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Not presenting a-m, amplitude modulation details.

F = qE
Typically….
Gaussian surface
kV applied, 
Low nL/sec flow
Scan time, 1 s or faster
2 mass decades
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+/- Droplets follow the same trajectories,17.
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nanoLiter Dispense of Bradykinin on to MALDI Plate             T. Tu & Prof. M. Gross, et al , WUSTL



Excellent PMMA Crystals. nLs Typically Yields 20 x or More Sensitivity Increase.

Prof. J. Harmon, et al, USF

nL dispensing yields excellent crystals
& > 20 x Increase in sensitivity or more
For MALDI and SIMS typically.! 

100 nLs PMMA Deposition

C:\users\asauter\download\nanoliter25.wmv

< Cross Polarized hV Image.

Note poor 0.5 uL “crystals,” and high MS noise. 
Note spatial concentration of sample EtOH/H2O. 



Dr. Gillen, NIST Showed nLs of Viscous Liquid Improves SIMS Sensitivity by 100x, RDX & Cocaine.

Dispensing nLs of viscous glycerol droplets over inkjet, tetrabutyl ammonium iodide + analyte deposits, C60+, dynamic SIMS.



Single Channel Dispensing for DOD. 

Used in 4 Classified DOD nL Dispensing Projects. Natick, ECBC, APG,MD, Dugway PG and Tyndall AFB.

http://www.nanoliter.com/armyposter.pdf

50 nLs 3x >

nLs ONTO nLs INTO

E

ASMS Army Poster, APG MD.



3 EXAMPLES OF PARALLEL ROBOTIC MILLISECOND nL DISPENSING via IBF. 

Highly Parallel 384 Channel 150 nL Directed Dispense (EtOH/H2O) Regular Tips. Drew Sauter

1 second/8 channel/50 nL EtOH/H2O 

IBF 384 parallel 250 nL dispense using normal tips.

E

https://www.youtube.com/watch?v=jwaK2ntxybg

Single Channel Spark Alias 
200 milliseconds/dispense.

384 Channel Dispense, ca. 1 Millisecond !

https://www.youtube.com/watch?v=jwaK2ntxybg
https://www.youtube.com/watch?v=jwaK2ntxybg


Wall-less kinetics. Pure R&D.

Prof. Alexander Scheeline, et al, U. Illinois, Urbana.     

300 nL shot into levitated 3.0 uL

.  Edward T. Chainani , Woo-Hyuck Choi , Khanh T. Ngo , and Alexander Scheeline, Mixing in Colliding, Ultrasonically Levitated Drops, Anal. Chem., Publication Date 
(Web): January 24, 2014 Copyright © 2014 American Chemical Society, Manuscript DOI: 10.1021/ac403968d  

LIQUID LEVITATION/DEPOSITION

Fred said, WOW!

300 nLs shot >>>> into levitated 3.0 uL.

3.0 uL



SINGLE CELL (Neuron) MALDI PAPER  Wisconsin (Jarecki, Vestling, Stretton)
identified 6 unique proteins via IBF MALDI.

Jarecki, J.L.,Anderson,K., Konop,C.J., Knickelbine, J.J., Vestling, M. M. and Stretton, A.O.,Mapping Neuropeptide
Experssion by Mass Spectrometry in Single Dissected
Neurons from Dorsal Ganglion of Nematode Ascaris suum. ACS Chemical Neuroscience, 2010,1:505-519.

Millisecond Robotic Dispensing
for Spark Holland, Alias’s Dispenser. Sauter. 
https://m.youtube.com/watch?v=cv1xWiyDgoM

PTM of a Tublin (Glycosolation) found in brain cancer samples due to est. 100x increase in MALDI sensitivity.
NIH (Yergey, A., (RIP)), 
Personal com. 2008.

Parallel LC/MALDI of Dyes Demonstrated for Dr. Bill Davidson, Sciex. Offer to license, twice. Reorg killed the deal.

DART improved by 10 to 100x for analysis of drugs via IBF in 2010 at ASMS. Cody, R. et al, ASMS 2010 poster, Saple Preparation and 

Sample Presentation for Direct Analysis in Real Time (DART), Salt Lake City, UT, June2010. IBF Sample Prep, Presentation to DART, ASMS 2010 poster w/JEOL.

