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Proper Stability Region of the Impulsional Mode of an Rf Quadrupole
Ion Trap Mass Spectrometer
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Abstract: Quadrupole ion trap is widely used as an ion storage in gaseous phase and as mass
spectrometer. In its classical approach, a sinusoidal voltage form is used to confine the ions in a small
region. By using an impulsional voltage, on the other hand, it is possible to increase the mass
spectrometer resolution so as to be applicable for separation of light isotopes. In this article we present
the theoretical treatment based on the first and second ion stability region. The results show that the first
stability region is more adaptable to the impulsional mode of ion trap operation,

Keywords: lons, Quadrupole lon Trap, Mass Spectrometers, Impulsional Mode, Stability Regions

*email: mbaradaran@aeoi.org.ir ADIAITY e b dy e sl AD/Y/NF tallde 8L ) 5 6



<>

S Sl =Y
\Jﬁﬁ&a.&.&‘}r{x:};ﬁ\wﬁ&kﬁ)%;)x(ab
jMQL&;;,&Q|M@U\U)A.@\4.&»\:QL.':J
552955, S a5 e 53 olgsly s s Lyls Sl ksl
g e ol (end-CaPS) LbeSaNS 35 2SN g3 ol 3,05
J:)\aéﬁf&;%}s&ud@%ﬁé
2 ks JE s A5 e 635 Dy Wi b L S
e 51 g 53,15 S S a3 pir K055 S0 S
o}_lCl;sualiz_w;ﬁ..\_:f@)x&jb)@TLgy@L@JT
g 3315 ) g S SIS 2 ¢yl O A L
sdesl NG (g sk 35,55 55,05 Jda Jlisle 5555 2SI
Yem Ly 5 510 s 5 o amino 53 55 5531 ol plad 3 55 oo
5;@)‘}&&%}}w0)w)}2{Ls_,ﬂ:—J}jfg‘.CMﬂ‘
A 107=220" el 20 5To mg p13 Slad ot Y sans [)]

R
© S SILL M e 4 (S Sl sae (1
55,31 as V(£)=Vcos(Qt) & gz oo 5w RF sl
(eSS o Lgsl 55,5801 55 4 —U ol il 5 (5 sk
33 852 el ol dlast 31 (Y- JSK8) 355 0 Jlas!
sla sty du;lg.aj_;@ Jsamms (day 4w) Z 4T L;sz\,/
o Loy S s las s il Las s xSl s o 573

o, =251 -22%)
0

0o=U-V(t) (u=r,z) ()

end-cap 1

(b)

.bgéb(b‘ég.;u)}h{(as&]aj)%bﬁc‘::}fg|w—\ J@

@)’C“"u"b- Syl gL 4t

dodo -

el sl S RF b > 05— (=|:
(S les aberd addlles ¢ aiwile ¢ g S Sl
Os pls (oo b 3)ls (o (riwiab 5 6 4 2
o 3l 1 & LT s 5 URF b e
S 5035 sloul b 53 s (sl 03l &)
o ol 5l ! gn e Sleaas (3 e
)watwéw&ﬂ>§w&)aéﬁéjﬁjlf
L s 3 45y ) o S 8 At S S0
Oyl b Cmad 35 51 5 03 5 035 45 A (5,8
P& (8 sl 0 ¢l o ek ol
st ESSE D) 5 s g 03l 0L ol b
Jes] v

3350t K oo 35 Y gann gy (63 sz 51
(o s 58 sl s OB s 4 51 S5 144Y L s Lol
[0] 55 slgty &Kn 5 5 sl 5 51

lasd 55 ool >l 5y 0 53 il Olalllas
Sy el 5 5L slas (O s Ol s JSi ((a,q)
SWS LRF (15 jler O pls (oo e b oSS
&l 5Wy ol omen [A 5V F] p=losls plasil (las 5
0313 slgiiy 1-4U oo 051 )3 &K Sl 555 ) (S5l
28 (514SS /] wlesls €l pls ol fol o | )
(sl 4 g 0T Aol sl 5L L ol Ses o1, b
ol oo, S S O 53 aub S el Gl 4l Ol
Sl 8 el Sl oS5 5 (s 2 L Il
23 o e 0ol plasil 6l clis (LS b
et 31 e sl 0 55 LRF (a8 5lgar O g ol
SR (5 g 05 ol 5, Shes (65 s 4 6 otins
3 = e Sl 5 s L b e DYl
Cou by o B3 o el s L OVslse ol J= o)
3 o g C_._Jl>)><a|>)30}_;_ L;:Jl_gﬁup‘)) syys
S gLas )3 oMl (155 ) ed a5
Sl Gl sl s Sy dals 5 Cold by Sledd
sl b oLl any 14U o 05 3, bai sy 5s



