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Precision Detectors, Inc.
Warranty and Electronic End User License Agreement

NOTICE TO USER: THIS IS A CONTRACT. BY INDICATING YOUR ACCEPTANCE DURING
INSTALLATION, YOU WILL BE ASKED TO ACCEPT ALL THE TERMS AND CONDITIONS OF
THIS AGREEMENT.

This Precision Detectors, Inc. (PD) End User License Agreement accompanies a Precision Detectors
software product and related explanatory materials. The term "Seftsteall include all software

packages delivered to you by PDI and any upgrades, modified versions or updates of the Software
licensed to you by PDI. This copy of the Software is licensed to you as the end user for use by you and
other users of a specifRDI hardware System purchased, leased or rented by you.

Please read this Agreement carefully.
PDI grants to you a neexclusive license to use the Software, provided that you agree to the following:
1. Use of the Software.

a) You may install the Software in &gle location on a hard disk or other storage device;
install and use the Software on a file server for local execution over your network (but not for
the purpose of copying onto a local disk or other storage device); for use only with the
specific system

b) You may make backup copies of the Software;

c) You may transfer the Software from one computer to another over your network, or relocate
the Software on your site, but you may not copy it to additional sites over the network or
make additional copies for @&i®n additional networks or sites for use with other hardware;

d) You may copy the Software to the personal computer of Users and such Users may use the
software to examine, recompute and print out files collected in conjunction with the System;

e) You may obtai additional electronic copies of the Software directly from PDI for the cost of
media, handling and shipping.

2. Copyright

The Software is owned by PDI and its suppliers, and its structure, organization and code are valuable
trade secretsf PDI and its suppliers. The Software is also protected by United States Copyright Law
and International Treaty provisions. You agree not to modify, adapt, translate, reverse engineer,
decompile, disassemble or otherwise attempt to discover the sodecaf tihe Software. You may

use trademarks only to identify printed output produced by the Software, in accordance with accepted
trademark practice, including identification of trademark owner's name. Such use of any trademark
does not give you any righté ownership in that trademark. Except as stated above, this Agreement
does not grant you any intellectual property rights in the Software.
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Transfer.

You may not rent, lease, or sublicense the Software. You may, however, transfer all your rights to use
the Software to another person or entity, provided that you transfer this Agreement with the Software.

Warranty

The Software delivered to you is PDI's current standard version and performs as described in PDI's
brochures. For a period ohe year from the date of delivery, PDI agrees to correct defects that the
user identifies as not performing as described in PDI's brochures. PDI DOES NOT AND CANNOT
WARRANT THE PERFORMANCE OR RESULTS YOU MAY OBTAIN BY USING THE
SOFTWARE OR DOCUMENTATIONPDI MAKES NO WARRANTIES, EXPRESS OR

IMPLIED, AS TO MERCHANTABILITY, OR FITNESS FOR ANY PARTICULAR PURPOSE. IN
NO EVENT WILL PDI BE LIABLE TO YOU FOR ANY CONSEQUENTIAL, INCIDENTAL OR
SPECIAL DAMAGES, INCLUDING ANY LOST PROFITS OR LOST SAVINGS, EVEN IF A PDI
REPRESENTATIVE HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES, OR
FOR ANY CLAIM BY ANY THIRD PARTY. Some states or jurisdictions do not allow the

exclusion or limitation of incidental, consequential or special damages, or the exclusion of implied
warranties or limitations on how long an implied warranty may last, so the above limitations may not

apply to you.
Governing Law and General Provisions.

This Agreement will be governed by the laws of the State of Massachusetts, United States of
America, exclding the application of its conflicts of law rules. This Agreement will not be governed

by the United Nations Convention on Contracts for the International Sale of Goods, the application of
which is expressly excluded. If any part of this Agreement iifeaid and unenforceable, it will not
affect the validity of the balance of the Agreement, which shall remain valid and enforceable
according to its terms. You agree that the Software will not be shipped, transferred or exported into
any country or used iany manner prohibited by the United States Export Administration Act or any
other export laws, restrictions or regulations. This Agreement shall automatically terminate upon
failure by you to comply with its terms. This Agreement may only be modifiedtingxsigned by

the President of PDI.

Notice to Government End Users.
If this product is acquired under the terms of;

(i) a GSA contract Use, reproduction or disclosure is subject to the restrictions set forth in the
applicable ADP Schedule contract;

(i) a DODcontract Use, duplication or disclosure by the Government is subject to restrictions
as set forth in subparagraph (c) (1) (ii) of 252:20713;

(iii) a Civilian agency contraetUse, reproduction, or disclosure is subject to 52-122{&)
through (d) and sgrictions set forth in the accompanying end user agreement.

