Collision Cross Section:
Ideal elastic hard sphere collision:

2
Q =7 (r, +r,)
Where Q is the collision cross-section

5:r1+r2:(Q—)
T

L
2

Where 9 1s the collision distance

These equations negate
potential interactions
between the two molecules
(atoms), attractive and
repulsive, and assume
spherical geometry.




Motion in an Applied Field

Maxwellian, rons
(vd = AKE )
v =drift velocity(cm/sec)

K=mobility(cm?/Vsec)

Langevm c|1' ati'gld (viem)
e A
K =
m v

e=ionic charge(\olts)
A=mean free path(m)

Assumptions: ignoring coulombic interaction,
Low field limit, close to thermal equilibrium.



Resolution

We then arrive at the Nernst-Townsend-Einstein Equation, sometimes
referred to as the Einstein relation: D

k, T

The main assumption of the Einstein relation is that mobility theory
(motion acting on one species, but not the other) and diffusion theory are
at equilibrium. Wannier no longer assumed that the applied field was
weak and the ion mass was small.

k T L m+M E°K®
q 3m+1.908M g

k T Lm m+3.72M E‘K°
g 3m+1.908M g

D, =K

D, =K




Resolution

At this point we can solve the resolution using either the
Einstein relation or Wannier’s relation. We will see from
some of the future results that the maximum resolution is
attained from systems that fit the Einstein relation. So, if
we solve the resolution equation in terms of the Nernst-
Townsend-Einstein equation:

R= Kt T L 2.8)
3.32 | b |
q KE,

Simplifies to for single charges ions:
LE,

(2.9)

R=232.33



Resolution
KkT m m+3.72M E°K°

Taking Wannier’s D

relation in the z

direc,!tionl: . 3 m+1.908M g
m m+3.2M

Simplify th —

o 3 M +1.908M

Resolution for a E q th
broader range of fields: R > 5
k.T + 1, E°K



Diffusion (m?/s)
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Wannier Relation, 15cm Drift Cell
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Resolution

Comparison of Reduced Mobility vs. Resolution
1 Torr, 15cm Drift Cell

Ko(m?/Vs)
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Rel. Abundance

Heptane, 4-methyl-
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Rel. Abundance

Propane
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Rel. Abundance

Pentadecane, 2,6,10,14-tetramethyl-
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Rel. Abundance

Monoethanolamine
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Rel. Abundance

3-Hexanol, 3-methyl-
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Rel. Abundance

Ethyl ether
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Rel. Abundance

Cyclohexane
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Rel. Abundance

1,4-Dioxane
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Rel. Abundance

Butylamine, N-methyl-N-propyl-
MASS SPECTRUM

100

807

60-

40

20+

MTM

.'“l! |i|“. .--"l'. gl I
40

160



Time-of-Flight (TOF)

Source Region Detector
(Acceleration Region)
. E=VAd \

E

S L]

Drift Region
E=0
d = drift length



Time-of-Flight (TOF)

eV = E mV2 Kinetic Energy given to the lon in the Source Region
1
2eV \2 | |
V= —— Solving for Velocity
m
1
m 2
V=— Solve for Flight Time t=|—— | d

t 2eV

So, with a constant acceleration voltage and a known drift length,
the drift time is proportional to the square root of the mass to
charge ratio (m/e).



Time-of-Flight (TOF)

m

Am

Mass spectrometrists define resolution as:

In TOF we start from the drift time equation:

m = (ZCTZ/ jtz And the derivativeis:  dm = (ZGV thdt

d 2
So, So time-of-flight resolution is defined by:
m - ; .
d d Am  2At E

Z

At is usually defined a peak width at half height.



Why is resolution so important?

Mass of Atom

L= T
]

Name Symbol () Abundancea
Hydrogen H 1.007825 90 9885
Deuteriurm ?H 20714102 0115
Tritiurm H 3.016049 .
Carbon 20 12.000000 98 .93
13 13.003355 107
e 14.00324 2 .
Nitrogen My 14.003074 a9 532
By 15.000109 0368
Oxygen s 15.094915 99 757
ey 16.999132 0038
B 17.999160 0.205



% Intensity
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Time-Lag Focusing

Detector

N

Field Free Drift Region

@ i £=0
{

Acceleration region
Low draw out voltage J

To correct for random
Distribution of ion energy.
Ex. ~300V



Linear Quads

=T = mr?Q?
4eV
qx — Yy = mrQQZ I =1148f0



Quad lon Traps

ENDCAP

A+o0+ Y = 0 RINGELECTRODE

¢:—2(x +y°—22%)

Transform into cylindrical coordinates:

¢_¢

% (r’cos’ @+r?sin“0-2z°) (cos® @ +sin® 6 =1)
;
Geometrical constraints:
¢——2( —22°)

2 2
=217,




Quad lon Traps
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lon Motion in a Static Magnetic Field:

Lorentzian Force: — EENEN
F = CI(VX B) (1.1)

— - =
ma =(q(vxB) (1.2)

*The cross product states that the particles acceleration is
always orthonormal to the direction of the magnetic field.

