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Abstract

This paper explains the effect of pressure on separation factor, resolving power (defined based on a single peak), and resolution (defined bas
two adjacent peaks) in ion mobility spectrometry. IMS spectra were recorded at various pressures ranging from 39 hPa (29 Torr) up to atmospt
pressure and various ion gates ranging from 50 to225 he results show that the IMS peaks shift perfectly linear with pressure so that separation
factors remain unaffected by pressure. However, pressure has strong influence on resolving power and resolution. Reducing pressure at col
pulse width decreases the resolving power and resolution. On the other hand, the decrease in resolution can be compensated by shortening t
pulse width since reducing pressure results in a higher ion current.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction parameters. Their results show that IMS resolution is directly
proportional to the square root of the potential across the drift
lon mobility spectrometry (IMS) is a technique mostly usedregion and inversely proportional to the square root of the drift
for detection and monitoring chemical warfare agents, explogas temperature. Siems et |2] in their study on IMS reso-
sives and drugs of abug&—3]. It is also used for the mon- lution illustrated that peak widths are wider than contributions
itoring potential atmospheric pollutants as well as examiningrom initial pulse width and diffusion predict. They suggested
the conformation of peptidegl] and proteing5] in the gas that the discrepancy between experimental and calculations is
phase. due mainlyto electric field inhomogeneity and Coulombic repul-
InIMS, ions are separated according to theirindividual velocsion. Dugourd et al[13] described a high-resolution IMS to
ities as they drift through an inert gas driven by an electric fieldresolve and study the isomers with similar compact structures.
[6-9]. As for any other separation technique, the ability of anThey employed a specialion gate and reported aresolving power,
IMS instrument to resolve two closely spaced peaks is of conwhich was an order of magnitude higher than that achieved using
siderable interest. High-resolution IMS instruments can resolveonventional injected ion drift tube techniques.
structural isomers and provide an accurate measure of their aver- The temperature dependency of IMS peaks has also been
age collision cross-section. investigated12,14]. It has been experimentally and theoreti-
Resolution of IMS and its dependency on various experimeneally shown that the resolving power is inversely proportional
tal parameters such as temperature, the applied voltage and tteethe square root of the drift gas temperat[irgé]. However,
pulse duration has been the subject of a number of studies. A th#&-was shown in our previous work that the peak-to-peak reso-
ory was developed by Spangler and Collins to describe the shapgtion may increase with temperature in some cd%é% The
of ion peak in IMS[10]. Considering the initial pulse width and increase or decrease in resolution at elevated temperatures has
diffusion of ions, Hill and co-workerEl1] derived an equation been attributed to different hydration and clustering tendency of
for the dependence of IMS resolution on various instrumentaions.
In addition, the use of different drift gases to alter separa-
tion factors in ion mobility spectrometry has been demonstrated
« Corresponding author. Tel.: +98 311 3913272; fax: +98 311 3012350, L +>,16]- Separation factors were shown to be influenced by the
E-mail address: m-tabriz@cc.iut.ac.ir (M. Tabrizchi). drift gas polarizability. Therefore, two closely peaks may be
1 Regular Associate of the Abdus Salam ICTP. resolved using an appropriate drift gas. Finally, an expanded
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trometer was derived by Spang[&7]. ;

Although the effect of drift voltage, gate pulse width and the 108 ILITT ] |
shape and, temperature, drift time, and the effect of instrument ‘ﬁ-;—“ 7
dimensions as well as the drift gas on resolving power of IMS 54 |
peaks have been studied, the effect of pressure has not beer 332 i
experimentally investigated. In this paper the effect of drift gas 373 L A
pressure on separation factors, resolving power and resolution i‘z};
of IMS peaks will be discussed. 583
624

2. Experimental 680 v
739

776 hPa -

theory for the resolving power of a linear ion mobility spec-
39 IlH

The corona discharge ion mobility spectrometer used in this
work was constructed in our laboratory at Isfahan University ... .. o0
of Technology. A detailed description of the instrument can be ¢ 5 10 15 20 s 30
found in referencg18]. The IMS cell was specially designed Drift Time (ms)
to allow reducing pressure inside the drift tube. The cell wasig. 1. jon mobility spectra of methyl-iso-butyl ketone at different pressures.
made of glass tube, 27cm long and 36 mm inner diameter,

with interchangeable ST conical joins on both ends. The seal- ] . )
ing was achieved by the use of precisely machined caps ofented. The first peak is the reactant ion peak (RIP) and the