Only Terms and Conditions.

These Terms and Conditions are the only terms and conditions related to the use of this software; they
supercede any previous agreement with respect to the softnciraag only be altered in a written
agreement signed by PDI and you.

Unpublished rights reserved under the copyright laws of the United States. Precision Detectors, Inc., 34
Williams Way, Bellingham MA 02019.

Your acceptance or decline of the foregoingegnent [was or will be] indicated during installation.
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Chapter 1

Introduction

1.1 OVERVIEW

This program is provided farocess muktangle light scattering data generate Zimm plotand
determine a variety of macromolecular paegers including:

X Molecular Weight
x Second Virial Coefficient
X Radius of Gyration
x Information about the shape of the molecule
The program employstavo step process that involves:
x The determination of calibration constants for the syst&ng a standard
X Using the calibration constants to analfypen the sample
This software is used with the PDExpert Workstation Platform.
A discussion of the theory of static light scattering is presented in Appendix A.
1.2 INSTALLATION
1.2.1 Loading the Software
To load the software onto the personal computer:

a) Place the distribution diskette in the &M drive. If your computer is configured fAutorun a
Welcomescreen will be presented (if your computer is not configurefiftarun selectSetup.ge on
the CD to access th#elcomescreen).

b) Thelnstall program presents a series of dialog boxes that arexpddfnatory. When you access the
dialog box that presents the programs to load, d&tectsiorMALS Thesoftware license kethat is
providedwith the system will allow you to load the program.

PrecisionMALS 2 Chapter 1 11




1.3 GENERAL CONVENTIONS USED IN THIS MANUAL

This progranis a Windows application that follows general Windows conventions. All windows, dialog
boxes, controls, short cut lgyscroll barsetc. operate according to standard Windows procedures. For
the sake of brevity, we use the following conventions:

X Itis understood that thHeK button is to be clicked (or tiEENTER key on the keyboard is to be
pressed) to accept the sajsrand close a dialog box.

X It is understood that tteANCEL button is to be clicked (or tleSC key on the keyboard is to
be pressed) to close a dialog box and preserve the original settings.

X TheAPPLY button is to be clicked to change settings withoudimipthe dialog box.

x Common dialog boxes and commands that are similar to other Windows programs are not
described (e.g. th@pendialog box, is identical to that used in programs such as Word).

When we are describing a dialog box or window, the name ofitidow will appear in italics:
Access th&€orrelation FunctionGLD ORJ ER|[ «

When a button (or a command from a menu), is to be chosen, the button (command) is shown in italics:
To initiate data collection, clicBtarton the menu bar.

Online helpis available by pointing to the field of interest and predsing
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Chapter 2

The Main Window

2.1 THE MAIN WINDOW

TheMain window of the program (FigureD) consists of three regions:

Figure 21: The Main Window
X Menu bar (Section 2.2)
x Data region (Section 2.3)

x Informationregion (Section 2.4)
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2.2
2.21

MENU BAR

File Menu

TheFile menu includes the following commands:

X

2.2.2

Load Workspace Used to import a datdld with calibration factors or with analytical results.
The file will be indicated in the information region.

Import Data File- Used to import a raw data fil€he file will be indicated in the information
region.

Save WorkspaceUsed to save a data set with calibration factors or with analytical results using
the present file name.

Save Workspace AdJsed to save a data set with calibration factors or with analytical results
with a new file name.

Print - Prints the present plot (raw data or Zimm plot), calibration constants (if generated) and
results (if generated).

Print Preview- Displays the present plot (raw data or Zimm plot), calibrabmstants (if
generated) and Results (if generated) on the monitor.

Exit - Closes the program. Any baseline definitions and data (calibrations, or results) will be
erased.

Regions Menu

TheRegiongnenuincludes the filowing commands:

X
X

X

2.2.3

Set Baseline RegiorSeeSetting the Baseline Regiofor information(Section 3.2)
Set Integration RegionSeeSetting the Integration Regionfor information(Section 3.3)

Clear Regions Presents a dialog box to indicate if the Baseline region or Integration(gsggion
that have been defined should be erased.

Calculations Menu

TheCalculationsmenuincludes the following comands:

X
X

X

2.2.4

Calibrate- Generates calibration factors from a data set.
Analyze- Generates results from a data set and calibration factors.

