QHny) Designation: D 6579 — 00

Standard Practice for

Molecular Weight Averages and Molecular Weight
Distribution of Hydrocarbon and Terpene Resins by Size-
Exclusion Chromatography

This standard is issued under the fixed designation D 6579; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonejf indicates an editorial change since the last revision or reapproval.

1. Scope chromatography column (or set of columns connected in

1.1 This practice covers the determination of molecularS€ries) packed with a solid or semirigid, porous substrate that
weight (MW) averages and the molecular weight distributionSeparates the molecules according to their size in solution. A
(MWD) for soluble hydrocarbon and terpene resins by sizedetector monitors the eluate as a function of elution volume (or
exclusion chromatography (SEC). This technique is not absdime). Upon emerging from the column(s), the size-separated
lute; it requires calibration with standards of known molecularmolecules are detected and recorded according to their con-
weight. This practice is applicable for samples Containingcentratlon.Through calibration, t_he elution volumes (or times)
molecular weight components that have elution volumes fall@ré converted to molecular weights, and various molecular

ing within the elution volume range defined by polystyreneWeight parameters for the sample are calculated from the
standards. molecular weight/concentration data.

Note 1—The SEC is also known as gel permeation chromatography}. Significance and Use

(GPO). 4.1 The MW and MWD are fundamental characteristics of a
1.2 The SEC systems employ low-volume liquid chroma-resin. They may be used for a variety of correlations for
tography components and columns packed with relativelfundamental studies, processing, or product applications. The
small (generally 3 to 20 pm) microporous particles. High-MwW and MWD values may also be used for manufacturing

performance liquid chromatography instrumentation and autoguality control of resins.

mated data handling systems for data acquisition and process-4.2 Limitations—Comparison of SEC molecular weights

ing are also required. should be made only if the data were obtained under identical
1.3 This standard does not purport to address all of thechromatographic conditions.

safety concerns, if any, associated with its use. It is the

responsibility of the user of this standard to establish appro->- Apparatus

priate safety and health practices and determine the applica- 5.1 Solvent ReserveirThe solvent reservoir must hold

bility of regulatory limitations prior to use. sufficient solvent to ensure consistency of composition for a
number of runs or analyses. The reservoir should isolate the
2. Referenced Documents solvent from the atmosphere, permit control of the environ-
2.1 ASTM Standards: ment in contact with the solvent, and be inert to the solvent
D 3016 Practice for Use of Liquid Exclusion Chromatogra-employed. Some means of agitation (for example, magnetic
phy Terms and Relationships stirring) is recommended to ensure uniform composition.
E 691 Practice for Conducting an Interlaboratory Study to 5.2 Solvent Pumping SysteaThe principal requirement of
Determine the Precision of a Test Metffod a pumping system is production of a relatively constant and

. pulseless flow of solvent through the columns. In general, the
3. Summary of Practice rate of flow should be adjustable between 0.1 and 5.0 mL/min,
3.1 In this practice, a dilute solution of a hydrocarbon orand back pressures should not exceed limits specified by the
terpene resin sample is injected into a liquid mobile phaseolumn manufacturer. If the elution volume is not being
containing the same solvent used to prepare the resin solutiomeasured directly or corrected for systematic changes, the
The mobile phase transports the resin into and through grecision in the flow rate must be at leasf.3 % under the
conditions and over the time interval required for running a
1 This practice is under the jurisdiction of ASTM Committee DO1 on Paint and typlcal anaIyS|s.