VAT £ aJW‘g‘wQﬂjejk«Alaﬂ

Cadiee yolie Gl am Olss a1y O 9m S5 = atslas

58 el Cam s il a el s S =g sa s eyl
L i ol ol 05 &S - LT 45 5L 55 015+
CS o 4SSl L S i sy g5 lang S w Oley S
dalst 3y g5  Lasg Sl Olej Csd8 L syls (gLl
Oz &S o 12 (a,q) GUad 55 015 oo ol et 238
slan Ol g5 o a3 57 el L ILL 5 0L (15
)J‘))\MEU))\QQ@\}JJAJSJ}(RF J:.“JL‘I.L.M‘JJ
23 SlodS sl A8 g opl s S esia (FUV) slas
ol (M) IS (Jlie Ol e .S o o] (sl guaes
U'-’-| (Yl—b)dg_&)u\kiuﬂ olisz L;l:.w\‘))b “) 6)‘*‘1% u.>\j;
Ogm 4S8l (gl o tdas o OLES T sl y 53 1y (ol >l s
rajr6b~|)):ra.\il{.xﬂia\{wl;u\.«.:m);é)\.\il%dﬁ
LgJ‘“‘\—f.lf.gf‘}’g}ﬂ‘gs@Jrﬁf)Jgs"f.‘Mb)‘“\iliz L;l:"'"\.)Jb

a3 n OLE 1y day s 3 (5L o ¥ K85, 15

10 4 10 3
a a;
51 S ...“‘_".—
0 ./.-/\\ L] ¥
5 10 q, 15
-5
-107  Stable areas along r -101 Stable areas along z
(a) (b)
Z (b }r(a o LS)‘J";LE. u}\};—r J:&
10
By
5
9 -
¥ ~ T
5 10 15 q,
-5
_"0—

,QﬁC‘JJJZ}I'LSLAE..»\J‘)Q6)\%Hf‘j—f e

\‘I—l’l
V cos(Qdt)
U#
(a)
—
V, cos(Qt)
U4 1-k cos(2Qt)
(b)

a5 0 ¢ g s @ Jouily LRE (5 gz 0 pls =Y S

:v.i)b(-\;): Q}f_ Jf QYJL&AQ)J}TC«M&. Lgljg

2
F= mgt—z = —eZ—f (u=r,2) (¥)
Qt

uy}l-!ucf:TWWLJ(Y)j(\)du@bﬂ

:ﬁ)jTGAQMU\{b(:\:):QxCSP

. 28
I-——U-V)z= (Call %)
mi
. e
F——[U-V(©)r=0 (&%)
miy
(sl yite i L oS
2eV .
a, =—m202 Q- -2q, (Cdl-¥F)
—4eU
a, =W=—2ar (g.)—?)

.X_A\}é)b‘xf\_nﬂ\_s.}l&n&)j_.pA{(a‘éjboxdfd)y}l&n
TP U] T
d’u
—+ 20, cos2
d§ (a, 20, cos2&)u=
=— (u=rz (-0)
¢ 5 ( ) .

(CaJ-0)



<>

o At=10""sec S ('L? L (finite differerce) s sis
oo LI MHZ dalacs Uy (g g 515 5 (Sl 5 515 1)
L Ol 5l o5 ad) .('__ﬂc))jTC_w.)‘\{bM o sl
J= L .(&lews Gl Second Order Runge-Kutta 3,
SLasls 303 5 03 Ol JSi 0l (155 055 Al
[V] plon 8T sty (gl 15 5 (o sims S5 S5 0 1 500 (sl
5L Cdle s cmnlin (LS 4l OLssl () bl s
CHe'=3.01603u g 553 1 = gmcih 53 sl -5
503, S J 1y by e oNsLasH; =3.02348u
9348 -g’—l‘”))T Cawdi k=0.99 I3l 41, £3° 9 Jsl il
ilodd o313 0L & 50 (sla JSKa
S5l an S 5Ls 558 e otaline b S ol 55 4S5 sk
Sl Jsl b o o 651k g3 a4l o glay 15 5
IE g LT P S PR i PR P RCv ) (A