Settings Presents th€alculation Settingdialog box, which is used to indicate various options
in the Zimm plot(Secion 3.4)

Help Menu

TheHelp menuincludes the following commands:

X

X

2-2

About- Presents the version number and build number of the program. Please provide this
information to Precision Detectors when inquiring about this program.

Help - Accesses the eline help file.
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2.3 THE DATA PANE

When a file is opened, the data pane presents the ravAdgpacal data pane is shown in Figur@ 2nd
a typical plot containing analyzed data is shown in Figt8e 2

Figure 22: Data Pane with Raw Data
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Figure 23: Data Pane with Analyzed Data (Zimm Plot)

The format of thé&kaw Dataplot and theimmplot can be edited by the user. If you right click in the
plot, a popup menu with the following commands will be presented:

Zoom - Allows for expansion of a user selected region. To define the region to be "zoom"ed:
a) Place the mouse at a corner of the desired region.

b) Drag it to the opposite corner of the desired region.

c) Release the mouse button.

Unzoom- Retuns the plot to a full scale presentation.

Grid Display - Used to indicate if the major grid lines and/or the minor grid lines should be presented on
the plot. The major and minor grids can be used for ease in reading the plot.

Legend- Provides the identification color for each detector in the plot.
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2.4 THE INFORMATION TREE

ThelnformationTree which is on the right side of the display, lists all files that have been Joaded
samplenformationabout the various filesalibration constaniend results from the calculations
Example of sample trees are presented in Figudeari 25.

Figure 24: Typical InformationTree
The information tree can present the results of the calculationmwas in Figure 5.
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Figure 25: Results in the Information Tree
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To add a raw data fil® theinformation tregpress inport Data Fileon theFile menu.Raw data files are
indicatedby aredicon while fileswhich have beeunsed for calibration aredicatedvia agreenicon

To add a workspace (which includes raw data and calibration data or raw data, calibration data and
analyzed data) pret®ad Workspacen theFile menu.

When a file is used for calibration, the calibration constant for eachadeised to calibrate as well as
the region used for the baseline and the integration and the response will be included.

When a file has been analyzed, the Molecular Weight (MW), the Radius of Gyration (Rgz) the second
virial coefficient A2and the cortation coefficients for the various shape modélsbe presented in the
information tree. In addition, the regions used for the baseline and the integration and the response will b2
includedand can be viewed by expanding the menu

To save data, usaveWorkspace As...on theFile menu.
To erase a file from the information tree, highlight it, right click and sekstiove
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Chapter 3

Creating a Zimm Plot

3.1

OVERVIEW

Thefollowing steps are involved in the generation of a Zimm Plot:

a)
b)
c)
d)
e)
f)

9)
h)

Open the file containing the data to be used for calibration.
Define theBaseline Regiofor the calibrationdata(Section 3.2)
Define thelntegration Regin for calibration data(Section 3.3)
Pres<Calibrate.

Open the file containing the data to be analyzed.

Define theBaseline Regiofor theanalysisdata

Define thelntegration Regiorior theanalysisdata

PressAnalyze to present th&immplot.

If desred, you can change the format of the Zimm plot visCtkeulation Settingslialog box as
described in Section 3.4

3.2

SETTING THE BASELINE REGION

To set the baseline region:

a)
b)

c)

SelectSet Baseline Regioon theRegionmenu. The cursor is changed to a plus (+) sign.

Move the cursor to the point where you want to start to defineatgifie and depress the left button
on the mouse.

Drag the mouse over the desibaselingegion. The selected region will be indicated in red as
shown in Figure 4.
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Figure 31: Setting the Baseline Region

d) Release the mouse button. The selectednr&glbbe indicated by aarrowblue bar on the bottom of
theplot.

Note: Only one baseline region can be determined for a data set.

3-2 PrecisionMALS 2 Chapter 3




3.3 SETTING THE INTEGRATION REGION
To set an integration region:
a) SelectSet Integraion Regionon theRegionmenu. The cursor will be changed to a plus (+) sign.

b) Move the cursor to the point where you want to start to define the integration region and depress the
left mouse button.

c) Drag the mouse across the region that should be irgdgiidte selected region will be indicated in
redas shown in Figure-3.

