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Phan tich tap chat kim loai trong
N-Methyl Pyrrolidone sieutinh -~ °~ "~
khiét bang NexION 5000 ICP-MS e thét bi e én noy

cang tr& nén nhd hon va tinh
vi hon, viéc ngan nglra & nhiém kim loai - nguyén nhan gay giam hiéu nang - da tré nén quan
trong. Theo do, viéc kiém sodt chat ché tap chat la can thiét di vai cac hoa chat dugc st
dung trong quy trinh san xuat. Mot loat cac dung mai htiu co dugc st dung trong quy trinh
san xuét, nhu 2-propanol (IPA), 2-acetoxy-1-methoxypropane (PGMEA), 1-methoxy-2-
propanol (PGME) va N-methyl-2-pyrrolidone (NMP). Trong s6 nay, NMP dugc biét dén nhu
mot dung moi phan cuc cé do hoa tan rét cao, bén canh viéc dé dang x( ly nho diém soi cao
va diém dong bang thap. Do déc tinh nay, NMP dugc st dung nhu mot chéat tay rira dién hinh
cho céc Idp phi quang. Néu kim loai trong chét tAy rira con lai trén méu mach, kim loai nay
cd thé anh hudng dén céc déc tinh dién va cac dac tinh khac clia ban dan. Do dé, NMP dugc
st dung phai cé do tinh khiét cao.

Gidi thiéu

Quang phé khdi plasma cam ting (ICP-MS) [a mét phuong phép dinh luong rat nhay, c6 thé
phat hién nhiéu nguyén té & muc ng/L (ppt) va pg/L (ppq), do dé nd thudng dugc str dung
nhu mét ki thuat ki€m sodt tao chét kim loai trong dung maéi hitu co va chat phd quang.
Trong qua khtr, viéc do truc tiép céc hop chéat hitu co nhur dung maéi hiiu co va chat ph
quang bang ICP-MS thuong dugc coi la khé khan. Do dung maéi hiiu co cé kha ndng lam thay
d6i trang thai cdia ngudn ion (plasma) clia ICP-MS, khién viéc duy tri plasma trd nén kho
khan. Tuy nhién, qua trinh x( ly trudc nay cé tiém nang gay nhiém ban, diéu nay la mét thach
thiic 16n d6i véi phan tich tap ham luong vét va siéu vét. Tuy nhién, cac cong nghé duoc
PerkinElmer str dung, chdng han nhu bo tao RF tur do, da lam cho viéc duy tri plasma ngay ca
véi cdc nén mau kho, cho phép dung mai hitu co duge dua truc tiép vao plasma. Diéu nay
gidm dang ké thoi gian chuén bi va sy nhiém ban trong qua trinh phan hdy axit, cho phép
phan tich tryc ti€p dung mai htiu co va céc hop chéat hitu co nhu chéat phi quang chi véi budc

pha lodng don gian.
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Tuy nhién, ndng do tap chéat kim loai trong dung maéi hitu co
thuong mai da tr& thanh mét thach thiic. Khi yéu cau vé muc do
tap chat giam, néng do tap chat clia moét nguyén to trong cac
dung maéi hitu co tuong dai tinh khiét (vi du: cap cong nghiép dién
t) d& téng cao, diéu nay da tré thanh mat rao can cho phan tich
cép ban dan. Nong dé tap chat trong dung maéi hitu co dugc phan
anh trong gid tri ndng doé tuong duong nén (BEC). Do do, gié tri
BEC céan duoc cai thién dé dat dugc gidi han dinh lugng thap hon.
Vi ly do nay, nhiéu phong thi nghiém kiém soét chét lugng (QC) st
dung céc dung moi hiru co da dugce tinh ché bang phuong phap
chung cét dé phan tich ICP-MS. Tuy nhién, qua trinh chung cat nay
cd nhuge diém la ton thai gian vi nd duge thue hién dudi diém soi
cla dung maéi hitu co. Ngoai ra, tuy thudc vao mai truong chung
cat va cac yéu to khac, cd thé xay ra nhiém ban. Ngoai ra, khi tap
chét trong dung mai hiiu co duge danh gia bang phuong phap
dua truc ti€p ma khdng can xtr ly trude khi phan hily axit, diéu quan
trong la phai loai bd hoan toan cac nhiéu phd do Argon va Carbon
gy ra vi khong thé trlr mau tréng trong qua trinh phan tich. Do do,
ICP-MS can ¢6 kha nang loai bd nhiéu cao hon.

Ban tom tat ing dung nay béo cdo két qua phan tich 37 nguyén
t6 trong NMP siéu tinh khiét bang ICP-MS da tr cuc NexION®
5000.

