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E,,,: collision energy; Dy(Na'-Ar) : dissociation energy,

polyatomic ion; E,;: kinetic energy;

m; : mass of ion, m,: mass of gas molecule

9] AAA A HFETFAZ AF(He)S ARE-SF
% Nadr'2] s)2oq=1(0.2 eV)HTh AF o o3
EUA7L 2RE g7 sakEe] Fdo] o]o]
o} o2t Y& Gcue] £ M B EHE o
A7} 3etEo] 7148 A Ask=H AR EH o R o]
3 25 A 98 79 AAL e 2L oyl
2} shelgo] sl loA| o Whgrks ARl 9% S=
U HwE 53 A S8 & JeH of
R

o] ol st FEAA=

=™ oo o

N

2. 0|2-2%t kS (lon-Molecule Reaction)

WA A ool A]e] ulS o7 o]ez} Bxjlzleo] Ht
£ 4 St} ] ion-molecule chemistryel]l <]
F reaction cellol] ™fdF HZ2 1989W Douglas}t
Rowan % Houk”7} AlX=38FSAthH*2 thekst e 9
ion-molecule reaction gasE°] =314 7t ICP-MSU

% olo
tlo

¢

A S 913} Collision/Reaction Cell ICP-MS9]

w47 58 475

= q&g st
= gast ’2!“'4']75.9_& At 223 W E reaction
chemistryS 2% 38}7] 9184 thermodynamic, kinetics
S s ofgtet. Tannerdt 19] AFAEYL ICP-
MSol| A reaction thermodynamic3} kineticol] T34
AZJA A3+ 2™, ion thermochemistry2] 713
Al FH-L Lias9t 19] 3% AFAE ) o) <
TEACE A, vHES AN E N
oA dAstH o R FefEojofgitt. &, wk
Fyk-g-olofof g}
Elemental mass spectrometry®l|l 4] & 2.3}3L 83+ Wt
€9 Fele e 7ol €A 4 Utk Charge

transfer, atom transfer, adduct formation T+ conden-

o[o olo

7
=
=

rlo )
ol

sation reaction 5-©]T}.
Charge Transfer
AB* + H, —> AB + H,"
Atom Transfer
AB' + H, > ABH & ABH' + H
Adduct formation
AB" +H,— AB+H," > A + B
AB"+H,— ABH & ABH'+H— AB& A+B+H

Charge transfer®] 73-¢- 315 71zl s}ekgo] 7}a}

Table 1. Bond Dissociation and Collision Energy and Helium Cell Gas

Diatomic ion Isobaric element Mass[amu] ]z:::)gcylfgl\(;]n i?l;lzo: ;:r;e;%/y
Ny Si 28 8.78 2.13
co* Si 28 835 2.13
0" S 32 6.66 1.89
ArH* K 39 3.4 -4.04 1.58
ArC* Cr 52 0.75 - 0.93 1.21
ArN* Fe 54 19-22 1.17
ArO* Fe 56 0.31 - 0.68 1.13
Ar)’ Se 80 1.24 - 133 0.81
Clo* \% 51 4.65 1.24
CaO" Fe 56 3.57 1.13
NaAr" Cu 63 0.2 1.01
MgAr* Zn 64 0.16 1.00
ArCl* As 75 0.72-2.2 0.86
CaAr* Se 80 0.1 0.81
SrO* Ru, Pd 104 4.88 0.63
7rO* Ag 107 7.85 0.61
BaO* Sm, Gd 154 4.1-5.6 0.43
LaO" Sm, Gd 154 8.23 0.43
CeO" Gd 156 83-85 0.43
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Fig. 1. Attenuation of matrix polyatomic ions in blank and spiked matrix of 1% Cl and 1% C by the flow of He cell gas.
(a) CIO" overlaps on V at mass 51 and (b) CIOH" and ArC" overlaps on Cr at mass 52.
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Fig. 2. Measured concentrations (ng/mL) of trace elements in variable matrices in which 5 ng/mL of He cell gas spikes for
trace elements. Open circle : addition of He cell gas; Closed square : standard (without cell gas) mode. Matrix component