Genetech, Dr. Vatta, et al, Proteins and Peptide, MALDI 50 nL deposition ion current equals .1.0 uL deposition.
http://www.nanoliter.com/contactus.htm. 

More nanoLiter IBF Dispensing Applications & Results…..
(See video & reference links below.)

)

http://www.nanoliter.com/Asms_2010_poster_TP24_for_upload.pdf


Traditional ESI.
Most sample is lost due to 1. E field dispersion and 2. like charge droplet repulsion.

E

IBF

No Large Cone-jet
All-in

When I showed this to Professor
Fenn, he said, ”Thank you
for giving me something to think about.”

Traditional ESI Spray vs IBF “ESI” Droplets.

E

E

Large cone-jet does NOT form!
So dispersive lines of force do not form ! 

From yflow.comUsed With Permission of Professor Francis Beaudry

https://www.youtube.com/watch?v=skvG1oxdE9o

Not to scale

https://www.google.com/url?sa=i&url=http://www.yflow.com/electrospray/&psig=AOvVaw0spD4Ln4jgr-sYXeT1miLT&ust=1584329360367000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCMiBo4rFm-gCFQAAAAAdAAAAABAm
https://www.google.com/url?sa=i&url=http://www.yflow.com/electrospray/&psig=AOvVaw0spD4Ln4jgr-sYXeT1miLT&ust=1584329360367000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCMiBo4rFm-gCFQAAAAAdAAAAABAm
https://www.youtube.com/watch?v=skvG1oxdE9o


Enthalpy of hydration of alkali metal cations and relative ion abundances. Acquired by 
our work and that published by Van Dorsslaer

Enthalpy of % Relative Ion Abundance
Cation   Hydration (kJ/mole)   ESI, H2O* 50% MeOH/H2O IBF, 

Cs+ 260 100 100

Rb+ 290 SPRAY 60 63  Droplet
K+ 335 20 44

Na+ 405 7 16
Li+ 535                                       2 0

* E. Leize, A. Jaffrezic, A. Van Dorsselaer, JMS, Vol., 31, 537-544,1996. Q&D on the floor at Pittcon 2009. 

IBF Droplets & ESI Sprays Produce “Similar” MS For Alkali Metals, Oligonucleotides, (20 mers). 

Equi-u-molar Alkali metals, LV EPA Equimolar (5 pmol/uL) of oligonucleotides. UC

20-mer—LG (5’-ACA TCT CCC CTA CCG CTA TA-3’) and 20-m-HG (5’-
CGG CGG TGG CGG CTG TTGCT-3’)… Promass Mass Deconvolution of 
molecular ions.

IBF
Droplet

Spray

IBF
Droplet



For Droplets, nL Peak Shapes, Very SHARP. Little Wall interaction, Very Different Systems. Helps Standardize Input.
Also, rate of programmed sample input can be 100-1000 x that of continuous spray. (Best Results = Energy Programmed.)

Precision can approach, ca. 5% RSD.  ESI MS systems can handle much larger nL volumes quite easily.  Note nLs > fLs ,rapidly for desolvattion!

Penicillin, +eV,  TIC    Lanthanide tetra nitrate –eV ion

m/z 422.9, [Lu(NO3)4]- from 400 to 470, 3 sec/scan.

Manual infusion TIC. under-
sampled, with poor ca. 3 s. injections. 
Unipolar, +eV.  LTQ, TIC, NSC

Infusion Bipolar Android 
Programmable Source, 2s.
+eV, LTQ, TIC, U Cin.

Digital bipolar 3 second shots. Bruker u-ToF. INL
http://www.youtube.com/watch?v=mzMDdFul6hE

MS/MS, 5 Nucleoside mix. 25 Pesticide Screen ca. 1 Hz
Digital Device 

+ eV, TIC, LCQ MS via nL Prog
Wave 75% fs, 50 nL, droplets.
Ca. 1 % formic, Caltech, 8/18
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In all of the above examples a droplet, ca. 50/100 nL was shot at ca. 1 m/s yielding the sharp ion current peaks from the droplets.