Figure 32: Setting the Integration Region

d) Release the mouse button. The selected region will be indicatathinoargreen bar on the bottom
of the display.
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3.4 CALIBRATION

To calibrate the system:

a) Open the filed be used to generate calibration factors.

b) Select thdBaseline Regioas described in Section 3.2

c) Select théntegration Regioras described in Section 3.3.

d) Pres<Calibrate on theCalculationsmenu to present ti@alibration dialog box(Figure 33).

Figure 33: Calibration Dialog Box

e) Enter theMolar massandSecond virial coefficienif the value of thé&econd virial coefficiens not
known, enter 0.00).

f) PressOK. The calibration constants will be calculated and listed on the mfiampane.

3-4 PrecisionMALS 2 Chapter 3




3.5 ANALYZING A DATA FILE

Analysisof a data fildnvolves theapplicationof the calibration constants to a raw data file to generate
theZimmplot (Figure 34).

Figure 34: Zimm Plot
Various elements of ttdmmplot can be deleted via talculations Settingdialog box(Section 3.6).

The resultand shape interpretation datandicated in thdresultssection of thénformationtree (Figure
3-5). A discussion of this data is presented in Section 3.8.
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Figure 35: Information Tree
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3.6 CALCULATIONS SETTINGS DIALOG BOX

TheCalculations Settingdialog box (Figure-®) is used to indicate a variety of data presentation options
for theZimmpilot. If the desired eleent should be included in the plot, check the appropriate box.

Figure 36: Calculations Settings Dialog Box
Angularextrapolationlines- connect all points corresponding to a specific detector.
Concentratiorextrapolationlines- connect all points corresponding to a given concentration.
Zeroangle extrapolation line line connecting all "zero angle points".
Zeroconcentration extrapation line- line connecting all "zero concentration points".
Zimm Plot Scaling Factor The range is from-29999.
These settings can be set before or afteZitnenplot isobtained.
3.7 VIEWING STORED DATA

Stored data can be retrieved via ltbad Workspaceommand on thEile menu. The raw data will be
presented in thBata Panand the complete report, including the calibration constants, the regions used
for baseline and integration and the results will be presentedinidireation Pane

To view theZimmplot, press th®esultsentry on the information pane.
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3.8 RESULTS AND SHAPE INTERPRETATION

TheResuls section of thénformationpanelpresents the Molecul&@Veight,the Radiusof Gyrationand
theSecond Virial Coefficient (Figure-B).

Figure 37: ResultsSection- InformationPanel

TheShape lterpretation gction (Figure 38) of thelnformationpanel presents the value thie
correlation coefficientrf) usingthevariouscalculations describinpe shape of the particlEhe shape of
the molecule is best described by the model with the highest vafue of

Figure 38: Shape InterpretatioBecion - InformationPanel

Note: The user should be aware that inhomogeneity in either the shape or the size of the particle may lead
to ambiguity in the interpretation of the data.

The equations used for the various models include:
Random Coil - Thelight scattering expression for a random coil is presanteduation 3L.
31

where:

Rg is the radius of gyration
n is the number of statistical polymer segments
b is the root mean square length of the statistical segment
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Sphere- The light scatterimexpression for a random coil is presented in Equatibn 3
3-2

where

D is the diameter of the sphere

Rod - The light scattering expression for a rod is presented in Equadion 3

3-3

where

L is the rod length
Thin Disk - The light scattering expssion for a thin disk is presented in Equati@n 3

34
where
D = diameter of disk
Ji1(x) = Bessel function of the first kind
Star - The light scattering expression for a star is presented in Equdiion 3
35

where

f is the number of arms on the star
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Flexible Ring - The light scattering expression for a flexible ring is presented in Equadion 3
3-6

where

Ipb LV 'DZVRQYV ,QWHJUDO
n = # of statistical polymer segments
b = rootmeansquare length of statistical segment

A description of related matfeD WLFDO IXQFWLRQV VXFK DV %HVVHOTV IXQFWLRQ
Integral (Flexible Ring model), calculation of correlation coefficients can be found in mathematics
reference books.
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Appendix A

Theory of Light Scattering

A.1 OVERVIEW

Light Scatteing refers to the process in which light from an incident polarized laser beam is scattered in

all directions when it interacts with a molecule or particle. Light scattering is an everyday occurrence and

was first described by Lord Rayleigh in the late 18V $Q H[DPSOH RI OLJKW VFDWWHULQJ 1|
sunlight by particles in the atmosphere: the sky is blue because shorter visible wavelength radiatio

light) is scattered more strongly by the gas molecules in air than light of longer wtngeleed light). u

