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Viscometryoptionadds entering thedetectoranddetectsthe BenchtopHPLCsystem
entire massof the polymerto give you identifies

new power-,-,*'_.'t-..-,,,..:. accurate intrinsicviscosityinformation.

toMillenniumGPCsoftware MILLENNIUMCHROMATOGRAPHYandquantifiesadditivesin
NOWGETMOREINFORMATIONABOUT MANAGERSOFTWARE-- TAKINGDATA medicalplastics.
YOURPOLYMERIN A SINGLEANALYSIS ANDCONVERTINGIT INTOMEANINGFUL GIVINGYOUMASSSPECTRALDATAON
THANEVERBEFORE INFORMATION POLYMERADDITIVESWHEREANDWHEN
Waters 150CV plus is a fully integrated MillenniumChromatographyManager YOUNEEDIT.

GPCSystemfor analyzing polymersat Softwarewas first introducedin 1992 Until recently,polymerchemists
temperaturesfrom ambientto 150°C. It and has becomethe best-sellingchro- untrainedin massspectroscopywho
featuresboth refractive indexand vis- matographydata managementsoftware neededto confirmthe identityof addi-
cometrydetectorsto give you more infor- productever.Well over 7,000 copies of tivesin polymerformulationsor identify
mationabout your polymersamplefrom the softwarehave been soldworldwide degradation productshad one of three
a single injection than you could get in both PC and client serverversions choices:send their sampleout for analy-
with either detectoralone. With this sys- sinceits introduction.In early 1995, sisby an expert massspectroscopist,
ternyou can determine: Waters introducedMillennium2.1 confirm test resultswith one or more

• UniversalCalibration Software,which featuresa new applica- complementarytechniques,or rely on
• AbsoluteMolecularWeight tion for calculatingGPC/Viscometry confirmatory informationbased on refer-
. IntrinsicViscosity data. Millenniumsoftwareis popular ence standardsand trustin their ability
• BranchingIndex(a measureof long with analytical chemistsbecauseit is a to provide accuratedata.

chain branching) Microsoft Windows°-basedproduct In 1994, Waters" introducedthe

Dataacquisition,processing,and continues0opage3 IntegritySystem,the first benchtopHPLC
report generation is managedby the systemto featurea particle beam mass
MillenniumChromatographyManager spectraldetector.For the first time, bench
Software.The softwareacquiresdata chemistscould convenientlyobtain elec-
from the system'srefractiveindex and VOL 6, NO. 1 • WINTER 1996 tron impactmassspectralinformationon

viscometrydetectorsto giveyou informa- Ais0in thisissue their HPLCsamplesin a matterof min-
tion neveravailable before, utesrather than wait daysor weeks.

Solveplasticsprocessingand Rawdata couldbe processedin realTheviscometrydetector in Waters end-useproblemswith GPCand
150CV plusis a proprietary singlecapil- viscometrycombination PageNo. 2 time and viewed in a manneridentical

lary designbasedon Poiseuille'sLaw: Flowrateprecision_ thecritical to photodiodearray detectordata. Using
P= [(8/Tc)(L/P)](F)(T1) parameterfor achievingaccurate computerizedlibrariesof massspectra,

Where: P -- PressureDrop Acrossthe MW valuesby GPC PageNo. 10 compoundsunderinvestigationcouldbe
Capillary Waterstravelsthe information reliablyand accuratelyidentified.

L-- CapillaryLength superhighway PageNo. 10 Thefollowingarticledescribeswork

r = CapillaryRadius WatersCorporationannounces currentlyunderwayinWatersapplica-
F = FlowRate an initialpublic offeringof tionslaboratoriesusingWatersIntegrity

= Viscosityof the Fluid commonstock PageNo. I0

Theviscometrydetectorisdesignedto Watersannouncesthe 1996 continuesoopage6
preventshearthinningduringan analy- scheduleof GPCandMillennium
sis,givingyoumoreaccurateresultsby trainingcourses PageNo. 11
calculatingthecorrectintrinsicviscosity InternationalGPCSymposium"96

Announcementand Call for Papers.
values.Theviscometrydetectordoesnot PageNo. 12 _M_,uJL,,,._,p,requiresplittingthe flow path prior to V VI.,I/UI



Solvingplasticsprocessingandend-useproblemswithGPC A ' .Rs Tz,E
togetherwithviscometrydetection EJG,  EE,

It is well-knownthat polymermolecular
weight distributions influencemeltprocess- I
ability and end-useproperties in a major

