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Principles of Triple Detection GPC/SEC, Part 2: The Low Angle Light
Scattering Detector
Gel Permeation Chromatography (GPC), also known as Size Exclusion
Chromatography (SËC), is a popular analytical tool for characterizing natural and
synthetic polymers and proteins. Rapid developments in industrial, biomedical,
pharmaceutical and food technologies have provided a strong push to extend the
capabil ity of conventional GPC beyond relative MW measurements. ln response,
many users have implemented the technique of Triple Detection, which refers to th€
combination of concentration, viscosity, and light scattering detectors, to obtain
absolute MW plus information on structure and conformation. This article, the
second in a series of three, wil l explore the principles of measurement and operatio
of ihe Low Angle Light Scattering detector (LALS), which is the simplest and most
powerful l ight scattering detector in use today.

Theory
The fundamental equation for scattering of l ight from polymer solutions is the Zimm
equat ion.

t 1 ]  K C
P' r t

+  ZA?C
I'/Pr

M is the molecular weight of the polymer sample and C is the sample concentration

A, is the second virial coefficient of the solution, which corrects for the interaction of
polymer molecules with each other. A, may be calculated from the concentration
dependence of the l ight scattering signal. However, that is beyond the scope of this
d iscussion.

Rt is the excess Rayleigh scatterirrg ratio of the solution above that of the pure
solvent, measured at angle 0 with respect to the incident beam.

t 2 . l  R o 1.

lo is the irradiance of the incident laser. I, is the excess intensity of the scattered
light above that of the pure solvent at angle 0, irr the present case it is the baseline-
corrected LALS signal. k is an instrument constant relaled to the scattered l ight
collection ef{iciency. A schematic of the optical arrangement of the LALS is shown i
F igu re  1 .

P, is the particle scattering factor. lt is a measure of the angular dissymmetry of the
scat tered l ight  and is  re lated to the s ize and the angle at  which the scat ter ing is
detertnined. Much of l ight scattering science is devoted to determination of P^ but
the beauty of LAI-S is that it can be ignored

Id , Lals

IÛ IÛ
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r Po is exactly equal to unity for all molecules when 0 is zero.
' P, is 0 98 for molecules with radius of gyration (RG) of . l S0 nrn when 0 is 7

cjegrees.
r  R" of  150 nm const i tu tes the upper l imi t  o f  separat ion of  GpC.

Therefore, with LALS nrultiple angle measurements are unnecessary because
extrapolation or correction for angular dissymmetry is unnecessary. This reduction'lâ
a single angle greatly simplif ies lhe processing of data from multiple detectors.

K is a composite of optical and fundamental constants.

^ |  
" ) tt 3 l  K  _  r p | ] I n o

He Àf,

no is the refractive index of lhe solvent,
v is the refractive index increment of the polymer soh_rtion,
No is Avogadro's nutnber,
Ào is the wavelength of the incident l ight in vacuum.
p is an integer equal to 2 for vertically polarized incident l ight, 1 for un-polarized.

The latter three parameters (No, À0, and p) are instrument constants and can be
merged with the detector constants k and lo in equation 2 to form a new constant
which we wil l call Lals.cal. Equation 1 can now be rearranged to separate the
variables of molecular weight and concentration from the other parameters.

t 4 l  
M C  =

n.? v?u  _  . ) ^

Lals. Cal Lals t

The 2no virial coefficient A, is typically much smaller than the first term in the
denominator, so equaiion 4 can be simplified by neglecting the A, term.

ï ^1^ f al Lalst q l  
. I r ' f / a  L i l ù  \

I '. I avf L -------- 
a-- a

n ;  v '

Equation 4 is the general equation but equation 5 wil l be used in the present
drscr-rssion for purposes of simplif ication.

Elut ion Prof i les
The elution profi le consists of successive fractions of the eluant sampled at equally
spaced time intervals i. Each fraction wil l be characterized by its molecular weight N
and concentration C,. C, is determined from the following equation derived in parl 1
of this series, The Deflection Refractorneter.