Related Coatings Materials, and Applications and is the direct responsibility of 9-3 Sample |njeCt0r—Th? purpose of an inj?Ction systgm is
Subcommittee D01.38 on Hydrocarbon Resins. to generate a sharply defined zone of solution containing the

Current edition approved Aug. 10, 2000. Published October 2000. sample when introducing the sample into the flow stream. A

2 Annual Book of ASTM Standardgol. 08.02. .
3 Annual Book of ASTM Standardols. 14.02. valve and loop assembly or any of a number of commercially
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available high-performance liquid chromatography automatisignal is not appreciably perturbed.

injection systems can be used for this purpose. It is only 5.8 Data Handling SysterasMeans must be provided for

required that contribution to band spreading be minimal andletermining chromatographic peak heights or integrated area

that the injector be able to operate at the back pressurgegments at prescribed intervals under the chromatogram and

generated by the columns. for handling and reporting the data. This can best be accom-
5.4 Columns—Stainless steel columns with uniform and plished by means of a computer or a real-time data acquisition

highly polished inside walls should be used. Columns withsystem with either off-line or on-line data processing.

lengths ranging fro”.‘ 151050 cm a_nd special end fittings, f.nFS’ Note 4—Data acquisition and handling systems for SEC have not been

and connectors designed to minimize dead volume and MIXINGandardized. However, a number of manufacturers provide chromatogra-

are rgcpmmended. Micro-pa_rticulate, _semirigid organic gelsphy data systems that include SEC software. Also, some users have
and rigid solid, porous packing materials are used for SECdeveloped their own specialized software.

Qengral_ly, the_packin_g me_lterigls have narrow particle size g g other Components (OptionahSpecial solvent line
distributions, with particle sizes in the range from 3 t0 20 UM iyters pressure monitors, pulse dampers, flowmeters, thermo-
Packing materials are available in a variety of shapes and potgateq ovens, syphon counters, plotters, raw data storage

sizes. Columns may be packed with particles of relativelysyiams, software, and so forth, are often incorporated with the
uniform pore size or with a “mixed bed” of particles to produce o sqential components previously listed.

a broad range of pore sizes for polymer separation. If a set of 5 1 The interrelationships of the components are shown
columns is used, it is recommended that the columns bg.hematically in Fig. 1. Use of a degasser located in the solvent
conpected, starting from the injector outlet, from Cplumnsreservoir or between the reservoir and pumping system is
having the smallest to those having the largest packing porg,.ommended to remove air from the solvent.

Size. 5.11 Analytical Balancereadable ta+0.0001 g.

NoTe 2—S¢Iect the number of _columns and pore sizes based on thgf Reagents and Materials
molecular weight range of the resin being analyzed and on the degree 0
resolution required. 6.1 Low-MW Standards-Low-MW compounds, such as

toluene, xylene, oo-dichlorobenzene, that are used for deter-

mining plate count, or as internal standards, must be of high
urity.

i 6.2 Polystyrene StandardsUnimodal, narrow, MW stan-

ards that effectively bracket the desired range of the resins

eing characterized. Selection of a minimum of three standards

5.5 Detectors—The purpose of the detector is to continu-
ously monitor the concentration of solute eluting from the
chromatographic column(s). Consequently, the detector mu
be sufficiently sensitive and respond linearly to the soluted
concentration. Additionally, the detector must not appreciablyb

distort the concentration gradient in the emerging stream. Th|ser decade in molecular weight spanning the effective molecu-

requirement imposes severe limitations on the volume o iah fth | . ded
solution available for detection. For example, use of detectoré” €'Y t range of the column set is recommended.
: ' 6.3 Solvent-Tetrahydrofuran (THF)}Stabilized, high pu-

with cell volumes greater than 15 L generally will not be rity. Depending on the detector used, ultraviolet (UV) grade

acceptable for this practice. A differential refractometer hasI_HF may be required, however, caution should be used due to

moderate sensitivity ar_1d general ut|.I|ty. The dn‘ferenual refrac_:-the formation of peroxides in unstabilized THE.
tometer provides a signal proportional to the difference in

refractive index (RI) between the solvent and the column7. Preparation of Apparatus

eluate. The detector should respond t6"10 10°® R unit and 7.1 Assembly-The SEC system must be assembled as
have a cell volume=10 pL. Other types of detectors may be shown in Fig. 1 and readied for operation. For commercial
used. systems, follow the manufacturers’ guidelines and recommen-