Analogue Device                                          Digital Device                                                      Digital Device  



Cs+ n=10, 7.9%. m/z= 133, 50 nLs.,  

TIC, 50nLs, ppm metal mix, n=3, RSD 2.5%

IBF yields excellent dn/dt into source & hence reproducible di/dt! 

Direct Urine Analysis TIC 3X.
Plus 3x, Urea + Aspirin, 50 nL mass spec. 

60 pg ketamine, 50 nLs,  
m/z 238, N=10 RSD = 11.0%

Very Early IBF data, + eV, reflectron, JEOL ToF, 10 Hz, 20-2000 amu.

UREA                               Aspirin 

500 mmol/d, 2%?



IBF Droplet Infusion, Examples of Mixtures Analyzed via JOEL TOF, +eV, w/ Stable 

Labelled Isotopes.

Ten Drugs Of Abuse

Coffee

10 Drugs

Cells/Saliva

Triplicate



Positive ion profiles generated by individual drops.  a.  Total ion current.  b.  [M(NO3)2(CMPO)]+.  c.  [M(NO3)(CMPO)2]2+.  Blue = Ce3+, Green = Tb3+, Red = Lu3+.

ENTIRE LANTHANIDE SERTIES OF ELEMENTS (CHELATES) ANALYZED FIA w/ PROGRAMMED IBF ENERGY, (Ce below.)

From Gaussian Surfaces, EtOH/H2O @ 17 nLs/sec for FIA, (1)  CMPO, +eV, cNO3x –eV) .

By programming the droplet energy, we can launch on command and we don’t need to spray, placing 100% into the MS. Also, the background is very low aiding the attainment of fg and ag 
detection limits WITHOUT optimization and there’s no faradaic processes, as the energy introduction process in inductive.  For very rapid programmed energy, we can get streams, and if you want  
Note that this nanoLiter Cool Wave system has other proprietary issues that we cannot, now divulge`` CMPO = octyl.phenyl, (N,N-diisobutyl carbamoyl)tethy phosphine oxide).

Dr. G. Groenewold, et al, USDOE, Idaho National Lab
http://www.youtube.com/watch?v=cv1xWiyDgoM&context=C4caf0caADvjVQa1PpcFNGAEfH1ViRHiG8PuuZPdpYT4pgDS2M82k=

Groenewold, Gary; Sauter, Andrew; Sauter, Andrew, III, Rapid Analysis of Single Droplets of Lanthanide-Ligand Solutions by Electrospray Ionization Mass Spectrometry using an Induction 
Based Fluidics Source, Anal. Chem.published, ACS http://pubs.acs.org/doi/abs/10.1021/ac400863g?journalCode=ancham. E-mail: gary.groenewold@inl.gov. Poster presented ASMS 2013. 

http://www.youtube.com/watch?v=cv1xWiyDgoM&context=C4caf0caADvjVQa1PpcFNGAEfH1ViRHiG8PuuZPdpYT4pgDS2M82k=
http://pubs.acs.org/doi/abs/10.1021/ac400863g?journalCode=ancham


Infusion profiles of a series of individual droplets.  a.  Total ion profile, showing five different frequencies.  b.  extracted ion profile of m/z 422.9, [Lu(NO3)4]- from 400 to 500 sec.

100 determinations of 30 Solutions of +eV and – eV Lanthanide chelates analyzed in ca. 2 hours.

Ln-CMPO solutions, Digital control of pulsing, ~100  nL droplets, Anion mode. 17 nLs/sec.                     

IBF Droplets, Fast (msec.), 100%, Input Efficient IBF Sample Introduction of m/z 422.9, [Lu(NO3)4]-

See Analytical  Chem. Papers (1,2).



Accurate Isotope Ratios. Lanthanide Chelates. (Ce, Tb, and Lu) 
Infusion Only. No Plasma Needed !!! INL.

Comparison of abundances of minor isotopes with theoretical values.  Black lines represent measured values.  
Yellow bars are the theoretical abundances of the minor isotopes. (16). IBF only, NO PLASMA! 

