Pacific Northwest
NATIONAL LABORATORY

Overview Methods Results Conclusions
e “Pan-omics” MS-based measurements || ¢ Initial designs have 0.75 mm central electrodes with || ], Pseudo Potential Well and Effects of Voltage and Geometry o . . o
benefit greatly from IMS separations. adjacent electrodes of opposite polarity superimposed _ (D) e —— *lon modeling/simulations have guided initia
. L . with a DC aradient e - _10mm SLIM design, and subsequent refinements
e IMS resolving power is limited by applied g - R | 1 — . Cl ¢ cimulat h
electric field and length of drift region. - Central electrodes are flanked by guard electrodes that o 5 0sé agreement of simulations —wit
provide confinement in XY plane using a DC bias e o |2 o Goardclctrodes bias 1) experiment give confidence in models for
Ragpuomtioid = 55 | 5573 * Two planes of parallel electrodes are assembled together © e e (2207 S| r (|| simulation-driven design
- - L 25 40— s ﬁ N e Geometries and voltages can be used
] N for trapping and manipulating ions. ho £ == — )@\ ot f Ot | _
BT = y 0 E-( £ appropriately for manipulating ions in
X Tt S D
R_zz(Rdiffusionlimited)_z'l'(Rgatelimited)_z ,Z //’" Rung Electrode T_,z . . _ . = 04-10 -5 0 5 10 < 40- —Tn:lm 15 SpeCIfIC reglons to expand appllcatlons to
“EAIMS. DMS. TW. Cvolofron devices are %- Trrrn 10 mm rung.electroee width ; guard bias 10 Volts ; RF 0.72-MHz 200 VD_D. - mm - olts - more complex manlpulatlons
: : , LY %’/ |“"“““”|“mm 1 (a) Pseudo-potential well in the XZ and XY planes. (b) Trapping well profiles at different guard bias voltages. (c) Pseudo-potential
exampl_es of systems tha.t atiempt at gas "'o%/// . ... well at different rung electrode widths A k ' d
phase ion processing to improve or alter Suard Electrode—? ™ .\ . . . cKnowie gements
mobility resolving power. 2.3 SV R V. 2. Lossless lon Transport and Mobility Separations Using SLIM Devices | |
 However, previously developed devices Upc- (N-1)dU + (-1)" Ve meer ) eelpoope (b) 12000 | E/N (Townsends) rorons o] fis work was supported by NIH
P yREIEVEIOPS I § e @ R © L e e s 1s National Institute of General Medical Sciences (
have been incurred significant ion losses 123 ) s e e . | | | | W 4 10000 - e 70 A P41 GM103493) and under the LDRD Program at
+ lon manipulation devices that can provide el s X[ | ————— = 000 e || e the Pacific Northwest National Laboratory. Work
gas phase ion manipulation are very - | Y S 4000 £ 30 . Simulation Sciences  Laboratory, a DOE OBER national
attractive (SLIM devices).  Simulation methods have been applied to these E 2000 2 fg Theory sC|ent|f|c.user facility on the PNNL campus. PNNL
. . . . eometries to elucidate the device performance in terms ‘ s 7 o Vo l = Experiment l IS a multiprogram national laboratory operated by
t-f:2e(;]()ere'g(;al{cgl;r]epl;trité%nal evaluation of ?)f botentials and ion trajectories P 5 mm central electrode, 5mm board gap 0 . . TR ° 0 4 8 12 16 20 Battelle for the DOE under contract DE-ACO5-
VICES IS Pres - 0.72 MHz , 200 V,,, RF, 5V guard bias Electric Field (V/cm) Electric Field (V/cm) 76RL01830.
. Potential Well Depth lon Trajectory (a) lon trajectories calculated by SIMION in a single straight SLIM unit. (b) Simulated and theoretical mean arrival time (m/z
Introduction Calculatlons Simulations 1222) through a single SLIM unit. (c) Calculated, theoretical and experimental resolving power through 6 SLIM units (63.2cm References
»Using printed circuit board technology |[|&= e me =1|| long)
planar devices for efiicient ion rapping || Fgzfmaey” t2 M == - 3. Lossless and Complex Manipulations of lons in SLIM Devices 1. Analytical Chemistry, 85(1), 10-13
and drlft have been constructed ol = oo [ . | 2. Analytical Chemistry, 80(24), 9689-9699
, ,A . w = J e J:}Q EEas e | 0 Transmission = 48% | Transmission = 100% Voltage Op_tlmlza_tlon I.S essential to e.xec_ute a 3. Ana ytica qumistry’ 81(4), 1482-1487
e e e e S E 90° turn. Simulation directed characterization of || 4. Rapid Comm., 13(5), 422-431
a 0 . . fav Vo= [V performance of turns achieved 100%
| ; V7=Vs—1 [E]guard 7= Vs T E]guard ransmission in  simulations, ~which  was || coNTACT: Sandilya V.B. Garimella, Ph.D
jEr lii— = 0 § replicated in experiments. Simulations were || gigogical Sciences Division o
- | Ve = Vg — 0.5 [%] d Ve = Vs — 1* [% used to refine designs. Pacific Northwest National Laboratory
0 [V0rsl? 0 o uare | | | - E-mail: sandilya.garimella@pnnl.gov
@ = —— + Op¢ . . Simulations show a selected ion mobility (m/z
- - - 4m “ CAD deSIgnS Were Switch Configuration Transmission | Switch Resolving 1522) was Cynamlca”y SWItChed |nt0 an Career Opportunltles For pOtentlaI Openlngs In
o Stralght, Tee, Elbow form the basic U.nltS Ad): 0 |mp0rted iInto SIMION Efficiency(%) | Efficiency (%) |Power orthogonal SLIM channel The same polarity the Omics Separations and Mass Spectrometry
which can be assembled to make devices ||, Solving the  pseudo- 8.1. N /o B9 Normal straight - 100 A 1 electrodes in the Tee inter-section contributed || Department at PNNL please contact:
for complex ion manipulation. ootential well depth. » SDS collisions model for Normal switch %@W 999 100 21 to loss of pseudo-potential and thereby loss of || Dick Smith at rds@pnnl.gov
e Systematic studies of potentials and ion Finite Difference  Method lon-neutral interaction. .m/z 1522 : R ions to electrodes. ~8% loss of resolving || Josh Adkins at Joshua.Adkins@pnnl.gov
. . . . . ® tr?ngrtczr sW||tclh telictl;c:rele _—J 90.8 100 13.1 ] ] ]
motion characteristics in these devices are . .  SIMION user codes for l....‘ i ....l i _ power is seen against comparable straight :
. . for numerical solution. . - . " - . www.omics.onl.aov
essential for proof-of-concept, design, ||, 1 i e aniodon applying RF and DC TR | - " section due to race track effect. These losses - Pni.g
development and implementation. P | potentials. I e was recovered through design iterations.



mailto:rds@pnnl.gov
mailto:Joshua.Adkins@pnnl.gov

	Slide Number 1