Ë ï .  n -
t o l  i l  .  =  

- - r  ^ ^ u
- 1  

R I C a I  u

Rl ,  is  the s igrra l  f rorn the Rl  detector  at  in terval  i ,  and Rl .Cal  is  the detector
cal ibrat ion constant  Subst i tu t ing equat ion 6 i r r to  equat ion 5 y ie lds the e lut ion prof i le
of  molecLr lar  weight .

http : //rvwrv. r,i scotek. com/techno tes0 1 . php4 t112312004
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Lals C al Fl.t: s] L als i- ,.

t l  "  RI i

Note that the array itrdex for the LALS signal is offset from that of the Rl detector by
an amount ô. This detector offsel reflects the fact that the two detectors do not
measure each fraction simultaneously. They have a time (volume) separation
between them corresponding to the volumes of the two detector plus the volume of
the interconnecting tubing. Ëquation 7 reveals that molecular weight elution profi le F
proportional to the ratio of the LALS detector siqnal to the Rl detector sionar.

An elution profi le for molecular weight on a broad distribution polystyrene sampie is
shown in F igure?,  over la idwi th the Rl  and LALS s ignals.  Not icethat the M, prof l le
has more noise at  each end than in the middle.  This is  due to the Rl  and LALS
signals being lower in  magni tude near the ends of  the peaks so the noise rs
relatively higher. In fact, the calculation of M, becomes so unreliable on the ends thi
the calculation must be lruncated at some point and M, is obtained for the rest of thê
distribution by extrapolation. The extrapolation is shown in Figuæ 2 as the dashed
line and is much more extensive on the low molecular weiqht end.

Determ ination of Instrument Constants {Cal i bration)
The instrument constants Rl.Cal, Lals.Cal, and ô are determined from the
chromatograms of a narrow distribution polymer standard, for example, polystyrene
standard 90K shown in Figure 3. The offset ô is easily determined as the difference
in the peak positions. Figure 4 shows the same chromatograms after the offset is
applied. The Rl calibration constant is determined from the Rl peak area and dn/dc
as shown previously in Part 1. The LALS calibration constant is determined from thr
LALS peak area, which is directly proportional to the weight-average molecular
weight as shown in the section below.

Molecular  Weight  Dist r ibut ion
The molecularweight distribution can be represented in several ways; the most
important being the number-average molecular weight M* and the weight-average
molecular weight Mw. Mtt is defined as the average molecular weight (molar mass)
over the successive fractions of the sample with the statistical weight of each
fraciion being the number of molecules, or molar concentration N,. The molar
concentration is simply the ratio of the weight concentration C, and molar mass M,,
which are determined by equations 6 and 7, respectively

-
I B I  \ T

r t i  -  -' M i

The number-average molecular weight is defined therefore as follows.

ï  7  1  r , r  _  L , i l s .Cs l  .Lds  
r_ul ' I IUli = -------T----;-

n i  u ' . C ;

ï rr  -  ZN,M, Ect
l  f l ] L r  -

r _ r  r r  \ r a r  
S _ C r /À r'{i 
/_ /tr.l,i

The weight-average molecular  weight  is  def ined as the average molecular  weight
(molar mass) over the successive fractions of the sample with the statistical weighi
of each fraction being the mass of molecules, or weight concentration C,.

http : //rvwlv. vi scotek. com/technotes0 I . php4 | | 12312004
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t 10 I r,{ur :

The summat ions in  equat ions g and 10 are d i recf ly  re lated to peak areas in  the GpC
chrornatogram

r The surn of Ci is proportional lo the area of the Rl detector peak, per
equat ion 6.

. -  \ ' t r
[11] I 'C. = 

r i . f r r \ -r i  
cr  .?. i  peakArea' 

RI.Cal v

The sum of C,M, is proportional to the area of the LALS detector peak, per
equat ion 5.

t12.1 f ,c ,M,  =
Lals.Cal f , tas,

ct Lals PeakArea
not '  u '

Combining equations 10-12 reveals a very simple relationship between Mw
and the chromatographic peak areas.

[ 1 3 ]  M *  f f i
Lals Peak.Area

R[ Peak Area

. The sum of C,lM, is proportional to the area of lhe molar concentration peak
per equation B. So M* can also be consrdered a ratio of peak areas as
follows.