Figureh MolecularWeightDistributionandBranchingIndex(g') way. Beyondthe basic distributionas
of acommercialresin determinedby traditional gel permeation
Thesharpdrop in g' ,2o- _ chromatography,GPC,the relative linearity

at highermoJecular _ _ ., g,,oo- or branching of the polymercan alter theweight indicates

significantlong chain 0_o- .-/_'_ ,f_, Proi_ L,o.or behavioreven when the numberor weight
branchingand _-0_o- W_cos,_ \\ / \ w_os,_yLowF,, average molecularweight valuesare in the

accounts, atleast _L°wPt°'_x_. _ desired range.in part, for thepoor _ o40_ One way to obtain thisstructuralinfor-

performanceofthis o2o_ ______....._
material, ooo! motionon a polymer is by incorporatinga

o _ _o viscometerdetector into a GPCsystemto
_ _ _- give you branching and distribution infor-, _ _r._

_40 = .... mationat the sametime. Waters 150CV

_oo _0 50o 4'0o 3'oo 2'oo plusGel PermeationChromatograph incor-
_o__o,w, poratessucha viscometrydetectoras well

. ,_..... _ _ • ,_* ® _ _ ._,, "__ as a versionof MillenniumGPC Software

Millenniumthat processesthe information
fromthe viscometer.Thispowerfultool

Figure2: Comparisonof tworesins With theMillennium
GPCViscametrysoftware givesthe plasticsengineervaluable insight
it is easy to compare the into the polymer structure.More informa-

2o _ characteristicsof multiple tion about the viscometrysoftwarecan be
I00

oso P_oi_t_/P _, /_--- g' samplesto accountfor found in the article beginningon page 1differencesamongthem. in thispublication.LinearViscosib, \_ // I', In this examplethe

040 sampleswerequite similar i";-I[_ ' _ '._0,._0_: ._;-i!C!_,[_GI_IDEXVALUES
o2o but not identical. Bathhad o Er_ _, .

bimodalmolecularweight Ul .R_ICT,,G ._OLY:'.'iERP._OCESSi_IG
ooo W.¢os,ty_' _ _. =\\_.._ distributionsandsimilar PE_I:0_t_Ai_CE

_2o _ow_'°' _!!_ _" ! \'_X_ branchingindicieswith Theviscometermakesit possibleto deter-
4o i _ _ _ _,_ very high levelsof long minethe branchingindex of thepolymer,a

_oo _'oo _oo _oo 4oo _oo chain branching, measureof the degree of long chainLogMolWt

branchingin thesample.Thisfactorexerts
• • • _ ° _ o _ _ ._._ • , _ .... ,, _, a significant influenceon the meltelasticity

of the polymer,causingsignificantdiffer-
Projected Linear encesin processabilitybe_een branched

Figure3: Evaluationof _ w,_o_,__ow_, ,
ametallocenecatalyzed o_o ..... __ and linear polymers_.Forexample,a

branchedpolyethylenewill exhibit tension

linear lowdensity 040 / stiffeningupondrawing while a linear PEpolyethylene _ ooo= ._ will exhibit tensionthinning under the same
-0 40 • Viscosity

_o_o _°_'_o, conditions, resultingin a decreasein vis-
cositywith subsequentneckingand paten-

-, 20. :_ :_ :_ _":_ _ tiallyprematurefailure at the draw point.
_o_w, An explanationof thisdifference in behav-

The150CVplus GPCsystemis a versatileinstrument.It is suitablefor analyzing ior is that entanglementof the branches
polymerssuchas this linear low densilypolyethyleneandotherpolyolefins preventsthe polymerchainsfrom aligning
whichare only solubleat elevatedtemperatures.Operatingfromambientto understress,while the linear polymerscan
150°C,it can alsobe usedto characterizepolyamides,vinyls,polystyrenes, movemorereadily.
acrylics,polycarbanates,as well as uncuredepoxies,urethanesand elastomers.

OE;,'_Ot!ST_TI._:G_R,_lC_llttG'S_I:FECT

Of coursebranching,and thecorrespond-
ing effectit hason meltprocessability,is
notalwaysdesirable.Figure1 illustratesthe
molecularweight distributionand long
chainbranchingof a low densitypolyethyl-
eneusedto makeheavygougetrashbags.
Theresinhada low Melt FlowIndexand



/ _ _._ _ _._ _ NEWPOWERTOMILLENNIUMGPCSOFTWAREcontinuedfrompageI

__'__ makingit easier to usethanits DOS-based In the mid-1960's,Benoitbeganwork
__] _i____ predecessors.It featuresan Oracle_rela- on the conceptof UniversalCalibrationL

