁng 3, toa nha Ha No6i Paragon,

S6 181 Tran Qudc Vuong,

P. Dich Vong Hau, Q. Cau Gidy, TP. Ha Noi

CHI NHANH HO CHI MINH

Toa nha Van Pat, Lo II-1,

Puong s6 8, Nhom CN 2, KCN Tan Binh,
P. Tay Thanh, Q. Tan Phu, TP HCM.
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