"J';:‘«s‘ £33 4>l s Q:;

2]
0 oo : ‘ A ‘
50 100 150 200 250 300 350
2 &
S 4
2 ]
84
””” m=3.02348
10
m=3.01603
2]
-14
V(V)
sl s &, —k=0.99 I3l syl Il 4l -0 JS_:,
+ 3yt
.H; He
70
65 |
60
s
-}
T 55
301603  ------
50
302348 ———
45 : ; ; ; ‘
850 900 950 1000 1050 1100 1150
V (V)
Sl sl 6l ,—k=0.99 I3l o gyl g5 4=l -£ S
+
H; L CHe

@fcwuhb_ Syl gHlL 4t

el il g O O o s 53 S 6 S5
Sl sl q5a bl 53 5l ooy b oS L34 By
Laj o i g o pasios Pu=cte byl b ool (15
ania =01 5 B=0,1 by bt L 5l gl 4
0<8,<1,0<8 <1 &) ool b b g s i o
P=1,2 5B=0,1 Lyl L (s5lu0ly s b e il e
Y el L R
Ll 1< B,<2,0< 6. <1

© V(D)=Veos (Q) v suw 55 Jlasl gl 4 1 >
dslan b (sl 5l g5 il 35,53

V() = V. cos(Qt)

=——"—_ V =(1-kV, 0<k<1 &)
1-k cos(2Qt)

Vi, =V

Vi 0T 53 48) (Y-b JCa) =S Jlesl (g il 35,800 1,
(V) OYslas 4 (0) 5 (F) OVYslae (ol Gl 0 Jouily atals

17 50] s wals Jds (A) 5

o’u(é) cos(2¢)
—+|a, -2, ————|u(£)=0 V)
0&? ’ qul—kcos(4§) ©

—4eU 2eV, (1-k)
e N AT %W

[2 5 0] prl e 02 a8 ok 4o el o S Sl alin

Gy cpl s s bealan 0T 31 el clous (5113 ol okeT
s a0 s (85,0 s 033 s Lal g Gy 55 s
B e Y AR R T ]
) 035 o ol 1) Ll g Ol oo 4 Sl 55 )
o YL sl S5 ol poman 55 Goo P pla 0950 45U
RE 15 gz 052 pls (oo 2 grimwiib 53 oS855 o508

J}'&d‘

Son 9 basdl v
J._>Lgb_gl.o_g.unl.fseHillQY:W&;Q)).;NAJ)\&A
joéj_ft‘A_:“)QT[\']PlpeSAJWJJLAL}Z)‘)JQT
10T &Y¥slae Jod ol J 6l = [V 5)Y VY] Dawson
Jolis ps 5l eslial U 5 les S eslizal el w5 LK



VAT £ aJW‘g‘wQﬂjejk«Alaﬂ

k=0 pz=1.80
Z 0020

oLl
RV

-0.010 -

-0.015 -

-0.020 -

@)

k=0.99 p2=1.80
Z 0015

0.010 4
0.005 4
0.000
-0.005

-0.010

-0.015 -

b)

@@ Lﬁ‘)".' (6)‘4—1&_ (}) 4_:>U) BZ:1.8 L;U‘ 4 O‘y_ Q{fﬁmﬁ—)\ J&&

k=099 !, k=0

[VE] o e 52 0 Ol ) 50 53 48T (Moo 4y e 55 L
(S oy ) OIS 4 el o
addze 53 Jalsicpss 5 Il il 5o o 61 O &S -
LS 3 L as (Secular motion) ol &S o 1u il o
(micromotion) (=S > 5 5 A3k oo a):% dzdeina
OT 3l sl 2 5 Q ol (il 3 L adl e ki oS 5 51 oS
O S6lS 5 L LT gladuls 45 ol LS5 nQ(n=2,3,4)
O s (IS o 5y 5 ol add g 93 Cd Sl 0 d ke
Seem 8, yzolie 4 LT 055 5 bl B sbal o 31w
Syl ds
L ad o ol p g el 532 Sl 50 &S o -
ol ot a5 (F 6 Y 5ame 1Y Y P NQ 5 Q Glacale