Substituting the IBF 
source for the standard 
ESI source did not 
appear to compromise 
the function of the TOF 
mass spectrometer.  
The accurate m/z values  
for the nitrato clusters 
were within several 
ppm, and the relative 
abundances of the 
isotopic ions were  very 
close to theoretical. In 
this work, the entire 
Lanthanide series of 
elements was 
determined in 30 
solutions in +V and –eV 
at 100 determinations/ 
liquid in two hours. In 
one two day period 
6400 determinations 
were made via IBF only 
sample introduction, via 
a Bruker u-ToF,  
WITHOUT A PLASMA 
(16). 



nanoLiters of a Lithium battery electrolyte w/fire retardants shot directly into a HRMS @ INL. 

Work of G. Groenewold, et al @ Idaho Nat’l Lab.

• Temporal profiles

• 100 nL, manually launched, below.

• 35 nL, field induced, @ 0.5 Hz, not shown

60 64 68 72 76 80 84

0.0

1.0x10
4

2.0x10
4

3.0x10
4

4.0x10
4

5.0x10
4

6.0x10
4

7.0x10
4

8.0x10
4

Extracted ion chromatograms, 100 nL droplets

[(4,2)H]
+

[(4,2)Li]
+

in
te

n
s
it
y

time (sec)

 538

 520

 514

[(4,2)Li(H
2
O)]

+

500 550 600 650 700 750 800

0.0

1.0x10
4

2.0x10
4

3.0x10
4

4.0x10
4

5.0x10
4

66
2,

 [(
3,

3)
Li(

EC
)]+

78
6,

 [(
1,

5)
Li(

EM
C)

]+

78
0,

 [(
1,

5)
H(

EM
C)

]+

72
6,

 [(
2,

4)
H(

EM
C)

]+

67
8,

 [(
3,

3)
Li(

EM
C)

]+

52
0,

 [(
4,

2)
H]

+

62
4,

 [(
4,

2)
Li(

EC
)]+

53
8,

 [(
4,

2)
Li(

H 2O)
]+

59
2,

 [(
3,

3)
Li(

H 2O)
]+

46
0,

 [(
5,

1)
H]

+ 60
8,

 [(
4,

2)
Li(

EC
)]+

52
0,

 [(
4,

2)
Li]

+

48
4,

 [(
5,

1)
Li(

H 2O)
]+

71
2,

 [(
4,

2)
Li(

EC
) 2]+

56
4,

 [(
5,

1)
H(

EM
C)

]+

57
4,

 [(
3,

3)
Li]

+

46
6,

 [(
5,

1)
Li]

+

More ethoxylated
congeners (5,1), (4,2), and
(3,3) lithiate, and hydrate

(4,2) and (3,3) 
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IBF BASED  “ESI” UPLC MS & INFUSION, NUCLEOSIDES                                                      P.  Limbach, et al U. Cincinnati



THE PROGRAMMABLE WAVE ALSO MAKES EXCELLENT MALDI, SIMS, LDI CRYSTALS VIA THE SAME IBF DEVICE!
IT ALSO HAS WET LAB APPLICATIONS, e.g., TLC, and OTHER VERY COOL APPS (OVER).

Drew Sauter, nanoLiter LLC, 217 Garfield Drive, Henderson, NV, 89074, USA, nanoliter,com, adsauterjr@gmail.com. 

100% INPUT EFFICIENT ESI UPLC MS. ANDROID CONTROLLED,

ALLOWS YOU TO CREATE & CONTROL DROPLET ENERGY, IT’S WAVE ENERGY & VOLUME, POLARITY & LOCALE. 

Equimolar 5 pg/nL, spray, cap, tube v= 0, 2 sec, 40 min, PGC capillary 10 nL/sec,  cap temp = 275 C,  m/z range 50- 500?. LTQ-XL. 

Extracted ion chromatograms of nucleosides, top, cytidine, uridine, 5-methyluridine, adenosine, and 2’-O-methyladenosine separated on a PGC capillary column and introduced into the MS  by inductive 
charging. per  Asilomar 2016 at U. of Cincinnati with Drs. Ross & Limbach.  Also, see P. Limbach,  et al , JMS Oct. 2015.