There are two general technigues for the measurement of physical properties of polymers (synthetic
polymers and natural polymers such as proteins and polysaccharides), virons, liposomes and particles.

x Static Light Scattering (also known a Rayleigh scattering or classical light scatterin)e
intensity of the scattered light from the sample dissolved in the solvent. This difference between
the two measurements can be used to determine the average molecular weight and Rg (radius of
gyration). To complete the molecular weight determination, the concentration of the compound of
interest is required (typically obtained from a refractive index detector or an absorbance detector).
Static Light Scattering is described in Section A.3.

x Dynamic Light Scattering (also known as Quaslastic scattering, Photocorrelation
Spectroscopy, or Beat Spectroscopyhe fluctuations of the intensity of the scattered light is
used to determine the diffusion coefficient of the molecules as they move in d@ubtionian
motion). The StokeEinstein equation is used to determine Rh (the hydrodynamic radius of the
molecule). Dynamic Light Scattering is described in Section A.4.

Static and Dynamic measurements can be made on a sample in a cuvette or in a@aningush as

that found in high performance liquid chromatography (HPLC), size exclusion chromatography (SEC) or
gel permeation chromatography (GPC). In flowing streams, measurements are made on each elution slice
using a unigue light scattering designl @&ary fast digital signal processors (which are essentially special
purpose computers).

This chapter describes the fundamentals of the theory of light scattering. A short list of references for
additional reading is presented in Secfiob.
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A.2 THE PHYSICAL BASIS OF LIGHT SCATTERING

Light consists of perpendicular electric and magnetic fields that oscillate in a direction that is
perpendicular to the direction of propagation of the light as shown in Rigur&/hen light strikes a
molecule, the eleains will experience a force due to the electric field and will move slightly. This
movement will induce an oscillating dipole moment that will radiate light in all directions at the
oscillating frequency. This radiated light is the scattered light tlatested and processed as described
below.

Figure A1: Light Scattered by a Molecule

Figure A1 describes the spatial arrangement of the incident light and scattered light in the light scattering
experiment. The light is polarized in the vertical dicegtthus the electric field will oscillate in the Z
direction and the magnetic field will oscillate in the X direction.

A diode laser, which is a monochromatic source of light that can be focused to a very small point in the
center of the sample cell,used in PDI light scattering systermigpical sources include a semiconductor

laser that can provide 20 to 30 mW at 685 nm and another which provides 100 to 150 mW at 800 nm. The
scattered light is collected at a given angle and orientation (&.gr. 4%) from the incident radiation,

and is used to deduce the desired molecular properties.

A.3 STATIC LIGHT SCATTERING
A.3.1 Measuring the Molecular Weight

Note: Since Precision Detector systems include polarized laser light sources, the equatioed jpresent
this chapter will be slightly different than those presented in discussions of light scattering when non
polarized sources are used.

The electric dipole moment that is induced is shown in equatibn A
E K
S . ( A-1

where: p is the dipole moment
. is the polarizability
E is the electric field
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The polarizability can be related to measurable parameters via edution
u Q GQ GF, &1 A2

where: M,, is the molecular weight
Nar iSAYRIJDGURTV QX PEndldcules pef mole)
dn/dc is the change in the index of refraction as a function of the change in
concentration. It is considered to be a constant for any specified sulget pair under
constant operating conditions.

The oscillating dipole will radiate light in all directions at the oscillating frequency. This is the origin of
scattered light. If a single molecule has dimensions that are small with respect to the wavelength of the
incident light , the intensity of thight can be defined by equationr3A

ls > 2IE,sif- G Q “GNA* J'R? A-3

where: |sis the intensity of the radiated light n
I,is the intensity of the incident light
oIS the wavelength of light in a vacuum
- andR are as defined in Figufe 1

If we collect light from a volume V of a solution with a concentration ¢ (gm/mL), the intensity of
scattered light can be found by multiplying equatiéht8/ the number of molecules in the volume V.
The number of molecules can be expressedamy/\MM,,.

Now if we solve for N, we obtain equation-A.

My = N2 SR?ls  *@,sin® - F GOISF A-4
Collecting all the constants and instrumental parameters into an overall instrumental constant, A, we
obtain equation 5.

My = ls/ A ¢ (dn/dc¥ I, A-5

Equation 85 can be used to measure the mddeoweight M, of small molecules at any scattering angle

W VKRXOG EH QRWHG KRZHYHU WKDW ODUJHU PROHFXOHV VFDW\
angles because of interference effects caused by the fact that light scattered from biteepadiecule
travels a different distance from another part of the molecule, and is not in phase with light scattered. This
phenomenon can be quantified by defining the light scattering form factor (edu#®joA more
detailed discussion of the formdtor is presented in Section A.3.3.