both ends. The guard rings were mounted outside the glag§cond and the third are thought to be the protonated monomer
tube, where they always were exposed to atmospheric pressufd dimer, respectively. This figure shows that as pressure
This configuration prevents sparking between the guard ringgduces, the peaks get closer to each other so that the drift
when the pressure inside the glass tube is reduced. The cell wi§'es as well as their separations shorten by the same ratio.
evacuated using a rotary vacuum pump via a glass—Teflon taphis means t_hat the separation fac;tor remains unchanged when
Two needle valves were employed to control the flow of thePressure varies, as it is clear frdfig. 2in which the spectra
drift gas (nitrogen) and the sample. Desired pressure could b&ere reduced to a reference peak by dividing the drift times
obtained by adjusting the inlet and outlet valves. Pressure couf@ the drift time of the reactant ion peak (RIP, H@),"). All
be adjusted between ambient pressure and 20 hPa (15 Torr) afRectra superimpose on each other, i.e. the relative separations
was measured by a digital barometer (Afzar Azma JMB-30R)"€main unchanged upon changing pressure. This is consistent
The drift tube was operating at ambient temperature (*@5 with Mgson—Shamp theory in which the drift time is Imearly
and the electric field was about 270 V/cm. The pulse generaRroportional to number density (pressure), hence the relative
tor was able to apply sharp and short pulses from 20 tou300 dr_|ft Flme_s are predicted to be invariant with pressure. However,
for opening the shutter grid. A fast analog to digital converterhis is different from what was observed for the case of tem-
(ADC-212 Picotech) was employed to record spectra. |Onizapera§ure[14]. Such a different behavior has been attributed t_o
tion was achieved by corona discharge with a point-to-rindhe different effects of temperature and pressure on declustering
geometry. ?ngc; dehydration of ions, which was fully discussed in reference
19].

l‘{IP Munurlner [)im!er

3. Results and discussion

. RIP Monomer Dimer

Inthe presentwork, the effect of reducing pressure on the sep-

aration factor, the resolving power, and resolution was evaluated
and will be presented in the following sections.

39

3.1. Separation factors

The separation factas, is defined for two adjacent peaks as
the ratio of the their corresponding drift times.

o= 2 1)

Id1
Separation factor plays a major role in determining resolution.
Separation of two peaks is proportional to the value efdl
Separation factor was proved to be affected by temperature[14] 3
and drift gag15]. However, separation factor was observed to

_be independent of pressure. FF“U 1, IMS spectra for methyl 5 > Normalized ion mobility spectra of methigb-butyl ketone at different
iso-buthyl ketone (MIBK) in various pressures have been prepressures. The drift times were normalized to the drift time of the reactant ion.

776 hPa J, )
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3.2. Resolving power 60
| |
The generally accepted resolving powsy, for IMS is based 50 [Entrance gate = 50 ms
on single-peakl?2], which is defined as
t, 5 40
Rp= 3 @
W12 50
2o
wheretq is the ion drift time and¥y2 the ion pulse duration at '§ 225 ms
the detector measured at half of the maximal intensity. The drift 2 20
time of an ion is related to the drift length, electric field in
which the ion is drifting,E, and the mobility of the ionkK as 10
following [7]
1q= L 3) ! 0 200 400 600 800
KE

Pressure (hPa)
The peak width of an IMS peak can be attributed to different_

. . e . . . Fig. 3. Predicted and measured resolving power with different gate widths
broadening mechanism: initial pulse width, diffusion, charge 9 gp g

- 4 . ) o at various pressures. E() was used for calculation of theoretical resolving
repulsion, ion—-molecule reaction, and inhomogeneity in thgower.

electric field. The two first mechanisms are the major factors

determining the shape and the width of the IMS peaks. So that

The expected behavior was practically examined by mea-

W12/2 = Wg + W§ (4) suring IMS resolving power as a function of pressure at various
whereW, is the width of initial pulse gated into the drift at half- €ntrance gate widths. The primary reactantion was used to mea-
height and¥4 the width at half-height of the Gaussian peak thatSure instrument resolution at selected pressures. The results are
WOUId be produced by diffusiona' broadening Of an |nf|n|te|y i”ustrated |nF|g 3. The data f|t rea.sona.bly We" in annCtion Of
narrow initial pulse Wy can be derived from the temporal dura- Rp =[(Wo/BP)?+38] -2 whereg ands are the fitting parameters.

tion of an IMS peak as followin§l2], Eq. (7) reveals that, as pressure goes to zero, regardless of the
initial pulse duration, the resolving power goes to zero too; this
_ (16In2%T 1/2 (5) behavior is clear frorfrig. 4. On the other hand, although resolv-
4= gEL d ing power increases with pressure, as &g.shows, it cannot

exceed a certain value. This value, or the diffusion limited resolv-
ing power (R =¢EL/16 In 2kT) is pressure independent. For the
1 ©6) narrowest pulse width and at elevated pressures, the resolving
1/2 i i
((Wg/tg) 4 (16In 2kT/qEL)) / power is almost independent of pressure.