A. Sauter III

XIC UPLC MS +eV 5 nucleosides (M + H)+

244

245

259

268

282

Cytidine

Uridine

M5U, 5-methyluridine

A, Adenosine

Am. 2”-o-methyl adenosine

mailto:adsauterjr@gmail.com


CAN IBF “ESI” MS INCREASE SENSITVITY BY 4 to 6 ORDERS OF MAGNITUDE ?

1. Shooting all of the sample inductively into the ion inlet tube, gets, ca. 100-1000x more moles into the MS.

2. Also, pulsing the energy can get ca. 100 to 1000x in moles/time into the ion inlet tube!

3. With PERFECT DESOLVATION 4 to 6 orders of magnitude sensitivity increase may be possible via our IP. 

All Gets In! + 

Digital bipolar 3 second shots. Bruker u-ToF. INL

(See references)

C:\users\asauter\download\videodroplet.mp4
(

NO LARGE CONE JET
MUCH LESS DISPERSION ! 
“ALL- IN” + PULSED INPUT !

http://nanoliter.com/references2019.pdf
https://m.youtube.com/watch?v=4YiTnz-UTcY


Android Cell Phone Energy Programmer for Simplicity.

Increase In ESI Sensitivity of 4-6 Order of Magnitude for MS of Cells + Optimized Desolvation Conditions?
.

The Best Inductive Energy Program & Other Conditions Will Yield Highest Sensitivity , (i.e., I/P or I/w). 
More Observations/Data Coming After Covid-19.  Seeking Collaborators.

Other variables include
Position
Energy
Polarity,
Mode thereof

Acquisition Parameters 
PW, 
Cycles,
Steps,
Applied Energy

Also
Solvents, Flow, Temp,

arrangements, etc.

E

Time

Energy Functions vs. Time.
Four selectable  wave functions



IBF, shooting a droplet up!

IBF Shooting droplets down w/ Spark Hollland robot!

IBF Shooting 100% of droplets  into a TOF, slow at 5sec/drop, Groenewold, G. , INL, AC June 2013.

IBF Shooting 100% of droplets into a TOF, fast,  ca. 2 Hz.

IBF 384 parallel 250 nL dispense using normal tips.

VIDEO CLIPS/PICS

INDUCTION BASED FLUIDICS FOR ESI, MALDI, SIMS, LDI and Dispensing apps.

IBF MALDI Gross JASMS Calibration Curve.

Android MALDI Dispenser and ESI Source.

IBF shooting a droplet into a TOF

Pure IBF research, Professor Scheeline, U of Illinois, AC Jan 2014.

Miscellaneous Old/New Video Clips

https://www.youtube.com/watch?v=MefPfwrY7cw
http://www.youtube.com/watch?v=cv1xWiyDgoM&context=C4caf0caADvjVQa1PpcFNGAEfH1ViRHiG8PuuZPdpYT4pgDS2M82k=
https://www.youtube.com/watch?v=mzMDdFul6hE
https://www.youtube.com/watch?v=-yTsowQFvvw
https://www.youtube.com/watch?v=jwaK2ntxybg
http://www.nanoliter.com/grosscalibrationcurve.pdf
http://nanoliter.com/videoandrew.mp4
https://www.youtube.com/watch?v=skvG1oxdE9o
https://www.youtube.com/watch?v=ljUJR1encxs
https://m.youtube.com/user/adsauterjr/videos


SUMMARY

Electric fields, powerful MS tools for ESI & MALDI, increased sensitivity! 4 to 6 orders of magnitude? 

Major sensitivity increase ( > 10x) result published/presented for MALDI, SIMS, (LDI?), ESI (Infusion and UPLC MS). 

Accurate nL dispensing for production of crystals, more. 

Parallel Millisecond Robotic Dispensing.

Dispense nLs viscous liquids, polymers, whole blood, more.

Manufacture of electrets.

“Anything” can be made w/E field to MORPH capillaries, !
Pipette Tips, Syringes & Pumps,
Pipettes, Chips, LC, your devices into IBF source!

IBF VERY ECONOMICAL COMPARED TO OTHER TECHS !