Note 3—The principal disadvantage of the differential refractometer isdations for assembly and operation.
that precise control of temperature, pressure, and flow rate is required to 7.2 Temperature-An operating temperature is not specified
maintain a stable signal for an appropriate level of sensitivity. Forin this practice. However, precise control of the temperature of
example, most organic liquids have a temperature coefficient of RD the components (injection |oop’ C0|umn(s), detector, and con-
units per K. Consequer_ﬂly, the temperature within the RI detector Celhecting tubing) is critical for controlling the reproducibility of
must be controlled to within T6°C. the SEC molecular weigh A

ghts and will significantly reduce

5.6 Tubing and Fittings—All tubing between the sample baseline drift. The temperature of the previously mentioned
injector and the detector should be no greater than 0.25 mimternal components during an analysis must be within 3°C of
(0.010 in.) in internal diameter and of sufficient thickness fortheir temperature at calibration.
use at pressures up to 42 MPa. Connecting column tubing 7.3 Flow Rate—Follow the column and instrument manu-
should be kept as short as possible, and all fittings andacturers’ recommendations when selecting a flow rate and
connectors must be designed to prevent mixing and have lostarting the solvent pumping system. A flow rate oft10.1
dead volumes. mL/min is suggested, with the pumping system adjusted to

5.7 Recorder/Plotter (Optional)—Either a recording po- deliver a relatively constant and pulseless flow of eluent from
tentiometer with a full-scale response of at ke@ss or a the detector outlet. Flow rate may be measured by determining
printing device connected to a data handling system may beither the volume or weight of solvent eluted over a sufficiently
used to plot the chromatographic data. Pen response atohg period of time and under suitable conditions to guarantee
signal-to-noise ratio should be chosen so that the concentratian precision of at leastt0.3 %. Alternatively, an internal
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FIG. 1 Schematic of a SEC System

standard or control may be used to monitor flow rate. Flow 8.3 Resin SamplesThe typical concentration range for
rates must be determined during calibration and before or afteesin solutions is from 0.2 to 1 mg/mL. Solutions are prepared
each analysis. as described in 8.1, dissolving with a minimum of agitation.

7.4 Detector—Detector settings should provide optimum Magnetic stirring devices or laboratory shakers may be used to
sensitivity for solute detection without causing undue baselina@id dissolution, however, excessive shear, temperature or
noise or overloading of the output signal. ultrasonic devices may cause the polymer to degrade, and

7.5 Data Handling SystemUsers are advised to follow therefore must not be used with this practice. It is a good
recommendations of their computer or data system manufagractice to analyze the resin solutions within 24 h of their
turer for setting data acquisition and integration parameters. preparation.

8.4 Filtration—It is recommended that all sample solutions

8. Preparation of Solutions be filtered through membrane filters to remove any materials

8.1 Polystyrene StandardsThe typical concentration likely to obstruct the columns and other system components.
range for polystyrene standards is from 0.2 to 1 mg/mLMembrane filters with pore sizes in the range from 0.2 to 0.5
Prepare solutions by weighing the standard into a suitablgm are recommended. (The membrane pore size must not
clean, dry, solvent-resistant stoppered flask or screw-cappegkceed 5 um.) The filters must be inert to the solvent and not
vial, then add an appropriate amount of solvent from thebecome clogged during filtration.
mabile phase Teseryo”- DISSOIVQ the Stgndard at room tempera-NOTE 7—Filtration often reveals the presence of gel in solutions even
ture. Do not stir or filter the solutions. Mixtures of two or more yhoygh the solutions appear clear to the eye, as is the case with many
narrow MWD polymer standards may be prepared in the samgicrogels. During filtration, gel particles are likely to plug the pores of the
flask. The standards selected for each solution should differ ifiiter, noticeable by an excessive pressure needed for filtration. If such an
Mw values by a factor of 10 or greater. It is recommended thapbstruction occurs, the soluble portion of the resin may be partially
higher MW polymer standards (MW > 800 000 g/mol) be removed during filtration, the obstructed membrane now acting as an
prepared as single, more dilute solutions to reduce proble tra-filtration device. In this case, the resin in the filtrate may no longer

lating t | . uti d tration duri e representative of the soluble portion of the sample. Therefore, if
relaling to polymer size in solution and concentration duringy, e nsjve plugging of the membrane pores is indicated, the validity of the

calibration. chromatographic results is compromised.