Combining Eqgs(2), (4) and(5) yields

Rp:

The theoretical influence of pressure on resolving power can

be realized from Eq(6). In this equation, onlyq is pressure 3.3. Resolution

dependent. As shown befoj#9], 14 is linearly proportional to

the pressure. Thus, the effect of pressure on resolving power The separation efficiency of IMS may also be measured in
is expected to be similar to the drift time effect that has beef€rms of peak-to-peak resolutioR,—p, defined on the basis of
investigated by Hill and co-workef&1]. If ¢4 in Eq. (6) is sub-

stituted withBP where,§ is an appropriate coefficient, then the

resolving power can be expressed as; -
1

Rp B (7) ono: o

((W2/(BPY?) + (16In %T/qEL))""? -

Dimer
This equation shows that at constant temperature and electric
field, resolving power generally increases with pressure. How-
ever, the rate of increase depends on the initial pulse width and
the pressure range. For wide pulses, the term (16 In 2kT/qEL)
can be neglected. Then the resolving power gently increases
with pressure. Conversely, for short pulses, the t&gsP is
important only at low pressures. Consequently, at low pressures, . ' : : : . ' :
the resolving power increases rapidly but at high pressures, it o i & = - * o = =
approaches an asymptotic valuegdiL./16 In 2kT. This value is Drift time/ms
;Jesually referred to the diffusion limited resolving pow@d],  rig. 4. 1on mobility spectra of cyclohexanone and MIBK at ambient
d- pressure.

Cyclohexanone
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and wp1 and wp their respective widths at the base. The two

resolutions are connected together by References

a—1

Rp—p — 0.589Rp (9) [1] H.H. Hill, W.F. Siems, R.H. St. Louis, D.G. McMinn, Anal. Chem. 62

(1990) 1201A.

. - [2] L. Cao, P.B. Harrington, C. Liu, Anal. Chem. 76 (2004) 2859-2868.
wherea is the separation fathﬂ4]' It was shown that the [3] G.A. Eiceman, lon Mobility Spectrometry, CRC Press, Boca Raton,

separation factor is not affected by pressure. Thus, the behav-" 1993
ior of the resolving power and peak-to-peak resolution would [4] G. von Helden, T. Wyttenbach, M.T. Bowers, Science 267 (1995)
be the same upon changing pressure. Therefore, the resolution 1483.
decreases with reducing pressure. This was practically examl®! D-E. Clemmer, R.R. Hudgins, M.F. Jarrold, J. Am. Chem. Soc. 117

. . (1995) 10141.
ined by recordlng IMS spectra of CyCIOhexanone and MIBK [6] T.W. Carr, Plasma Chromatography, Plenum Press, New York, 1984.

with partially overlapping monomer peaks (Fig. 4) at various [7] G.A. Eiceman, lon Mobility Spectrometry, CRC Press, Boca Raton,
pressures. 1993.

The resolution gets worse by decreasing pressure. Howeveig] G.A. Eiceman, Crit. Rev. Anal. Chem. 22 (1991) 17.
as Eq(7) shows, reducing the gate width compensated the negaLg] R.H. St. mels, H.HHHlll,Ifrlt. Revi Anhal. Chem. m21 (1990) 321.
tive effect of reducing pressure on resolution. Similar result Wafol G.E. Spangler, I. Ch. Collins, Anal. Chem. 47 (1975) 403.

R Jhl] M.A. Rokushika, H. Hantano, M.A. Baim, H.H. Hill Jr., Anal. Chem.
observed for the case of ethyl-acetate and amyl-acetate, whiCh" 57 (19g5) 1002.

have overlapping spectra at ambient pressure. [12] W.F. Siems, Ch. Wu, E.E. Tarver, H.H. Hill Jr., P.R. Laesen, D.G. M,
Anal. Chem. 66 (4195) (1994).
4. Conclusions [13] Ph. Dogourd, R.R. Hudgins, D.E. Clemmer, M.F. Jarrold, Rev. Sci.

Instrum. 68 (1997) 1122.

. . . 14] M. Tabrizchi, Talanta 62 (2004) 665.
The changes in separation factor, resolving power, and re$rs) g r. Asbury, H.H. Hill, Anal Chem. 72 (2000) 580-584.

olution have been studied varying the pressure in IMS belowi6] M. Tabrizchi, T. Khayamian, Int. J. lon Mobility Spectr. 4 (1) (2001)
the ambient pressure. Results show that unlike increasing tem- 52-56.

perature, reducing pressure has no effect on separation factdtg! 3-E-stp‘?‘”%'?f!':'“th3- r':/l?sr? SPedC”-R 220 ézc_)o? 3;99- 25 11 (2004
but decreases the resolving power and resolution. However, ]46563422(1 h F. Rouholahnejad, Rev. Sci. Instrum. 75 (11) (2004)
reduced pressure the ion current is high enough to allpw USINGg] M. Tabrizchi, F. Rouholahnejad, Phys. D Appl. Phys. 38 (2005)
narrower gate widths to partially compensate the negative effect gs7-ge2.

of decreasing pressure on resolution. [20] G.R. Asbury, H.H. Hill Jr., J. Microcolumn Sep. 12 (2000) 172-178.