: H,SO,, HCI and 1-butanol..
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Table 2. Reagent gases used in collision/reaction cell ICP-MS

Collision gases : He, Ne, Xe

Charge exchange gases : Hy, NH;, Xe, CHy, N,

Oxidation reagent gases : O,, N,O, NO, CO,

Reduction reagent gases : H,, CO

Other reaction (adduction) gases : CH,, C,Hg, CoHy, CH3F,
SFs, CH;0H

FL H(narrow window)S A A TE F7HA QL of
frequencies®] -5-8-> mass filter devicesoll = 2-8-% %)
t}. Yamada 5°'& ¥F3-7}2E He2 ARE-3}L collision
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Micromass® Platform
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AL 93} Collision/Reaction Cell [(CP-MSe] 414 -4 477
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k=14X10" cm’/s
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k=5.1X10"" cm¥s
k : reaction rate constant
7Se, H0Se
Ar," + H, > ArH" + Ar+ H
AH,° = 21 kJ/mol
k=6.3X10"" cm®s
Ar," + CH; — Ar + Ar + CH,"
AH,® = —181 kJ/mol
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AH,® = 234 kJ/mol
AH,° : enthalpy of reaction
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= [e)
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Fig. 3. Schematics of the four cell-based quadrupole analyzer instruments.
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Table 3. Survey of CRC-ICP-MS applications

AL 93} Collision/Reaction Cell [(CP-MSe] 414 -4 479

Application Sample Analyte CRC gas Comments Ref.
Biological  milk power Cr, Zn, Cd, Pb NH; Utrasonic slurry sampling ETV 33
premature human m.i]k, ess§ntial species and H, Size exclusion chromatography 34,35
pre-term formula milk toxic elements
Serum V species NH; et al. Size exclusion LC 36
Urine Se species Hy/He HPLC 37
commercial reagent Se(IV), Se(VI) N,O/He, HyyHeHPLC 38
commercial supplemets  seleno compounds  H,, He HPLC 39
Nucleic acid phosphates P He On-line CE, HPLC 40
Phospolipids P He On-line LC 41
Protein P S 0, Phosphorylation 42
Protein, cancer P S (03 LA of I-D gels, phosphorylation 43
Proteins S, Fe, Mn 0, Size exclusion L.C 44
Proteins, fish, liver S, Cu, Zn, Cd Xe On-line CE 45
Amino acid S 0, On-line CE 46
Protein, yeast Se CH, HPLC, enriched Se-77 47
Protein, yeast SeMet H, HPLC.’ IDA(isotope dilution 48
analysis)
Environmental Sea-water 13 element H,y/He 10X dilution 49
Sea-water Cu, Cr, Ni, Mn, V. NH; comparison of ICP-MS 50
water Cr(II), Cr(VI) NH; On-line LC 51
water, urine Cr NH; On-line LC 52
waters As species Hy/He On-line 1C 53
Sea-water As species He LC, Hydride generation 54
water V species NH; On-line LC 55
Coal, fly ash Hg He Isotope ratio 56
rain, sea-water Se species 0,, NH;, CH,; anion exchange chromatography 57
dust Pt NH; catalytic converters 58
Other catagory nickel-based alloys Se CH,4 FIA, hydride generation 59
Pb buttons Pt, Pd, Rh NH; LA 60
Soils 1-129/1-127 0, Thermal desorption of soil 61
374 71400] EAFOE CRC 714S ol4a o 2] AFAYTETH vhbEe Aega SAl A2

% ot

*n AL o]FolXA gsket. eyt F 7K &
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4 o

o u lo |;> > Ao

1 %01

Louie 52 ¢U®HA<l quadrupole ICP-MS®} high
resolution ICP-MS 28] 22 CRC-ICP-MSZ ©]-&3}]
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Cr(VDE 2] A3Fstaen) £ =y 202 ujdo
A AE Qe oA ekEe] WEllE NH; -

7}225 o]g-3to] 2-3 order HE FAAZTE? 8|49
73%- on-line LCY} ICE o] &3l &, vlgtEoA &

ol
on
_&
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