~Nore 5—Low-molecular weight standards may be resolved into dis- g 5 Test for Sample Solution SuitabiliyThe mass of resin

tinct oligomeric components on high-resolution column sets. In this casgp;acteqd for a SEC analysis depends on the expected molecular
see thc_e information supp_lled by the manufacturer for assigning th%veight distribution (the narrower the distribution and the
approximate molecular weight to each oligomer peak. . higher the MW of the sample, the smaller should be the sample
~ 8.2 Reference StandardThe same procedure as describedgjze) The mass of resin injected must be sufficiently small such
in 8.1 can be used to prepare dilute solutions (0.1 % w/v) Ofpat the hydrodynamic volume of the resin and the chromato-
low-MW  materials such as toluene, xylene, Or graphic separation mechanism are not influenced by the
o-dichlorobenzene for determining the column plate count ogoncentration of resin injected. If the injected solution concen-

for use as an internal standard. tration is too high, especially for higher molecular weight
Nore 6—Alternatively, the dissolved oxygen peak may be used as théamples, the peak elution volume (time) and shape of the
reference standard. distribution may be affected, leading to an erroneous MW
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determination. It is, therefore, advisable to rerun an unknowrlow rate between the time the SEC system is calibrated and
sample or standard at one half its original concentration (whilevhen sample analyses are run, cause large, systematic errors in
doubling detector sensitivity) to ensure that its peak elution isMW values obtained. Users are strongly advised to add a
reproducible. If a change is observed, the run should b#ow-measuring device to their system or to include an internal
repeated with a still lower concentration of sample. The onlystandard with samples injected for monitoring changes in
solutions that can be analyzed are those having concentratiorfuent flow rate.

in a range where the elution profile of the resin shows no

concentration dependence. 10. Calibration
10.1 Selection of Polystyrene StandardBrepare fresh so-
9. Performance Requirements lutions of polystyrene calibration standards in accordance with

9.1 Plate Court—The number of theoretical platel, is a  8.1. The calibration solutions should be as dilute as possible to

dimensionless quantity related to column efficiency. It provideg€duce concentration effects. -

an indication of dispersion processes in chromatographic 10.2 Injection of Polystyrene StandardsMake injections

systems. Various procedures and methods of calculation madith a clean micro-syringe or automatic injector system. Add

be applied to estimat. Users of this practice are advised to the internal standard, if used, to the solution before injection.

follow recommendations of the column manufacturer wherBaseline resolution of the peaks should be obtained for any

evaluating their columns. The plate count should also béolutions containing two or more polystyrene standards in-

determined under the same conditions as those applied for thigcted for callpratlon. _

practice. For example, the following test conditions may be 10.2.1 The injection volumes of all standard solutions must

utilized. be identical, regardless of concentration. The maximum rec-
9.1.1 Assuming that the solute peak is symmetrical and ha@Mmmended injection volume is related to the diameter (and

a nearly Gaussian shape, the following approximation can backing volume) of the SEC column(s). For columns with
used to calculate the number of theoretical plates: diameters of 0.6 to 0.8 cm, the injection should200 pL.

