Chemical reactions In
SedAnal and Model editor

T

e SedAnal is designed to handle arbitrary chemical reaction
schemes 1n conjunction with sedimentation analysis.

e User specifies the reaction scheme using Model editor,
which maintains a file ModelInfo. txt.

e A reaction scheme includes the number of species, number
of reactions, and their stoichiometry.

e Model editor also specifies relations among species and
reaction parameters.



® All kinetics in SedAnal are computed using the law of mass action; i e, reaction rate is
proportional to product of concentrations.

Example: 2A = A,

rate = dA,/dt = forward rate — reverse rate = k;(A)? — k. (A,) K=ke/k,
Either the kinetic constants k; and &, or the equilibrium constant K are specified
by the user on the control screen.

e SedAnal assumes the reaction rates are determined by the stoichiometry; this is unlikely
to be true unless the reaction scheme expresses the mechanism, because the mechanism

is a series of elementary steps that correspond to the physical interactions of molecules
in solution.

Example: 3A = A, or 2A=A,

A+A,=A,

rate = dA,/dt = k;(A)® — k., (A;) rate = dA,/dt = k:(A)(A,) — k. (A5)



Example: 6 species, 4 reactions

A+B=AB
AB+A=A,B
AB + B = AB,
3A = A,

Mumber of MHumber of
reachions species

Species: A, B, AB, A,B, AB,, A,

Some of the
constraints:

Species 1 Species 2 Species 3 Species 4 Species 5 Species B

|4, |E \AB 2B |AB2 43 |

hd e = o o o 0= Ja+B-28
hd b b hd o o 0= Jarae-ac
= A= = (= R = == I = B R T
3 o= o o o [ 0= [a-a3

Stoichiometry
in Model editor

Mg =My + Mg
Mg, = Mg + Mg
Mypg=Mypg+M,
M,, =3M,

Species 1 ] Species 2] Species 3 Species 4 l Species 5] Spe

Calculate az
A2B Default | Stoichiometric
i it bt -t d
Sum Copy

avg
Molecular mass [gfmale] | v [ [

Constraint on molar mass in Model editor
Sum means p;=(1/ vj)z V. D
v; V<0

MW-wtd avg means pj=2 Mipi/ Z M,

v;"vi<0 v, vi<0



Kinetics and equilibria in SedAnal

Kinds of concentrations

« Loading concentration: Nominal concentrations based on how much material was
added to the cell.

» Initial concentration: The concentrations after all species have reached equilibrium
before the start of the run.

« Instantaneous concentration: Species concentrations during a run, ¢,(7, ¢), dependent
on both position and time. This is what is observed during a velocity run.

« Equilibrium concentration: Species concentrations after sedimentation, diffusion and
chemical kinetics have stopped changing, c,(r), dependent on position only. This is the
only data taken for an equilibrium run; for a sedimentation velocity run, it will be data
taken after the time required to reach complete equilibrium.

Example
Iter | (A3, malfL (B}, rmalfL (ABY, molfL (2B, molfL (AB2), molfL (A37, malfL
1 1.00000000E-05  3.00000000E-05  3.00000000E-05 3.00000000E-05 9, 00000000E-05 1.00000000E-05

1.56844122E-06 1.73760799E-05 2.72533599E-06 4,27452931E-07 3.85837FF73E-08

The first line above shows loading concentrations (components only). The last (highlighted) line shows the initial
concentrations (all species), the equilibrium before the start of the run.

K.eq
Equilél:ritum A+B=AB 100000 calculated K1 calculated K2 calculated k3 calculated K4
constants
from control 4 . Ap - A28 IW 1.00000000E4+05%  1.00000000E405 1.,00000000E4+05 1.00000000E+10
screen

These calculations were done by SedAnal’s equilibrium calculator. As a check, the
= A3 Metn equilibrium constants computed from the equilibrium concentrations are shown.

1
B + 4B =4B2 100000
1




Components in SedAnal

SedAnal assumes you load the cell with only some of the species, the components.

In thermodynamics, a component is an independent species. The composition of any system
at equilibrium can be completely specified by the concentrations of its components.

The number of components n, = n, — n, in a single-phase system (n, = number of species;
n. = number of independent chemical reactions). At constant 7" and p, n_ is the number of
degrees of freedom of the system.

Any choice of equilibrium concentrations can be attained by starting with component
species only (loading concentrations of non-components zero).

In SedAnal, components are chosen by the program. There is often more than one way to
choose the component species; all are equivalent mathematically, but some are more
intuitive. SedAnal tries to find the choice that makes most sense to humans.

The green tint indicates :> Species 1 Species 2 Species 3 Species 4 Species 5 Species B

Model editor has chosen A &, [ e 28 [sBz a3 |

and B as the components

(independent species) h=ll b T o= b= o= o= jee-as
S I = I e O e O = (O == I = Yy
vs [ A A i = F e
B o od o o hH 0= [a-a3

Here, any pair of species except A and A, could have been chosen as the component species.



More on components

The simplest systems have a single component:
1. A (a single species)

2. A = A, (momomer-dimer)

3. A= A;= A, (monomer-trimer-hexamer)

4 A+A=A, A+A,=A; A+A;=A, A+A,=A, ... (indefinite self-association)

We can write as many conservation-of-mass relations as there are components.