3 VFDWWHUHG LQWHQVLW\ DW DQJOH WBDWWHUHG LQWHQ\
W VKRXOG EH QRWHG WKDW 3 FDQ EH ZULWWHQ DV D VHULHV DV V
3 - 1/3(g°RyY) + A-7

where: q E Q VLQ
R is the radius of gyratioof the molecule
n is the index of refraction of the liquid
oIS the wavelength of light in a vacuum

For scattering at £3nd 96, equation & can be expressed as equatior& and A9, respectively.
3 -26.3(R Q o)’ A-8
3 -0.0897(Ry Q o)° A-9

We present a table of P values fof a6d 90 degrees as a function of molecular weight (for molecules
with molecular weight from f0to 16 Daltons) in TabléA-1. These values assume that the molecules are
random coils
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Table A1: Value of P(99 and P(15 IR/ 685 nm, n=1.5

Mw Rq (Approx) nm P(90) P(15)

5x 10 2.3 0.9993 1.0000
5x 10 7 0.9993 0.9998
5x 10 23 0.9993 0.9976
5x 10 70 *1 0.9780
5x 10 230 *1 0.7622

*1 values depend on shape

, I WKH Y D)okt iR €gBatior\-7 is below 0.7, higher order components become important. In
WKLV FDVH 3 jaGdrhSdioQ thé/sHaegr 6f the molecule as shown in Figlre A

Figure A2: Values of B DV D | X QERift RiQvaRdusTparticle stpes: 1 = Sphere,
2 = Gaussian Coils, 3 = Rods.

,W LV FOHDU WKDW DOO WKUHH PROHFXORRfNHKEBStkEi \LHOG WKH VDP}
DSSUR[LPDWHO\ $V WKH YDOXH RI 3 LQFUHDVHY WKH VKDSH RI V

sattering intensity.

A-4 PrecisionMALS 2 Appendix A




A.3.2 Using Refractive Index Measurements to Measure Concentration

Refractive index measurements can be used in conjunction with static light scattering measurements to
determine the concentration of the compound in the chromatogsdipbi

The difference in refractive index between the solution under study and the pure solvent is measured by
passing a light beam thru two cells as shown in FigideOne of the cells contains pure solvent and the
other contains the eluant as it pesthru the cell after the column. The cell with the pure solvent should
be filled with the solvent prior to the separation and should be at the same temperature as the eluant.

The observed signal (RI), which corresponds to the deviation of the lighisopasportional to the
difference in the refractive index of the fluid in the two cells as shown in egation

Rl =B (dn/dc) ¢ A-10

where: B is an instrumental constant
c is the concentration of the sample in the solvent n
dn/dc is the changeithe index of refraction of the solution asfanction of

concentration. It is considered as a constant for any specified solversolute pair under
constant operating conditions

A.3.3 The Form Factor

The form factor at a particular angle is the ratithefsignal at that angle when compared to the signal
expected at the theoretical angle dfwhere there is not form factor) as indicated by equati®nThe

importance of the form factor is that small molecules (e.g. those which have a radius ilfahim, <

which is small when compared to the wavelength of the incident light) are studied, generate comparable
signals at all angles, while large molecules generate signals that are smaller at higher angles and larger at
small angles

A.3.4 Characteristics of Low-Angle (15°) Light Scattering

Low Angle light scattering data is collected at adifgle to the incident beam and is typically used for
determination of the molecular weights of large molecules. This measurement angle is especially useful
for the sudy of proteins with molecular weight of greater than 1,000,000 Daltons and for random coils
with molecular weight between 200,000 Daltons and about 10,000,000 Daltons.

In addition, 15 data is also used with 9fata to measure Rg, the radius of gyratibmolecules over a
limited range of sizes (1250 nm) using static light scattering analysis.

A.3.5 High Angle Light Scattering

Low angle light scattering data is collected at aa®@le to the incident beam and is typically used with
static light sattering analysis to measure the molecular weight of smaller molecules such as proteins with
a molecular weight below 1,000,000 Daltons, random coils with molecular weight below 200,000 Daltons
and for lower molecular weight n@pherical coil polymers. laddition, it is used with dynamic light

scattering analysis to measure Rh, the hydrodynamic radius of molecules and particles from 1 to 1,000
nm.
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