For column diameters of 0.8 to 1.0 cm, injection volumes

N = 16 (Ve/wN)? @ =150 pL are recommended.
where: 10.3 Data Acquisitior—Optimize data system parameters to
N = number of theoretical plates, determine elution peak maxima and corresponding elution
Vg = peak elution volume (or time) measured at the peakVvolumes (or times) for the various polymer standards (and
maximum of the reference standard, and internal Standard). Elution times may be mUItlp“ed by the
w = peak width in elution volume (or time) units as measured flow rate to convert them to elution volumes.

determined by measuring the distance between theéDetermine and record an average peak elution volume (or time)
baseline intercepts of lines drawn tangent to the peakof the internal standard when the system is calibrated.
Inflectloh pomts as _shown in Fig. 2. Note 8—Measure peak elution volume (or time) from the point at
9.1.2 SinceN is a dimensionless parameter, the number ofyhich the sample is injected to the location (or time) of the observed
theoretical plates has the same value, regardless, whéther maximum of the recorded chromatographic peak (see Fig. 2).
andW are measured in elution volume or elution time units. To 10 4 Generation of Calibration Curve-Measure the peak

compare the efficiency of different column(d)l is usually  g|ytion volumes,Vy (or time) for each molecular weight

normalized with respect to the total column(s) lengtithatis:  giandard and the internal standard at the peak maximum. For
N’ = N/L ) the purposes of calibratiotV, of the internal standard is the

9.1.3 The SEC columns are expected to equal or excéed NVerage of the values measured for all standard injections.
= 13, 100 plates/m. The SEC systems not meeting this perfor- Nore 9—in the case of refractive index detection, if the dissolved
mance requirement should be examined and, if necessary, tlgygen peak is used as the internal standard, it is the negative peak with
column(s) replaced. Occasional monitoring of the plate counthe greatest elution time. In the case of UV detection, it is the positive
is useful in trouble-shooting problems in the total SEC systenpeak with the greatest elution time.
as well as problems relating to column(s) performance. Construct a calibration curve by plotting the log of the mean
9.2 Detector ResponseThe SEC operating conditions and MW values M,, X M,)*? of the calibration standards versus V
detector settings should be selected to optimize detectarsing a third order polynomial equation (cubic fit) (see Fig. 3).
response. In order for this practice to be valid, the detected typical calibration curve asymptotically approaches total
peak height or total integrated peak area of the eluted resiexclusion near the void volume at high MW and approaches
must be directly proportional to the mass of resin injected. total permeation near the total column liquid volume at low
9.3 Baseline Stability-Conditions must also be selected to MW. The useful separation region covering a defined MW
minimize baseline noise. Noise is classified as short-ternrange resides between these two extremes. Data handling
long-term, and drift. In general, short-term noise should nosystems or computer software may treat the calibration data in
exceed 2% of the maximum resin peak signal. Long-termdifferent ways. Do not extrapolate the calibration curve beyond
noise should not exceed 3 % of the maximum resin signalthe upper exclusion limit of the column set. Do not include the
Erroneous results may be obtained if drift exceeds 2 % of thelata for the reference standard in the calibration curve.
maximum resin peak signal. 10.4.1 Through column design or selection, it is sometimes
9.4 Flow Rate—Small differences (>0.3 %) in the solvent possible to obtain a calibration curve that is essentially linear



iy D 6579

Jead JO luswalinsea|\ ¢ ‘9l

(senutw) awyy uonn|gy

Aouda101JJ3 198 UWNTO) JO UOTIBINOTEBY

ove

0G¢E

09¢€

0LE

08¢

06¢

00¥

()57

0cv

oty

)47

(nw) ssuodsay 101931870 (HJ



iy D 6579

GPC_Cal_Plot_And_Table Calibration Curve Number Average 773 Dispersity 1.530065
Weight Average 1182 Peak Molecular Weight  1i4l
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FIG. 4 Typical Chromatogram for Which This Practice is
over a broad MW range. For polymers that elute within this Applicable
region, a simple proportional relationship exists betweerMog ) ) .
and Vi The proportionally constant equals the sldef the With adequate baseline resolution and recovery, the choice of

linear region of the calibration curve as follows: Vj, is obvious. _
log, MW = S, + S Vi ®) 11.3.3 Fig. 4 shows the chromatogram for a sample with