L___,:: _C_I_._ tional databasewhich makesfile manage- In thiscalibration routine,the log hydrody.
' _.... _°' ....... '_ mentand retrieval remarkablystraightfor- namicvolume(rl)(M)-- the productof

ward_.It also featuresdata trendingand intrinsicviscosityand molecularweight --
tracking capabilitesso thatyou can moni- is plottedvs. retentiontimeor elutionvol-

failed tensileand tear , tar resultsof numerousanalysesover time, ume.Thetheorypostulatesthat any series
strengthtests.Thisprobably resultedfrom automatedintegrationroutinesfor both RI of linear narrow standardsthatare ran-
fabrication at temperaturesthatwere too and viscometrychannels,and the dam coils in solution(anddo not exhibit
low for thismaterial. Millennium ReportPublisher"_whichallows any non-sizeexclusioneffectssuchas

Similarly the overlay of _o LDPE you to display printed resultsin standard- adsorptionor hydrogenbondingin the
paper coating resins in Figure 2 indi- ized or customizedformats.As an added columnset),will all fit the samecalibration
cates a high degreeof branching. In convenience,Millenniumevenautomatical- curve independentof polymertype. The
addition to the branching, there are sig- ly calculatesthe inter-detectordelay vol- UniversalCalibration Curvein Figure 1
nificant shouldersin the high MW region ume,a crucial parameterfor accurate was developedwith polystyrenenarrow
of the MW distributioncurve. Both of multi-cletectorcalculations, standards.

thesecharacteristicsundoubtedlycon- PROVE/'_UNIVERSALCALIBRATIOI_ VISCOSITYLAWRELATIONSHIP-- FOR
tributedto poor melt flow and the report- In conventionalGPC analysis,a plot of DETERMININGBRANCHING
ed slowing of the coating machinesto log (M) (molecularweight) vs.T (retention Once the UniversalCalibrationcurve has
unacceptablerates, time)or V (retentionvolume)is construct- beengenerated,the Millenniumsoftware

In another evaluation,a metallocene ed using narrow dispersitypolymerstan- thencalculatesand displaysthe Viscosity
catalyzed linear low densitypolyethyl- dards. Thesestandardsare typically poly- LawPlot,a plot of log M vs. log q as it
ene (LLDPE)samplewas studied. Figure styreneor poly(methylmethacrylate)when did in Figure2 for a mixof polystyrene
3 shows the distributionand branching analyzing organic-solublepolymers,and standards.Thisrelationship(log11vs. log
index for this material.Millennium soft- poly(ethyleneoxide) or polysaccharides M) is referredto as the Mark-Houwink
ware providesconsiderable insight into for aqueousGPC.The molecularweights law, and is expressedas:
the polymer structurefor convenientcam- obtained for your sampleby thisconven- 11_-k(M)a
parison and interpretationof processing tional GPC narrow standardcalibration TheMark-Houwinkconstants,k and cx,
problems.All of the resultsshownin this curvewill be "relative" to the calibrant representthe interceptand slopeof the
report were obtained with Waters insteadof "absolute" for the specificpoly-
150CV plus,a versatile,self-contained merbeing analyzed, continuesonpage4
GPC systemwith integral refractometer
and viscometrydetection and the ability
to operate at temperaturesranging from

FigureI: Calculatingandplottingthe UniversalCalibrationCurvewithnarrow
ambient to 150°C. polystyrenestandards

9OO

IMPROVEYOURDECISIOI'-f,_AI(ING As the standardor coo
ABILITYWITHINFOR,'_,TIOh'FROM samplepolymer is
WATERS150CVPLUSGELPERMEATION analyzed,the viscome- 7oo

600

CHROr_'_ATOGRAPH try detectorcontinually _ 5oomeasuresthe pressure
TheWaters 150CV plus with Millennium drop acrossthe _ 4oo
GPC/viscometrysoftware providesthe capillary, so that the _ 3oo-
plasticsengineerwith a convenientyet intrinsicviscosity(rl_) 2oo-
powerful meansof solving processing at slicepoint i,s_" , oo_can becalculated
problemsor, moreproactively,avoiding 22oo2_'oo2_ioo281oo3oloo32'oo3_'oo3_'oo3810o,01oo_0'0o,'oo
themfor evengreater productivityand _°_"'_

profitability.TheOracle®relationaldata Figure2: ViscosityLaw 080 -

basewhich is a standard featureof the Plot for polystyrene o_o.
Millenniumsoftwarealso enablesthe standards o_o

creation of controlcharts and long term ThisViscosityLawPlot o_o

trend analyses, wasdevelopedwith _ o_
the samepolystyrene " _ _o_

REFERENCES standardsusedto pro- _o_
1. N.G. McCrum,C.P.Buckleyand C.B. duceFigure 1.