SIMPLE TECH, INK JET LIKE. OCCAM’S RAZOR!

http://www.nanoliter.com/2020asmsweb.pdf



MALDI     SIMS LDI     LC/MALDI. ESI INFUSION MS ESI UPLC MS nL ms dep $

IBF P P (?) Pr P Pr P Lowest

Parallel No No No No ?Y ?Y No ?
Sprayer

DART No No No No Yes No ? Med 

DESI No No No No ? No No Med

Acoustic No No No No Claimed No ? Very High!
Practicality/Cost
Questioned by me!

“Unbiased” Ambient Comparison



Drew Sauter MS and Andrew D. Sauter III EE
nanoLiter LLC
HD,NV  89052

USA
adsauterjr@gmail.com

Nanoliter.com
702-882-5413

Seeking Interested Corporations, Gov’t Agencies and U’s.
For 

Analysis of Cells/Organelles, Native MS, Actinides, Instrumentation, Commercialize?

Contact Us!   

ABOUT

Working with many over the last 50 years (See links.), we changed GC - MS in the USA, directed early ICPMS funding to DOE worked with Extrel Willoughby) on very early 

LCMS that was purchased by Waters and did the earliest QQQ GC MS MS and LCMSMS. Now, we've done rapid, 100% "ALL IN" ESI droplet infusion & UPLC MS (ASMS 17/18) 
as O ur Android source RAPIDLY flys droplets into MS's or onto targets per ASMS 2020.

CLIENTS/COLLABORATORS: U's of Ill, WI, CA, Cinn., MUSC, Wash. U. St.L, UCSD, USF, USU, US Army APG, ECBC, Dugway PG and Natick, Abbott

, Biogen Idec, Genentech, Amgen, Hitachi, Allergan, Merck, Sciex, Spark, Douglas, NIH, NIST, USDOE INL, Ga Tech, UNH, Duquesne, SIS, 

Adaptas, Caltech, USDA, Leonardo and Los Alamos National Lab, ORNL, RTI, DOJ in DC, Hanford and MRI.

mailto:adsauterjr@gmail.com
http://www.google.com/url?q=http://nanoliter.com/SauterJHRC1981.pdf&sa=D&sntz=1&usg=AOvVaw1FFptmaKm4r3E54c-lQm9L
http://www.google.com/url?q=http://nanoliter.com/SauterAnalChem1986.pdf&sa=D&sntz=1&usg=AOvVaw0oztCZ2b_UFkaROCZF58lq
http://www.google.com/url?q=http://www.nanoliter.com/houk.jpg&sa=D&sntz=1&usg=AOvVaw1r5j8Uib2tAZDvuz35r7Z5
http://www.google.com/url?q=http://nanoliter.com/scangcqqq.pdf&sa=D&sntz=1&usg=AOvVaw0LqnzdGzemOZQSzk3v4ozs
http://www.google.com/url?q=http://nanoliter.com/scanmsms3.pdf&sa=D&sntz=1&usg=AOvVaw2e8UBMUfpSDOOqCGWEcsZ3
http://www.google.com/url?q=http://nanoliter.com/2013 Groenewold IBF ESI of Ln solutions AC.pdf&sa=D&sntz=1&usg=AOvVaw3To_iU_FHgyoZc7WJvvWJG
http://www.google.com/url?q=http://nanoliter.com/2013 Groenewold IBF ESI of Ln solutions AC.pdf&sa=D&sntz=1&usg=AOvVaw3To_iU_FHgyoZc7WJvvWJG
http://www.google.com/url?q=http://nanoliter.com/UCinasilomarposter2016.pdf&sa=D&sntz=1&usg=AOvVaw2LhnMEaPOzq2k4MJMiJ59h
http://www.google.com/url?q=http://www.nanoliter.com/asms2018finalposter2.pdf&sa=D&sntz=1&usg=AOvVaw3ZwfqW6lVvSLi_OdMbXH5B
http://www.google.com/url?q=http://www.nanoliter.com/nLwavebetachanged.pdf&sa=D&sntz=1&usg=AOvVaw3ns6AkYek0Ac8meDctjuPP
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