_ adequate separation between resin and impurity peaks and
where§, is a constant for the system. good baseline recovery. In this example andV,, were chosen
11. Procedure to be 18.99 and 29.49 mL, 'resp.ectively. .
: 11.3.4 For samples having incomplete separation of the
11.1 Preparation for Analysis-Prepare resin sample solu- resin and impurity peaks, that is, as evidenced by a low MW
tions in accordance with 8.3 and add an internal standard, #ail,” establishing a baseline and cutoff limits for the chro-
desired, to each sample solution before injection. The SEGatogram is subjective. With such a chromatogram, various
system must meet the performance requirements in Sectiongjustments and assumptions must be made to obtain reliable

and be calibrated and equilibrated prior to sample analysis. data. Those modifications will not be discussed in this practice.
11.2 Injection of Sample SolutionsFollow the guidelines

in accordance with 10.2. The injection volume must bel2. Calculation
identical to that selected for calibration. A sharp increase or 12.1 From the raw SEC data, calculate the number average
“pulse” in back pressure upon injection indicates a seriougMn), weight average (Mw), and-average (Mz) molecular
problem in the SEC system that must be remedied beforgeights and the polydispersity (Mw/Mn) of the molecular
continuing with this practice. weight distribution using the calibration curve and the data
11.3 Baseline Determination-Satisfy baseline criteria in system software. The specific calculations are based on the
accordance with 10.3. Identify elution volum&§ and V,,  relationships shown in Appendix X1.
corresponding to the beginning and end of the resin chromato-
gram (see Fig. 4). The baseline betwagrandV, is assumed 13. Report
to be a straight line. 13.1 Report the molecular weight distribution, molecular
11.3.1 The establishment df,, the low elution volume weight averages (Mn, Mw, and Mz), and polydispersity Mw/
(high MW) end of the chromatogram, is straightforward. TheMn).
baseline is usually stable and not influenced by low MW
impurities. 14. Keywords
11.3.2 The establishment &f,, is more difficult and de- 14.1 hydrocarbon resins; molecular weight average; mo-
pends largely upon the separation of the resin peak from peakscular weight distribution; polydispersity; polystyrene stan-
of low MW impurities and the recovery of a stable baseline.dards; size exclusion chromatography (SEC); terpene resins
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APPENDIX

(Nonmandatory Information)

X1. DEFINITIONS OF MOLECULAR WEIGHT AVERAGES

X1.1 number average of molecular weight, (M-the M, is M, = S(nM3/Z(nM?) (X1.4)
the total weight of all the molecules in a polymer sample

divided by the total number of moles present. M, can be determined by means of sedimentation equilibria.

M, = w/Z(n) (X1.1) X1.4 The differential refractive index detector measuies
as some function of4;, but N; must be calculated. Therefore,
= 2(nMy)/ Z(ry) X12)  assumen, is proportional tow.
where: w, =N M = ah (X1.5)
w; = weight of polymer of molecular weightl;, and . . o .
n = number of molecules of weight. in the sample. This relationship is used to calculate the molecular weight

The absolute determination ®,, can be obtained through averages defined in Eq X1.2, Eq X1.3 and Eq X1.4 from the
colligative property measurements (for example, vapor pregollowing equations.

sure osmometry) or end-group analysis. Shy
y) group analy M, = o (XL6)
X1.2 weight average molecular weight, (M—the M,, is
the mass fraction of the individual species multiplied by their Shx M,
molecular weights. Mo =—sh— (X1.7)
M, = S(nMA/Z(NM) (X1.3)
. 2
An absoluteM,, value for a polymer can be obtained by M, = 22:. i:/l/ll (X1.8)

static light scattering.

where:

X1.3 Z-average molecular weight, (\—the calculation of h = peak height at each interval of molecular weightt)(

M, heavily weights high molecular weight components in the
molecular weight distribution.

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above address or at
610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website (www.astm.org).