Bucknall,Principlesof Polymer -o_o.-1O0 •

Engineering,Oxford Science -. _o.
Publishing,Chapter7, 1988 ,_o 4_o _ s__o _o _o

LogMo_Wt



NEWPOWERTOMILLENNIUMGPCSOFTWAREcontinuedfrompage3

plot, respectively.In somecases,these

Figure3: Detectorsignals empirical constantsmay be found in the
for a runat NB$1475 ,,5. _ CRC PolymerHandbook5for

1,,10- ViscometerSignal /_ severalpolymer/solvent/temperature

Theseare theunprocessed _3s. combinations.

tracesfrom bothdetectors. ,30. _ _,,_,_

Thisinformationisperma- _zs- Once theUniversalCalibration for
nentlystoredin therela- ,v ,_o- the narrowstandardshas beenestab-

tionaldatabaseof the Ns. lished,youare thenready to determine _1
MillenniumChromatography 1_o._o_o_o,_._s_,ot molecularweight averagesand branch-
Managersoftwareand 1as- •canbe retrievedat any ioo. _ ing characteristicsof polymersamples.
timefor evaluation ls.oo 20.0o 2s'.00 3_.00 _s'.004o'0o _'00
or reprocessing. _,_,, COMPARINGA LINEARANDA BRANCHED o_.

POLYMER
TheMicrosoftWindowsenvironment

makesthe integrationof the polymer ,
Figure4: MolecularWeightDistribution,ViscosityLawPlots,and samplevery easy.Figure3 showsthe RI
BranchingIndexfor NB$1475 and Viscometrychannelsfor a runof

ThelinearViscosity ,.2o- NBS 1475, a well-characterizedlinear
LawPlotfor eachsam- " _00- polyethylenebroadstandard,with
pie is producedby knownMw, Mn,and _ valuesto show
extrapolatingthe linear o.ao. theaccuracyof the 150CV plus.Figure4
segmentof theactual _ o6o- illustratesthe resultingmolecularweight

plOtlawmolecularthatoccUrSweightinthe _ o.4o. W,_o,_Vproi.a,_ distribution,withthemolecularweight
rangewherelong o2o- averagesdisplayed.The actualViscosity
chainbranchingis LawPlotfor thispolymerisshowntogeth- .
unlikely.Thebranching er with thelinearplot.Sincethepolymer '
index,g', is calculated -o2o , '
as [rlbr ] / [rllin]. 7.oo 6so _.0o sso s00 ,so 40o 3.so 3.'00 is linear,the two plotsalmostsuperim- ;i

_"_ poseand their ratio (g') remainscloseto
unity over the measuredrange, indicat-
ing little if any long chain branching.

In Figure5, a similar analysis is
Figure5: MolecularWeightDistribution,ViscosityLawPlotsand shownfor anotherpolyethylenestan-
BranchingIndexfor NBS1476 dard, NBS 1476, in thiscasea
WithMillennium 26._¢ 5196933.273 branchedpolymer.Millenniumallows

O.5O/ _

you can displaya o.oo =-----'- you to view testresultsin a varietyof
completesetof -e-o.so [ /IF _'-_,,,_.-_.Viscosily-

resultsor selectively --1.oo___.soI v,.... t._ A¢_ol wayssuchas this two-windowpresenta-
showa singlechar- -2.oo tionchosenfromthe "Review"screen.In
acteristicof the -2.so_ thisinstance,theg' valuesdeclinedto

16.0CI 2000 2400 28.00 32.00 36.Q0 40.00

sample.Multiple M_,, below0.7, giving evidenceof significant
optionsfor viewing IViscosilyLow Plot .g'

°s°l ....._"......I " longchain branching.data exist,depend-
-, 0oo, _ I ............ Refiningthe calculationsis a very

ing on yourneeds "_-o.8o__ I easy processwith theMillennium
and preferences. -1.6o _Aclua.I ,'unbar t'r,ole_ ...... I ChromatographyManager. After the ini-

3.60 3.80 400 4.20 440 4.60 A.80 500 5.20 5.40 S.6O S.8(} 6.00

_ w, tial run, the resultscan be reprocessed
by settingthe acceptabledata region
cursorsto excludethe high and low ends
where theconcentrationof the eluting
polymer is very low, typically about 5%
oFthe total area under the curve. Then

the "Recalculate"function is usedto pro-
duce updated valuesof MW, intrinsic
viscosity,k, c_and g'. Thisuser-specified
data region can be usedfor subsequent
analysesas part of the definedintegra-
tion parameters.Other parametersyou