114) I ' {n,  cc
R[ Peak Area

hfolar Conc Peak.Ê,rea

However, molar concentration is a derived function, not a detector signal, so M*
does not have the same lype of simple relationship to detector peak areas as does
M*. The derivation if molar concentration is oflen results in greater error for
determination of M* than for M* The reason for this is i l lustrated in Figure 5 where
the relevant peaks are overlaid for a broad distribution sample, polystyrene in THF.
M* can be determined very precisely because it is simply proportional to the ratio o€
the LALS and Rl  peak areas,  both of  which have excel lent  s ignal /noise.  M* is
determined by the peak area of molar concentration, which has considerable noise
on the long elution side of the peak. The excessive noise is inherent in a broad
distribution sample and arises from the fact that molar concentrations are higher
where the molar  mass,  and hence the LALS s ignal ,  is  lower.  M* wi l l  therefore be
determined by l ight scaltering with substantially less precision than wil l M* for broal
d is t r ibut ions.  Narrow dis t r ibut ion samples do not  exhib i t  th is  noise problem.

Figure 1.  Schemat ic  of  Low Angle L ight  Scal ter ing (LALS) Detector .  < Back

Ic '
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Figure 2. Log M elution profi le overlaid with Rl and LALS chromatograms for a
Broad Distribution Polystyrene Sample. < Back

Figure 3. Rl and LALS Chromatograms of a Narrow Distribution Polyslyrene
Standard. < Back
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Figure 4. Rl and LALS Chromatograms of a Narrow Distribution polystyrene
Standard with Detector Offset Applied. < Back
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SEC.VISCOM ETRY.RALLS
in this tr iple detector method, the angular dissymmetry in the scaflered intensity isaccounted for by using the combined measurements of intr insic viscosity at g0: h:gnt scalterrng

intensity (RALLS Right Angle Laser Light Scattering) to determine both molecular srze and lhemolecular weight. Size determinâl ion of small  polymer molecules is possible wilh this newmethod, even when there is no observable mult i_angle LS dissymmetry.

Figure 12 MLLS Schomatlc

Angular light scattering dissymmetry is not a factor for many important commercial
random-coil type polymers having molecular weight values in the ordei of 100,000 or less, lke
most polycon_densation, Nylon, or D.acron type polymers. For higher MW samptes, a proper
acæunt of LS dissymmetry is highly desirable to assure a bettt than s% accurary in the
molecular weight determination. In Viscotek's software, the fotlowing algorithm is used to
account for LS dissymmetry automatically to guarantee accuracy:

1 ) Inilially, the particle scattering funclion at 90', p(90"), is assumed a value of 1 .o and
a molecular weight estimate M,,, is calculated directly from lhe MLLS intensity Rs
from Equation [A.3-101, that is:

, r r ,=HlA.3-161

where K is the optical conslanl defined earlier.

2) A Flory-Fox radius,îrï is then calculated from the above M," and the experimental
intrrnsic viscosity value [4J:

/  ^ t j z  (  |  -1  ^ , t  \  t / l

l A 3 - 1 7 1  Â - -  = l i l  l L t l l t " t " u l
\ 6 /  \  O  )

where O is the Flory viscosity constant deflned earlier in Equations [A.3-12] and [A 3-
1 3l that take into account the different degrees of solvenl expansion factor for lhe
polymer molecules

3) An improved 90" dissymrnetry value oT P(90").., is lhen calculated from a specific
particle scattering function that fits either the rigid-rod, hard-sphere, or random corl
type; the following Debye P(d) function rs chosen to update the f(90')",, value.

lA 3-181 r(go")",, = -" -(r - x))
where,

A ^ -

lA 3-191 x = 
' " " '  

F
r  

\ lT.?J,

n 0
where ns is the solvent refractive index, and ,.la is the wavelength of the incident light

4) A new esl imate of lhe molecularweight is caiculated from:

2 1

,Yr \-

lA.3-201

5) Steps of  2 and 4 are repeated using the new est i rnate of  molecular  weight  unt i l  the
molecular  weight  and Âpa values no longer change. This usual ly  takes lhree
I terat ions or  less.

NewM--. = ,M""-
P( 90" )

\  l z y

CELL

RALLS
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