20 aels Bl e g O il go Lais Jgl a5 Sl s

<>

sl ) game SLa0 3 (SIS ol (o) 0 S
Ll 5 05 S o e 1AL ol opl 60310 5 0
(UU) pbulr cae p s gl2D S 6

Jsl ) B,=0.14 13l s 05 &S o en V i 5o
Lk=0.99 (b sl 52,0 5q,=0.2 Lk=0 (@ sl » (s I}
Ll 0 o a,=0 ,q,=0.014

£33 D) P18 (5l 0 oS s A S5 )
b &l 52,2.789 5q,-3.836 Lk=0 @ sl (sl
el 0k o, 8,=3.765 5q,=0.297 L k=0.99

55 0 03 ()L Jgl a4 sl 2 V IS 5 &S () sk
Glacdl 53 Jglasb 53 0 Ol g IS8 LSS By 1l 4
S A S5 53 Ll S (o i 3 g st 5 S5
JS8 OSB3l a0 487 355 o0 otalin (gL 934U

k=0 $z=0.14

Z 0010
0.008
0.006

0004 {
0.002 ’\«\
0000 ‘ ‘ ‘ ‘
20002 4 10\,{0,\/\/{ 40
-0.004
-0.006 1

-0.008 4
-0.010 -

@)

k=0.99 p2=0.14
Z 0010

0.008 -
0.006 -
0.004 -

0002 ’\-\ /-/\’\’\

0000 ‘ ; ; ; ; ; ‘
0002 ¢ mW 40 0
-0.004 |
-0.006 |

-0.008 4
-0.010 -

b)

@ @l (sl Il ab) B=0.14 5l 0 0 &S > jen =Y S
.k=0.990b &, s k=0



<>

e ¥ gl an 5L slad sla sau 4 by e sla sl sl
Jsl a=b ,3k=0.99 k=0 !~ RF 5y atsl 56 51 & glaze
el Sl (5511 53 5

Br=0.14 luie sljl & dol abia gy o ol ) J g 5>
JOWPREFN

P=1.8 Hldds I3l 4 p 9> amlias by jo ol ¥ gutr 53

b3 5B glad 5o 56 slad o pdn 4 by e sla 2yl =) Joua
sl RF 55 adsl 56 51 Osline 5luie ¥ (o131 4 (B7=0.14) o lul Js!
k=0.99 (b k=0(a

K=0 B,=0.14 a,=0 q,=0.2
& A, B, T, €,
/2 | 7.89E-05 | 8.66522 | 0.115419 | 0.115405
0 -5.6E-05 | 5.76655 | 0.173399 | 0.115404
/4 -1.4456 | 7.10720 | 0.434734 | 0.115404
—m/4 | 1.445582 | 7.10712 | 0.434734 | 0.115404
(a)
K=0.99 B=0.14 a=0 q,=0.014
& A, B, r, g
n/2 | 0.00058 | 8.95192 | 0.111816 | 0.111706
0 -0.00038 | 5.78721 | 0.172687 | 0.111706
m/4 | -1.10022 [ 7.20983 | 0.306593 | 0.111706
—m/4 | 1.10021 | 7.20977 | 0.306593 | 0.111706
(b)

U 53 b (sl 5o b (sldd gl il 4 Ly e sla bl =Y Jou
&' RF 5Ly adgl 56 51 ooline jlais ¥ ol3l 4 (B=1.8) soluly o5
k=0.990 k=0 (a

K=0 B,=1.8 a,=2.789 q,=3.836
& A, B, r, &
/2 | 0.00058 | 8.95192 | 0.111816 | 0.111706
0 -0.00038 | 5.78721 | 0.172687 | 0.111706
w4 | -1.10022 | 7.20983 | 0.306593 | 0.111706
—m/4 | 1.10021 [ 7.20977 | 0.306593 | 0.111706
(a)
K=0.99 B,=1.8 a,=3.765 ,=0.297
& A, B, I, €,
/2 | -5.8E-05 | 0.08324 | 12.01198 | 0.42266
0 -0.00035 | 0.22197 | 4.506662 | 0.42266
/4 | 0.14846 | 2.36852 | 0.431406 | 0.422661
—n/4 | -0.14806 | 2.36853 | 0.431354 | 0.42266
(b)