Thuc nghiém
Chu&n bj m&u va tiéu chuan

Trong nghién ctru nay, Supreme Pure (SP)-NMP4 (FUJIFILM Wako
Pure Chemicals Co., Ltd.) loai siéu tinh khiét d& duoc st dung dé
phan tich. M6t dung dich chudn hén hop da nguyén to
(PerkinElmer) va mét dung dich chudn don nguyén to
(PerkinElmer) dugc str dung lam dung dich chuén va thém vao céc
mau.

Thiét bi

M6t ICP-MS da tir cuc NexION 5000 da dugc str dung cho phép
do nay. Su két hop clia bo tao RF tu do va cudén RF LumiCoil™
dugc st dung trong NexION 5000 cung cép tinh bén viing va do
on dinh cao trong céc phép do dung méi hitu co. Giao dién Triple
Cone thé hé thi hai vai cong nghé OmniRing gop phan cai thién ty
& tin hiéu/nén (S/N). Ngoai ra, thiét ké tr cuc clia budng va cham
Universal (Q2) cho phép st dung khi phéan ting ma khoéng céan pha
lodng. K&t hop lai, cac tinh nang nay cho phép NexION 5000 dat
dugc BEC vuot tréi véi kha ndng loai bd nhiéu phé tuyét voi.

www.perkinelmer.com

Diéu kién thiét bi dugc liét ké trong Bang 1. Ché do phan tng
(DRC) str dung NH,, O, H, khong pha lodng (100%) hodc hén
hop céc loai khi nay 1a mét cach rat hiéu qua dé loai bd nhiéu
quang phé bang cach thay déi cac ion gay nhiéu thanh céc
thanh phan khéng mang dién tich hodc céc ion c6 s khdi khéc,
hodc bang cach tao ra céc ion da nguyén t6 cla nguyén té quan
tam (dich chuyén s khai). Bang cach st dung 100% khi phan
g, mot lugng nhé khi cé thé duge st dung dé loai bd nhiéu
hiéu qua va tao ra cdc ion da nguyén t6, va ti cuc véi dai bang
tan trong budng phan tng ngan can su hinh thanh nhiéu mai
(sdn pham phu ctia phan ung).

Trong ché dé MS/MS, Q1 va Q3 dugc dat dung mot sé khdi,
trong khi & ché do6 Dich chuyén khdi, cac nguyén t6 can phan
tich dugc do dudi dang ion sén phdm vdi khi phan tng & sé khai
cao hon. Mot s& nguyén t6 khong cé nhiéu quang phd dugc do &
ché d6 Tiéu chuén (STD), khong thém dong khi tai Q2.

Nebulizer PFA-100, Ultem probe, Free aspiration
Sample Uptake ~ 100 pL/min

Spray Chamber SilQ Cyclonic

Torch One-Piece Quartz with 1.5 mm i.d. Injector

Oxygen Gas for Plasma
PC3X Peltier Cooler
Cones

RF Power

Measuring Time/Isotope

Around 5% of nebulizer gas

2°C

Pt-tip Sampler and Skimmer, Ni Hyper-Skimmer
1600 W (Hot Plasma), 900 W (Cold Plasma)

1 sec

MS/MS, Mass Shift, Q3 Only

NH, and O, (all 100%)

Scan Modes

Cell Gases

Bang 1. Cdc thong so thiét bi.

Két qud va Thao luan

Bang 2 cho thdy BEC va gidi han phéat hién (LOD) tir phan tich
SP-NMP.

Bang céch st dung ché dé quét va céu hinh thich hop (khi va
cham/phan Ung va diéu kién plasma) cho mdi nguyén td,
chung t6i d& co thé thu dugce BEC dudi ppt cho tat ca 37
nguyén t6 do. Diéu nay chimg minh kha nang loai bd nhiéu
phd hiéu qua ctia NexION 5000 va chat lugng vuat trdi clia
NMP siéu tinh khiét (SP-NMP). Cling dang chu y la két qua tot
thu duoc & Na va Cu ma khong can chung cat, von thuong la
mot van dé déc biét trong NMP cho cap cong nghiép dién tu.
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Bang 2. BEC val.OD trong SP-NMP. Ké[‘t |uén

Nguyen Ché do BEC LOD . S e - .
nﬂm (mg/ll) | (ng/L) JD{Lroc traAng bi g?c corjg nghe mgl nAha‘F, sz\o gdém cong nghé da