Examples of conservation relations in homogeneous solution, for the examples above:
1. (A)=A, () indicate concentrations in mol/L
2.(A)+2(A)=A, A, 1s the loading concentration of A, etc
3. (A) +3(A5) + 6(Ag) = A,

4. (A) +2(Ay) + 3(A) + 4(A) + 5(Ag) + .. = A,



Two-component systems:
A and B (two non-interacting species)
6.A+B=C
7.A+B=C and B+C=D
We can write as many conservation-of-mass relations as there are components.

Examples of conservation relations in homogeneous solution, for the examples above:

(A)=A4A,; (B)=B, () indicate concentrations in mol/L
6. (A)=A;,—x; B)=By—x; (C)=C,+x, A, 1s the loading concentration of A, etc
so (A)+(C)=A,+C,; B)+(C)=B,+C, x = moles of reaction
T.(A)=Ay—x;; B)=By— x;— x,; X;, X, = moles of reaction

(O =Cytx;—x,5 (D)=Dy+x,
so(A)+(C)+(D)=A,+C,+D,; (B)+(C)+2(D)=B,+C,+2D,
meaning, all the A exists as either A, C or D; all the B exists as either B, C or D (D contains 2 Bs).
Notes:
« We could have written the conservation relations for 7 in the equivalent form
(A)+(CO)+(D)=A,+Cy+D,; B)-(A)+(D)=B,—A,+D,.
Mathematically correct, but less intuitive. SedAnal does stuff like this, but you will never see it.

» The term component is sometimes used to mean the sum of all the forms [e g, (A) + (C) + (D) in 7].
Both SedAnal and these examples always define a component as an independent species.



Model editor chooses the components and stores them in the file ModelInfo. txt. SedAnal
uses this choice of components when it asks you for loading concentrations on the control screen.

Speciez 1 Species 2 Species 3 Species 4 Speciez 5 Species B

|4 B |48 |28 B2 |43 |
Model editor screen R I e I = I (I R (T~ (T I = I -
showing components [ o= 1= [ b2l o= [ aeap-az

chosen as A and B

P = i oo = b= 0= [Brss-as2
2 o= p= o o = 0 fa-es

"A+B=AB=A2B;AB2 A3" // name of the model

2008-5-22 15:35:52 // date/time last stored
4 6 4 3 2 // reactions, species, params/species (vel), params/species (eq), components
1 2 // species numbers of components

}}.Equilibrium information
Cons 1 o 1/2 1/2 1/2 1 0 [ie, (B) + (AB) + (A,B) + 2(AB,) = constant ]
Cons 2 1/3 -1/6 1/6 1/2 0 1 [ie, 2(A)—(B) + (AB) + 3(A,B) + 6(A,) = constant ]

Component information stored in the file ModelInfo. txt by Model editor

Loading concentration input on the SedAnal control screen

Loading conc Loading con Loading conc .

Loading conc

LA . B of &, of B, of &, SrEE
o/l 0 meld ol et

kolecular mazs [a/mole] |1ed |2&4
01 0.0003 0.1 (=
LDaT;iDDnE Lnadngcnnc Loading conc  Loading conc
ol Mratio B A8 af &, of B, By clicking the colored squares,
L gl . o/l the input units can be changed.
[1es E X [6 These are all equivalent.

| | |3e-5 mol/L = 0.6 o/l 85.7143% by weight|

s . . . . . concentrations.
Original input: (A) in units of mol/L, and (B) given as the ratio of molar

concentrations. The tooltip shows the conversions to other units.

“Wratio” is the ratio of weight



Kinetics

« SedAnal can deal with either rapid equilibria or slow reactions. “Rapid” and “slow” are with
respect to the sedimentation time.

« SedAnal always assumes a sedimentation velocity experiment starts at chemical equilibrium.

- SedAnal allows input of either K, or any pair from (K., k, k,).
« If K, only, a user-specified value for &, is assumed (default=0.01; settable in Preferences).
* If K, and one rate constant, the other is calculated using K, = k¢ / &, .

« Analytic solutions are available for some reaction schemes; others require numerical methods.
User can tell SedAnal which method to use (useful for some difficult cases).

« Tools built into SedAnal for understanding the kinetics and equilibria for specific experiments
include o | Y=
* Equilibrium calculator (main menu) |50— 4

dot—d

=5

» Kinetic calculator (main menu)

 Concentration profiles (control screen/Outputs/conc(r))

» Signal profiles (control screen/Outputs/Minima)



« Allow enough time for solution to equilibrate after loading the cells.

If the reverse rate constants were 0.001 instead of 0.01, and the equilibrium constants
the same, time-to-equilibrium would be about 50,000 sec instead of 5000 sec.

A+B=AB
AB+A=A,B

B AB+ B = AB,
3A=A,

LA,

=

k IIII\I

A,B

Output from Kinetic calculator for initial ~500 sec, for A,=105, B,=3_10"°
mol/L; K,=K,=K;=10° L/ mol, K,=10° (L/mol)?, k,=0.01. Equilibrium to 1
part in 10° is achieved in about 5000 sec for these values.



« Check expected results by simulation.

When you are designing an experiment, you can estimate all the parameters, and
see what the results of the experiment should look like. From these simulation
results, you may decide to use different concentrations, wavelengths, loading
concentrations, etc.