@fcwuhb_ Syl gHlL 4t

u‘.@‘wm&uw‘dkM\)\{CJJA?EJAJF
ol O  aals b anslie 55 S gy alls (Jgl 4l s
Al S S Sl (s S S

Sl JSs 53 0 S o Olg 0 o DISS ol @ a5 b Jl
Sls mb 5 A 5V

s LBl e Gl Jsl asba by e STV S s
W 53 8 6l 0s Ol g (Secular) Lol sl 5 0<B,<1

ol AT e Sy @, —ﬁZTQ sl Sl (o s 5 Sl 2
Lib - (Secular) Lol oS > oS 0 &S o 5l glad 3
45(..”_;|>u,_n Jslasb ys g,k jl.cul LSS 5y 95 ,a s
33 Gl oy Al r e @ ol ail o b OS5 55
3OS L 55 S oy el (s 5 145 5
Sl ol S aals U ans s 55 55 OST  oplalels
Sl i 48 das e 0LaS Sy 93 duwlie 5 Sl &S S
2 3 g oalin Oy Ol g S )
20l LBl oo (5L ps3 4l b e STA IS 5 Ll
sl s 55 2 sl 05 Oles (ol sl 5 1<B,<2

z

Sladlge ol ol AT o Sz & @, = ol 5l g s
LSS 56y 95 8 6l el Juol OS> S 0 S
3 Sl d 5Ly 6l O Ol g JSTi OVl 5 il s
el Ol pl Sl ol aig &S gy add e )5 o g
Jols Q S5 posdle &S o s pas 4l 3 oS Sl
S S o ol Al g o3 g 55 (MEYYPNQ la W8 5
O LT aals o311 5 Q glaad o 31w O sz Aib o 5,5
Sl 5 (o s S5 6l 5 Sl atasl5 Q8 sl 205
wile SIS sl o Sslizaq 52 palie OLSS Bl 4 o
Slize 0SS B gl s - k=0.99, k=0 ¢l 5 S > 5,
DS Al i 0 Ol s JSE ol 3 5 el 5
O 5 0L Blanyls Il &S > S Sy sl 5
S oKin ok Jlesl fomily 6) Calies sl sl 36 (sl3l
HJLM,RFMq&&@ngﬂupgcm,l,gﬁ
el ei 65y (U,U) 5L clas jsold Ol bLlE 5 4a
bl sl 6 S by e i 2 45 255 il 1 5

Tu?+2Aul+Bu’=¢ @)



VAT £ a)w‘glwg‘,;é;pb@

S 39 48 355 i 3 0dalie s ol 55 56 sl
Sie b 2ies (6510l Jal b 55 5L slas sla e
pU s oy (S5 cplpss 4l Ll ol Bl
ml s ls Koas 55 q s sbe byl 4 S Sl Bl ol
Salis g sa gla el STOLSS P ¢l g &S gme
ar g bg oy dial g Ssline 5 U pan s1eS 5s ALBL il
k=0.99 s k=0 sl 3B 3,5 1L o oS ol w
S als HUanl aoLS oo 4 dal g Soslize SalS q 5@y slia

33 8 odalin glie

S5 4o ¥

55 ils a5 Sl 3 ey S ple 4 4 7 L
S a5 05 SYL g pls Dy 4 edd s F sleis
22 el oS n o 5 15 Sy ol 3 )l ¢ s S5 4
el oMLl b ol el b SH L mel o1 b
3,5 Gadinaly 03 S )8 sl

e Ad S 0T o)l s a5 Slayls gad 5 Slawlows
spame $lgn SO G s sl 4l p3 S S
e b 5 (o g Sy S5 (e Hlgzr O pls 5o 0l
o b Sl sline L 55 ol o33 b o Ll (il Ly s
DS OTL & RF 55 o3 4l 55 byl sad & a5 1 K05
g JE S K PR e U P PRGN P
RE (i sl 052 s (oo b 53 nlple 55 08
£33 el )2 03,5 58 03 5d o oslaiwl (glas b S 5l aS
sl b 5o a8 Sl g gty oo i 4 gibte ;8 (g)l0L
55,8 Gl