Q3 Orly Sl e o tr cuc doc quyeNn, CL’JOH ta? Lum[C0|I vAa boAtao/RF tL_f do,AlNexlAON
5000 ICP-MS da chidng minh hiéu suat phan tich dau vét tuyét

i i e ST2 B L.a) L vOi bao gom kha nang loai bd nhiéu quang phd vuot trdi trong
Mg 24 24 MS/MS NH, DRC Cold 0.1 0.016 céc phép do dung mai hiiu co.
Al 27 27 MS/MS NH, DRC Cold 0.026 0.012
K 39 39 MS/MS  NH,DRCCold  0.23 0.051 Loi cam on
Ca . 40 40 MS/MS NH,DRCCold 010 0023 Chuing téi xin bay té 1ong biét on chan thanh dén FUJIFILM
Ti 48 64 Mass Shift 0,DRC 0.018 0.032 Wako Pure Chemicals Corporation vi d& cung c&p NMP tinh
Vv 51 51 MS/MS NH, DRC 0.017 0.012 khiét cao cho nghién ctu nay.
Cr 52 52 MS/MS NH, DRC Cold 0.025 0.019
Mn 5 55  MSMS  NH,DRCCold 0012 0012 Tai liéu tham khao
Fe 5 56  MS/MS  NH,DRC Cold 0.66 0.062 1.Cheung T. S, et al,, “Advantages of a Novel Plasma
Co 59 59 MS/MS NH, DRC Cold 0.0094 0.049 Generator for the NexION 1100/2200/5000 ICP-MS Systems"
i 0 60 MS/MS  NH, DRC Cold 012 031 PerkinElmer Technical Note, 2024.
Cu 63 63 MS/MS STD 0.076 <0001 2. https://labchem-wako fujifilm.com/us/category/00282.html
71 66 66 MYMS NH. DRC 0.56 0.83 (FUJIFILM Wako Pure Chemical Corporation Website)
n . L
Ga 71 71 MS/MS NH, DRC 0.050 0.26 3. Kobayashi K, etal, "Analysis of Metallic Impurities in Organic
Ge 74 90 Mass Shift NH, DRC 0071 < 0,001 Solvent? Useq inlC FabncAanAn with the NexION 5000
ICP-MS" PerkinElmer Application Note, 2021.
As 75 91  Mass Shift 0, DRC 0.046 0.24 ‘ )
. 88 88 MYMS NH, DRC s o0 4. https://biz fujifilm.com ffwkI_AP_SP—NMP_gontact.htm|
(FUJIFILM Wako Pure Chemical Corporation Website)
Zr 9 106 MassShift  0,DRC 00095  <0.001 - ‘
Nb 93 125 Mass Shift 0,DRC 00047 <0.001 5. Badiei H., et al., "Advantages of a N”ovel Ihterface Desgn
for the NexION 2200/5000 ICP-MS" PerkinElmer Technical
Mo 98 98 MS/MS NH, DRC 0.020 0.10 Note, 2023.
Ru 101 101 MS/MS NH, DRC 0.029 <0.001
Pd 105 105 MS/MS STD 0.034  <0.001 Vat tu tiéu hao str dung
Ag 109 109 MS/MS  NH,DRC  0.055 029 : Part
Thanh phan Chi tiét
Cd 1M1 111 MS/MS NH; DRC 0.14 <0.001 Number
In 115 115  MS/MS NH, DRC 0.007 0.017 Nebulizer PFA-100 with Ultem Probe N8152594
Sn 120 120 MS/MS  NH,DRC Cold 0.16 0.36 Spray Chamber SilQ with AMS Gas Port N8152539
Sb 121 121 MS/MS NH, DRC 0.047 012 Pettier Cooler PC3X N8152382
Te 130 130 MS/MS NH, DRC 0.043 0.24 Torch Quartz 1.5 mm One-Piece for Organics N8152616
Ba ~ 138 Q30nly STD 00042 0011 RESIEE NTIET
W - 180 Q30nly STD 0.0046  0.024 Cones PLSKmmer NeTe1041
Ni Hyper-Skimmer N8160120
Ta = 181 Q3 Only STD 0.0019 0.0097
Gas Line 0); N8152426
w ~ 182 Q30nly STD 0.0094  0.049 , -
Multi-Element Solution 3 without Mercury ~ N9301720
Os = 190 Q3 Only STD 0.012 0.061 . ) .
Multi-Element Standards ~ Multi-Element Solution 4 N9300234
e I e I S Multi-Element Solution 5 N9300235
N I I I T T Single-Element Standard 100 pg/mL Osmium (0s) NO304383

Luu y: BEC thap hon LOD cling dugc hién thi trong bang.
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