4,



can selectincludetheorder of curve fit EVERYTHINGYOUNEEDIN ONEPACKAGE

for the viscositylaw plot. FirstOrder is TheMillenniumChromatography
recommendedif you knowthe polymer Manager with viscometrysoftwareallows
is linear and SecondOrder if you sus- you decide how you want to work. You
pect that it is branched, can either manuallyprocessyour raw

Theexcellentperformanceof the data and selectthe bestregions for inte-
150CV plus and associatedMillennium gration, or you can setan integration
GPCViscometrysoftware is summarized methodto automaticallyreducethe data
in TableI, in which the valuesdeter- and print out a fullycustomizedreport.
mined in thiswork showexcellentagree- Thecombinationof Millenniumrelational
mentwith generallyacceptedvaluesfor data base,SystemSuitability" option,
theseno polymers, flexiblecalibrationroutinesand integra-

In addition to the accuracydata tion events,plusthe Windows ease of
shownin TableI, the GPC 150CV plus use,makesthisnew softwarepackage
systemis exceptionallyreproducible, the mostcomplete,versatilechoiceavail-
Figure6 illustratesoverlaysof six injec- able for the investigatorwho is serious
tionseach from threedifferentsample about polymercharacterization.
vials of NBS 706, a well- characterized
polystyrenebroad standard. Becauseof
itsbroad distributionat the low MW end, TableI
it is considereddifficult to obtain number Polymer NBS1475 NBS1476

Accepted Experimental Accepted Exl_n_l
average (Mn)molecularweight precision Value Value Value Value

better than5%. In thiswork with 18 repli- Mw 53,000 56,900 102,000 95,800
cate injections,the reproducibilitywas Mn 18,300 17,400 23,700 23,400
outstanding,with Mn precisionof 2.75%, IntrinsicVisc. 1.01 1.03 0.90 0.88

while the weightaverage (Mw)values Alpha 0.70 0.69 -- --
only varied by 0.45% and the Z-average
(Mz)was also lessthan t%, at 0.79%

ADDITIONALVERSATILITYFOR

P0LYMER CHARACTERIZATI0N Figure6: Comparisonof multiplemolecularweightdeterminations

TheMillenniumGPC Viscometrysoftware Anotherway to display

is also very usefulfor characterizing theresultsoftheanalysis :_:1

polymersthat do not havea constant is to showtheamountof i.oo
refractiveindex increment,dn/dc, over eachMW fractionas a o._o

distributionor as a oeo is _ o_

theirentireMW range. Thisis the case cumulativetrace.The _ _ em_._e_,_ N_S706_ro_°7°1 _/_ Po_,_.S,_rd
with copolymersthat can vary in compo- areaof the curvebrack- _ o_'1 ml_-_
sitionas molecularweightchangesand etedin color is thearea o.so
alsowith lowMW polymers.For these thatwas integrated, o.4o

0.30

situationsthe viscometeralone can be o.2o
usedto determinenumberaverage (Mn) 0.1o
molecularweight, without using thecon- ooo
centrationdetector. 6.so 60o _so soo ,so ,bo 3.:b s_oLogt,_ Wt

Thiscalculationwas firstdescribedby
Goldwasserin 1989_.Millenniumusesa

methoddeveloped by Lesecwhich is sim- REFERENCES:
liar to onedescribedby Yauin 19907. 1. WatersPolymerNotes,Vol. 5, No. 1, 1994
Mn isobtainedusingonlythesample 2. H. Benoit,P.RemppandZ. Grubisic,J PolymerScience,PartB, 5, 753, 1967
concentration,(C), theviscometrysignal, 3. J. Lesec,WatersInternationalGPC Symposium91 Proceedings,San Francisco,
(Visi),andthe hydrodynamicvolume pp 222-232, 1991
UniversalCalibrationcurve(HVi): 4. J. Lesecand G. Volet,J Liquid Chromatography,13, 831, 1990
Mn=C/_'(Visi/HVi): 5. PolymerHandbook,ThirdEdition,J. BrandrupandE.H. Immergut,editors,

JohnWiley & Sons,1989
6. J.M.Goldwasser,WatersInternationalGPC Symposium89, 1989
7. W.W.Yauand S.W. Remeter,J Liquid Chromatography,13, 627, 1990