*This will be true even if B varies with position (r), but will
change if B varies with time (t).

Lets take a constant magnetic field in the direction z:

B — k Bo Unit vector in the z-direction (k). (1.3)
I ] K
— - -
ma=q(vxkB,)=qByv, v, v, L4
0 0 1




Cyclotron Motion:

V
a) = Xy Angular velocity (2.5)
I
Substitute angular velocity:
20 _
Mawr =qB, wr @9
Simplify into the celebrated “ion cyclotron equation”:
B
) = 1 2 (2.7)
m

*This equation is the heart of ICR. It tells us that the cyclotron
frequency is independent of the ions initial velocity, and all ions with
the same mass/charge (m/q) will have the same frequency.



Cyclotron Motion:

*\\Ve can see from our
equations that cations will
cyclotron counter-clockwise
to the in-the-plane magnetic
field direction, while anions
will cyclotron clockwise
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Upper Mass Limit in FT-ICR MS:

Note: Magnetron motion and cell shapes:

m _a’B’
q 4daV;

So ina 7T field in a cylindrical trap of 2cm radius
the mass limit will be about 250 kD.
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Multidimensional Analyses

response ‘|

/U\N chromatogram

time




Collision iInduced dissociation

Argon gas

> CH CH,
) £/2
CH
o A

e |n the collision cell, the TRANSLATIONAL ENERGY of the ions is
converted to INTERNAL ENERGY.

» Collision conditions (FRAGMENTATION) is controlled by altering:

— The collision energy (speed of the ions as they enter the cell)
— Number of collisions undertaken (collision gas pressure)

39



Product ion scanning
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Product ion scanning

Product lon Spectrum:
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" Sirolimus: MS Spectrum
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Single ion monitoring (MS)

Sirolimus:
LC-MS (SIM) vs LC-UV
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Full Scan Acquisition Mode
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Sirolimus: MS Spectrum
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Product ion scanning

MS1

Precursor

Collision
Cell

Ar (2.5 - 3.0e*mBar)
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»
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lon scanning

Product
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Multiple Reaction Monitoring

Collision
Cell

MS1

Precursor(s) s

Product(s)

MS/MS : Compound-Specific Monitoring
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Multiple Reaction Monitoring
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Amino Acid

3 Letter Code

Single Letter Code

Residue Mass

Monoisotopic Average
Glycine Gly 57.02147 57.052
Alanine Ala 71.03712 71.079
Serine Ser 87.03203 87.078
Proline Pro 97.05277 97.117
Valine Val 99.06842 99.133
Threonine Thr 101.04768 101.105
Cysteine Cys 103.00919 103.144
Isoleucine lle 113.08407 113.160
Leucine Leu 113.08407 113.160
Asparagine Asn 114.04293 114.104
Aspartic Acid Asp 115.02695 115.089
Glutamine GIn 128.05858 128.131
Lysine Lys 128.09497 128.174
Glutamic Acid Glu 129.04260 129.116
Methionine Met 131.04049 131.198
Histidine His 137.05891 137.142
Phenylalanine Phe 147.06842 147.177
Arginine Arg 156.10112 156.188
Tyrosine Tyr 163.06333 163.170
Tryptophan Try 186.07932 186.213
Homoserine Lactone 83.03712 83.090
Homoserine 101.04768 101.105
Pyroglutamic acid 111.03203 111.100
Carboxyamidomethyl Cysteine 160.03065 160.197
Carboxymethylcysteine 161.01466 161.181
Pyridylethylcysteine 208.06703 208.284




Peptide Fragmentation




Peptide Fragmentation
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Sample MS/MS Spectrum acquired on the 4700 TOF-TOF of
a Digested Protein from Industry
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Click here to see the latest new features.

ProteinProspector
The iPRG2012 study on detecting modified
v 5.10.0 peptides in a complex mixture has been

launched!

Proteomics tools for mining sequence databases Click for more details.

in conjunction with Mass Spectrometry experimentis. ProteinProspector Asia Pacific

ProteinProspector Tools Administration/Help

Batch MSMS Database Searching Instructions

Video Tutorials "=
Administering ProteinProspector
User's Manual

FAQ

Database Search Programs Bug Listing N _
ProteinProspector Revision History

MS-Fit MS-Tag MS-Homology  MS-Bridge ProteinProspector Automation Guidance

Search Compare Batch-Tag Web Batch-Tag

Results Management Search Table

MS-Fit Upload MS-Seq MS-Pattern MS-NonSpecific yseful Tables

Peptide / Protein MS Utility Programs e Mutation Mass Shifts
®* Dipeptide Masses
MS-Digest MS-Product MS-Viewer (Video) ® Trypsin Autolysis Products

MS-Isoiope MS-Comp

Publications

Database Management Useful Links

Questions/comments email: ppadmin@cgl.ucsf.edu

DB-Stat

These programs were developed in the UCSF Mass Spectrometry Facility, which is directed by Dr. &lma Burlingame, Professor of Chemistry an
and funded by the NIH National Center for Research Resources.
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Purine nucleotides
NHg
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