<>

(Jsl a-b) B,=0.14 (I3 a1y 56 las cla pind [S&
ns e 015 k=0.99 ,k=0 I,
(p52 40 P7=1.8 (3l 415 56 (gLab (slo oo )+ S
A 0 0L k=0.99 sk=0 &l
Vesd la JSi Sl men ¥ 5 slad s 5147 (5 sk
3 k=0 (ol 56 las o b L Jol a5 (Cldy
ol eIl p a3 axb s Lol Alos S5 3L 3 &l i k=0.99
o=l S Al ool O s k=0.99 5k=0 ¢l b 2
Qu}iJg_i:)}»); ijbjl,w\j_jgw:}&';j\)jbdu
S (m) 4 05 Ol g 3) e 3 sl 4l )3 Wb Com 0
B bl b Ol s JSi 5550 03 (ol bl & ks
a5 L0l oo by Gl BLE L8, ol ply 3L
3P bl el pssasl o bl S B el
by Calibes LLE Hlidy o i)l Sl 55Q 98 )l

255 o saP bl aeg bl ol ey

—k=0
e k=0.99 o)

3 k=0 6l (Jsh ab) B,=0.14 (15l s 506 slas Gla iy -1 PO
k=0.99

&, --nd

SN
St S e
N e ‘Egg "
l

-1.5

——k=0
—k=0.99 -4

2k=0 I - (ps> 4>b) B=1.8 lilas 56 lab sla ol =V o S
k=0.99



<>

References:

1. R.E. March, “Quadrupole Ion Trap Mass
Spectrometer,” Wiley (1997).

2. R.E. March, “Journal of Mass Spectrometry,”
An introduction to quadrupole ion trap mass
spectrometry. 32, 351-369 (1997).

3. RE. March. “Quadrupole ion trap mass
spectrometry a view at the turn of the century,”
Int. J.Mass Spectrometry, 200, 285-312 (2000).

4. E.D. Hoffmann, Vincent Strootant, “Mass
Spectrometry, Principles and Applications,”
Wiley, (2003).

5. S.M. Sadat Kiai, J. Andre, Y. Zerega, G.
Brincourt, R. Catella, “Study of a quadrupole
ion trap supplied with a periodic impulsional
potential,” Int. J.Mass Spectrum. Ion Processes,

107,191-203 (1991).

6. S.M. Sadat Kiai, “Confinement of ions in a
radio frequency quadrupole ion trap supplied
with a periodic impulsional potential,” Int. J.
Mass Spectrum, 188,177-182 (1999).

7. L s Sy ges” ‘6:[:5 Sl e (83903 .C“’)‘):\ﬁ £
1A “CRF (o8 )l O pls 5 ¢Sk ol s s
OFAF) N YN A 40 ed g (glanan

&Fcﬁﬂx.ﬂﬁ]ﬂ_ Syl Ik 4t

8. S.M. Sadat Kiai, M. Baradaran, “Impulsional
mode operation for a paul ion trap,” Int. J. Mass
Spectrum. 247,61 (2005).

9. s oo e OLKen 5SS Slslu o 013l g
“esla et S L YL SSE a5 L RF (6 Jler 0

VPAF) 144 cigin (glatn il S

10.L.A. Pipes, “Martix solution of equations of the
Mathieu-Hill type,” J. Appl. Phys, 24, 902 (1953).

11.P.H. Dawson, “A detailed study of the
quadrupole mass filter,” Int. J. Mass Spectrum.
Ion Phys. 14, 313-337 (1974).

12.P.H. Dawson and C. Lambert, “A detailed
study of the quadrupole ion trap,” Int. J. Mass
Spectrum. Ion Phys, 16, 269 (1975).

13.P.H. Dawson, “Higher zones of stability for the
quadrupole mass filter,” J. Vac. Sci. Technol,
11, 1151 (1974).

14.X. Zhu and D. Qi, “Characteristic of trapped
ions in the second stability region of a pual
trap,” J. of Modern Optics, 39, 291-303 (1992).



